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Welcome Speech by the President of SOItmC

We are in the circular flow of economic life as conditioned by given circumstances (Schumpeter, 
1934, p. 3). Economic life from the standpoint of a ‘circular flow” running on in channels is 
essentially the same year after year-similar to the circulation of the blood in an animal organism 
(Schumpeter, 1934, p. 61). So the circular flow of economic life means the static situation of 
economy in the growth limit of capitalism. 

But in reality, development which is occurred by new combinations is a distinct economic 
phenomenon, entirely foreign to what may be observed in the circular flow or in the tendency 
towards equilibrium(Schumpeter, 1934, p. 65). The new combinations appear discontinuously by the 
following five cases, then the phenomenon characterizing development emerges(Schumpeter, 1934, 
p. 66). 

(1) The introduction of a new good

(2) The introduction of a new method of production

(3) The opening of a new market

(4) The conquest of a new source of supply of raw materials of half-manufactured goods

(5)  The carrying out of the new organization of any industry, like the creation of a monopoly 
position

Open Innovation and new business model can be the strategy and policy for economy 
development in that open is open connection between technology and market, and that new business 
model is creative connection, and new combination between technology and market (H. Chesbrough, 
2007, 2010; H. W. Chesbrough, 2006, p. 69). Specially, open innovation of start-ups, Small and 
Medium size Enterprises(SMEs) in value chain will be the main trigger of economy development 
in Schumpeterian dynamics with new connection  between technology and society(Yun, 2015) . 
Frankly talking, open innovation and new combination are best solutions to escape the surplus value 
decreasing law of capitalism which have been found or developed in modern economy system. 
Sharing economy including collaboration economy also is a kind of open innovation based economy 
(Lowitt, 2013, p. 15; Ostrom, 2015, p. 182). 

Open innovation of start-ups and Firms in value chain will give new power to conquer the 

http://www.openinnovationtmc.org
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growth limits of capitalism in now day world economy.
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JJune 1, 2016
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Welcome Speech by the Interim Dean of Lucas College 
and Graduate School of Business at San Jose State 

University

On behalf of the Lucas College and Graduate School of Business, I am delighted to have this 
opportunity to welcome you to the Society of Open Innovation & Consortium of Supply Chain & 
Operations Management 2016 Conference.

We are honored to welcome the esteemed professors and scholars who are present to impart their 
expertise and to enhance the exchange of knowledge and new discoveries in these fields.

The Lucas College of Business is fortunate to be located in Silicon Valley, one of the epicenters 
of innovation with an economy driven by entrepreneurship and technology and a fitting locale for 
this conference. Our academic programs educate our students to contribute to the vibrant innovation 
ecosystem. For example, our E-lab and V-lab courses provide students with unparalleled access 
to experiential learning opportunities with local start-ups and venture funding. Our Sbona Honors 
Program and our Thompson Global Internship Program provide students with hand-on learning 
opportunities with projects in sponsoring businesses in the United States and abroad.

Our outstanding centers and institutes create professional opportunities that enhance innovation 
among our communities and stakeholders. For example, our innovation challenge and business 
plan competitions sponsored by our Silicon Valley Center for Entrepreneurship create opportunities 
for students, faculty, and community members to invent and explore innovative products, services, 
and initiatives. The Mineta Transportation Institute conducts path-breaking research on innovation 
in surface transportation. Our Silicon Valley Center for Technology and Operations Management 
serves as a portal for creating and disseminating academic and professional information related to 
operations and technology management among students, faculty members, and industry partners. 
It also sponsors immersive workshops that allow participants to experience the Silicon Valley 
innovation culture.

The Lucas College and Graduate School of Business takes great pride in our mission as the 
institution of opportunity and in our dedication to transforming the lives of our students, faculty, 
and communities. The college is committed to conducting research and building academic and 
professional programs that enhance our integration with our business community and contribute to 
the advancement of our disciplines. This conference is an invaluable occasion to advance those goals 
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and we thank you for that opportunity.

I would like to take this opportunity to express my gratitude to the Conference Organizing 
Committee, the hosting chair, and the organizing chair for their efforts in making the conference a 
reality.

In closing, I hope that you enjoy the informative and engaging speakers on the program. I also 
hope that you take additional time to enjoy San Jose State University and the fascinating Silicon 
Valley region, with its spirit of entrepreneurship, innovation, globalization, and multicultural 
vibrancy.

I wish you a very fruitful and productive meeting. Thank you again

June 1, 2016

Marlene Turner
Interim Dean of Lucas College and Graduate School

of Business at San Jose State University



Welcome Speech by the Provost of San Jose State 
University

Welcome, everyone!

I am pleased to be here to welcome you to the 2016 conference for the Society of Open 
Innovation, Technology, Market and Complexity and the Consortium of Supply Chain and 
Operations Management.

Silicon Valley has long been known as the epicenter for global innovation. San Jose State is 
connected to this innovation through faculty research, student internships and our many alumni who 
are employed at top firms throughout the region.

We strive to foster a culture of innovation through interdisciplinary opportunities such as our 
entrepreneur and venture lab classes, where students from many colleges intern with start-up firms 
and strive to solve a real-world problem.

In fact, one of our students won the Northern California Region Global Student Entrepreneur 
Award this semester for an idea he cultivated in class that aims to improve online advising resources 
for college students.

I am also proud of the Lucas College and Graduate School of Business’ School of Global 
Innovation and Leadership. While we are fortunate to be in the heart of Silicon Valley, we recognize 
the importance of preparing graduates to work in a world without borders.

http://www.sjsu.edu/
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We are pleased to have so many international guests on our campus today, including industry 
professionals and university researchers.

Welcome, again, and enjoy the rest of the conference!

June 1, 2016

Andy Feinstein
Provost and Vice President for Academic

Affairs at San Jose State University



Congratulatory Speech by the President of DGIST 

It is a great pleasure for me to meet you all. I’m Sungchul Shin, the president of Daegu 
Gyeongbuk Institute of Science & Technology(DGIST).

For starters, I’d like to extend to you my heartiest congratulations on your successful hosting of 
the SOItmC & CSCOM 2016 Conference. I believe that this conference is very meaningful in that it 
serves as a great opportunity for many researchers and businessmen in the field of open innovation 
and creative business models to share their opinions on innovation.

The 21st century will be an era of major change. In particular, the triumphant ripples of the 
Fourth Industrial Revolution boosted by the rapid development of artificial intelligence, virtual 
reality, Internet of Things, 3-D printing technology, and so on, are approaching the human society. 
Taking into consideration the trend in the development of scientific technology in the 21st century, it 
is expected that the upcoming change has a major effect in terms of its scope and speed. Therefore, 
the change in the next three decades will have as much impact as the change that we have witnessed 
during the last 250 years after the First Industrial Revolution. Moreover, all of us will see an 
innovative progress of scientific technology and a great advancement in civilization afterward.

To detect such change in the 21st century and rapidly respond to it, I believe that open 
innovation is a must. It’s ever more important to widen the area of your interests and understanding, 
and to further integrate what you have learned in a new field to your own ideas.

As I can see, some of you came from different countries around the world for this conference. 
Let me have a moment to briefly introduce Korea to all of you. Korea was the most impoverished 
country in the world only half a century ago. However, it has achieved a remarkable economic 
growth, the so-called “Han River,“ and became one of the major countries in the world that renders 
aid to others.

However, we need to change our paradigm from the “fast follower“ strategy based on imitation 
to the “first mover“ strategy, which focuses on accepting challenges and cultivating creativity, so as 
to overcome the crisis that Korea has been going through in the trap of limited growth and to achieve 

http://www.dgist.ac.kr
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yet another miracle. Besides, the importance of cooperative open innovation and creative business 
models is even more highlighted in maximizing the effect of limited resources.

DGIST is a small but strong educational institute that develops a national leading model through 
innovation in the fi eld of education and the commercialization of technologies. We expect to become 
a physical platform for open innovation and creative business models, and to actively support the 
activities of SOItmC.

We also hope that what you have discussed and presented can contribute to bringing an 
innovative change in the corporate, national, and global levels, as well as encouraging sustainable 
growth and development. Thank you.

June 1, 2016

Shin Sung-chul
President of DGIST



Congratulatory Speech by the Mayor of Daegu

Ladies and gentlemen, I’m Kwon Young-jin, the mayor of Daegu Metropolitan City. It’s a great 
pleasure to meet you all today at this wonderful event. 

As you might already know, the limitations of capitalism - in terms of economic growth - have 
already been reported several times. In Korea alone, we have been seeinga conglomerate-oriented 
growth for a long time. Such growth appears to have been done by the conglomerates themselves. 
However, it would not have been possible without the efforts and hard work of many small- and 
medium-sized businesses. 

Today, if we look at the big picture, we can see that South Korea, as well as the entire world, is 
facing a crisis. That is, what we will see in the near future is that the crisis that conglomerates are 
currently facing also adversely affects small- and medium-sized companies. Thus, the time has come 
when we need to overcome such crisis with creative business models and open innovation. 

Open innovation will stimulate corporate innovation locally, which will in turn play a positive 
role in the supply chain from business to business. Then, the supply chain will turn into a strong 
basis for open innovation again. Such virtuous cycle is what the City of Daegu is hoping for. Daegu’s 
implementation of a Smart City Plan is in line with such effort. 

While corporate efforts are being made to come up with measures to save themselves, each city 
and country are also exerting round-the-clock efforts to make a breakthrough. I’m so grateful that 
academic circles are also working together. 

In particular, the City of Daegu is promoting policies to support, hoping that small- and medium-
sized companies in the city will grow into global companies through creative innovation. In fact, 
the SOItmC and CSCOM 2016 Conference, hosted by the Daegu Gyeongbuk Free Economic Zone 
Authority, is one of the city’s support policies. I hope that the SOItmC Conference will become a 
major event in the near future. 

In that sense, I hope that the conference will be successful and pave the way for small- and 
medium-sized companies in Daegu to develop their innovation capabilities. Moreover, I also hope 

http://www.daegu.go.kr
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that everyone - researchers and businessmen alike - will be inspired by this event to generate great 
ideas that will contribute to the global economy. 

Thank you. 

June 1, 2016

Kwon Young-jin
 Mayor, Daegu Metropolitan City Government



5.
 3

1(
Tu

e.
)

Pr
og

ra
m

s

Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

08
:3

0~
18

:0
0

13
:3

0~
14

:3
0

R
eg

io
na

l I
nn

ov
at

io
n 

To
ur

 (N
ap

a 
Va

lle
y 

W
in

er
y 

To
ur

)

1.
 (S

JS
U

 →
 N

ap
a 

Va
lle

y)
 T

he
 b

us
 d

ep
ar

tu
re

   
• 0

8:
30

 a
t m

ai
n 

ga
te

 o
f R

am
ad

a 
H

ot
el

 

• 0
8:

40
 a

t m
ai

n 
ga

te
 o

f S
JS

U
 d

or
m

ito
ry

 

2.
 (N

ap
a 

Va
lle

y 
→

 S
JS

U
)

• 1
5:

00
~1

8:
00

 (t
he

 a
rri

va
l a

t S
JS

U
 d

or
m

ito
ry

)

3.
 H

ow
 to

 a
pp

ly
: t

hr
ou

gh
 e

m
ai

l( 
op

en
in

no
va

tio
nt

m
c@

dg
is

t.a
c.

kr
) 

• F
irs

t 4
0 

ap
pl

ic
an

ts
 c

an
 o

nl
y 

pa
rti

ci
pa

te
 in

 th
e 

to
ur

.

※
 W

at
er

 a
nd

 a
 s

an
dw

ic
h 

w
ill 

be
 p

ro
vi

de
d.

 

Op
en

 In
no

va
tio

n 
an

d 
Pu

bl
ic

 P
ol

ic
y 

Se
ct

io
n 

1:
 P

ub
lic

 P
er

fo
rm

an
ce

 a
nd

 
So

ci
al

 E
nt

re
pr

en
eu

rs
hi

p
Ch

ai
r: 

Kw
an

gh
o 

Ju
ng

•  P
ap

er
 1

: “
Sa

fe
ty

 a
nd

 S
ec

ur
ity

 M
ea

su
re

s 
in

 S
ch

oo
ls:

 E
ffe

ct
s 

on
 S

ch
oo

l C
rim

e 
an

d 
th

e 
Pr

oc
es

si
ng

 o
f O

ffe
nd

in
g 

Be
ha

vi
or

s”
 

by
 C

ho
ng

m
in

 N
a

•  P
ap

er
 2

: “
Pe

rfo
rm

an
ce

 M
ea

su
re

s 
an

d 
El

ec
to

ra
l S

up
po

rt 
fo

r 
In

cu
m

be
nt

s 
in

 
Sc

ho
ol

 B
oa

rd
 E

le
ct

io
ns

” b
y 

Se
ul

ki
 L

ee

•  P
ap

er
 3

: “
An

 In
du

ct
iv

e 
St

ud
y 

of
 C

ro
ss

-
R

eg
im

e 
M

ig
ra

nt
’s

 W
or

k-
R

el
at

ed
 

Ad
ap

ta
tio

n 
Pr

oc
es

s”
 b

y 
By

ou
ng

-J
o 

Ki
m

14
:4

5~
16

:0
0

O
pe

n 
In

no
va

tio
n 

an
d 

Pu
bl

ic
 P

ol
ic

y 
Se

ct
io

n 
2:

 C
ou

nt
er

fe
iti

ng
 a

nd
 M

or
al

 
Co

st
s:

 N
at

io
na

l a
nd

 In
di

vi
du

al
 A

na
ly

si
s

Ch
ai

r: 
Ch

ul
-Y

ou
ng

 R
oh

•  P
ap

er
 1

: “
G

lo
ba

liz
at

io
n 

an
d 

In
te

lle
ct

ua
l 

Pr
op

er
ty

: A
 S

tu
dy

 o
n 

th
e 

De
te

rm
in

an
ts

 
of

 S
of

tw
ar

e 
Pi

ra
cy

 R
at

es
 a

m
on

g 
10

3 
Co

un
tri

es
” b

y 
Ch

on
gm

in
 N

a

•  P
ap

er
 2

: “
M

or
al

 C
os

ts
 fr

om
 E

xp
er

ie
nc

e 
to

 B
uy

 C
ou

nt
er

fe
its

 in
 S

ou
th

 K
or

ea
” b

y 
Kw

an
gh

o 
Ju

ng
, S

eu
ng

-H
ee

 L
ee

, J
an

e 
W

or
km

an

•  P
ap

er
 3

: 
“E

xp
lo

rin
g 

D
ee

p 
In

te
nt

io
ns

 
fo

r 
So

ftw
ar

e 
Pi

ra
cy

 b
et

w
ee

n 
C

hi
ne

se
 

an
d 

Ko
re

an
 C

ol
le

ge
 S

tu
de

nt
s:

 U
si

ng
 

Q
-M

et
ho

do
lo

gy
” 

by
 M

ao
 X

ue
w

en
, 

Ch
an

wo
o 

Ki
m



SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

5.
 3

1(
Tu

e.
)

Pr
og

ra
m

s

Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

16
:1

5~
18

:0
0

O
pe

n 
In

no
va

tio
n 

an
d 

Pu
bl

ic
 P

ol
ic

y 
Se

ct
io

n 
3:

 D
ig

ita
l A

ct
iv

iti
es

, R
&D

, a
nd

 
Pu

bl
ic

 P
ol

ic
y

Ch
ai

r: 
Ch

on
gm

in
 N

a

•  P
ap

er
 1

: “
Te

le
m

ed
ic

in
e:

 W
he

re
 it

 c
am

e 
fro

m
 a

nd
 W

he
re

 it
 w

ill 
go

” b
y 

Ch
ul

-Y
ou

ng
 

Ro
h

•  P
a

p
e

r 
2

: 
“U

n
d

e
rs

ta
n

d
in

g
 t

h
e 

De
te

rm
in

an
ts

 o
f T

el
ew

or
k 

Po
lic

y A
do

pt
io

n 
am

on
g 

Ca
lifo

rn
ia

 C
itie

s”
 b

y 
M

yu
ng

ju
ng

 
Kw

on
, S

o 
He

e 
Je

on
•  P

ap
er

 3
: 

“R
ee

xa
m

in
at

io
n 

of
 t

he
 

re
la

tio
ns

hi
p 

be
tw

ee
n 

R&
D 

ex
pe

nd
itu

re
s 

an
d 

ec
on

om
ic 

gr
ow

th
” b

y 
Hy

un
su

b 
Ku

m
, 

Ha
na

h 
Ch

o 
•  P

ap
er

 4
: “

Ad
m

in
ist

ra
tiv

e 
Co

st
s 

an
d 

Fi
sc

al
 

He
al

th
” b

y 
Yo

un
g-

Jo
o 

Pa
rk

 
18

:0
0~

19
:0

0
W

el
co

m
e 

Re
ce

pt
io

n 
+ 

Pr
el

im
in

ar
y 

Re
gi

st
ra

tio
n 

 
• V

en
ue

: O
pe

n 
Ya

rd
 in

 G
ro

un
d 

Fl
oo

r
• B

ev
er

ag
es

 a
nd

 s
an

dw
ich

es
 fo

r 5
0 

pa
rti

cip
an

ts
• P

re
lim

in
ar

y 
re

gi
st

ra
tio

n

　

20
:0

0~
22

:0
0

Di
nn

er
(M

or
to

n’
s 

Th
e 

St
ea

kh
ou

se
)



6.
 1

(W
ed

.)
Pr

og
ra

m
s

Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

08
:0

0~
09

:0
0

Th
e 

Ex
pa

nd
ed

 E
di

to
ria

l B
oa

rd
 M

ee
tin

g 
of

 J
O

Itm
C 

   
   

   
 * 

Ve
nu

e:
 S

tu
de

nt
 U

ni
on

 T
he

at
re

Re
gis

tra
tio

n

09
:0

0~
11

:0
0

Sp
ec

ia
l S

es
si

on
 1

 +
 2

 (O
pe

n 
In

no
va

tio
n 

Bu
si

ne
ss

 M
od

el
 C

as
e 

Se
ss

io
n)

• V
en

ue
: #

BB
C3

23
Ge

ne
ra

l S
es

si
on

 1
Ch

ai
r: 

Ke
un

 L
ee

•  P
ap

er
 1

: “
Th

e 
ef

fe
ct

 o
f i

nn
ov

at
io

n 
on

 e
m

pl
oy

m
en

t i
n 

di
ffe

re
nt

 m
ar

ke
t 

st
ru

ct
ur

es
: T

he
 c

as
e 

of
 K

or
ea

n 
m

an
uf

ac
tu

rin
g 

fi r
m

s 
fro

m
 1

99
9 

to
 2

00
9”

 
by

 J
is

un
 L

im
, K

eu
n 

Le
e

•  P
ap

er
 2

: “
Su

cc
es

siv
e 

ch
an

ge
s 

in
 

In
du

st
ry

 le
ad

er
sh

ip
 a

nd
 C

at
ch

-u
p 

by
 th

e 
la

te
co

m
er

s:
 to

wa
rd

 a
 th

er
y 

of
 c

at
ch

-u
p 

cy
cle

s”
 b

y 
Ke

un
 L

ee
•  P

ap
er

 3
: “

In
no

va
tio

n 
an

d 
Co

m
pe

tit
io

n 
in

 
Ne

tw
or

k 
M

ar
ke

ts
” b

y H
an

s 
Go

tti
ng

er
•  P

ap
er

 4
: “

Do
es

 M
NE

s’ 
of

fs
ho

re
 

in
ve

st
m

en
t a

ct
ivi

ty
 c

on
tri

bu
te

 to
 th

e 
re

ve
nu

e 
gr

ow
th

 o
f t

he
ir 

pa
te

nt
 c

om
pa

ny
? 

A 
Ta

iw
an

 L
ED

 &
 C

om
m

un
ica

tio
n 

in
ve

st
in

g 
in

 C
hi

na
 c

as
e”

 b
y C

hi
h-

Hu
ng

 
Hs

ie
h,

 C
hi

en
-W

ei
 C

ha
n

•  P
ap

er
 5

: “
Ho

w 
do

 la
te

co
m

er
s 

ca
tc

h 
up

 
wi

th
 fo

re
ru

nn
er

s 
in

 p
ro

du
ct

 in
no

va
tio

n?
 

Th
e 

pe
rs

pe
ct

ive
 o

f t
ec

hn
ol

og
y 

m
an

ag
em

en
t” 

by
 L

iu
 Y

e-
xi

n
•  P

ap
er

 6
: D

oe
s 

te
ch

no
lo

gy
 tr

an
sf

er
 h

el
p 

sm
al

l a
nd

 m
ed

iu
m

 c
om

pa
ni

es
? 

Em
pi

ric
al

 
ev

id
en

ce
 fr

om
 K

or
ea

 b
y 

Da
e-

Hw
an

 K
im

, 
M

at
ar

r O
. S

am
bo

u,
 M

oo
Su

p 
Ju

ng

Ge
ne

ra
l S

es
si

on
 2

Ch
ai

r: 
G

eu
nW

oo
 R

yu

•  P
ap

er
 1

: 
“A

 S
tu

dy
 o

n 
th

e 
Po

ss
ib

ili
ty

 
of

 P
ee

r 
to

 P
ee

r 
El

ec
tri

ci
ty

 S
ha

rin
g 

in
 

th
e 

R
eg

ul
at

ed
 E

le
ct

ric
ity

 M
ar

ke
t” 

by
 

Ch
an

ko
ok

 P
ar

k
•  P

ap
er

 2
: “

A 
st

ud
y 

on
 th

e 
fu

tu
re

 d
ire

ct
io

n 
of

 e
ne

rg
y-

IC
T 

co
nv

er
ge

nc
e 

in
 te

rm
s 

of
 

bu
sin

es
s 

tre
nd

s”
 b

y 
A 

st
ud

y 
on

 th
e 

fu
tu

re
 

di
re

ct
io

n 
of

 e
ne

rg
y-

IC
T 

co
nv

er
ge

nc
e 

in
 

te
rm

s 
of

 b
us

in
es

s 
tre

nd
s”

 b
y 

Ta
es

eo
k 

Yo
ng

, C
ha

nk
oo

k 
Pa

rk
•  P

ap
er

 3
: "

M
on

ito
rin

g 
ev

ol
ut

io
n 

of
 m

ob
ile

 
co

m
m

un
ic

at
io

ns
 t

ec
hn

ol
og

y 
in

 o
pe

n 
in

no
va

tio
n:

 T
he

 p
at

en
t-b

as
ed

 b
ro

ke
ra

ge
 

an
al

ys
is”

 b
y Y

on
gy

oo
n 

Su
h,

 J
eo

ng
hw

an
 

Je
on

•  P
ap

er
 4

: "
C

as
e 

st
ud

y 
on

 u
til

iz
at

io
n 

of
 

Ar
ch

ite
ct

ur
al

 K
no

w
le

dg
e 

at
 e

qu
ip

m
en

t 
de

ve
lo

pm
en

t o
f O

SA
T”

 b
y 

Ju
so

k 
So

ng
, 

Ju
ng

he
e 

Ha
n

•  P
ap

er
 5

: "
A 

St
ud

y 
on

 In
vig

or
at

in
g 

O
pe

n 
In

no
va

tio
n 

En
vir

on
m

en
t a

nd
 it

s 
M

ul
ti-

st
ep

 
St

ra
te

gy
 b

y 
KI

O
ST

 R
el

oc
at

io
n 

to
 B

us
an

” 
by

 G
i Y

ou
ng

 C
ha

e
•  P

ap
er

 6
: 

"C
an

 g
ov

er
nm

en
t 

po
lic

ie
s 

dr
iv

e 
O

pe
n 

In
no

va
tio

n 
ty

pe
 P

la
tfo

rm
s?

 
Id

ea
s 

fro
m

 th
e 

M
SC

 M
al

ay
si

a 
fla

gs
hi

p 
ap

pl
ica

tio
ns

” b
y 

Al
iza

 A
. O

m
ar

, A
vv

ar
i V

. 
M

oh
an

 
•  P

ap
er

 7
: 

“N
an

om
ed

ic
in

e 
in

no
va

tio
n 

la
nd

sc
ap

e 
in

 In
di

a”
 b

y 
Po

oj
a 

Bh
at

ia
, 

Ar
ch

an
a 

Ch
ug

h

Ch
ai

r: 
Yo

un
g-

Ho
 C

ho
i

•  P
ap

er
 1

: 
“A

dj
us

ta
bl

e 
W

al
ke

r”
 b

y 
Sh

al
in

i K
um

ar
i S

ha
lu

•  P
ap

er
 2

: “
eP

ay
m

en
t S

ys
te

m
 b

as
ed

 o
n 

Us
er

s' 
Ex

pe
rie

nc
es

 in
 B

an
kin

g 
Se

ct
or

” 
by

 G
yu

ng
 Y

an
g 

Pa
rk

, G
eu

nW
oo

 R
yu

, 
Ky

ou
nj

un
 L

ee
•  P

ap
er

 3
: “

Sm
ar

t I
oT

 b
us

in
es

s 
m

od
el

 
pl

at
fo

rm
 o

f N
eu

ro
nw

or
ks

” 
by

 S
eo

n 
Sh

in
•  P

ap
er

 4
: 

“S
m

ar
t 

lo
ck

er
 b

us
in

es
s 

m
od

el
 b

as
ed

 b
ike

 s
ha

rin
g 

sy
st

em
” b

y 
Ju

nw
oo

 S
on

g

Ch
ai

r: 
M

i-H
wa

 C
ho

i

•  P
ap

er
 1

: 
“S

m
ar

t 
go

lf 
m

an
ag

em
en

t 
sy

st
em

 b
y 

TT
NG

” b
y B

ae
he

e 
Le

e
•  P

ap
er

 2
: 

“S
oc

ia
l 

ne
tw

or
k 

ba
se

d 
ar

ca
de

m
ic 

in
du

st
ry

 in
te

ra
ct

io
n 

pl
at

fo
rm

 
bu

sin
es

s 
m

od
el

” b
y 

Do
ng

jin
 P

ar
k

•  P
ap

er
 3

: “
Sm

ar
t t

ra
ns

la
tio

n 
pl

at
fo

rm
 

bu
sin

es
s 

m
od

el
” b

y 
Ch

ul
yo

ng
 H

am
•  P

ap
er

 4
: “

Sm
ar

t S
oc

ia
l L

ib
ra

ry
 S

ys
te

m
 

Bu
sin

es
s 

Pl
an

” b
y 

Sa
ng

 h
yu

n 
Le

e

11
:0

0~
11

:3
0

Co
ffe

e 
Br

ea
k 

   
   

   
   

   
   

   
   

   
   

  



SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

6.
 1

(W
ed

.)
Pr

og
ra

m
s

Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

11
:3

0~
13

:3
0

W
el

co
m

in
g 

Sp
ee

ch
 b

y 
th

e 
Pr

es
id

en
t o

f S
OI

tm
C 

(1
1:

30
~1

1:
40

)  
   

   
   

   
 * 

Ve
nu

e:
 S

tu
de

nt
 U

ni
on

 T
he

at
re

W
el

co
m

in
g 

Sp
ee

ch
 b

y 
th

e 
Pr

es
id

en
t o

f C
SC

OM
 (1

1:
40

~1
1:

50
)

W
el

co
m

in
g 

Sp
ee

ch
 b

y 
th

e 
In

te
rim

 D
ea

n 
of

 L
uc

as
 C

ol
le

ge
 o

f B
us

in
es

s 
at

 S
JS

U 
(1

1:
50

~1
2:

00
)

W
el

co
m

in
g 

Re
m

ar
ks

 b
y 

th
e 

Pr
ov

os
t o

f S
JS

U 
(1

2:
00

~1
2:

10
)

Co
ng

ra
tu

la
to

ry
 S

pe
ec

h 
by

 th
e 

Pr
es

id
en

t o
f D

GI
ST

 (1
2:

10
~1

2:
20

)

Co
ng

ra
tu

la
to

ry
 S

pe
ec

h 
by

 th
e 

M
ay

or
 o

f D
ae

gu
 (1

2:
20

~1
2:

30
)

Ke
yn

ot
e 

Sp
ee

ch
 1

 (1
2:

30
~1

2:
50

) F
re

d 
Ph

illi
ps

(Y
ua

n 
Ze

 U
ni

ve
rs

ity
, T

ai
wa

n)
 •T

he
m

e:
 K

ey
 Id

ea
s 

fro
m

 a
 2

5-
Ye

ar
 C

ol
la

bo
ra

tio
n 

at
 T

ec
hn

ol
og

ica
l F

or
ec

as
tin

g 
& 

So
cia

l C
ha

ng
e

Ke
yn

ot
e 

Sp
ee

ch
 2

 (1
2:

50
~1

3:
10

) P
hil

ip 
Co

ok
e(

Be
rg

en
 U

niv
er

sit
y C

oll
eg

e,
 N

or
wa

y)
 •T

he
m

e:
 T

he
 V

irt
ue

s o
f V

ar
iet

y i
n 

Re
gio

na
l In

no
va

tio
n 

Sy
ste

m
s a

nd
 E

nt
re

pr
en

eu
ria

l E
co

sy
ste

m
s

Ke
yn

ot
e 

Sp
ee

ch
 3

 (1
3:

10
~1

3:
30

) L
oe

t L
ey

de
sd

or
ff(

Un
ive

rs
ity

 o
f A

m
ste

rd
am

, N
et

he
rla

nd
s)

 •T
he

m
e:

 T
rip

le 
He

lix
 M

od
els

 o
f In

no
va

tio
n:

 A
re

 sy
ne

rg
ies

 g
en

er
at

ed
 a

t n
at

ion
al 

or
 re

gio
na

l le
ve

ls?
 

13
:3

0~
14

:3
0

Lu
nc

h 
Br

ea
k 

   
   

   
   

   
   

   
   

   
 * 

W
e 

re
co

m
m

en
d 

th
e 

re
st

au
ra

nt
 o

f S
tu

de
nt

 U
ni

on
 fo

r l
un

ch
 b

ut
 w

e 
do

es
 n

ot
 s

er
ve

 lu
nc

h 
fo

r p
ar

tic
ip

an
ts

. 
　

14
:3

0~
16

:3
0

Sp
ec

ia
l S

es
si

on
 3

Ch
ai

r: 
Xi

ao
ho

ng
 Ir

is 
Q

ua
n

Ho
no

r D
isc

us
se

r: 
Ta

eH
o 

Pa
rk

•  P
ap

er
 1

: “
A 

kn
ow

le
dg

e-
ba

se
d 

an
al

yt
ica

l 
ap

pr
oa

ch
 t

o 
im

pr
ov

e 
ph

ar
m

ac
eu

tic
al

 
sa

le
s 

op
er

at
io

ns
 w

he
re

 m
ul

ti
pl

e 
pr

es
cr

ip
tio

n 
dr

ug
s 

ar
e 

de
ta

ile
d 

to
 

ph
ys

ic
ia

ns
: i

ns
ig

ht
s 

fro
m

 m
on

ito
rin

g 
its

 
pe

rfo
rm

an
ce

 fr
om

 2
00

4 
an

d 
20

14
” 

by
 

Jo
hn

 C
. Y

i, 
Su

ng
ho

 K
im

•  P
ap

er
 2

: “
Ap

pl
ica

tio
ns

 o
f O

pe
n 

In
no

va
tio

n 
to

 Im
pr

ov
e 

Su
pp

ly
 C

ha
in

 F
un

ct
io

ns
” b

y 
Ta

eh
o 

Pa
rk

, T
ia

nq
in

 S
hi

•  P
ap

er
 3

: “
Ef

fe
ct

s 
an

al
ys

is 
on

 c
oo

rd
in

at
ive

 
st

ra
te

gi
es

 b
et

w
ee

n 
m

an
uf

ac
tu

re
r 

an
d 

re
ta

ile
r 

in
 tw

o-
 e

ch
el

on
 r

ev
er

se
 s

up
pl

y 
ch

ai
n”

 b
y 

Su
ng

w
oo

k 
Yo

on
, S

uk
ja

e 
Je

on
g

•  P
ap

er
 4

: “
Th

e 
ef

fe
ct

 o
f R

&D
 a

lli
an

ce
 

di
ve

rs
ity

 a
nd

 n
et

w
or

k 
po

si
tio

n 
on

 fi
rm

 
in

no
va

tio
n 

pe
rfo

rm
an

ce
: e

vi
de

nc
e 

fro
m

 
th

e 
em

er
gi

ng
 b

io
te

ch
no

lo
gy

 in
du

st
ry

” b
y 

Ch
un

 H
si

en
 W

an
g,

 X
ia

oh
on

g 
Iri

s 
Qu

an
, 

Sh
i-Z

he
ng

 H
ua

ng
•  P

ap
er

 5
: “

En
vi

ro
nm

en
ta

l S
us

ta
in

ab
ilit

y 
an

d 
Co

rp
or

at
e 

Ba
nk

ru
pt

cy
 F

or
ec

as
ts

” b
y 

Sh
ao

na
n 

Ti
an

, X
u 

Ya
ng

Sp
ec

ial
 S

es
sio

n 4
(C

re
ati

vit
y, 

En
tre

pr
en

eu
ria

l 
St

ar
tu

ps
, a

nd
 In

no
va

tio
n)

Ch
ai

r: 
Kw

an
gH

o 
Ju

ng
Ho

no
r D

isc
us

se
r: 

Ph
ilip

 C
oo

ke

•  P
ap

er
 1

: “
Th

e 
Vi

rtu
es

 o
f V

ar
iet

y i
n 

Re
gio

na
l 

In
no

va
tio

n 
Sy

st
em

s 
an

d 
En

tre
pr

en
eu

ria
l 

Ec
os

ys
te

m
s”

 b
y P

hi
lip

 C
oo

ke
•  P

ap
er

 2
: “

O
pt

im
ist

ic 
an

d 
Pe

ss
im

ist
ic 

Le
ns

 
of

 C
CE

Is
 o

f S
ou

th
 K

or
ea

: E
nt

re
pr

en
eu

ria
l 

St
at

e-
dr

ive
n 

In
no

va
tio

n,
 P

ol
itic

al
 R

isk
, a

nd
 

Bu
re

au
cr

at
ic 

Co
lla

bo
ra

tio
n”

 b
y 

Kw
an

gh
o 

Ju
ng

, J
on

g-
Hw

an
 E

un
, S

eu
ng

-H
ee

 L
ee

•  P
ap

er
 3

: 
“E

xp
lo

ri
ng

 S
ta

ke
ho

ld
er

 
Pe

rs
pe

cti
ve

s 
on

 E
nt

re
pr

en
eu

ria
l E

co
sy

ste
m

 
Le

ss
on

s 
fro

m
 C

CE
Is 

of
 S

ou
th

 K
or

ea
: U

sin
g 

Q-
M

et
ho

do
log

y”
 b

y 
Kw

an
gh

o 
Ju

ng
, J

on
g-

Hw
an

 E
un

, S
eu

ng
-H

ee
 L

ee
•  P

ap
er

 4
: “

Th
re

e 
C

as
es

 o
f S

ta
rt-

up
s 

in
 

So
cia

l D
in

in
g 

Bu
sin

es
s:

 M
ar

ke
t N

et
wo

rk
 

M
at

te
rs

” b
y 

Jo
ng

-H
wa

n 
Eu

n,
 K

wa
ng

ho
 

Ju
ng

, S
eu

ng
-H

ee
 L

ee
•  P

ap
er

 5
: “

Pe
rc

ep
tio

n 
of

 T
im

e,
 C

re
at

iv
e 

At
tit

ud
es

, a
nd

 A
do

pt
io

n 
of

 In
no

va
tio

ns
: 

C
om

pa
rin

g 
C

hi
ne

se
 a

nd
 U

S 
C

ol
le

ge
 

St
ud

en
ts

” 
by

 S
eu

ng
-H

ee
 L

ee
, J

an
e 

W
or

km
an

, K
wa

ng
ho

 J
un

g
•  P

ap
er

 6
: 

“H
ea

lt
h 

In
no

va
ti

on
 a

nd
 

Ex
te

rn
al

itie
s”

 b
y 

Ch
ul

-Y
ou

ng
 R

oh

Ge
ne

ra
l S

es
si

on
 3

Ch
ai

r: 
Pe

dr
o 

D.
 A

lm
ag

ue
r P

ra
do

•  P
ap

er
 1

: “
Ye

llo
ws

to
ne

 N
at

io
na

l P
ar

k:
 H

ow
 

wo
lve

s 
ch

an
ge

 th
e 

be
ha

vio
r o

f t
he

 ri
ve

rs
” 

by
 P

ed
ro

 D
ag

ob
er

to
 A

lm
ag

ue
r P

ra
do

, 
B

ea
tr

iz
 E

ug
en

ia
 N

av
ar

ro
 V

áz
qu

ez
, 

R
ut

h 
R

aq
ue

l 
A

lm
ag

ue
r 

N
av

ar
ro

, 
Ra

m
iro

 L
ui

s 
Al

m
ag

ue
r N

av
ar

ro
, P

ed
ro

 
Da

go
be

rto
 A

lm
ag

ue
r N

av
ar

ro
•  P

ap
er

 2
: 

“S
up

pl
y 

N
et

w
or

k 
in

 K
or

ea
n 

H
ig

h-
Te

ch
 a

nd
 L

ow
-a

nd
-M

ed
iu

m
 T

ec
h:

 
So

ci
al

 N
et

w
or

k 
Ap

pr
oa

ch
” 

by
 C

hu
ng

il 
Ch

ae
, J

ae
-G

w
an

g 
Ah

n,
 S

a-
Ho

ng
 K

im
, 

Ji
n-

Ha
n 

Ki
m

•  P
ap

er
 3

: 
“A

 s
ys

te
m

at
ic

 a
pp

ro
ac

h 
to

 
id

en
tif

y 
pr

om
isi

ng
 n

ew
 id

ea
s 

fo
r S

m
al

l t
o 

M
ed

iu
m

 E
nt

er
pr

ise
s:

 K
or

ea
n 

ca
se

 s
tu

dy
” 

by
 S

uk
ja

e 
Je

on
g,

 J
ae

hy
un

 H
an

, J
ih

yu
n 

Ki
m

•  P
ap

er
 4

: 
“S

tra
te

gi
c 

m
ar

ke
t 

se
le

ct
io

n 
fo

r w
ea

po
n 

sy
st

em
s 

ex
po

rt:
 C

om
bi

ni
ng

 
qu

an
tit

at
ive

 a
nd

 q
ua

lita
tiv

e 
ap

pr
oa

ch
es

” 
by

 S
uk

ja
e 

Je
on

g,
 J

ih
yu

n 
Ki

m

Ge
ne

ra
l S

es
si

on
 4

Ch
ai

r: 
M

ei
-C

hi
h 

Hu

•  P
ap

er
 1

: “
N

ur
si

ng
 n

at
io

na
l i

nn
ov

at
io

n 
sy

st
em

-w
id

e 
co

nv
er

ge
nc

e 
re

se
ar

ch
: 

Ca
se

 o
f C

on
ve

rg
en

ce
 R

es
ea

rc
h 

Ce
nt

er
 

in
 K

or
ea

” 
by

 S
eo

k-
jin

 Y
oo

n,
 J

on
gj

oo
 

Ki
m

, S
an

gb
ae

 J
un

g
•  P

ap
er

 2
: 

“O
pe

n 
In

no
va

tio
n 

at
 d

iff
er

en
t 

lev
els

 fo
r H

igh
er

 C
lim

at
e 

Ri
sk

 R
es

ilie
nc

e”
 b

y 
An

am
ika

 D
ey

, A
ni

l G
up

ta
, G

ur
de

ep
 S

in
gh

•  P
ap

er
 3

: “
Th

e 
fo

rm
at

io
n 

of
 g

lo
ba

l p
at

en
t 

ec
os

ys
te

m
: E

vid
en

ce
d 

an
d 

le
ss

on
s 

fro
m

 
th

e 
ca

se
 o

f t
he

 In
te

lle
ct

ua
l V

en
tu

re
” b

y 
Yi

ng
-C

he
 H

si
eh

, Y
un

g-
Ch

in
g 

Ts
en

g,
 

M
ei

-C
hi

h 
Hu

, S
hi

h-
Ch

an
g 

Hu
ng

•  P
ap

er
 4

: “
St

ud
en

t C
us

to
m

iz
ed

 C
re

at
iv

e 
E

du
ca

tio
n 

M
od

el
 b

as
ed

 o
n 

O
pe

n 
In

no
va

tio
n”

 b
y 

Su
na

h 
K

im
, H

yo
yu

n 
Ry

oo
, H

ee
jo

o 
Ah

n
•  P

ap
er

 5
: “

Th
e 

in
flu

en
ce

 o
f i

ns
tit

ut
io

na
l 

vo
id

s 
on

 s
er

vi
tiz

at
io

n 
of

 m
an

uf
ac

tu
rin

g-
co

m
pa

ra
ti

ve
 s

tu
dy

 o
n 

th
e 

ro
le

 o
f 

int
er

m
ed

iar
ies

 b
et

we
en

 Ta
iw

an
 a

nd
 K

or
ea

’s 
IC

T 
ind

us
tri

es
” b

y C
hi

ch
-c

he
ng

 L
o

•  P
ap

er
 6

: “
Th

e 
dy

na
m

ic
s 

of
 in

no
va

tio
n 

po
lic

y 
m

ea
su

re
m

en
t: 

fr
om

 n
at

io
na

l 
in

no
va

tio
n 

sy
st

em
 to

 o
pe

n 
in

no
va

tio
n”

 b
y 

Ch
ic

h-
ch

en
g 

Lo

Re
gis

tra
tio

n



Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

16
:3

0~
17

:0
0

Co
ffe

e 
Br

ea
k

17
:0

0~
19

:0
0

Sp
ec

ia
l S

es
si

on
 5

Ch
ai

r: 
Sa

ng
O

k 
Ch

oi
Ho

no
r D

isc
us

se
r: 

Ve
nn

i V
. K

ris
hi

na

•  P
ap

er
 1

: “
Re

gi
on

al
 U

rb
an

 D
ev

el
op

m
en

t 
in

 K
or

ea
 b

y 
R&

D 
In

no
va

tio
n 

St
ra

te
gi

es
 o

f 
SM

Es
” b

y 
Yu

nJ
un

g 
Oh

, Y
ou

ng
so

o 
Ry

u,
 

Sa
ng

Ok
 C

ho
i, 

Je
on

gH
eo

n 
Oh

•  P
ap

er
 2

: “
St

ar
t-u

p 
go

ve
rn

m
en

t s
up

po
rt 

el
em

en
t a

na
lys

is 
- S

TE
PI

 K
IS

 d
at

a 
–”

 b
y 

Ji
n 

Ch
oi

, D
ae

G
un

 K
im

, K
yo

un
gM

in
 

Na
m

, S
an

gO
k 

Ch
oi

•  P
ap

er
 3

: 
“S

ta
rt

-u
p 

In
no

va
ti

on
, 

En
tre

pr
en

eu
ria

l E
co

sy
st

em
, a

nd
 S

tra
te

gi
c 

N
et

w
or

ks
” 

by
 S

an
gO

k 
C

ho
i, 

Ze
ku

n 
Zh

en
g,

 J
ae

un
 K

im
, J

un
 S

eo
ng

 K
oh

, 
Co

ng
o 

Se
rg

io
 J

oa
o 

Te
ix

ei
ra

•  P
ap

er
 4

: “
St

ar
tu

p 
su

st
ai

na
bi

lit
y 

st
ra

te
gy

 
Ba

se
d 

on
 th

e 
in

no
va

tio
n 

ch
al

le
ng

e 
of

 
ka

ka
oc

or
p-

da
um

co
rp

-n
av

er
co

rp
” 

by
 

H
yu

nH
o 

Le
e,

 C
ha

ng
H

oo
n 

G
on

g,
 

Ja
eh

yu
n 

Yi
m

, Y
un

M
o 

Je
on

g,
 H

ye
w

on
 

Le
e,

 S
an

gO
k 

Ch
oi

•  P
ap

er
 5

: 
“S

ci
en

ce
 T

ec
hn

ol
og

y,
 O

pe
n 

In
no

va
tio

n,
 E

m
er

ge
nc

y 
M

an
ag

em
en

t” 
by

 
Sa

ng
Ok

 C
ho

i
•  P

ap
er

 6
: “

Id
en

tif
ic

at
io

n 
of

 c
on

ve
rg

en
ce

 
R

&D
 p

ro
je

ct
s 

fo
r 

R
&D

 m
an

ag
em

en
t: 

Fo
cu

sin
g 

on
 K

or
ea

n 
pu

bl
ic 

R&
D 

pr
oj

ec
ts

” 
by

 N
am

wo
o 

Yi
•  P

ap
er

 7
: “

G
lo

ba
lis

at
io

n 
of

 In
no

va
tio

n 
in

 
As

ia
” b

y 
Ve

nn
i V

. K
ris

hi
na

Sp
ec

ia
l S

es
si

on
 6

Ch
ai

r: 
Ja

eh
oo

n 
Rh

ee
Ho

no
r D

isc
us

se
r: 

An
il K

. G
up

ta

•  P
ap

er
 1

: 
“A

 b
ib

lio
m

et
ri

c 
st

ud
y 

of
 

in
te

rn
at

io
na

l a
nd

 d
om

es
tic

 a
ca

de
m

ic
 

re
se

ar
ch

 o
n 

in
te

lle
ct

ua
l p

ro
pe

rty
” 

by
 

Sa
ng

hy
un

 S
un

g,
 In

ju
n 

Ch
oi

•  P
ap

er
 2

: “
A 

M
et

ho
do

lo
gy

 fo
r 

M
od

el
in

g 
an

d 
M

an
ag

in
g 

En
tre

pr
en

eu
ria

l B
us

in
es

s 
Pr

oc
es

s”
 b

y 
Sa

ng
hy

un
 S

un
g,

 J
oo

se
ok

 
Le

e,
 In

ju
n 

Ch
oi

•  P
ap

er
 3

: 
“T

he
 R

ol
e 

of
 R

eg
io

na
l 

In
no

va
to

rs
’ E

nt
re

pr
en

eu
ria

l A
ct

iv
iti

es
 in

 
Im

pr
ov

in
g 

Co
m

pe
tit

iv
en

es
s 

of
 R

eg
io

na
l 

In
no

va
tio

n 
Sy

st
em

” b
y 

Ja
eh

oo
n 

Rh
ee

, 
Ju

ng
hy

un
 Y

oo
n,

 D
ed

ah
an

ov
 A

lis
he

r
•  P

ap
er

 4
: “

Em
be

dd
ed

ne
ss

 o
f I

nt
er

na
tio

na
l 

Ne
tw

or
k,

 a
nd

 In
te

rn
at

io
na

l P
er

fo
rm

an
ce

 
in

 S
m

al
l a

nd
 M

ed
iu

m
-s

iz
ed

 E
xp

or
te

rs
: 

An
te

ce
de

nt
s 

an
d 

Em
pi

ric
al

 R
el

at
io

ns
hi

ps
” 

by
 J

ae
ho

on
 R

he
e,

 J
un

gh
yu

n 
Yo

on
, 

Da
es

u 
Ki

m
•  P

ap
er

 5
: “

Te
ch

no
lo

gi
ca

l c
ha

ra
ct

er
is

tic
s,

 
CE

O
's 

gl
ob

al
 o

rie
nt

at
io

n,
 a

nd
 in

te
rn

at
io

na
l 

pe
rf

or
m

an
ce

 o
f 

S
ou

th
 K

or
ea

n 
ne

w 
ve

nt
ur

es
” b

y 
Ju

ng
hy

un
 Y

oo
n,

 J
ae

ho
on

 
Rh

ee
•  P

ap
er

 6
: 

“T
he

or
y 

of
 O

pe
n 

in
cl

us
iv

e 
in

no
va

tio
n 

fo
r r

ec
ip

ro
ca

l, 
re

sp
on

siv
e 

an
d 

re
sp

ec
tfu

l o
ut

co
m

es
: C

op
in

g 
cr

ea
tiv

el
y 

w
ith

 c
lim

at
ic

, i
ns

tit
ut

io
na

l a
nd

 m
ar

ke
t 

ris
ks

” b
y 

An
il 

k 
G

up
ta

 a
nd

 A
na

m
ik

a 
R 

De
y

Sp
ec

ia
l S

es
si

on
 7

Ch
ai

r: 
Yo

un
gJ

oo
 K

o
Ho

no
r D

isc
us

se
r: 

Ul
ric

h 
W

itt

•  P
ap

er
 1

: “
In

ve
st

ig
at

io
n 

of
 k

ey
 fa

ct
or

s 
an

d 
le

ad
in

g 
in

di
ca

to
rs

 o
n 

ch
em

is
try

 
se

ct
or

’s
 fi

rm
 p

er
fo

rm
an

ce
 : 

Fo
cu

s 
on

 
pe

tro
ch

em
is

try
 a

nd
 fi

ne
 c

he
m

ic
al

s”
 b

y 
Do

ng
ph

il 
Ch

un
, Y

ou
ng

 s
eo

k 
Le

e,
 J

i-
On

e 
Pa

rk
, Y

ou
ng

Jo
o 

Ko
•  P

ap
er

 2
: 

“C
on

fig
ur

at
io

n 
of

 a
lli

an
ce

 
po

rtf
ol

io
 f

or
 f

irm
’s

 in
no

va
tio

n 
in

 E
co

-
fri

en
dl

y 
ca

r i
nd

us
try

 -H
yu

nd
ai

 M
ot

or
 a

nd
 

To
yo

ta
 in

no
va

tio
n 

in
 th

e 
ca

r 
in

du
st

ry
: 

H
yu

nd
ai

 a
nd

 T
oy

ot
a”

 b
y 

H
ye

on
 J

oo
 

Je
on

g,
 Y

ou
ng

Jo
o 

Ko
 

•  P
ap

er
 3

: 
“I

nt
er

na
tio

na
l C

oo
pe

ra
tio

n 
St

ra
te

gy
 o

f B
as

ic 
Re

se
ar

ch
” b

y 
Ji

nw
on

 
Ka

ng
 

•  P
ap

er
 4

: 
“A

n 
Em

pi
ric

al
 S

tu
dy

 o
n 

th
e 

Im
pr

ov
em

en
t o

f R
&D

 C
om

pe
tit

io
n 

Po
lic

y 
fo

r t
he

 N
at

io
na

l R
&D

 P
ro

gr
am

” b
y 

By
un

g 
Yo

ng
 H

w
an

g,
 J

ee
 H

yu
n 

Su
h,

 D
ae

 
Ch

eo
l K

im
 

•  P
ap

er
 5

: “
In

no
va

tio
n 

sy
st

em
 fo

re
si

gh
t 

us
in

g 
po

lic
y 

re
se

ar
ch

 d
at

ab
as

e:
 fo

cu
sin

g 
on

 K
or

ea
’s 

in
no

va
tio

n 
sy

st
em

” b
y 

Sa
ng

-
Ji

n 
Ah

n,
 H

yu
n 

uk
 K

im
, W

oo
-S

un
g 

Ju
ng

•  P
ap

er
 6

: “
W

ha
t K

in
d 

of
 In

no
va

tio
ns

 D
o 

W
e 

N
ee

d 
to

 S
ec

ur
e 

ou
r 

Fu
tu

re
?”

 b
y 

Ul
ric

h 
W

itt

Ge
ne

ra
l S

es
si

on
 5

Ch
ai

r: 
Xi

ao
hu

a 
Ya

ng

•  P
ap

er
 1

: 
“T

he
 r

ol
e 

of
 e

co
sy

st
em

 in
 

cu
ltu

ra
l f

irm
s.

 T
he

 in
te

rp
la

y 
be

tw
ee

n 
Sm

ar
t a

nd
 o

pe
n 

in
no

va
tio

n”
 b

y 
th

e 
ro

le
 o

f 
ec

os
ys

te
m

 in
 c

ul
tu

ra
l fi

 rm
s.

 T
he

 in
te

rp
la

y 
be

tw
ee

n 
Sm

ar
t a

nd
 o

pe
n 

in
no

va
tio

n”
 b

y 
Va

le
nt

in
a 

De
lla

 C
or

te
, M

as
si

m
o 

Ar
ia

, 
Gi

ov
an

na
 D

el
 G

au
di

o
•  P

ap
er

 2
: “

M
od

el
in

g 
M

ob
ile

 R
ep

ut
at

io
n 

M
an

ag
em

en
t S

ys
te

m
 in

 T
ax

i I
nd

us
try

” b
y 

In
 Y

ou
ng

 H
wa

ng
, J

. H
un

 P
ar

k
•  P

ap
er

 3
: “

Id
en

tif
ic

at
io

n 
of

 F
ac

to
rs

 fo
r 

C
re

at
in

g 
Ap

pr
op

ria
te

 B
us

in
es

s 
Id

ea
s 

Us
in

g 
An

al
og

ica
l T

hi
nk

in
g”

 b
y 

Eu
ny

ou
ng

 
Ki

m
, H

id
ey

uk
i H

or
ii

•  P
ap

er
 4

: “
So

ur
ce

s 
of

 S
cie

nt
ifi c

 C
re

at
ivi

ty
: 

Pa
rt

ic
ip

an
t 

O
bs

er
va

tio
n 

of
 A

 P
ub

lic
 

Re
se

ar
ch

 In
st

itu
te

 in
 K

or
ea

” b
y 

Yo
un

g 
Su

n 
Ja

ng
, Y

ou
ng

Jo
o 

Ko
•  P

ap
er

 5
: 

“W
ha

t 
Im

pa
ct

 S
uc

ce
ss

fu
l 

R
ev

er
se

 K
no

w
le

dg
e 

Tr
an

sf
er

 b
y 

Em
er

gi
ng

 E
co

no
m

y 
M

ul
tin

at
io

na
ls

” 
by

 
Xi

ao
hu

a 
Ya

ng
, C

in
dy

 Q
in

, R
on

gx
in

 
(R

og
er

) C
he

n,
 M

ar
k 

V.
 C

an
ni

ce
, Z

ey
u 

(J
er

ry
) P

en
g

•  P
ap

er
 6

: “
In

te
gr

at
ed

 P
la

nt
 P

ro
te

ct
io

n 
S

ys
te

m
 (

IP
P

S
):

 A
 n

ov
el

 a
pp

ro
ac

h 
fo

r 
bi

os
ec

ur
ity

, 
co

ns
er

va
tio

n,
 a

nd
 

co
m

m
er

cia
liz

at
io

n 
of

 p
la

nt
 b

io
di

ve
rs

ity
” b

y 
Pr

av
ee

n 
K 

Sa
xe

na
 

19
:0

0~
22

:0
0

In
vi

te
d 

VI
P 

Di
nn

er
 b

y 
th

e 
pr

es
id

en
t o

f S
OI

tm
C 

•  
Ve

nu
e:

 F
ai

rm
on

t S
an

 J
os

e 
Ho

te
l

※
W

e 
wi

ll c
on

ta
ct

 th
e 

pa
rti

cip
an

ts
 s

ep
ar

at
el

y 
be

tw
ee

n 
th

e 
Co

nf
er

en
ce

 s
ch

ed
ul

e.

6.
 1

(W
ed

.)
Pr

og
ra

m
s



SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

6.
 2

(T
hu

.)
Pr

og
ra

m
s

Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

09
:0

0~
11

:0
0

Sp
ec

ia
l S

es
si

on
 8

Ch
ai

r: 
Na

ta
lja

 L
ac

e

• 
P

ap
er

 1
: 

“D
es

ig
ni

ng
 D

yn
am

ic
al

ly
 

“S
ig

na
tu

re
 B

us
in

es
s 

M
od

el
” T

ha
t S

up
po

rt 
D

ur
ab

le
 C

om
pe

tit
iv

e 
Ad

va
nt

ag
e”

 b
y 

An
dr

ej
s 

Či
rje

vs
ki

s
• P

ap
er

 2
: “

Im
pl

em
en

tin
g 

op
en

 in
no

va
tio

n 
co

nc
ep

t i
n 

so
ci

al
 b

us
in

es
s”

 b
y 

An
na

 
Sv

ir
in

a,
 A

lf
ia

 Z
ab

ba
ro

va
, 

K
ar

in
e 

Og
an

is
ja

na
• 

P
ap

er
 3

: 
“M

ea
su

ri
ng

 c
or

po
ra

te
 

su
st

ai
na

bi
lit

y 
an

d 
en

vi
ro

nm
en

ta
l, 

so
ci

al
, 

co
rp

or
at

e 
go

ve
rn

an
ce

 v
al

ue
 

ad
de

d”
 b

y 
Al

en
a 

Ko
cm

an
ov

á,
 L

en
ka

 
Sm

ol
ík

ov
á,

St
an

is
la

v 
Šk

ap
a,

 M
ar

ie
 

Pa
vl

ak
ov

a 
Do

ce
ka

lo
va

• P
ap

er
 4

: “
Tr

an
sf

er
 o

f K
no

w-
ho

w 
Ba

se
d 

on
 L

ea
rn

in
g 

O
ut

co
m

es
 fo

r D
ev

el
op

m
en

t 
of

 O
pe

n 
In

no
va

tio
n”

 b
y 

M
ik

us
 D

ub
ic

ki
s,

 
El

in
a 

Ga
ile

-S
ar

ka
ne

• 
Pa

pe
r 

5:
 “

Le
ar

ni
ng

 r
es

ea
rc

h 
by

 d
oi

ng
 

re
se

ar
ch

 in
 th

e 
un

ive
rs

ity
: o

ut
co

m
es

 fo
r 

th
e 

na
tio

na
l r

es
ea

rc
h 

pr
oj

ec
t o

n 
so

ci
al

 
in

no
va

tio
n”

 b
y 

K
ar

in
e 

O
ga

ni
sj

an
a,

 
A

nn
a 

Sv
ir

in
a,

 S
ve

tla
na

 S
ur

ik
ov

a,
 

G
un

ta
 G

rīn
be

rg
a-

Zā
līt

e,
 K

on
st

an
tin

s 
Ko

zlo
vs

ki
s

• 
P

ap
er

 6
: 

“I
m

pa
ct

 o
f 

st
ak

eh
ol

de
rs

 
gr

ou
ps

 o
n 

de
ve

lo
pm

en
t 

of
 r

eg
io

na
l 

en
tre

pr
en

eu
ria

l e
co

sy
st

em
” 

by
 E

lin
a 

G
ai

le
-S

ar
ka

ne
, V

la
di

m
ir 

Sh
at

re
vi

ch
, 

In
ga

 E
rin

a
• 

P
ap

er
 7

: 
“S

m
ar

t 
S

pe
ci

al
iz

at
io

n,
 

En
tre

pr
en

eu
rs

hi
p 

D
ev

el
op

m
en

t 
an

d 
In

no
va

tio
n 

Pe
rfo

rm
an

ce
 in

 L
at

vi
a”

 b
y 

Na
ta

lja
 L

ac
e,

 A
go

ta
 G

ie
dr

ė 
Ra

iš
ie

nė
, 

Re
na

ta
 K

or
sa

ki
en

ė

Sp
ec

ia
l S

es
si

on
 9

Ch
ai

r: 
Do

ng
Ky

u 
W

on

• 
Pa

pe
r 

1:
 “

R
es

ea
rc

h 
on

 s
el

ec
tio

n 
of

 
in

du
st

ria
l f

ie
ld

s 
su

ita
bl

e 
fo

r 
sm

al
l a

nd
 

m
ed

iu
m

-s
iz

ed
 e

nt
er

pr
is

es
 (

SM
Es

) 
in

 
Ko

re
a”

 b
y 

Ju
n-

Hw
an

 P
ar

k,
 B

an
gr

ae
 

Le
e,

 Y
eo

ng
-H

o 
M

oo
n,

 L
ee

-N
am

 K
wo

n
• P

ap
er

 2
: “

Si
m

ul
at

io
n 

of
 W

ea
k 

Si
gn

al
s 

of
 

NT
 In

no
va

tio
n 

in
 C

om
pl

ex
ity

” b
y 

Su
n 

Hi
 

Yo
o,

 D
on

gK
yu

 W
on

• 
Pa

pe
r 

3:
 “

H
um

an
 N

ee
d 

ba
se

d 
M

ar
ke

t 
Si

m
ul

at
io

n 
to

 T
es

t T
ec

hn
ol

og
y 

Po
lic

y;
 fo

r 
Su

cc
es

s 
of

 B
us

in
es

s 
an

d 
fo

r H
ap

pi
ne

ss
 

of
 C

on
su

m
er

” b
y D

on
gK

yu
 W

on
, S

un
 H

i 
Yo

o,
 J

on
gY

eo
n 

Li
m

• P
ap

er
 4

: “
Pa

te
nt

–s
tre

ng
th

en
in

g 
st

ra
te

gi
es

 
by

 in
du

st
ry

 c
on

si
de

rin
g 

m
ar

ke
t 

si
ze

 
an

d 
R

&B
D

 in
fra

st
ru

ct
ur

e 
in

 K
or

ea
” 

by
 

Ba
ng

ra
e 

Le
e,

 D
on

gK
yu

 W
on

, J
un

-
Hw

an
 P

ar
k,

 L
ee

-N
am

 K
wo

n,
 Y

ou
ng

-H
o 

M
oo

n,
 H

an
-jo

on
 K

im
• 

P
ap

er
 5

: 
“C

ha
ra

ct
er

iz
in

g 
th

e 
Te

ch
no

lo
gi

ca
l E

xp
ec

ta
tio

n:
 C

la
im

 a
nd

 
Ev

id
en

ce
 o

f G
ra

ph
en

e”
 b

y 
Bo

on
g 

Ke
e 

Ch
oi

• 
P

ap
er

 6
: 

“A
re

 t
he

 R
&

D
 a

ct
iv

iti
es

 
in

no
va

tiv
e?

: E
vi

de
nc

e 
fro

m
 K

or
ea

” 
by

 
De

ok
ky

o 
Oh

Sp
ec

ia
l S

es
si

on
 1

0
Ch

ai
r: 

Jin
Hy

o 
Jo

se
ph

 Y
un

Ho
no

r D
isc

us
se

r: 
Jin

Hy
o 

Jo
se

ph
 Y

un

• P
ap

er
 1

: “
Di

st
an

ce
 b

et
we

en
 te

ch
no

lo
gy

 
an

d 
m

ar
ke

t a
cc

or
di

ng
 to

 th
e 

re
gi

on
al

 
as

ym
m

et
ric

 k
no

w
le

dg
e 

ca
pa

bi
lit

ie
s 

- 
A

m
on

g 
U

ni
ve

rs
ity

, 
N

at
io

na
l 

La
b,

 
M

N
C

S,
 a

nd
 S

M
Es

 a
nd

 S
ta

rt-
up

s”
 b

y 
Ji

nH
yo

 J
os

ep
h 

Yu
n,

 E
ui

Se
ob

 J
eo

ng
, 

Ch
an

gH
wa

n 
Le

e
• 

P
ap

er
 2

: 
“S

uc
ce

ss
 F

ac
to

rs
 a

nd
 

D
yn

am
ic

s 
of

 S
oc

ia
l o

pe
n 

In
no

va
tio

n”
 

by
 J

in
Hy

o 
Jo

se
ph

 Y
un

, K
yu

ng
Ba

e 
Pa

rk
, 

C
hu

ng
Ja

e 
Li

m
, 

So
oI

n 
Le

e,
 

Ch
an

gH
wa

n 
Sh

in
• 

Pa
pe

r 
3:

 “
N

et
w

or
k 

an
al

ys
is

 o
f 

O
pe

n 
In

no
va

tio
n”

 b
y 

Ji
nH

yo
 J

os
ep

h 
Yu

n,
 

Eu
iS

eo
b 

Je
on

g,
 J

in
Se

o 
Pa

rk
• 

Pa
pe

r 
4:

 “
O

pe
n 

th
e 

bl
ac

k 
bo

x 
of

 th
e 

op
en

 in
no

va
tio

n 
ef

fe
ct

 - 
By

 g
am

e 
of

 li
fe

 
sim

ul
at

io
n 

ab
ou

t t
he

 re
ve

rs
e 

U 
cu

rv
e"

 b
y 

Ji
nH

yo
 J

os
ep

h 
Yu

n,
 E

ui
se

ob
 J

eo
ng

,  
Ky

un
gB

ae
 P

ar
k,

 D
oo

Se
ok

 L
ee

• 
Pa

pe
r 

5:
 “

D
iff

er
en

ce
 o

f O
pe

n 
of

 O
pe

n 
In

no
va

tio
n 

ef
fe

ct
 b

et
w

ee
n 

be
fo

re
/a

fte
r 

W
or

ld
 E

co
no

m
y 

C
ris

is
” 

by
 J

in
H

yo
 

Jo
se

ph
 Y

un
, 

C
ha

ng
H

w
an

 S
hi

n,
 

Ky
un

gB
ae

 P
ar

k
• 

P
ap

er
 6

: 
“N

ot
 d

ee
p 

le
ar

ni
ng

 b
ut

 
au

to
no

m
ou

s 
le

ar
ni

ng
 o

f o
pe

n 
in

no
va

tio
n 

fo
r s

us
ta

in
ab

le
 a

rti
fic

ia
l i

nt
el

lig
en

ce
” b

y 
Ji

nH
yo

 J
os

ep
h 

Yu
n,

 D
oo

Se
ok

 L
ee

, 
He

un
gJ

u 
Ah

n,
 K

yu
ng

Ba
e 

Pa
rk

, T
an

 
Yi

gi
tc

an
la

r

Sp
ec

ia
l S

es
si

on
 11

Ch
ai

r: 
Sa

m
 Y

ou
l L

ee
Ho

no
r D

isc
us

se
r: 

Ta
n 

Yi
gi

tc
an

la
r

• 
Pa

pe
r 

1:
 “

Es
ta

bl
is

hi
ng

 E
nt

re
pr

en
eu

ria
l 

Ec
os

ys
te

m
: A

ge
nd

a-
Se

tti
ng

 P
ro

ce
ss

 
of

 In
te

rn
at

io
na

l S
ci

en
ce

 B
us

in
es

s 
Be

lt 
P

ol
ic

y 
an

d 
“U

ni
nt

en
de

d”
 R

eg
io

na
l 

Cl
us

te
rin

g 
in

 S
ou

th
 K

or
ea

” b
y 

Sa
m

 Y
ou

l 
Le

e,
 H

ya
ng

-m
i K

im
• 

Pa
pe

r 
2:

 “
D

ev
el

op
m

en
t 

of
 S

yn
th

et
ic

 
B

io
lo

gy
 a

nd
 E

th
ic

al
 a

nd
 P

ol
ic

y 
C

h
a

ll
e

n
g

e
s 

to
 t

h
e

 S
ci

e
n

ti
fi

c 
Br

ea
kt

hr
ou

gh
” 

by
 S

am
ue

l P
an

g,
 S

am
 

Yo
ul

 L
ee

, J
i Y

un
g 

Se
ul

• 
P

ap
er

 3
: 

“D
ec

is
iv

e 
re

so
ur

ce
 a

s 
pe

rfo
rm

an
ce

 fa
ct

or
 to

 a
ffe

ct
 re

pu
ta

tio
n 

of
 

pu
bl

ic
 o

rc
he

st
ra

: c
om

pa
ra

tiv
e 

an
al

ys
is 

of
 K

BS
 S

ym
ph

on
y 

O
rc

he
st

ra
 a

nd
 S

eo
ul

 
Ph

ilh
ar

m
on

ic 
O

rc
he

st
ra

 in
 S

ou
th

 K
or

ea
” 

by
 Y

un
 K

yo
un

g 
Ki

m
, S

am
 Y

ou
l L

ee
• P

ap
er

 4
: “

Sh
ift

in
g 

G
ea

r f
or

 A
cc

el
er

at
io

n:
 

Re
gi

on
al

 In
no

va
tio

n 
Sy

st
em

 a
nd

 P
an

gy
o 

IT
 C

lu
st

er
 P

ol
icy

 in
 K

or
ea

” b
y 

Sa
m

 Y
ou

l 
Le

e,
 J

i Y
un

g 
Se

ul
• 

Pa
pe

r 
5:

 “
Th

e 
Ef

fe
ct

s 
of

 th
e 

Pr
od

uc
t 

In
no

va
tio

n 
th

ro
ug

h 
th

e 
S

tr
at

eg
ic

 
Fl

ex
ib

ili
ty

 o
n 

th
e 

Im
pr

ov
em

en
t 

of
 

Bu
sin

es
s”

 b
y 

Jo
ng

-m
in

 L
ee

, S
am

 Y
ou

l 
Le

e,
 a

nd
 M

ea
n-

su
n 

No
h

• 
Pa

pe
r 

6:
 “

Sm
ar

t c
iti

es
 in

 th
e 

m
ak

in
g:

 
su

cc
es

s 
an

d 
fa

ilu
re

 fa
ct

or
s 

fro
m

 g
lo

ba
l 

pr
ac

tic
es

” b
y T

an
 Y

ig
itc

an
la

r

Re
gis

tra
tio

n

11
:0

0~
11

:3
0

Co
ffe

e 
Br

ea
k



Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

11
:3

0~
13

:3
0

Ke
yn

ot
e 

Sp
ee

ch
 4

 (1
1:

30
~1

1:
50

)  
   

   
   

   
   

 * 
Ve

nu
e:

 S
tu

de
nt

 U
ni

on
 T

he
at

re
Jin

Hy
o 

Jo
se

ph
 Y

un
(D

ae
gu

 G
ye

on
gb

uk
 In

st
itu

te
 o

f S
cie

nc
e 

& 
Te

ch
no

lo
gy

, K
or

ea
) •

Th
em

e:
 D

yn
am

ics
 o

f S
oc

ia
l E

nt
er

pr
ise

 –
 S

hi
ft 

fro
m

 S
oc

ia
l I

nn
ov

at
io

n 
to

 O
pe

n 
In

no
va

tio
n

Ke
yn

ot
e 

Sp
ee

ch
 5

 (1
1:

50
~1

2:
10

) T
an

 Y
igi

tca
nla

r(Q
ue

en
sla

nd
 U

niv
er

sit
y o

f T
ec

hn
olo

gy
, A

us
tra

lia
) •

Th
em

e:
 S

m
ar

t c
itie

s i
n 

th
e 

m
ak

ing
: s

uc
ce

ss
 a

nd
 fa

ilu
re

 fa
cto

rs
 fr

om
 g

lob
al 

pr
ac

tic
es

Ke
yn

ot
e 

Sp
ee

ch
 6

 (1
2:

10
~1

2:
30

) U
lri

ch
 W

itt
(th

e 
M

ax
 P

la
nc

k 
In

st
itu

te
 o

f E
co

no
m

ics
, G

er
m

an
y)

 •T
he

m
e:

 W
ha

t K
in

d 
of

 In
no

va
tio

ns
 D

o 
W

e 
Ne

ed
 to

 S
ec

ur
e 

ou
r F

ut
ur

e?

Ke
yn

ot
e 

Sp
ee

ch
 7

 (1
2:

30
~1

2:
50

) A
ni

l K
. G

up
ta

(In
di

an
 In

st
itu

te
 o

f M
an

ag
em

en
t, 

In
di

a)
 •T

he
m

e:
 T

he
or

y 
of

 O
pe

n 
in

clu
siv

e 
in

no
va

tio
n 

fo
r r

ec
ip

ro
ca

l, 
re

sp
on

siv
e 

an
d 

re
sp

ec
tfu

l 
ou

tc
om

es
: C

op
in

g 
cr

ea
tiv

el
y 

wi
th

 c
lim

at
ic,

 in
st

itu
tio

na
l a

nd
 m

ar
ke

t r
isk

s

Ke
yn

ot
e 

Sp
ee

ch
 8

 (1
2:

50
~1

3:
10

) T
ae

Ho
 P

ar
k(

Sa
n 

Jo
se

 S
ta

te
 U

ni
ve

rs
ity

, U
SA

) •
Th

em
e:

 S
M

E’
s A

pp
lic

at
io

ns
 o

f O
pe

n 
In

no
va

tio
n 

in
 th

e 
Su

pp
ly 

Ch
ai

n 
Sy

st
em

 

13
:1

0~
14

:3
0

Lu
nc

h 
Br

ea
k 

   
   

   
   

   
   

   
   

   
* W

e 
re

co
m

m
en

d 
th

e 
re

st
au

ra
nt

 o
f S

tu
de

nt
 U

ni
on

 fo
r l

un
ch

 b
ut

 w
e 

do
es

 n
ot

 s
er

ve
 lu

nc
h 

fo
r p

ar
tic

ip
an

ts
.

14
:3

0~
16

:3
0

O
pe

n 
In

no
va

tio
n 

an
d 

Pu
bl

ic
 P

ol
ic

y 
Se

ct
io

n 
4:

 V
ir

tu
al

 R
ea

lit
y,

 D
es

ig
n 

Ed
uc

at
io

n 
an

d 
Co

m
pl

ex
 C

on
di

tio
ns

 fo
r 

Cr
ea

tiv
e 

Ac
tio

n
Ch

ai
r: 

Hy
un

su
b 

Ku
m

• P
ap

er
 1

: “
Vi

rtu
al

 R
ea

lit
y:

 T
he

 U
nl

im
ite

d 
To

ol
” b

y 
M

ic
ha

el
 B

ra
zle

y
• 

Pa
pe

r 
2:

 “
M

ap
pi

ng
 In

te
rc

ha
ng

ea
bi

lit
y 

an
d 

In
co

m
m

en
su

ra
bl

es
: I

nc
or

po
ra

tin
g 

Co
m

m
un

ity
 K

no
wl

ed
ge

” b
y 

Cr
ai

g 
An

z
• 

Pa
pe

r 3
: “

Ed
uc

at
in

g 
De

si
gn

 In
st

itu
tio

n:
 

A 
Su

rv
ey

 o
f P

ro
bl

em
 S

ol
vi

ng
 M

et
ho

ds
 

Us
ed

 in
 A

rc
hi

te
ct

ur
e 

an
d 

In
te

rio
r D

es
ig

n 
St

ud
io

s”
 b

y 
Jo

n 
Da

ni
el

 D
av

ey

Sp
ec

ia
l S

es
si

on
 1

2
Ch

ai
r: 

Ky
un

gB
ae

 P
ar

k
Ho

no
r D

isc
us

se
r: 

Lo
et

 L
ey

de
sd

or
ff

• 
P

ap
er

 1
: 

“G
ro

w
in

g 
up

 o
f 

P
la

tfo
rm

 
Bu

si
ne

ss
 M

od
el

 a
s 

En
tr

ep
re

ne
ur

ia
l 

Ec
os

ys
te

m
 a

nd
 it

s 
ef

fe
ct

s 
on

 r
eg

io
na

l 
de

ve
lo

pm
en

t” 
by

 J
in

hy
o 

Jo
se

ph
 Y

un
, 

D
on

gK
yu

 W
on

, 
K

yu
ng

B
ae

 P
ar

k,
 

Je
on

gH
o 

Ya
ng

• 
P

ap
er

 2
: 

“D
yn

am
ic

s 
fr

om
 O

pe
n 

In
no

va
tio

n 
to

 E
vo

lu
tio

na
ry

 C
ha

ng
e”

 b
y 

Ji
nH

yo
 J

os
ep

h 
Yu

n,
 D

on
gK

yu
 W

on
, 

Ky
un

gB
ae

 P
ar

k
• 

Pa
pe

r 
3:

 “
M

od
el

in
g 

Sc
hu

m
pe

te
ria

n 
Dy

na
m

ics
 o

f O
pe

n 
In

no
va

tio
n 

Ec
on

om
y 

S
ys

te
m

” 
by

 J
in

H
yo

 J
os

ep
h 

Yu
n,

 
K

yu
ng

B
ae

 P
ar

k,
 D

oo
S

eo
k 

Le
e,

 
Se

un
gH

oo
n 

Pa
rk

• 
Pa

pe
r 

4:
 “

Te
ch

no
lo

gy
 f

or
 p

ro
du

ct
io

n 
sc

he
du

lin
g 

of
 jo

bs
 fo

r o
pe

n 
in

no
va

tio
n 

an
d 

su
st

ai
na

bi
lit

y 
wi

th
 fi

xe
d 

pr
oc

es
sin

g 
pr

op
er

ty
 o

n 
pa

ra
lle

l 
m

ac
hi

ne
s”

 b
y 

Sa
ng

Oh
 S

hi
m

, K
yu

ng
Ba

e 
Pa

rk
• 

P
ap

er
 5

: 
“D

if
fu

si
on

 P
at

te
rn

 o
f 

Co
nv

er
ge

nc
e 

be
tw

ee
n 

Hi
gh

-te
ch

no
lo

gy
 

In
du

st
rie

s:
 C

o-
oc

cu
rre

nc
e-

ba
se

d 
An

al
ys

is 
of

 N
ew

s 
Ar

tic
le

 D
at

a”
 b

y 
Hy

eo
ks

eo
ng

 
Le

e,
 N

am
il 

Ki
m

, K
ih

o 
Kw

ak
, W

on
jo

on
 

Ki
m

, H
yu

ng
jo

on
 S

oh
, K

yu
ng

Ba
e 

Pa
rk

 
• 

Pa
pe

r 
6:

 T
he

 I
m

po
rt

an
ce

 o
f 

So
ci

al
 

Ac
ce

pt
an

ce
 in

 In
no

va
tiv

e 
In

du
st

ry
 - 

th
e 

ca
se

 s
tu

dy
 fo

r t
he

 b
io

in
du

st
ry

 in
 K

or
ea

 
by

 M
oo

su
p 

Ju
ng

, Y
ou

n-
He

e 
Ch

oi
, J

in
 

W
oo

ng
 K

im
, P

et
ro

 S
au

ti 
M

ag
ai

• 
P

ap
er

 7
: 

“T
ri

pl
e 

H
el

ix
 M

od
el

s 
of

 
In

no
va

tio
n:

 A
re

 s
yn

er
gi

es
 g

en
er

at
ed

 
at

 n
at

io
na

l o
r r

eg
io

na
l l

ev
el

s?
” b

y 
Lo

et
 

Le
yd

es
do

rff

Sp
ec

ia
l S

es
si

on
 1

3
Ch

ai
r: 

Jiy
ou

ng
 P

ar
k

• 
Pa

pe
r 

1:
 “

C
lim

at
e 

C
ha

ng
e,

 Ir
rig

at
io

n 
Ad

ju
st

m
en

ts
, a

nd
 E

co
no

m
ic

 Im
pa

ct
s:

 
Ex

pa
ns

io
n 

of
 I

rr
ig

at
ed

 A
gr

ic
ul

tu
re

 in
 

G
eo

rg
ia

” b
y 

Ch
an

gk
eu

n 
Pa

rk
• 

Pa
pe

r 
2:

 “
Po

lic
y 

an
al

ys
is

 t
o 

re
du

ce
 

cl
im

at
e 

ch
an

ge
 in

du
ce

d 
ris

k 
in

 u
rb

an
 

an
d 

ru
ra

l a
re

as
” 

by
 T

ae
Ho

on
 M

oo
n,

 
D

on
gH

w
an

 K
im

, 
C

ha
ng

Su
g 

Pa
rk

, 
Do

ng
Su

ng
 L

ee
• 

Pa
pe

r 
3:

 “
Lo

ng
itu

di
na

l A
na

ly
si

s 
of

 th
e 

In
flu

en
ce

 o
f S

oc
io

-D
em

og
ra

ph
ic

 a
nd

 
La

nd
 U

se
 F

ea
tu

re
s 

on
 T

ra
ns

it 
Ri

de
rs

hi
p”

 
by

 D
oh

yu
ng

 K
im

, Y
on

g 
jin

 A
hn

, S
im

on
 

Ch
oi

, K
wa

ng
ko

o 
Ki

m
• P

ap
er

 4
: “

Hu
rri

ca
ne

 S
an

dy
 a

nd
 L

os
t F

ou
r 

Da
ys

 in
 th

e 
U.

S.
 E

co
no

m
y”

 b
y 

Ji
yo

un
g 

Pa
rk

, M
in

su
 S

on
, C

ha
ng

ke
un

 P
ar

k
• 

Pa
pe

r 
5:

 “
In

no
va

tiv
e 

G
re

en
 E

co
no

m
y, 

Ur
ba

n 
Ec

on
om

ic 
Pe

rfo
rm

an
ce

 a
nd

 U
rb

an
 

En
vi

ro
nm

en
ts

: E
m

pi
ric

al
 E

vi
de

nc
es

 o
f 

U
.S

. M
et

ro
po

lit
an

 C
iti

es
” 

by
 J

iY
ou

ng
 

Pa
rk

, G
. W

ill
ia

m
 P

ag
e

• 
Pa

pe
r 6

: “
Ex

pl
or

in
g 

th
e 

de
ve

lo
pm

en
ta

l 
tra

je
ct

or
y 

an
d 

te
ch

no
lo

gi
ca

l c
ap

ab
ilit

y 
in

 
th

e 
gl

ob
al

 re
ne

wa
bl

e 
en

er
gy

 in
du

st
ry

” b
y 

Ch
in

g-
Ya

n 
W

u,
 M

ei
-C

hi
h 

Hu
• P

ap
er

 7
: “

Sp
ec

tru
m

izi
ng

 th
e 

su
st

ai
na

bi
lity

 
of

 s
er

vi
ce

 in
du

st
ry

 s
ec

to
r 

in
 K

or
ea

-
fo

cu
si

ng
 o

n 
en

vi
ro

nm
en

ta
l, 

so
ci

al
 a

nd
 

go
ve

rn
an

ce
 p

er
fo

rm
an

ce
” b

y 
De

ok
ky

o 
Oh

Sp
ec

ia
l S

es
si

on
 1

4
Ch

ai
r: 

Ta
eh

oo
n 

Kw
on

Ho
no

r D
isc

us
se

r: 
Fr

ed
 P

hi
llip

s

• P
ap

er
 1

: “
M

ot
iva

to
rs

 o
f M

an
ag

em
en

t b
y 

W
al

ki
ng

 A
ro

un
d 

an
d 

C
om

m
un

ic
at

io
na

l 
Fa

ct
or

s 
Be

hi
nd

 T
he

m
: A

 C
as

e 
St

ud
y 

on
 

a 
Ko

re
an

 S
hi

py
ar

d”
 b

y 
Ye

oe
un

 K
w

on
, 

Ta
eh

oo
n 

Kw
on

, H
un

 P
ar

k,
 H

yu
k 

Ha
hn

, 
Ilh

yu
ng

 L
ee

• P
ap

er
 2

: “
Va

lu
at

io
n 

m
et

ho
d 

by
 re

gr
es

sio
n 

an
al

ys
is

 o
n 

re
al

 ro
ya

lty
-re

la
te

d 
da

ta
 b

y 
us

in
g 

m
ul

tip
le

 in
pu

t d
es

cr
ip

to
rs

 in
 ro

ya
lty

 
ne

go
tia

tio
ns

 in
 L

ife
 S

cie
nc

e 
ar

ea
-fo

cu
se

d 
on

 a
nt

ic
an

ce
r t

he
ra

pi
es

” b
y 

Je
on

gH
ee

 
Le

e,
 Y

ou
ng

yo
ng

 In
, J

oo
nW

oo
 L

ee
, 

Ta
eh

oo
n 

Kw
on

, W
an

gw
oo

 L
ee

• 
Pa

pe
r 

3:
 “

St
ud

y 
on

 t
he

 v
al

ue
 c

ha
in

 
ne

tw
or

k 
an

al
ys

is
 m

et
ho

do
lo

gy
 a

nd
 

sy
st

em
 d

ev
el

op
m

en
t b

as
ed

 o
n 

bu
sin

es
s 

tra
ns

ac
tio

n 
in

fo
rm

at
io

n”
 b

y 
Da

e-
Hy

eo
n 

Li
m

, Y
ou

ng
-S

u 
M

oo
n,

 H
o-

Sh
in

 L
ee

• 
Pa

pe
r 

4:
 “

In
ve

st
ig

at
io

n 
in

to
 B

us
in

es
s 

Pe
rfo

rm
an

ce
s 

fro
m

 S
M

E(
Sm

al
l-M

ed
iu

m
 

Si
ze

d 
En

te
rp

ris
e)

 S
up

po
rti

ng
 S

er
vi

ce
s 

in
 S

ou
th

 K
or

ea
” b

y 
Hu

n 
Pa

rk
, T

ae
Ho

on
 

Kw
on

, T
ae

Jo
ng

 J
an

g,
 J

ae
 Y

ou
ng

 Y
oo

, 
Se

on
gH

ee
 M

oo
n,

 H
yu

k 
Ha

hn
• 

Pa
pe

r 
5:

 “
Th

e 
ev

al
ua

tio
n 

of
 K

or
ea

n 
Ag

ric
ul

tu
ra

l S
ci

en
ce

 a
nd

 T
ec

hn
ol

og
y”

 
by

 K
iil

 K
im

, J
ee

na
 H

w
an

g,
 Y

ui
l K

im
, 

Sa
ng

-W
on

 P
ar

k,
 H

yu
n-

Ra
n 

Ki
m

, Y
ou

-
Li

m
 C

ho
i

• 
P

ap
er

 6
: 

“K
ey

 I
de

as
 f

ro
m

 a
 2

5-
Ye

ar
 C

ol
la

bo
ra

tio
n 

at
 T

ec
hn

ol
og

ic
al

 
Fo

re
ca

st
in

g 
& 

So
ci

al
 C

ha
ng

e”
 b

y 
Fr

ed
 

Ph
ill

ip
s,

 H
al

 L
in

st
on

e

Re
gis

tra
tio

n

6.
 2

(T
hu

.)
Pr

og
ra

m
s



SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

16
:3

0~
17

:0
0

Co
ffe

e 
Br

ea
k

17
:0

0~
19

:0
0

G
en

er
al

 M
ee

tin
g 

of
 S

O
Itm

C 
wi

th
 A

wa
rd

s(
Be

st
 P

ap
er

 A
wa

rd
, A

pp
re

cia
tio

n 
Pl

aq
ue

) C
er

em
on

y, 
20

17
 H

os
tin

g 
Ch

ai
r S

pe
ec

h

* V
en

ue
: S

tu
de

nt
 U

ni
on

 T
he

at
re

19
:0

0~
22

:0
0

Ga
la

 D
in

ne
r (

Th
e 

Gr
ill

 o
n 

th
e 

Al
le

y)

6.
 2

(T
hu

.)
Pr

og
ra

m
s



6.
 3

(F
ri.

)
Pr

og
ra

m
s

Ti
m

e
St

ud
en

t U
ni

on
 T

he
at

re
#B

BC
32

3
#B

BC
30

4
#B

BC
30

2
Lo

bb
y

08
:0

0~
09

:4
0

R
ou

nd
 T

ab
le

 -
 O

pe
n 

In
no

va
tio

n 
of

 
Pu

bl
ic

 P
ol

ic
y,

 G
ra

ss
ro

ot
s 

In
no

va
tio

n 
& 

Bi
ot

ec
h 

   
• I

nv
itin

g 
Ta

lk:
 A

ni
l K

. G
up

ta
, 

Pr
av

ee
n 

K.
 S

ax
en

a,
   

& 
Kw

an
gH

o 
Ju

ng
• O

pe
n 

to
 th

e 
ev

er
y 

co
nf

er
en

ce
 m

em
be

rs

10
:0

0~
21

:3
0

In
du

st
ry

 V
is

iti
ng

 (G
oo

gl
e,

 A
pp

le
, S

an
 F

ra
nc

is
co

)

1.
 (S

JS
U 

→
 G

oo
gl

e,
 A

pp
le

) T
he

 b
us

 d
ep

ar
tu

re
• 1

0:
00

 a
t m

ai
n 

ga
te

 o
f R

am
ad

a 
Ho

te
l 

• 1
0:

10
 a

t m
ai

n 
ga

te
 o

f S
JS

U 
do

rm
ito

ry
 

2.
 (G

oo
gl

e,
 A

pp
le

 →
 S

an
 F

ra
nc

isc
o)

• 1
4:

00
~2

0:
00

, P
ar

tic
ip

an
ts

 m
ay

 a
ct

 fo
r t

he
m

se
lve

s,
 

• T
he

 B
ag

ga
ge

 c
an

 b
e 

lo
ad

ed
 in

 th
e 

bu
s 

an
d 

pa
rti

cip
an

ts
 c

an
 g

o 
to

 a
no

th
er

 p
la

ce
 (e

x.
 A

irp
or

t) 
wh

en
ev

er
 y

ou
 w

ou
ld

 lik
e 

to
.

3.
 (S

an
 F

ra
nc

isc
o 

→
 S

JS
U)

• 2
0:

00
~2

1:
30

 (t
he

 a
rri

va
l a

t S
JS

U 
do

rm
ito

ry
)

4.
 H

ow
 to

 a
pp

ly:
 th

ro
ug

h 
em

ai
l(o

pe
ni

nn
ov

at
io

nt
m

c@
dg

ist
.a

c.
kr

)
• F

irs
t 4

0 
ap

pl
ica

nt
s 

ca
n 

on
ly 

pa
rti

cip
at

e 
in

 th
e 

to
ur

.
※

 W
at

er
 a

nd
 a

 s
an

dw
ich

 w
ill 

be
 p

ro
vid

ed
.



May 31 (Tuesday)

“Napa Valley Winery Tour”

■ (SJSU → Napa Valley) The bus departure

  •08:30 at main gate of Ramada Hotel 

  •08:40 at main gate of SJSU dormitory 

■ (Napa Valley → SJSU)

  •15:00~18:00 (the arrival at SJSU dormitory)

■ How to apply: through email(openinnovationtmc@dgist.ac.kr) 

  •First 40 applicants can only participate in the tour.

※ Water and a sandwich will be provided.

Regional Innovation Tour
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• Paper 1:  “ Safety and Security Measures in Schools: Eff ects on School Crime 
and the Processing of Off ending Behaviors” 
by Chongmin Na (John Jay College of Criminal Justice, City 
University of New York, USA)

• Paper 2: “ Performance Measures and Electoral Support for Incumbents in 
School Board Elections” 
by Seulki Lee (New York University, USA)

• Paper 3: “ An Inductive Study of Cross-Regime Migrant’s Work-Related 
Adaptation Process” 
by Byoung-Jo Kim (Carnegie Mellon University, USA)

May 31 (Tuesday)                                      

General Session
“Open Innovation Public Policy Section 1:

Public Performance and Social Entrepreneurship”

■Chair: Kwangho Jung (Seoul National University, Korea)

(Sponsored by BK21-Plus, Graduate School of Public Administration, Seoul National University)

(Venue: BBC302, Time: 13:30~14:30)



 

Safety and Security Measures in Schools: Effects on School 
Crime and the Processing of Offending Behaviors

Chongmin Na
Assistant Professor, John Jay College of Criminal Justice,

City University of New York, USA, Email: cna@jjay.cuny.edu

Abstract

With increasing youth violence throughout the 1980s and highly publicized school shootings 
during the 1990s, the passage of the Gun-Free Schools Act of 1994 requiring that schools adopt 
a “zero tolerance” approach to weapons in schools became politically feasible. Many schools 
extended zero-tolerance policies to apply also to the use of drugs and alcohol. Following this trend 
toward “criminalization of school discipline,” legal reforms have mandated that certain offenses 
(such as drug and weapon possession) be referred to the police when they occur on school property. 
The placement of police in schools is but one element of a larger shift toward more formal 
treatment of student discipline. Other reforms have increased surveillance by using a variety of 
security technologies including metal detectors and security cameras, and have broadened the 
conditions under which student searches are conducted. Drawing on the data from the School 
Survey on Crime and Safety (SSCS) collected from principals in a sample of approximately 3,000 
U.S. public schools, this study will assess the extent to which the addition of safety and security 
measures in schools is associated with changes in levels of school crime and school’s responses to 
crime. It is hypothesized that as schools increase their safety and security measures, they record 
more crimes and report a higher percentage of those crimes to law enforcement. However, these 
popular and costly practices may not necessarily improve school safety by deteriorating positive 
school climate such as mutual trust and support, which is known to reduce school crime by 
enhancing ‘informal’ social control mechanism within schools.

Keywords: School Safety, Gun-Free Schools Act of 1994, Zero-Tolerance Approach, Safety 
Innovation

 

Performance Measures and Electoral Support for 
Incumbents in School Board Elections

Seulki Lee 
Doctoral Student, New York University, USA, Email: sklee.seulki@gmail.com

Abstract

Public administration literature has consistently examined the mechanism of accountable 
government. This paper focuses on the electoral accountability perspective, which posits that 
citizens retrospectively evaluate their elected representatives at the ballot box on the basis of their 
performance. The retrospective voting may fill a gap in the chain of accountability between citizens 
and governments. Thus, it is important to assess whether citizens retrospectively reward or punish 
the incumbents by casting votes. Studies of retrospective voting have long found that government 
performance affects a voter’s decision to support or oppose an incumbent’s reelection efforts in 
national and state elections. However, there is little research on the relationship between government 
performance and electoral support for incumbents in local-level elections. This study focuses on 
school board elections in New York State. Using a data set covering district-level school 
performance and school board elections from 2010 to 2014, this study examines the relationship 
between local public service performance and electoral support for local incumbents. The findings of 
this study will suggest the role of performance information in voting and provide implications for 
making a connection between public management and political behavior. 

Keywords: Accountability, School Performance, School Board Election, Public Management
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Safety and Security Measures in Schools: Effects on School 
Crime and the Processing of Offending Behaviors

Chongmin Na
Assistant Professor, John Jay College of Criminal Justice,

City University of New York, USA, Email: cna@jjay.cuny.edu

Abstract

With increasing youth violence throughout the 1980s and highly publicized school shootings 
during the 1990s, the passage of the Gun-Free Schools Act of 1994 requiring that schools adopt 
a “zero tolerance” approach to weapons in schools became politically feasible. Many schools 
extended zero-tolerance policies to apply also to the use of drugs and alcohol. Following this trend 
toward “criminalization of school discipline,” legal reforms have mandated that certain offenses 
(such as drug and weapon possession) be referred to the police when they occur on school property. 
The placement of police in schools is but one element of a larger shift toward more formal 
treatment of student discipline. Other reforms have increased surveillance by using a variety of 
security technologies including metal detectors and security cameras, and have broadened the 
conditions under which student searches are conducted. Drawing on the data from the School 
Survey on Crime and Safety (SSCS) collected from principals in a sample of approximately 3,000 
U.S. public schools, this study will assess the extent to which the addition of safety and security 
measures in schools is associated with changes in levels of school crime and school’s responses to 
crime. It is hypothesized that as schools increase their safety and security measures, they record 
more crimes and report a higher percentage of those crimes to law enforcement. However, these 
popular and costly practices may not necessarily improve school safety by deteriorating positive 
school climate such as mutual trust and support, which is known to reduce school crime by 
enhancing ‘informal’ social control mechanism within schools.

Keywords: School Safety, Gun-Free Schools Act of 1994, Zero-Tolerance Approach, Safety 
Innovation

 

Performance Measures and Electoral Support for 
Incumbents in School Board Elections

Seulki Lee 
Doctoral Student, New York University, USA, Email: sklee.seulki@gmail.com

Abstract

Public administration literature has consistently examined the mechanism of accountable 
government. This paper focuses on the electoral accountability perspective, which posits that 
citizens retrospectively evaluate their elected representatives at the ballot box on the basis of their 
performance. The retrospective voting may fill a gap in the chain of accountability between citizens 
and governments. Thus, it is important to assess whether citizens retrospectively reward or punish 
the incumbents by casting votes. Studies of retrospective voting have long found that government 
performance affects a voter’s decision to support or oppose an incumbent’s reelection efforts in 
national and state elections. However, there is little research on the relationship between government 
performance and electoral support for incumbents in local-level elections. This study focuses on 
school board elections in New York State. Using a data set covering district-level school 
performance and school board elections from 2010 to 2014, this study examines the relationship 
between local public service performance and electoral support for local incumbents. The findings of 
this study will suggest the role of performance information in voting and provide implications for 
making a connection between public management and political behavior. 

Keywords: Accountability, School Performance, School Board Election, Public Management



 

An Inductive Study of Cross-Regime Migrant’s Work-Related 
Adaptation Process

ByeongJo Kim 
Doctoral Student, School of Public Policy & Management at Heinz College,

Carnegie Mellon University, USA, Email: bjkim@cmu.edu

Abstract

Using grounded theory methodology, we investigate work-related cultural adaptation by cross-
regime migrants, specifically North Korean defectors to South Korea. We interview twenty-one 
defectors employed in South Korea (70% female, average age 40, average 6 years in South Korea). 
Our grounded theory findings suggest that both the congruence between the appraisal of capitalist 
norms and the defector’s individual needs and the defector’s internalization of capitalist work norms 
is important mechanisms contributing to their adaptation. The defector’s motivation to migrate and 
prior knowledge of capitalist practices appear to be important antecedents of both the defector’s 
needs and appraisal of capitalist norms and the degree to which he or she internalizes capitalist work 
norms. Individual defectors differ in their internalization of capitalist norms--from high (integration 
of norms) or moderate (compliance with norms) to low (resistance to norms). Higher internalization 
is linked to work-related adaptation behavior including acquiring new skills and building supportive 
workplace relationships. We discuss theoretical and practical implications regarding the cultural 
adaptation through work by migrants, refugees and defectors.

Keywords: Cross-regime adaptation, Internalization of capitalist norms, Social innovation
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An Inductive Study of Cross-Regime Migrant’s Work-Related 
Adaptation Process

ByeongJo Kim 
Doctoral Student, School of Public Policy & Management at Heinz College,

Carnegie Mellon University, USA, Email: bjkim@cmu.edu

Abstract

Using grounded theory methodology, we investigate work-related cultural adaptation by cross-
regime migrants, specifically North Korean defectors to South Korea. We interview twenty-one 
defectors employed in South Korea (70% female, average age 40, average 6 years in South Korea). 
Our grounded theory findings suggest that both the congruence between the appraisal of capitalist 
norms and the defector’s individual needs and the defector’s internalization of capitalist work norms 
is important mechanisms contributing to their adaptation. The defector’s motivation to migrate and 
prior knowledge of capitalist practices appear to be important antecedents of both the defector’s 
needs and appraisal of capitalist norms and the degree to which he or she internalizes capitalist work 
norms. Individual defectors differ in their internalization of capitalist norms--from high (integration 
of norms) or moderate (compliance with norms) to low (resistance to norms). Higher internalization 
is linked to work-related adaptation behavior including acquiring new skills and building supportive 
workplace relationships. We discuss theoretical and practical implications regarding the cultural 
adaptation through work by migrants, refugees and defectors.

Keywords: Cross-regime adaptation, Internalization of capitalist norms, Social innovation

• Paper 1: “ Globalization and Intellectual Property: A Study on the 
Determinants of Software Piracy Rates among 103 Countries” 
by Chongmin Na (John Jay College of Criminal Justice, City 
University of New York, USA)

• Paper 2: “ Moral Costs from Experience to Buy Counterfeits in South Korea” 
by Kwangho Jung (Seoul National University, Korea), Seung-Hee 
Lee, Jane Workman (Southern Illinois University, USA)

• Paper 3: “ Exploring Deep Intentions for Software Piracy between Chinese and 
Korean College Students: Using Q-Methodology” 
by Mao Xuewen(School of Management, Lanzhou University, 
China), Chanwoo Kim(Seoul National University, Korea)

May 31 (Tuesday)                                      

General Session
“Open Innovation Public Policy Section 2:

Counterfeiting and Moral Costs: National and Individual Analysis”

■Chair: Chul-Young Roh (Lehman College, City University of New York, USA)

(Sponsored by BK21-Plus, Graduate School of Public Administration, Seoul National University)

(Venue: BBC302, Time: 14:45~16:00)



 

Globalization and Intellectual Property: A Study on the 
Determinants of Software Piracy Rates among 103 Countries

Chongmin Na 
Assistant Professor, John Jay College of Criminal Justice,

City University of New York, USA, Email: cna@jjay.cuny.edu

Abstract

Criminologists have generally neglected the determinants of intellectual property theft, and social 
scientists interested in the consequences of globalization have ignored its impact on the criminal 
outcomes such as intellectual property theft. While few existing studies have focused on the political 
(e.g., democracy) or economic (e.g., GDP) predictors, no study to date has explicitly examined the 
impact of globalization on rates of software piracy. In this study, software piracy data from 103 
countries between years 1994 and 2011 are used to examine the determinants of variation in 
software piracy rates at both within-and between-country levels. Specifically, we hypothesize that (1) 
more globalized countries will have lower software piracy rates and (2) as countries become more 
globalized over time, software piracy rates of those countries will decrease. A modified version of 
random-effects model will be employed as an alternative solution to the conventional fixed- vs. 
random-effects approaches to examine the determinants of variation in software piracy rates between 
countries and within countries over time.

Keywords: Intellectual Property, Software Piracy, Globalization, Country Panel Analysis

 

Moral Costs from Experience to Buy Counterfeits in South 
Korea

Kwangho Jung (Seoul National University, Korea)
Seung-Hee Lee (Southern Illinois University, USA)
Jane Workman (Southern Illinois University, USA)

Abstract

Buying counterfeits seems to be common around the world.  The diffusion of counterfeits and the 
contagion of dishonest and unethical behavior may involve moral costs which can facilitate additional 
purchase of counterfeits and eradicate moral foundation. Previous studies have already suggested that 
those with experience to buy counterfeits are more likely to buy them again than those without the 
experience. It is necessary to identify when the impact of ethical and moral elements on the purchase 
of counterfeits appears or disappears and how. This study, relying on Korean consumer survey data 
(sample size=3,145), empirically tests whether or not previous experience to buy counterfeits reduces 
ethical mindset against counterfeits. Recent experimental studies have illustrated wearing and using 
counterfeits may involve moral costs that facilitate additional unethical behaviors. There are various 
reasons for purchasing counterfeits. Three main streams have examined the complexity of the behavior 
of purchasing counterfeits: (1) rational choice approach, (2) cultural approach, and (3) ethical approach. 
First, many studies have followed the rational choice approach emphasizing the utility from buying 
counterfeits in terms of price and quality. Second, many studies have noted the impact of cultural 
elements on the willingness to buy counterfeits. The cultural approach suggests how the level of 
acceptance to buy counterfeits differs from cultural norms and values. This approach emphasizes 
normalized habits and routines that induce people to buy counterfeits. Third, previous research has 
illustrated an empirical relationship between ethics or morality and the willingness to buy counterfeits. 
In other words, previous studies have tested whether or not ethical elements are related to the intention 
to buy counterfeits. Ethical and moral elements toward consumer behaviors are important but there is 
little known about what specific ethical or moral elements are related to the unwillingness to buy 
counterfeits and why. Little is known about how ethics and morality hinder the intention to buy 
counterfeits. It is important to examine a moral and citizenship (public service motivation) approach to 
explaining the behavior of purchasing counterfeits. Our empirical findings suggest that previous 
experience buying counterfeits can significantly reduce or eliminate public service motivation and 
ethical consciousness. It is necessary to educate ethical consumer behaviors against counterfeiting 
from childhood and adolescence.

Keywords: Experience to Purchase Counterfeit, Unethical Consumer Behavior, Moral Cost
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Abstract

This study aims to compare individuals in China and South Korea on their intentions to download 
pirated software using Q methodology. Based on previous studies on software piracy and interviews 
conducted, 32 Q statements were arranged. Then Q sorts, formulated based on the statements, were 
collected from 30 respondents from both China and South Korea and these respondents are 
comprised of public officials, employees from software companies, students, professors, researchers 
and the public. The results illustrate that Chinese and Koreans have different perceptions on software 
piracy, and individuals from each country can be categorized into dissimilar four Q factors. The four 
Q factors for Chinese are normative government intervention type, normative utility focused type, 
enforcement of the norms type, and norm type. On the other hand, the four Q factors for Koreans are 
positive utility focused type, enforcement of punishment type, negative utility focused type, and 
norm type. Both Koreans and Chinese identify that penalties for pirating software should be stricter 
(enforcement of punishment type), and more education and advertisement are necessary to 
encourage citizens to use official products (norm type). The key differences between Chinese and 
Koreans are that Chinese believe government intervention can reduce the number of mislicensing 
(normative government intervention type), and intellectual property should be rightfully protected 
(normative utility focused type). In contrast, Koreans are critical of government’s intervention and 
perceive that people decide to use unauthorized products by calculating individuals’ utilities and 
risks (positive utility focused type, negative utility focused type). Despite the different perceptions 
on software piracy, all respondents from both countries admitted that the use of illegal software is 
not only against the law but also unjust. Furthermore, they acknowledged that the illegal use of 
software is a socio-structural problem, rather than a problem of a specific social group, such as a 
group of teenagers. As a result, consistent policies devised from a structural approach seem 
necessary in order to encourage the use of licensed products.

Keywords: Software Piracy, Q-methodology, Chinese and Korean Cultures
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Abstract

Health care delivery in the United States is experiencing a paradigm shift, from a provider-centered 
approach to a patient-centered management model that emphasizes patient satisfaction and choice to 
build and retain market share. The application and usage of telecommunication technology have 
provoked this paradigm shift in health care delivery. As a form of technology, telemedicine has 
tremendously impacted society and revolutionized health care delivery in the country. It has 
drastically expanded the body of health care information available and has changed health care 
delivery models. Rogers’s theory (Diffusion of Innovations [2003]) is adopted to explore why and 
how telemedicine has been implemented, grown, and sustained in Tennessee. It is beneficial to 
investigate the infrastructure of several forms of telemedicine networks that have been identified and 
commonly accepted as successful in developing and using it to improve health care delivery. This 
essay analyzes how five active telemedicine programs in Tennessee retain the structural 
commonalities that emphasize the importance of making telemedicine convenient for health care 
professionals and also making it visible through the use of marketing and training. To develop, grow, 
and sustain a telemedicine initiative, this study suggests developing state- and nationwide 
telemedicine networks, ensuring multiple funding sources, and establishing a telemedicine advisory 
commission.
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Abstract

This study examines what factors influence a local government’s adoption of telework policy. 
Specifically, drawing on the insights from contingency theory, we investigate how external forces 
from contextual environment influence California local governments’ decision to implement 
telework policy. To examine the question, this paper uses the 2010 International City/County 
Management Association survey data and the 2009 American Communities Survey by the U.S. 
Census Bureau. The findings show that various contextual factors such as population diversity, 
municipal climate protection efforts, and support from state legislators play a significant role in a 
city government’s decision to use telework policy. 

Keywords: Diffusion of Telework Policy, Public Innovation, City/County Management
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Abstract

This paper aims to provide an alternative perspective on the relationship between R&D expenditures 
on Science & Technology (S&T) and economic growth. The conventional wisdom of R&D 
expenditures on S&T is “the more and the better” due to its potential positive influence on the 
economic growth. However, this relationship can be affected by various factors such as a country’s 
stage of development or the government’s S&T policy. For instance, S&T policy makers often 
confront a dilemma of allocation – whether to concentrate R&D budget on potentially high-returning 
areas of S&T or to distribute it evenly across different sectors of S&T. The former strategy, while 
displaying greater disparity among different sectors of S&T, is expected to generate a trickle-down 
effect and lead to economic growth whereas the latter can promote overall areas of S&T. 
A substantial number of studies confirmed a positive link between the volume of R&D expenditures 
on S&T and the economic growth, but there is scarcely any evidence how the allocation of R&D 
expenditures among R&D types contributes to the economic growth. We use the term disparity to 
indicate the difference in the allocation of R&D expenditures among basic, applied and experimental 
development of S&T. Therefore, the main research question of this paper is “How does the disparity 
in R&D expenditures among the different types of S&T affects the overall economic growth during 
the last several decades?” 
A major motivation behind this research stems from the observation that there is a growing need for 
the convergence as well as interconnectedness among different types of R&D. Recently dissolving 
margins within and between the types of S&T asserts that instead of aiming at one specific 
technological breakthrough, it is pivotal to discover the intersection with other pertinent or 
seemingly distant types of S&T. To that end, it is necessary to evaluate our S&T capacity based on 
the size of R&D expenditures as well as its disparity across R&D types which typically displays 
high skewedness. This research will provide a useful guide for making future S&T policy decisions.  

Keywords: R&D Spending, Economic Growth, Basic, Applied, and Experimental Science 
Technologies
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Abstract

Lowering administrative costs has often been considered as a cutback management strategy in 
response to fiscal constraints. Reducing administrative costs, however, is not always the best way to 
improve fiscal health since it may affect the long term strength of organizational structures. This 
paper addresses two primary questions. First, are nursing homes with lower overhead cost ratios 
more likely to succeed, with respect to financial stability? Second, how do the effects of overhead 
cost ratios vary by ownership types? Nursing homes, a mix of public, nonprofit, and for-profit 
organizations largely financed by government, have been flagged as healthcare organizations with 
steadily increasing administrative costs. This is a salient policy issue of innovation because by 2029 
more than 20% of U.S. population is projected to be 65 years and over and, accordingly, government 
spending on nursing facilities through Medicaid and Medicare is expected to increase 
considerably.We used datasets from the Healthcare Cost Reporting Information System (HCRIS) 
and Nursing Home Compare published by the Center for Medicare and Medicaid Services (CMS). 
Administrative costs, an independent variable, are measured using methods previously used for 
hospitals (Woolhandler et al. 2003; Woolhandler and Himmelstein 1997). Dummy variables for 
government, non-profit, and for-profit are also included to investigate the moderating effect of 
ownership type. Two dependent variables, current ratio and quick ratio, are used as proxies for 
nursing home fiscal health. Our preliminary results show that the effect of administrative costs on 
fiscal health is not linear and varies by ownership types.

Keywords: Administration Costs, Report Card, Public Information, Fiscal Innovation
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Key Ideas from a 25-Year Collaboration at Technological Forecasting & Social 
Change 
 
Fred Phillips* and Hal Linstone** 

 

* Yuan Ze University, Taoyuan, Taiwan fphillips@saturn.yzu.edu.tw, and Stony Brook 
University 
**Editor-in-Chief Emeritus, Technological Forecasting & Social Change 
linstoneh@gmail.com 
 
 
 
 

For want of a nail, the shoe was lost; 
For want of the shoe, the horse was lost; 
For want of the horse, the rider was lost; 
For want of the rider, the battle was lost; 

For want of the battle, the kingdom was lost; 
And all for the want of a horseshoe nail. 

 
 

Abstract: Since their first meeting in 1991, the authors have enjoyed a friendly 
dialog centered around topics of interest to the journal Technological Forecasting 
& Social Change. Now, five years after Phillips succeeded Linstone as Editor-in-
Chief of the journal, we recap the driving ideas that have characterized the 
partnership.  
The ideas span areas of systems, complexity, and scientific progress; the nature 
and measurement of innovation, social change, and technological change; the 
limits to growth; and multiple perspectives, as these pertain to technology 
forecasting and assessment. Collectively, the ideas and discussions have shaped 
our editorial philosophy and have appeared piecemeal in TFSC research papers, 
perspective pieces, and editorials. We now restate these key ideas in hopes of 
maximum clarity for researchers, managers, and policy makers. 

 
Overview: The systems framework 
 
Since their first meeting in 1991, the authors have enjoyed a long and friendly 
collaboration centered around the topics of interest to the journal Technological 
Forecasting & Social Change.1 Now, five years after Phillips succeeded Linstone as 
Editor-in-Chief of the journal, we look back to recap the driving ideas that have 
characterized the partnership. This paper remarks on those (i) ideas that emerged from 

                                                             
1 Linstone became Founding Editor of Technological Forecasting (later re-named Technological 
Forecasting & Social Change) in 1969. Phillips’ first paper in the journal appeared in 1996, and Linstone 
invited him to the Board shortly after. Early in the next decade, Phillips was appointed Associate Editor, 
and (in 2006) Senior Editor. In 2011, Linstone became EIC Emeritus, and Phillips the new Editor-in-Chief. 
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items the two of us discussed, (ii) ideas on which one of us responded to the other’s 
invitation for comments or collaboration, and (iii) ideas of Fred’s that Hal, as mentor, 
expressly endorsed. 
 
Topics and ideas arose alternately from papers others had sent to TFSC, from TFSC 
special issues in progress, from current events (including natural disasters, and “unnatural 
disasters” such as the banking crash or current world politics), from our own prior work, 
or from striking trends in research elsewhere (e.g., the founding of the Santa Fé Institute). 
Each idea fit into our common orientation toward system thinking and into Hal’s 
multiple-perspective schema as he had updated it in Linstone (2003). These ideas 
represent our struggles to find viable ways to deal with the future of technology and 
society, as we drew on many disciplines, from engineering to sociology and from history 
to accounting, economics, and political science.  
 
The ideas are set down here in an order, not chronological, that allows clearest flow of 
exposition. They have to do with: The nature of innovation, and how it manifests in 
sudden shifts in trend lines; Extensions to Hal’s “discounting” idea, and to his Multiple 
Perspectives framework; Disaster response and recovery; Regionalism and Popperian 
experiments; “Bounded futures”; “Big data” and the nature of scientific progress; The 
duality of forecasting and organizational flexibility; The increasingly combinatorial 
nature of the innovation-commercialization chain; Whether social change or 
technological change is now faster, and how they continually interact; and, finally, about 
artificial intelligence and the so-called Singularity. 
 
System theory 
We happened to have been influenced by some of the same thinkers and their works: 
Manfred Eigen, whose The Laws of the Game (with R. Winkler, 1983) impressed us with 
its clarity and profundity; Charles Perrow (1985, 1986), whose work on system failures in 
organizations was pathbreaking; and Karl Popper (1957), whose “multiple engineering 
experiments” notion affected our views on decentralization and regionalism.  
 
We were acquainted with Herb Simon, whose ideas influenced the direction of our 
common interest in system theory. That interest had grown due to the efforts of our 
respective teachers at university, our involvement (in separate eras) with the International 
Society for Systems Science ISSS, Hal’s experience at RAND and Fred’s at the General 
Motors Research Laboratories (Phillips 1972; see also Phillips 2013), plus our later 
experience with people and ideas at the Santa Fé Institute, and the systems-oriented 
inclinations of the distinguished Advisory Board of TFSC.  
 
A systems thinker is disinclined to consider individual trends in isolation. One wants to 
foresee interactions among trends, as it is these interactions that shape society. However, 
the toolkit of technology forecasting includes only two techniques that attempt the latter: 
Cross-impact analysis, and scenario methods (Phillips 2011a; 2014a). Scenario methods 
are becoming more scientific (see e.g., Kwakkel, Cunningham and Pruyt 2014), but the 
analysis of interactions of trends remains mostly art, the domain of futurist practitioners. 
Nonetheless, as problems of a globalized economy and changing climate become more 
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complex, scenario building becomes our most valuable planning tool,2 even as (because 
scenarios are, after all, fiction) it is the one arguably most open to criticism. Variants of 
Table 1 have appeared in many publications; the Table illustrates the point above. 
 

Table 1. Techniques suited to different complexity regimes. 
Scenario methods occupy the top right quadrant. 

 
 

Organizational 

Complexity 

 

High Leadership Dialog/Qualitative 

Methods 

Low Just do it Statistics & Math 

  Low High 

  Technical Complexity 

 
Complexity  
There is much literature on “managing complexity.” The present authors agree that we do 
not want to manage complexity. The theory of chaotic bifurcations suggests that 
managing complexity is somewhere between very difficult and impossible. Linstone cites 
Casti’s (2012) many examples of unanticipated catastrophes that occur when our systems 
become overly complex and increasingly vulnerable.  
 
As Hal suggested in Linstone (2003), the management tasks falls mainly to preventing 
harmful disruptions of a system that has become unavoidably complex. He cites the ease 
of committing terrorist acts that disrupt an interconnected society. Wisdom is called for in 
distinguishing these harmful disruptions from the beneficial disruptions (e.g., 
Christensen’s disruptive technologies) that ultimately move us forward. 
 
It is sometimes possible, however, to forestall complexity. By smart organizational 
design, by centralizing or decentralizing, or via regulation of industry, we may prevent 
problems from attaining the dangerous category of complexity that Perrow called “Type 
D,” involving “intricate interactions and tight coupling” (Linstone and Phillips, 2013).3 

 
The political process aiming at nuclear non-proliferation illustrates an effort to simplify 
an overly complex system (Linstone 2014). “We must not drift unaware toward Type D 
situations, but rather see the advance signals of tight coupling and intricate interactions, 
and take counter-measures – and do so without falling prey to false simplifications” that 
stem from pathological denial or avoidance of complexity (Linstone and Phillips, 2013). 
 
                                                             
2 Even the Saudis are conducting an “end of oil” foresight exercise. (Nick Cunningham, Saudi Arabia 
Planning For Transition To Renewables. 22 May 2015, http://oilprice.com/Alternative-Energy/Renewable-
Energy/Saudi-Arabia-Planning-For Transition-To-Renewables.html) 
3 The Google search http://tinyurl.com/obyv626 yields book titles such as Managing Organizational 
Complexity; Embracing Complexity; and Harnessing Complexity, but none on “preventing complexity.” 
The lurid title Organizational Complexity: The Hidden Killer hints that complexity is best avoided. 
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Eigen and Winkler’s (1983) work made it clear that system theory had progressed beyond 
the old definition of a system as a fixed set of entities (nodes) and connections (arcs). We 
now know that the system is the set of generative rules that govern the birth and death of 
nodes and the evolution of their interactions.4 From the journal’s perspective, this insight 
clarified the link between cellular automata and innovation diffusion models, especially 
spatial diffusion models,5 and tied system theory more closely to ideas of technological 
evolution. The latter consideration led to a special issue of TFSC on evolutionary 
technology strategy (Phillips and Su 2009) and a later paper (Hu and Phillips 2011a) on 
technological evolution in biofuels. 
 
A paper of Gordon and Greenspan (1986) was the first in Technological Forecasting & 
Social Change dealing with the “new science of complexity.” It sparked Linstone’s 
interest in the link between complex systems and technology forecasting. Phillips and 
Kim (1996) authored the journal’s second such article.6 It was followed by a special issue 
on navigating complexity in organizations (Phillips and Drake 2000).  
 
In that same year, Gladwell (2000) popularized the phrase “tipping point” as it applies to 
social change. Curious about how tipping points could exist in innovation diffusion 
processes, given that Modis (2006) had pointed out that the single-parameter logistic 
function commonly used to model diffusion is scale-free (i.e., evinces nothing that can be 
called a tipping point), Phillips (2007) applied a systems view to a 3-parameter diffusion 
process which considers active organizational resistance to change. With 2+ parameters, 
s-curves evince “intricate structure” (Modis’ term) yielding possibly multiple tipping 
points of diverse kinds. The greater data requirement for fitting multi-parameter curves 
presents a trade-off, in practice. Yet the tipping points are useful flags for managers. 
 
Limits to growth? 
In 1972 The Club of Rome had just published The Limits to Growth (Meadows, 1972), 
and the head of General Motors Research Laboratories’ math department nervously asked 
Phillips to replicate the model. (What was then the US’ biggest company couldn’t afford 
to believe there were limits to growth!) The project was traditional system dynamics, to 
the extent that the era’s computers could crunch it. It is worth mentioning here only 
because of the subsequent forty years of debate between the “limits to growth” advocates 
and the “no limits” pundits who place all faith in innovation and price-mediated input 
substitution. We observe that: 

                                                             
4 Phillips (1997) presented Eigen’s idea to managers and planners at the World Future Society, to their 
evident interest. Both present authors emphasized it again on a panel at a later PICMET conference in 
Portland, when it appeared that the idea was not widely grasped. The idea implies that theory plays an 
important role in the analysis of large data sets (Phillips 1985-6). Curiously, the work of VanDuijn et al 
(2003) is one of the few we’ve seen that observes this rule. As the age of big data gains momentum, most 
published analyses are statistically empirical or merely ad hoc. 
5 The future unfolds over both time and space. Our s-curves over-emphasize the time dimension and under-
emphasize spatial diffusion. (In fact we suspect our epidemiologist colleagues are more sophisticated in 
diffusion modeling than technology management scholars are.) The future is already happening 
somewhere. Travel, and look for it. 
6 Phillips is grateful for Linstone’s decision to publish it, and for Gordon’s concurrence. 
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• Though local resource shortages exist, and cause suffering, there are still few 
global shortages of anything.  

• Technological innovation has indeed postponed collapse, though its benefits have 
been geographically uneven, and uneven among social classes. 

• No one foresees “economic substitutes” for air or water. There are no known 
substitutes for e.g., dysprosium and neodymium, or phosphates for fertilizers, nor 
are such substitutes reasonably foreseeable (Phillips, 2014a). 

• “The key factor for the change in capitalism is that it is no longer dependent on 
large-scale production and efficiency, but on technology, adaptability, and 
flexibility” (Kozmetsky, 1996). Localization of format, content, and language; 
local solutions; complexity costs and transport costs all eat into economies of 
scale. 

In the long term our imagination is constrained so that we may not recognize that in a 
new era new solutions will be found to problems that seem intractable today.  Thus water 
and energy supplies may no longer be the problems they are forecast today; robots may 
be effectively controlled and global warming may prove reversible (Linstone 2014). 
However, it appears there are limits to price substitution theory, and the second law of 
thermodynamics implies there is no totally sustainable growth in the long run (Phillips, 
2008).  
 
What is innovation? 
 
As Phillips emphasized in (1999 and 2001) (and as was foreshadowed by Ijiri and Simon 
(1977) and Nakicenovic et al (1999)), an innovation is a non-differentiable point in an 
experience curve. Somehow many jagged learning curves aggregate to suggest the 
relatively smooth trendlines that we call business cycles and Kondratieff waves.  

 
Fig. 1a. “The Kink”: Innovation increases the momentary rate of decline of unit costs. 
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Fig. 1b. “The One Step Back + Two Steps Forward”: Innovation decreases productivity while the 
organization learns to use the new product, service, or procedure. Management hopes that unit costs will 
then decline at a rate that more than compensates for the short-term productivity hit. 
 

Fig. 1. Two possible effects of innovation on the learning curve. (Adapted from 
Phillips 2001). 

 
This tied in with our discussions on the limitations of trend extrapolation. The learning 
curve for polyvinyl chloride, ubiquitous in textbooks, was a perfect example of Joe 
Martino’s dictum that “a trend is a trend until it bends.” The kink in the PVC learning 
curve could only have come from a manufacturing innovation. How to model this? 
Phillips (1999) devised (to Martino’s delight) a non-parametric piecewise-linear 
regression for this purpose. 
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Fig. 2. An innovation in the manufacture of polyvinyl chloride, as evidenced by its 
kinked learning curve. (Source: Phillips, 1999) 

 
Extensions to discounting 
 
Linstone (e.g., 1973) has emphasized that for laymen, the perceived importance and 
probability of an event (including a disaster event) drops off with its distance in time and 
space. Fig. 3 depicts this idea. We agreed to add the scope of events, i.e., whether the 
event affects a single person or masses of people, to the abcissa. As we have been 
conditioned throughout history to react to the standard arc of a narrative (in plainer 
language, campfire stories), with a protagonist, a setting, a conflict, and a resolution, it 
seems clear that we are more sensitive to the plights of individuals or small groups than 
to masses.  
 
Both of us have written that the degree of discounting may vary with the individual’s 
cultural and social status: Environmental pollution, climate change, and loss of biological 
diversity may be concerns for the ethical affluent; for the poor in many countries, for 
whom daily survival is what matters, they are not top concerns (Linstone 2014; Phillips 
2014a).7 Hal (2014) emphasizes that different discount rates can lead to quite different 
decisions about the future. 
 
Hal conjectures that heavy discounting of distant events (a tendency also shown in the 
experiments of Tversky and Kahneman) was a survival trait (and, Fred adds, often a 
moral imperative) through most of our history. This is because it was probably not 
uncommon for an unexpectedly fatal event tomorrow to make moot a plan made for next 
week. That fact has not changed much; it is the global scope of our problems that is new. 
 

 
 
Fig 3. The Linstone Principle: We discount the significance of people and events as 

                                                             
7 We recognize the exception of poor countries that depend on eco-tourism revenue. 
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their distance from us in time, scope, and space increases. The shape of the curve 
differs for different demographics. 

 
None of these extensions to the discounting principle change the conclusion Hal has 
enunciated for more than 40 years: We cannot deal effectively with global issues that 
affect us locally (e.g., water pollution and climate change) if we base our planning on a 
heavily discounted future.  
 
It is possible that learning to delay gratification – that is, to lower the discount rate – 
enabled civilization in the first place. Zinn (2015) writes, “Humans advanced mainly 
because… we could see beyond our villages and wonder what was over the horizon. We 
learned to suppress the urge to eat seeds, because planting them produced greater 
abundance. Our intellect overcame the [energy-minimizing] man, driving the start of 
[agricultural] civilization.”  
 
We’ve done it once; let’s hope we can do it again. As with agriculture, we can expect 
new, low-discount ideas and practices to originate in individual communities and diffuse 
outward. 
 
Multiple Perspectives: Extensions to TOP 
 
Linstone is well known for his advocacy of multiple perspectives (MP) in decision 
making. with each perspective yielding insights missed by the others. The technical, 
organizational, and personal views T, O, and P of the system have been particularly 
useful (Linstone 1981, 2010).  
 
Hal has recently (Linstone 2014) elaborated on TOP: O is typically process oriented 
whereas T is product oriented; O tends to mistrust academic techniques. P draws in the 
important characteristic of leadership. T+O+P offer a superior basis for decision making 
than T alone.  The choice of perspectives requires judgment. O and P are case specific. 
Perspectives are dynamic and change over time.  T tends to dominate in the planning 
phase, O and P in the implementation phase. P is particularly important for effective 
communication.  
 
In Linstone (1999 and 2003), Hal posited an “R” (religious) perspective. This addition 
was spurred by today’s many religion-motivated armed conflicts (or those perpetrated 
under the guise of religion), terrorist acts, and repressive policies, but also by the 
necessity to recognize in decision making situations that people’s faiths are liable to 
make them resistant to T-based evidence and arguments. 
 
In the course of Phillips (2011b) and Phillips, Chang, Heetun, Kim, Lee, and Park’s 
(2013) research on cooperation among aid agencies following disaster events, Hal agreed 
that it’s sensible in certain applications, including disaster applications, to separate the O 
perspective into intra-organizational and inter-organizational.8  
                                                             
8 Disaster response was a key theme of Mitroff and Linstone (1993). When SUNY Press requested a 2nd 
edition of this work in 2010, Mitroff and Linstone asked Phillips to co-author it. (Personnel changes at 
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Table 3. Evolution of Multiple Perspectives for Analysis – From TOP to PORTI. 

(Source: Phillips 2011b) 
Original Current 

T  =  Technical P =  Personal 
O  =  Organizational O  =  (Intra-)organizational 
P =  Personal R  =  Religious 
 T  =  Technical 
 I  =  Inter-organizational 

 
Table 4 augments Linstone’s (1999) detailed characterization of T, O, and P by adding 
the same for R and I. Table 5 shows the application of MP to the post-disaster situation, 
mapping the tools that may be used to influence aid agencies’ behavior against the MPs. 
In this case, the mapping highlights the relative lack of tools for responding to the R 
perspective, an observation borne out by world events of 2015-16 and anticipated by Hal 
(Linstone 2003). (Coates (1994) offered a brilliant and disturbing argument that even 
ethics, the only check-marked item in the “R” column of Table 5, is insufficient for the 
task.) 
 
Table 4. Multiple Perspectives. The T,O,P columns are due to Linstone (1999). The 

R, I columns are added/modified here by the authors. 
 T O P R I 
World view Science/techn

ology     
problem 
solving            

Group/institu
tion            
process, 
action              

Individual, 
self 
power, 
prestige 

Varied: 
Illusion, 
duty, test, 
preparation 

Competitive 

Ethical basis Objectivity                    Fairness, 
justice                  

Morality 
 

Scripture Law 

Mode of 
inquiry   

Analysis,                       
observation,                 
cause-effect                

Satisficing,                           
bargaining,                          
agenda                                 

Intuition,  
Learning,  
challenge - 
response 

Revelation Negotiation 

Planning 
horizon  

Far                          Moderate 
discounting       

High 
discounting 
for most 

Next world Based on 
assessment of 
likelihood, 
frequency of 
cooperation 

Uncertainty 
view  

Uncertainties 
noted      

Uncertainties 
used      

Uncertainties 
disliked 

Will of the 
divine 

Minimize via 
communicati
on, business 
intelligence 

                                                                                                                                                                                     
SUNY Press killed the project.) We have mentioned Perrow’s (1985, 1986) work on human-caused 
disasters, which did much to maintain our interest in this variety of disaster as well as the natural kind. 
Bowonder and Linstone (1987) examined the Bhopal and Chernobyl disasters from multiple perspectives. 
We were happy to publish the special issue on planning and foresight for emergency preparedness and 
management, TFSC Vol. 80, No. 9, guest-edited by Murray Turoff, Starr Roxanne Hiltz, Víctor A. Bañuls, 
and Gerd Van Den Eede. 
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Risk criteria  Logical 
soundness        

Political 
acceptability    

Loss-gain 
imbalance 
 

Various: 
Afterlife, 
forgiving 
God, etc. 

Reliability of 
partner  

Scenarios Exploratory                  Preferable                          Visionary Survival. 
Conversion 
of 
unbelievers. 

Trust. 
Competition 
for 3rd-party 
funding. 

 
 
The Table is also pertinent to calls to unify the social sciences (e.g., that of Gerring 
2005). We hope such unification will not happen, because we need the multiple 
perspectives brought to problems by the various social sciences – even though these 
perspectives are sometimes contradictory (Mitroff and Linstone 1993) and though we do 
expect some convergence as scientists from the various disciplines succumb to the lure of 
“big data.” 
 

Table 5. Mapping a toolset (for post-disaster performance of aid agencies) against 
the Multiple Perspectives. (Source: Phillips 2011b) 

 

 
 
 
Scientific progress, and “big data” 
 
Figure 5 depicts the four components of scientific progress, in the guise of leaping frogs. 
As the leap-frog game progresses and Theory is temporarily in advance of Data, scientists 



 11 

enjoy Theory's guidance on where to look for new data. Then Methodology jumps to the 
front of the queue. And so on. The leap-frog game is the central characteristic of 
scientific progress. (See Phillips 2008 for historical examples of each leap.) It is how 
science advances in an ongoing but somewhat unbalanced manner.  
 
 

 
Fig. 5. Leapfrog theory of scientific progress. Source: Learner and Phillips (1993). 

 
Like the microscope and telescope before them, cheap computer memory and sensors 
have enabled the observation, collection and recording of vast amounts of new, 
unexpected data. The methodology frog jumped to the fore, setting the stage for the data 
frog to overtake it. The problems frog is poised to leap, as industries struggle to hire 
enough “data scientists” and thus to know their customers better. 
 
The point of Figure 5, however, is that there is no “data science.” There is only science, 
and the data frog temporarily leads, even as methodologies for handling large data sets 
struggle to catch up. 
 
Nation-states, regionalism, and Popperian experiments.  
 
Hal moderated a panel at the 1997 World Future Society conference and asked, “What is 
the future of the nation-state?” Panelist Phillips punted on that question, focusing his 
remarks on Hal’s other queries to the panel. After all, nation-states are the only voting 
members of international fora like the United Nations, so what possible alternative could 
there be to nation-states? They must persist.  
 
However, reasons to doubt quickly became visible. Western Europe had already become 
an ambiguous semi-federal entity. Other signs:  

• Recent and pending Free Trade Agreements amounted to a signing-away of national 
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sovereignty (Phillips 2004).9 

• Northerners’ blithely ill-informed drawing of national boundaries in Africa and the 
Mid-East in post-colonial and post-WWII years has led to one violent conflict after 
another. Yet, left to themselves, the peoples of Kenya or Iraq might well form ethnic 
conclaves, setting modern civilization back as effectively as today’s clumsy borders 
have done. The good news is that South Sudan has been recognized as a nation-state; 
the bad news (aside from all the violence) is that it is just that kind of ethnic retreat. 
Taiwan, where one of us now resides, is not recognized internationally as a nation-
state at all, much to the distress of its citizens. Lin (2011) notes that some countries, 
in particular China, have never culturally subscribed to the idea of geographic 
boundaries, but have conceptualized their nationhood in terms of spheres of 
influence. 

• As Phillips (e.g., 2006) has noted repeatedly, high-tech industry clusters develop in 
metropolitan areas, not in nations as a whole (except for the smallest ones like Israel 
or Singapore). Often, as is the case with San Diego-Tijuana, the metro areas cross 
national borders. It is innovative metro regions, not nations, that are creating wealth, 
jobs, and the future. 

• With the US government paralyzed by political polarization – and acting the 
handmaiden of corporate lobbyists – and with many of the States strangling on 
reduced budgets, it is becoming recognized that the only politicians taking 
constructive and effective actions are city mayors.10 

• We have noted (Linstone and Phillips 2013) the growing internationalization of 
research teams. 

Nation-states are in trouble. (Sci-fi dystopias in which people are ‘citizens’ of 
corporations rather than nations may soon be not too far off the mark.) We are finding 
our research focuses more constructively on regions.  
 
“Region” is a term that enjoys a flexible definition in economic geography: It may be as 
small as a neighborhood or as large as a contiguous grouping of (subsets of) countries. It 
may not have a single government that is co-extensive with its boundaries. These 
characteristics allow regions with diverse environments but common interests in, say, a 
technology, to share assessments with one another, helping each to learn what works in 
what circumstances. This is what Karl Popper called, with great foresight, multiple 
engineering experiments.  
 
                                                             
9 Phillips’ 2004 article “Trading Down” took the interdisciplinary approach, combining ideas from 
economics, physical science, marketing, security policy, politics, and business strategy. That article is again 
on point as President Obama (unfortunately, in secret) negotiates the Trans-Pacific Partnership. 
10 As two leading magazines have recently agreed. “While Washington seems paralyzed by partisan 
bickering, America’s mayors are busy putting ideas into action” http://www.newsweek.com/most-
innovative-mayors-us-63571, and “[While] our federal government is so stubbornly committed to failure… 
here are seven mayors from around the country who are actually doing their jobs and doing them well”  
www.esquire.com/news-politics/news/a24973/age-of-mayor-1013/. Both magazines list several mayors 
who have made great strides in education, public health and safety, environment, quality of life, 
attractiveness to entrepreneurs, or job creation in their respective cities. 
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How does this help solve global problems? The late Bill Cooper, editor of Kohler’s 
Dictionary for Accountants, defined a policy as a rule that must be followed 90% of the 
time. Phillips (2014a) extended Cooper’s idea to craft a rigorous definition of the current 
term “adaptive policy”11: In adaptive policies of the first kind, the 90% figure changes as 
conditions change over time – going sometimes to zero, either due to a sunset clause or to 
(constant monitoring and) adoption of policies that are working well in other localities. 
An adaptive policy of the second kind would allow the percent figure to vary over 
geography, in response to local conditions.  
 
Naturally, the cross-region information sharing and the monitoring of adaptive policies is 
made possible by information/communication technologies, ICT. Linstone (2010) 
summarized how economic power is being pushed to the individual desktop and to 
micro-enterprises even as global conglomerates continue to merge and grow. (And the 
micro-enterprises, whether digital wedding photographers in India or textile designers in 
Ghana, are connected to suppliers and customers via the Internet.) History is driven by 
local languages, neighborhoods, ethnicities, and new states. That is, by regionalism. 
 
Hourglass-shaped time: Bounded futures 
 
Again with regard to the limitations of trend extrapolation: The past is undetermined, the 
present is fuzzy, and the future is uncertain. Witnesses deliver conflicting testimony 
about a past event, and physical evidence is ambiguous. Psychology and neurology tell us 
there is a time lag between an event and our perception of that event, and moreover that 
perception is colored by our biases and prior expectations. That is, the present is fuzzy. 
The future is commonly depicted (at least, in physics) as a cone in space-time, 
encompassing many possibilities. 
 

 
 
Fig. 4. Multiple valid explanations lead to divergent extrapolations. (Source: Phillips 

2008) 
 
Appropriately enough, time looks like an hourglass (laid on its side, in Fig. 4), widening 
as we go farther back or forward, and narrow – but definitely not the dimensionless point 
                                                             
11 Which in practice, absent this qualification, all too often seems to mean “no policy at all.” 
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that would denote full certainty – at the “present moment.” 
 
The dashed lines in Fig. 4 show (conceptually) two differing extrapolations of the same 
phenomenon from two different but perhaps equally plausible histories. Extrapolation 
from past data is risky because all past data are uncertain. 
 
Time-as-hourglass is consistent with complexity theory’s “butterfly effect.” A butterfly 
may cause a hurricane, but we can't identify the butterfly by analyzing the hurricane. At 
some moment we may predict the loss of the kingdom, but that will be far later than the 
moment the horseshoe nail is lost. We can no more trace the kingdom’s fall back to the 
nail than we can predict the hurricane at the moment the butterfly flutters off. 
 
We are somewhat more certain about the boundaries of the cone on the right hand side of 
Figure 4. This observation gives rise to the three-legged “Bounded Futures” approach to 
planning. We serve the future better by (i) attending to possible scenarios within the cone, 
AND (ii) accepting that events outside the cone are currently impossible – and then 
deciding what to do about the latter. Table 6 summarizes the approach via examples. 
 

Table 6. Illustrating the bounded futures approach (Source: Phillips 2014a) 
Example constraint  Example creative response 

Traditional venture capital will not drive 
entrepreneurial growth. 

Develop government, corporate, angel, 
and crowd-sourced funding for startups. 

Economies of scale will not drive diffusion 
of innovation through worldwide 
distribution of standard tangible products. 

Online networks for peer-sharing of local 
problems and locally-developed solutions 
that may find application in new locales. 

Climate change will not be reversible. Try to slow migration to vulnerable 
coastal areas.  
Develop technologies for hardened 
infrastructure. 
Emphasize adaptation, mitigation, rather 
than reversal. 

Neither governments nor corporations will 
clean up legacy polluted sites. 

Find ways to contain toxins until future 
possible cleanups. Focus research on 
plants and bugs that metabolize the toxins. 
Design controls against unintended 
consequences of the plants and bugs.  

 
(iii) The third leg of the Bounded Futures approach is to understand that the cone may not 
represent a hard constraint; concerted effort or an unexpected discovery may soften parts 
of it. The boundaries of the cone of possible futures then need to be redrawn. To be 
valuable for planning, the constraints imposed by the cone must be reasonably non-
obvious, as are the examples in Table 6. 
 
The yin and yang of forecasting 
 
We would love to predict the future with pinpoint accuracy, but we know it will not 
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happen. We would be happy enough to bracket the true future with confidence intervals 
and scenarios. These hopes are stymied by sleeper events, black swans, and wild cards. 
The latter might include “very low likelihood events such as a systemic failure of the 
internet or a widespread electromagnetic pulse that destroys electronics over a wide area” 
(Linstone 2014). 
 
Linstone said,12 “The military are trained to work through many scenarios, not so that 
they will pick ‘the most likely’ (as business usually does) but to make them able to react 
well to unanticipated ones.” Phillips and Tuladhar (2000), Phillips (2008) and others have 
written similarly in TFSC about organizational flexibility and personal resilience as ways 
to prepare for the future, when our forecasts are presumed to be just a little bit wrong – or 
maybe way off the mark. 
 
The real point of forecasting is not to be “right,” but to deal with the future in a 
maximally positive and economic way. This is a dual task, effected by (i) crafting our 
best-shot visions of the unfolding future, and (ii) preparing our psyches and organizations 
to comprehend the range of possibilities and react with flexibility and resilience to events 
falling in that range and maybe outside of it. TFSC Associate Editor Tugrul Daim and 
Phillips recently turned thumbs-down on a DARPA RFI because the document restricted 
inquiry to the passive yin (confidence-interval prediction) of low-probability events, and 
precluded active yang responses (organizational preparation). 
 
This section and the previous one imply that the most precise forecast is not necessarily 
the most useful forecast. A forecast will be used to make an action decision; otherwise, 
why forecast? Therefore what is important is not the forecast’s confidence interval. 
Rather, we ask: What variance between forecast and reality would cause a change in the 
decision? 
 
The multi’s, and combinatoric technology 
 
Phillips (2008) wrote of “the Multis, the Biggers, the Smallers, and the More 
Connecteds.” (The “smallers” were added at Linstone’s suggestion.) Building on a 
speech of a former president of Microelectronics and Computer Consortium, he said 
technology and decision making are trending toward “Multi-product, Multi-country, 
Multi-culture, Multi-company, Multi-industry, Multi-technology, Multi-career, Multi-
tasking, Multiple mechanisms for innovation diffusion, Multiple business models, 
Multiple stakeholders with Multiple objectives and agendas, and still more “Multis.”  
 
Hal replied that even as projects become Bigger (bigger national economies, bigger 
global problems, bigger technological creations, and bigger computational models), other 
important things become Smaller: Microcircuitry, nanofabrication, etc.  
 
Meanwhile, they and we all become More Connected, thanks to ICT: Telecomm and data 
networks, social networks, environmental problems, organizational structures, regional 
economies, and the Internet of Things. If you need a single image to tie all this together, 
                                                             
12 In a private communication, around 2007. 
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try: Large numbers of globally connected nano-machines repairing the Sydney Harbor 
Bridge. 
  
We now connect the ideas of this section to innovation practice and to opportunities for 
technology-follower countries. Kodama (1992) showed that innovative R&D need not 
mean linear advances at the leading edge, and in fact much or most of today’s innovation 
is not. Instead, it is “technology fusion,” combining advances from multiple labs and 
disciplines. (Kodama’s idea was the forerunner of today’s “open innovation.”) Flagg et al 
(2013) went further, saying, “The literature demonstrates that the technological 
innovation process involves a complex interaction between multiple sectors, methods, 
and stakeholders.” We can generalize, to assert that almost all aspects of modern 
innovative activity are combinatoric in nature. 
 
Matching new products with their best markets, dismantling old supply chains and re-
creating them with new entrepreneurial business models, breaking down services into 
modules and re-ordering them, putting together special-purpose international teams for 
new research collaborations, or forming new business alliances and consortia, settling on 
the feature set of a new electronic product or hotel brand – all of these innovative 
activities are processes of mixing and matching. 
 
Technology-follower countries may or may not be able to build a capacity for leading-
edge research, using the most advanced instruments. And if they can, it may not be soon. 
Technology-follower countries can engage in combinatoric innovation as successfully as 
tech leader countries. There is no reason a researcher in a technology-follower country 
cannot be a better networker than a researcher in a technology leader country. Or have a 
better imagination. In this way, technology-follower countries can increase their pace of 
useful innovation. 
 
The speed of change, and the Circle of Innovation 
 
Many of our social and economic problems, and much of the grist for our research, 
comes from the mismatched speeds of technological, psychological, and institutional 
change. In 1985 Peter Drucker wrote that for several decades social change had been 
slower than technological change. Phillips (2008) claimed that that era was over, with 
social change now the hare and tech change the tortoise, relatively speaking.  
 
Later developments seemed to support this position. The fact that America is said to have 
institutions “too big to fail” means that incumbents’ advantage is reinforced.13 The fact 
that the millennial generation would prefer to start small Main Street businesses rather 
than Silicon Valley businesses (Kammer-Kerwick and Peterson 2015) means fewer 
brains focused on transformational innovation. 

                                                             
13 Archibugi, Filippetti, and Frenz (2013) found that in Europe, where banks were also bailed out at that 
time (creditwritedowns.com/2011/09/european-bank-bailout.html), large enterprises slowed their 
innovation investments relative to smaller firms. It was not possible to separate banks from other large 
firms in their study, but it is possible to infer that banks believed they were rewarded for sticking with the 
older technologies. 
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Though Hal noted that an innovation slowdown is consistent with K-wave theory, he later 
(2014) wrote, “Technology is [still] racing ahead at a clip that is outpacing our social 
systems.” Though Hal came at the relative speed question from an angle slightly different 
from Fred’s, it appears we were not in complete agreement. 
 
Part of the resolution lies in sociologists’ distinction between society and culture. Society 
is made up of people and their physical environment – including their technological 
environment, as noted in Linstone (2003). Thus there’s a confounding when comparing 
technology to society; they are not separate concepts. Culture, on the other hand, is the 
intangible component of society, encompassing beliefs, attitudes, practices including 
language, and opinions. The meaningful question, then, is whether technology changes 
faster than culture. 
 
A rather clever Bloomberg analysis makes a step in the right direction, with an interactive 
graphic called How Fast America Changes its Mind, 
http://www.bloomberg.com/graphics/2015-pace-of-social-change/. Another is in 
Sonnad’s (2015) How Brand New Words Spread Across America. Both address 
intangibles. However, as Bloomberg’s analysis spans a period encompassing vastly 
different mass media, and Sonnad focuses on the diffusion of new vocabulary via 
Twitter, technology effects are still present, and a definitive answer to the relative speed 
question may be beyond reach. 
 
Linstone (2014) wrote, “As the half life of knowledge shrinks while health technology 
lengthens the human life span, lifelong learning becomes not merely useful but essential. 
It has made remote and continuous learning possible, thereby creating a superior work 
force.” His statement illustrates what Phillips (2014b) calls the Circle of Innovation: 
Innovations create not just new products and services, but new ways of using new 
products and services. The latter force changes in the ways we organize and interact with 
one another. The newer kinds of organizations generate new needs, which are answered 
by still further technical innovations.  
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Fig. 6. Nonlinear innovation models portrayed as epicycles within the Circle of 

Innovation 
 
Most published papers address either the left-hand arc of the Circle, or (more frequently) 
the right-hand side. This is probably because of researchers’ professional specializations. 
However, TFSC is concerned with the entire circle.14 
 
Fig. 6 suggests how the grand feedback cycle of the Circle of Innovation can serve as a 
frame for the several more detailed nonlinear models of innovation that grace the 
journal’s pages. Moreover, the Circle of Innovation has immediate implications. For 
example, conventional market segmentation targets customer characteristics. Ted Levitt 
(1983) and Clayton Christensen (2003) advised differently: They said, target products to 
the customers’ “circumstances,” or usage scenarios, not to their demographics. The 
nonlinear view in Fig. 6 helps us see that the product will change the circumstances. This 
further implies the importance of corporate foresight: Being first to envision the changed 
circumstances means being first to market still newer products that meet the new needs. 
 
Artificial intelligence and its dangers 
 
“Advanced robots may gain the intelligence to initiate a devastating attack on their 
erstwhile creators” (Linstone 2014). Or on each other, we might add. Then there is the 
“gray goo” scenario, in which nano-machines eat everything in sight, organic or 
otherwise, in order to reproduce themselves.  
                                                             
14 Historians do debate whether a change in technology or a change in values led the agricultural 
revolution. This seems a valid question for paradigm-busting innovations that come once a millennium or 
more seldom. For the kinds of innovations usually treated in the pages of TFSC, however, feedback effects 
occur more quickly, and the Circle of Innovation applies. 
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Neither of us believes the “Singularity” will bring a qualitative change. Stupid people are 
more dangerous than smart machines. Venal people caused the global financial crash, not 
to mention wars. To be sure, a machine with evolutionary, self-modifying code is 
qualitatively different from one with static programming. That does not change the fact 
that outcomes are influenced by the initial programming, which may have been done 
wisely or with utter obtuseness. 
 
An obvious regulatory remedy would have been to decree that for the present, intelligent 
machines may be made no bigger or smaller than can be smashed with a baseball bat. 
That suggestion is not only facetious; it is infeasible: The robots are already armed and 
able to fight back. Asimov’s three laws have been trumped by the imperatives of the 
military-industrial complex, which wants autonomous fighting machines; Michael 
Miner’s Robocop was more realistic fiction.  
 
The greater danger, however, is AI in distributed systems (Manzalini and Stavdas’ 2014 
title, “The Network is the Robot,” cuts to the heart of the matter. See also Stuart Russell’s 
remarks in Bohannon 2015. Musgrave and Roberts’ 2015 Atlantic article goes on about 
the topic at greater length.) Again, the culprits are human, specifically the interests 
backing 5G telecomm. 5G, the technology enabling the universally networked robot, will 
eliminate free wifi (according to Johnson 2015), exacerbating the digital divide and its 
attendant social ills.  
 
All this will become perfectly clear, at least in the legal sense, as soon as there are 
damages to be assessed. Will the crash of a driverless car be blamed on the car 
manufacturer or on the software provider? A recent Dilbert comic asks the more poignant 
question, if a person with a networked implant commits a crime, who be charged in court 
– the person, or the programmer? Even farther out on the poignancy scale is the question 
of whether a driverless car may be programmed to kill its passenger rather than a 
bystander, in an either-or situation.15 
 
We should settle these questions soon. As we leave the ICT era and enter the molecular 
era (Linstone 2010), we will face similar questions with artificial wet life. Better to have 
answers in hand in advance.  
 
People, we agree, may disrupt society before machines do. Hal wrote (2014), “We are 
witnessing growing dissatisfaction with governance on one hand and eager local 
initiatives on the other as a counter to federal political paralysis in Washington. The 
rising disenchantment with governance may lead to institutional instability and chaos.” 
Phillips (2008) had noted the prospect of revolution in the USA, and earlier in this paper 
we mentioned disruption due to terrorist acts.   
 

As for the Singularity, the MP principle gives us helpful advice: “A singularity 
anticipated with a technical perspective may not occur at all with another perspective” 
                                                             
15 See e.g., http://qz.com/536738/should-driverless-cars-kill-their-own-passengers-to-
save-a-pedestrian/ 



 20 

(Linstone 2014).  
 
Conclusion 
 
Implications of the ideas described in this paper are explored more fully in the cited 
original publications. We have recapped the ideas here for a number of reasons: As a 
convenience for readers, as a historical record, and to further clarify, for each idea, our 
intended meaning and our current thinking. Collectively, these ideas frame our 
philosophy of technology forecasting and assessment.  
 
Our dialog was enriched by all papers and special issues in the journal; it is impossible to 
cite all the influential pieces here. We will be happy to see future submissions to TFSC 
that either support or challenge the ideas discussed in this paper. The journal’s mission 
and scope remain as stated on its web site, and nothing in the present article is intended to 
further limit the diversity of the papers the journal receives and publishes. 
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The model of “Open Innovations” (OI) can be compared with the “Triple Helix of University-

Industry-Government Relations” (TH) as attempts to find surplus value in bringing industrial 
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conditions, feedback loops can be turned into feedforward ones that drive innovation eco-
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generation of options can be more important than historical realizations (“best practices”) for the 
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Introduction 

 

The model of “Open Innovations” (OI; Chesbrough, 2003) and the “Triple Helix of University-

Industry-Government Relations” (TH; Etzkowitz & Leydesdorff, 1995 and 2000) seem at first 

sight to have much in common in terms of their stated objectives to bring industrial innovation 

closer to public R&D. On closer inspection, however, they differ in terms of their disciplinary 

backgrounds and policy objectives. As Chesbrough formulated (at p. xxiv), “Open innovation is 

a paradigm that assumes that firms can and should use external ideas as well as internal ideas, 

and internal and external paths to market, as the firms look to advance their technology.” Firms 

are thus the principal agents. The TH focuses on the knowledge infrastructure of innovations 

provided by university-industry-government relations.  

 

How can innovation eco-systems be improved? The transformation of the university toward an 

“entrepreneurial university” (Clark, 1998; Etzkowitz, 2002) and the role of innovation policies 

can be analyzed in terms of social coordination mechanisms that function differently from and 

beyond the market (Luhmann, 1995). From this perspective, the firm is one agent among others 

in networks of relations. In the OI model, however, the existing public/private divide in a 

political economy is more or less taken for granted, whereas the TH model calls attention to the 

newly emerging coordination mechanism of organized knowledge production in a knowledge-

based economy (Leydesdorff, 2006; Whitley, 1999).  

 

How is a knowledge-based economy different from a political economy?  A political or 

industrial economy assumes markets and political institutions as the two most relevant 
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coordination and selection mechanisms, while a knowledge-based economy is based on adding 

knowledge production as a third coordination mechanism to the mix. However, the generation of 

“wealth from knowledge” or “knowledge from wealth” requires knowledge-based mediation by 

management or intervention by government to change the institutional conditions (Freeman & 

Perez, 1988). The public/private divide is reconstructed in a knowledge-based economy, for 

example, in terms of intellectual property rights. A policy intervention such as the Bayh-Dole 

Act, for example, brings the industrial aspiration as a third mission into the core of the 

institutional arrangements between federal or national governments and national or state 

universities.  

 

Arguing that applied research should be driven commercially and the university should not spend 

public money by investing in market development, the University of Amsterdam, for example, 

decided in the mid-90s to sell its science park to the Zernicke group (www.zernikegroup.com) 

which at that time was expanding internationally. In the meantime, however, the natural science 

faculty has been concentrated in a large park (of 70 ha), called the “Amsterdam Science Park.” 

More than 120 (startup) companies have been incubated on this campus. However, in a recent 

study of the technology transfer performance of Dutch universities, Vinig & Lips (2015, at p. 

1047) conclude that “(w)ith the exception of Dutch technical universities and academic medical 

centers, all Dutch research universities fail to translate their high research output into successful 

technology transfer and commercialization.” While engaging in social relations, the traditional 

(“ivory-tower”) university has become increasingly competent in shielding its intellectual 

research agendas against external interventions (van den Daele & Weingart, 1975). Incentives 

are considered as opportunities for funding. 
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The neo-evolutionary turn of the TH 

 

How do these three selection environments (economic, scientific, and political) interact with one 

another? Selection environments operating upon one another reduce uncertainty (variation) 

potentially by orders of magnitude. Bruckner, Ebeling, Montaño, & Scharnhorst (1994) consider 

such markets as so “hyper-selective” that niches are needed to protect the incubation of 

innovation. Two layers of interactions are thus shaped: structural interactions among selection 

environments on top of ongoing interactions generating variation at the bottom level (e.g., new 

products and processes). The resulting system is vertically layered and horizontally differentiated. 

Because of this complex structure, the system can be considered nested (e.g., national, regional, 

etc.; Braczyk, Cooke, & Heidenreich, 1998) from one perspective, while clustered in overlapping 

sets from another (e.g., sectors; Breschi, Lissoni, & Malerba, 2003). Ivanova & Leydesdorff 

(2015) use the term “fractal manifold” to describe this fuzzy structure of innovation systems. 

 

The two models—OI and TH—both depart from linear models such as “technology push” or 

“demand pull” in favor of a focus on interactions and further development. Relations are no 

longer fixed and given, as in a channel between a supply and a demand side (Kline & Rosenberg, 

1986). The driving force in one phase may become a dependent variable in a next one; feedback 

and feedforward arrows co-determine longer-term development. A system with three interacting 

sources of variation cannot be expected to remain in equilibrium (Leydesdorff, 1994; 

Leydesdorff & Van den Besselaar, 1998). This “upsetting of the equilibria” (Nelson & Winter, 

1982; Schumpeter [1939], 1964, p. 428) tends to become structural in a knowledge-based 
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economy. Therefore, economic assumptions have to be reformulated in this neo-evolutionary 

framework (Andersen, 1994). 

 

In the TH-model the relationships (among universities, industry, and government) were first 

conceptualized in terms of institutional relations, such as bilateral relations between universities 

and industries which may require administrative mediation or policy intervention. One can draw 

a triple helix as a triangle (Sábato, 1975) or as Venn diagrams (circles) that represent partly 

overlapping institutional spheres (Figure 1).  

 

 

 

Figure 1: Representations of the Triple Helix in terms of a Venn diagram (Fig. 1a; source: 

Etzkowitz & Leydesdorff, 2000, p. 111) or as a triangle (Fig. 1b; source: Petersen et al., 2016, p. 

667)  

 

At the intersections in Figure 1a, one can pencil in relations such as funding of university 

research by government or industry, technology transfer, or priority programs formulated 

strategically, for example, at national levels. Institutional relations, however, tend to be sticky. 
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For example, the Japanese government has promoted university-industry relations for decades, 

but individual researchers tend to prioritize the internationalization of their co-authorship 

relations more than their relevance at the national level (Leydesdorff & Sun, 2009). In other 

words, one can expect a tension between (i) integration and differentiation and (ii) the local and 

global dimensions. Korean firms, for example, are not always open to university initiatives 

because the knowledge base develops internationally. Knowledge-intensive firms (e.g., big 

pharma) tend to choose their university-partners globally, that is, in terms of the functionality of 

specific collaborations. 

 

Historical trajectories and evolutionary regimes 

 

In Figure 1b, agents and institutions are no longer in focus, but the TH model is generalized in 

terms of the three main functions in the innovation process: demand, supply, and technological 

capabilities. This model is no longer neo-institutional—that is, about networks of agents—but 

neo-evolutionary, since it is about the interactions among selection environments. How do 

markets interact with technologies in ways that are different from their interactions with 

institutions in a political economy? How are the institutional relations endogenously transformed 

by technological trajectories and emerging technological regimes—i.e., longitudinal selection 

mechanisms and their interactions?  

 

Technological trajectories and regimes can be considered as a dually layered selection process 

(Dosi, 1982; Hayami & Ruttan, 1970; Nelson & Winter, 1982). A trajectory is historically 

observable along an “innovation avenue” (Sahal, 1985). The innovativeness of an eco-system, 
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however, is also determined by absorptive capacities on the demand side and the skill structure 

of the labor force in the environment of the firm (Cooke & Leydesdorff, 2006). Technological 

innovation may make some natural resources (e.g., coal mines) obsolete and others (e.g., rare-

earth metals) most valuable at the level of the global system.  

 

Whereas each selection environment operates on specific variations, mutual selections may lead 

to co-evolution along trajectories in processes of “mutual shaping.” In the case of three 

interacting selection environments, a technological regime can be expected additionally. This 

regime reorganizes the relevant variation beyond the control of the carrying agencies entertaining 

relations along historical trajectories. Each mutual relation (e.g., between “supply” and 

“demand”) can be spuriously influenced by a third functionality pending as another possible 

selection context. 

 

For example, highly industrialized countries and regions may be locked into dominant 

technologies or institutional arrangements and lose the flexibility to absorb new options. Are 

other arrangements possible? The neo-evolutionary version of the TH model considers 

 the functions that are integrated and differentiated in the institutional relations. The institutional 

networks provide a knowledge-infrastructure, which from an evolutionary perspective can also 

be considered as a retention mechanism.  
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Interactions among the helices 

 

The three main functionalities in the TH-triangle can be considered as (i) knowledge production 

(carried primarily by academia), (ii) wealth generation (industry), (iii) and normative control 

(governance). Since variations in these three dimensions can be considered as analytically 

independent, the three coordination mechanisms can be represented as orthogonal axes of a 

Cartesian coordinate system (Figure 2). Each agent or specific relation in an innovation system 

can be positioned in this space. From the perspective of the knowledge production system, for 

example, a university patent can be considered as relevant output; but patents are at the same 

time input to the economy. In the third dimension of governance and control, the patent may be 

filed under different national or international regimes such as USPTO, WIPO, EPO, etc. 

 

Figure 2: The Triple Helix as three functions in a system of Cartesian coordinates. Source: 

Ivanova & Leydesdorff, 2014a.  
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Unlike the institutions, the functions are not directly observable, but must be inferred as 

hypotheses by an analyst. The specification of these expectations shapes models that can be 

improved by systematic observation and thus exhibit a dynamics of knowledge-production that is 

different from market incentives or normative reasoning in political discourse (Hajer, Hoppe, 

Jennings, Fischer, & Forester, 1993). Because of the reflexivity involved, the knowledge 

dynamics can itself be expected to become part of the system that it models. The gradual 

transformation of a political economy into a knowledge-based economy can be expected to 

depend on the reflective capacities of this knowledge-based system: can the models be improved? 

Can other solutions be found? Has the loop added by scholarly reflections been self-reinforcing? 

Is a new specialty, for example, developing? (Rosenberg, 1982) The frame of reference is no 

longer the individual firms, but the knowledge-based reconstruction and transformation of the 

system of relations among innovation agents. 

 

One can easily assume more than three dimensions to be relevant (Carayannis & Campbell, 2010; 

Leydesdorff, 2012). However, before we move to modeling an n-dimensional system, a three-

dimensional one is worth further investigation: a TH can be expected to behave very differently 

from the sum of three double helices because the relations in a TH can loop forward or backward 

and thus generate fruition of or lock-in into an innovation eco-system (Ulanowicz, 2009). In 

other words, the third party may catalyze or inhibit the relations between the other two parties. 

Since each corner of the triangle can have this spurious function in relation to the other two, such 

a TH system can be considered as auto-catalytic or self-organizing.  
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The self-organization generates a next-order or global layer of communications on top of the 

local organization in terms of institutions and their relatively stable relations. This global layer 

(regime) can be considered as an order of expectations. The viability of options is first specified 

in terms of expectations. The specification of the expectations triggers and stimulates knowledge 

production processes to come to the fore when the discourse is further developed. 

 

Measurement 

 

The TH functionalities can be specified more abstractly (as latent dimensions) than the 

observable institutions and their relations. One moves from descriptive to inferential statistics 

when specifying expectations (before proceeding to the observations). In a recent paper, Petersen 

et al. (2016), for example, applied the TH methodology to the three main functions in the 

innovation process: (i) supply, (ii) demand, and (iii) technological capabilities (Figure 1b). In a 

series of studies of national systems of innovation, Leydesdorff and various co-authors modeled 

the TH as distributions of firms with (i) a geographical address (postal code), (ii) a technological 

knowledge base (using the NACE codes of the OECD as a proxy), and (iii) an economic weight 

(firm size). When observable distributions (variables) can be attributed to units of analysis—

firms in this case—as independent (orthogonal) dimensions, the question can be raised of 

whether one would expect a synergy to emerge or would the system become locked into a 

vicious circle.
1
  

 

                                                 
1
 The model and the measurement enable us to specify this expectation for any three- or higher-dimensional system. 

One can find a routine for the computation of mutual redundancy in three or four dimensions at 

http://leydesdorff.net/software/th4/ . 

http://leydesdorff.net/software/th4/
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Using firms as units of analysis in a series of studies, we decomposed a number of national 

systems of innovation: Germany (Leydesdorff & Fritsch, 2006), the Netherlands (Leydesdorff, 

Dolfsma, & van der Panne, 2006), Sweden (Leydesdorff & Strand, 2014), Norway (Strand & 

Leydesdorff, 2014), Italy (Cucco & Leydesdorff, manuscript), Hungary (Lengyel & Leydesdorff, 

2011), the Russian Federation (Leydesdorff, Perevodchikov, & Uvarov, 2015), and China 

(Leydesdorff & Zhou, 2014). In the case of the Netherlands, Sweden, and China, the national 

level adds to the sum of the regions. In Sweden, the knowledge-based economy is heavily 

focused in three regions (Stockholm, Gothenburg, and Malmö/Lund); in China, four 

municipalities which are administered at the national level participate in the knowledge-based 

economy more than comparable regions.  

 

In Norway, foreign-driven investment along the west coast seems to drive the transition from a 

political to a knowledge-based economy. Hungary’s western part is transformed by the 

integration into the European Union, whereas the eastern part has remained a state-led innovation 

system. The capital Budapest occupies a separate position. In Germany, the generation of 

synergy is mainly at the level of the States (Länder) and not at the national level. In Italy, the 

main division is between the northern and southern parts of the country, and less so among 

regions as primarily administrative units. In the Russian Federation, the national level tends to 

disorganize synergy development at lower levels; knowledge-intensive services cannot circulate 

freely because of their integration in the Russian state apparatuses. 
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Path-dependency, transition, regime change 

 

The transition from a dyad (supply/demand) to a triad (supply/demand/capability) is fundamental, 

as the sociologist Simmel already noted in 1902 (Simmel, 1950). A triad may be commutative or 

not: are the friends of my friends also my friends? The directionality of the arrows—the order of 

the communications—can generate asymmetries in triads: two loops in one direction and one in 

the other can be expected to lead to a path different from one loop in the first direction and two 

in the opposite. In other words, this system becomes path-dependent (“non-Abelian”): one 

cannot go back without friction to a previous state, as in an equilibrium system. In other words, a 

TH system is no longer in an equilibrium state, but necessarily in transition and developing 

(Etkzowitz & Leydesdorff, 1998). 

 

Each point in the Cartesian space of Figure 2 can be considered as representing a three-

dimensional vector in terms of its x, y, and z-coordinates. In the case of an event—and one 

expects events, since the system is developing—the corresponding vectors change. For example, 

University A may become more involved in industrial activities in the form of new startups. This 

can first be considered as a variant. If all or many universities move in this same direction, one 

would at a next moment have to rethink the choice of the axes in the vector space. For example, 

the axis of knowledge production could be rotated so that it points to the center of the cloud of 

points representing the universities.  

 

In other words, a rotation of the structure is brought about by an aggregate of actions in a 

specific direction. This rotation can be clock-wise or counter-clockwise as illustrated in Figure 
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1b. Historical organization prevails in one direction and evolutionary self-organization in the 

other; but both organization and self-organization remain continuously relevant. In other words, 

historical organization and evolutionary self-organization are not an “either/or,” but a question of 

extent or, in other words, a variable. This variable can be positive or negative (or zero); the 

question becomes one of measurement. How can one measure this variable? 

 

Historically realized systems are measurable; but hypothesized systems are not yet necessarily 

realized. Information theory provides us with a language to express this: the realized options 

provide the observed uncertainty (in Shannon-type notation: Hobs), while our specifications of the 

system(s) provide us with an expectation of all possible states; that is, the maximum entropy 

Hmax. The difference between the two (Hmax - Hobs) is non-information or redundancy R.
2
 

Redundancy is a measure of the options that could have been realized (given the definition of the 

system), but have not been realized hitherto. R can be considered as the footprint of the next-

order (possible) system in a historical configuration. For the viability of an innovation system, 

the availability of options other than the already realized ones may be more important than prior 

achievements. Redundancy is thus critical for innovation. 

 

Because of Shannon’s choice to couple the information measure H to the entropy S,
3
 the Second 

Law of thermodynamics is equally valid for H: entropy can only increase with time. In an 

evolving system—such as a TH system—the Hmax can also be expected to increase with time. 

Brooks & Wiley (1986, at p. 43) have visualized this as follows (Figure 3a): 

                                                 
2
 Shannon (1948) defined the redundancy relative to the maximum information as follows: 

                  ⁄ . 
3
 H is a mathematical measure of uncertainty which Shannon (1948) coupled to the H in Gibbs’ formulation of the 

entropy: S              ∑           . In this formula,    denotes the Boltzmann constant. When base 2 is 

used for the logarithm, H is measured in bits, whereas S (and   ) are defined in Joule/Kelvin. 
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Figure 3a: The development of entropy (Hobs), 

maximum entropy (Hmax), and redundancy 

(Hmax – Hobs). Source: Brooks & Wiley (1986, 

at p. 43). 

Figure 3b: Hitherto impossible options 

are made possible because of cultural 

and technological evolution. Source: 

Leydesdorff et al. (in press).  

  

In other words, the generation of new options—that is, increase of redundancy—is at first a 

natural process. However, technological evolution adds to the redundancy by making the 

historically “impossible”—as indicated in the top-right corner of Figure 3a—feasible, and thus 

one adds non-natural (that is, humanly constructed) options to the system. We have added this 

domain in Figure 3b and colored the redundancy green. Note that more redundancy reduces 

uncertainty because the relative information (        ⁄   is reduced. Reduction of uncertainty, 

for example, may shape niches in the complex system that are favorable to innovation more than 

when hyper-complexity and hyper-selectivity prevail. 
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The generation of redundancy in TH systems 

 

How does one add redundancy (new options) to a system by producing knowledge? In addition 

to the functional dimensions represented as a vector space in Figure 2 above, one can consider 

the axes also as different perspectives on similar events: the academic perspective, the industrial 

one, and the political one. The overlaps in the Venn diagrams of Figure 1 in that case no longer 

indicate mutual information, but redundancy. One reads the same information, but from a 

different perspective.  

 

 

Figure 4: Overlapping uncertainties in two variables x1 and x2. 

 

In Figure 4, the overlap between two variables x1 and x2 is depicted as two circles representing 

sets of values of each variable. The mutual information or transmission (T12) is then defined—in 

accordance with the rules of set theory—as follows:  

 

 (1) 

 

 

 

1 2 12

2 

122112 HHHT 
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One corrects for the overlap by subtracting H12. Alternatively, one can consider the overlap as 

redundancy: the same information is appreciated twice. In addition to H1 and H2, the overlap 

contains a surplus of information since both sides appreciate the overlap. This leads to an 

additional information as follows: 

 

                        (2) 

  

The mutual redundancy R12 at the interface between the two sets can now be found by using Y12 

instead of H12 in Eq. 1, as follows:  

 

               

                          

                            

      (3) 

 

Since T12 is necessarily positive (Theil, 1972, pp. 59 ff.), it follows from Eq. 3 that R12 is 

negative and therefore cannot be anything other than the consequence of an increased 

redundancy. Consequently, R12 can be expressed in terms of negative amounts (e.g., bits) of 

information, that is, as reduction of uncertainty. 

 

Leydesdorff, Petersen, and Ivanova (in press) derive in the case of more than two dimensions, n 

> 2: 
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  (4) 

 

The left-bracketed term of Eq. 4 is necessarily negative entropy (because of the subadditivity of 

the entropy), while the configuration of the remaining mutual information relations contribute a 

second term on the right which is positive.
4
 In other words, we model here the generation of 

redundancy on the one side versus the historical process of uncertainty generation on the other, 

as an empirical balance in a system that operates with more than two codes (e.g., alphabets; 

Abramson, 1963, pp. 127 ff.). When the resulting R is negative, self-organization prevails over 

organization in the configuration under study, whereas a positive R indicates conversely a 

predominance of organization over self-organization as two different subdynamics.  

 

The multiplication of options in social systems 

 

Using biological or engineering metaphors, one often assumes that systems are “naturally” given 

and therefore have a maximum capacity. In other words, there are “limits to growth” (Club of 

Rome; Meadows, Meadows, & Randers, 1972) when the carrying capacity of a system is 

assumed to be “given” instead of specified in a scholarly discourse. For example, the capacity of 

transport across the Alps could be considered as constrained by the capacity of roads and 

railways such as at the Brenner Pass. As soon as one invents new channels, however, other 

options become available such as, for example, air transport across the Alps which is not 

constrained by the geological or weather conditions on the ground.  

                                                 
4
 The alternating sign in the right-hand term of Eq. 4 corrects for the alternating sign following from the Shannon 

formulas (Krippendorff, 2009, at p. 670). 
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The new options are not just added, but the number of options is multiplied with each new 

channel. Let us clarify this implication by using the following formalization: a network can be 

represented as a matrix (n x m). Thus, its capacity is determined both by the number of units (n) 

and by the number of communications among these nodes (m). As long as m is low, the 

aggregate number of units (n) can be used as an indicator of the capacity of the system. But with 

each increase of m, the influence of the number of units (n) on the product (n x m) decreases.  

 

For example, compare New York City with Calcutta in terms of “sustainability”: living 

conditions in Calcutta are largely determined by the number of inhabitants because of the poor 

infrastructure. In New York, whether the city has ten or twelve million inhabitants does not 

particularly matter. The structure of this city is determined by its communication infrastructure 

(including such things as sewage systems, telephone lines, subways, etc.). A system which has 

changed the basis of its carrying capacity from actors to their interactive communications can 

grow exponentially. Each new column—representing another dimension of communication—

multiplies the system’s carrying capacity. However, the various columns represent also a 

differentiation of the communication into channels of communication. Thus, the number of 

options for innovation can rapidly increase if communication among the different codes of 

communication is appreciated in the model.  

 

Summary and conclusions 

 

Beyond opening the innovation process to third parties, the Triple Helix provides a model of 

innovation in which these third parties are specified in terms of selection environments and the 
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interaction processes among them. Unlike the carrying layer in which innovation is understood to 

have developed historically, these different contexts provide meaning to innovation from specific 

perspectives. At the supra-individual level, these perspectives can be considered as differently 

coded communication systems. The codes are not present otherwise than as a structuration of the 

expectations (Giddens, 1984); yet the way and the extent to which these constructs interact 

matters for the innovation climate in terms of the numbers of options available for innovation 

and hence the reduction of uncertainty. These seemingly elusive processes can be modeled, 

measured, and simulated using the formulas that we submit (see also: Ivanova & Leydesdorff, 

2014b). 

 

Redundancy generation operates “against the arrow of time” or, in other words, in the direction 

opposite to the generation of Shannon-type information (that is, probabilistic entropy). In 

biological systems, pockets of “neg-entropy” (Brillouin, 1953; Schrödinger, 1944) can be 

expected as temporary niches in the entropy flux (Von Foerster, 1960). Differentiation among 

the codes of communication can be functional to the emergence of a cultural-technological 

evolution, which can tilt the balance between historical organization and evolutionary self-

organization. Evolutionarily, the possible is no longer constrained by “adjacent others” in a 

historically defined universe (Kauffman, 2000), but by the quality of the models that one can 

entertain in the knowledge base (Luhmann, 1982). From a longer-term perspective, models of 

anticipatory systems (Dubois, 1998; Rosen, 1985) in which the arrow of time is also reversed, 

provide options for the simulation (Leydesdorff, 2010; Leydesdorff, Johnson, & Ivanova, 2014), 

while Triple-Helix models enable us to measure the efficiency of the anticipatory mechanisms 

that can be exploited for technological developments and innovations. 
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Both OI and TH models invite us programmatically to examine processes of exchange of 

information and knowledge among partners with different perspectives and other institutional 

roles. We have argued that exchanges at the level of the codes of communication can lead to 

redundancies that enrich the innovation process by making more and new options available. The 

richer context of a knowledge-based regime (at the supra-individual level) forces us in a 

feedback loop to specificity in the selections and to the knowledgeable legitimation of decisions. 

The realization of this additional loop stimulates the transition from a framework of politics 

(power) and economics (money) to one that contains organized knowledge production and 

innovation as a third mechanism of social coordination.  
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Different from the existing library that keeps books in a specific space based on the spatial concept, 
this is a user participation–based library that connects privately owned books in a smart manner.
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Abstract: We investigate the impact of early adoption of an innovative analytical approach to improve 14 
pharmaceutical sales operations. With the sales operations planning involving the accurate 15 
determination of physician detailing frequency, multiple products sequencing, nonlinear promotional 16 
responsiveness of physicians, and achieving the right level of share of voice, the analytical approach, 17 
first introduced in 2005, is developed by integrating domain knowledge, neural network’s pattern-18 
recognition capability, and nonlinear mathematical programming. A large US pharmaceutical company 19 
championed this initial research and became the first major firm to implement the recommendations in 20 
2005 and improved their profitability by 12% when piloted to a sales district with 481 physicians, then 21 
launched this approach nationally. In 2014, the firm again gave us their data, performance of the 22 
analytical approach, and access to key stakeholders to better understand the changes in the 23 
pharmaceutical sales operations landscape, the firm’s analytics maturity, and sustainability of analytics. 24 
Results suggest that being the early adopter of the innovation doubled the firm’s Technology Utilization 25 
from 2005 to 2014, as well as doubling the firm’s ability to Continuously Improve the Sales Operations 26 
Process, and outperformed the standard industry practice by 23%. Moreover, the infusion of analytics 27 
from the corporate office to sales, improvement in management commitment to analytics, increased 28 
communications for continuous process improvement, and the successes from this approach have 29 
created the environment for sustainable organizational growth in analytics. 30 

Keywords: Analytics Maturity Assessment, Sustainability of Analytics, Promotional Response Modeling, 31 
Pharmaceutical Sales Operations Analytics, Knowledge-based Analytical Approach 32 

 33 

 34 

1. Introduction  35 

In spite of numerous challenges over the years, with not enough new branded drugs replacing 36 
blockbuster drugs going off patent [1] and continuous flow of negative press from both the government 37 
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and consumers for their aggressive investment in to their sales and marketing efforts [2], the US 38 
pharmaceutical market is starting to make a comeback.  According to IMS Health [3], one of the largest 39 
healthcare data providers in the world, the US market will experience 5-8% growth, computed by 40 
compound annual growth rate (CAGR), from 2014 to 2018; this growth is driven largely by sales coming 41 
from specialty medicine.  In fact, the growth is not limited to the US market, with the global market 42 
projected to grow at CAGR of 4-7% to 2018 and reach $1.3 trillion in sales.   43 

One of the components driving today’s growth is in pharmaceutical industry’s adoption of analytics 44 
in their business processes, sustainability of analytics, and subsequent maturity of the organization in the 45 
way analytics is embraced and utilized.  When the industry was facing challenges over a decade years 46 
ago, the industry was actively innovating analytics and adopting these innovations to improve the status 47 
quo.  In fact, analytics footprints can be found in many ways in the past two decades including how sales 48 
and marketing resources were allocated over the years [4], discover new medicines in more efficient way 49 
[5], and improve their supply chain logistics [6,7]. These improvements have contributed significantly to 50 
the industry’s recovery.  51 

The term sustainability refers to institutionalization and routinization [8,9]. For the success to take a 52 
firm hold, the planning for sustainability during the development phase also plays a key role [10,11]. In 53 
addition, the new approach has to be transparent and coachable to those carrying out the 54 
recommendations from the approach in order for the organization to mature into a desired competency 55 
level [12].  56 

However, to date there has been no published paper with the result of longitudinal measure from 57 
implementation of an analytical approach, as well as its sustainability, and assessment of organizational-58 
wide analytics maturity through early adoption of innovative analytics. In this paper, we provide the 59 
result from an innovative knowledge-based analytical approach introduced in 2005 to a pharmaceutical 60 
company in an effort to improve sales and marketing resource allocation, and implemented locally at a 61 
randomly selected sales district. The firm benefitted so much from piloting this analytical approach, it not 62 
only continued using the approach, but launched it nationally, and the evolution of this approach is 63 
measured longitudinally to 2014. We also assess the impact of successful analytics implementation and 64 
sustainability of the innovative approach has on the firm’s analytics maturity level.   65 

The knowledge-based analytical approach in this paper refers to the work done by Yi [13] to address 66 
the inaccuracies in determining physician detailing equivalent (PDE) weights when multiple prescription 67 
drugs are detailed to target physicians. The accuracy of the PDE weights is critical to optimal sales force 68 
resource allocation to maximize sales operations productivity, and has been launched nationally with 69 
great success. The pharmaceutical company that originally sponsored the 2005 research has provided the 70 
2014 data and insights on its performance over the years for this paper. 71 

The remainder of the paper is organized as follows: Section 2 gives an overview of the background 72 
of the pharmaceutical industry and Section 3 reviews the traditional approach in computing share of 73 
voice, and its impact of allocating sales force resource. Section 4 explains the data sets used for this study 74 
for both the analytical study and analytics sustainability and maturity assessment. Section 5 describes the 75 
knowledge-based analytical approach developed to derive a set of weights for planning detailing strategy 76 
which was implemented in 2005, strategies involving sustainability of the approach, and how it has 77 
evolved over the 10-year period, and Section 6 summarizes the performance of the approach over the 78 
years and insights including sustainability and analytics maturity assessment found from the results. 79 
Section 7 discusses the impact of the analytical approach has on in sales operations as well as future 80 
directions of the research.  81 

 82 

2. Pharmaceutical Sales Operations Background 83 
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Sales force is the most expensive marketing investment that a pharmaceutical company can make. 84 
The primary function of sales force is to provide detailing to their target physicians. The target physicians 85 
are those who already prescribe or have potential to prescribe the firm’s prescription drugs; detailing 86 
involves pharmaceutical sales representatives visiting each of the target physicians to provide the latest 87 
information on the firm’s prescription drugs as well as educate physicians on latest research 88 
developments relating to the patients and disease the drugs are treating. The detailing is done with the 89 
goal of encouraging the physicians to correctly prescribe the firm’s drugs for those patients who fit the 90 
diagnostic criteria, and given a similar treatment situation where two prescription drugs are equal in 91 
providing help to patients, the firm assumes that the sales rep’s selling capability would sway the 92 
physician to prescribe their product. With a heavy price tag of $150 to $200 per detail, companies put a 93 
significant effort into determining the right physicians to target, the order of the details, also known as 94 
detailing sequence, when multiple products are involved, and the frequency of details to the targeted 95 
physicians over time [2].  96 

Physician detailing is the primary means to market pharmaceutical drugs because in this market the 97 
physicians are the ones who decide the best treatment algorithm for their patients, who are the end users. 98 
This dynamic of promoting to physicians, is different from traditional marketing, which targets its 99 
promotional efforts directly to the end users; however, detailing is similar to other forms of promotion, 100 
used in traditional markets, in a sense that it is a marketing tool, an informational source, as well as a way 101 
to maintain good relationship with the customers [14,15].  102 

The detailing efforts have been losing its impact over the years due to significant changes in the 103 
pharmaceutical selling landscape. The primary change is from managed care organizations’ growing 104 
influence in regulating the use of drugs coupled with an increasing number of physicians seeking more 105 
objective scientific evidence of benefits [16,17,18]. Moreover, a more competitive detailing environment 106 
requiring significantly higher level of effectiveness and creativity in advertising and marketing [19];  the 107 
number of new blockbuster drugs to gain physicians’ attention, let alone being approved,  have 108 
considerably declined over the years [20]; and the increasing roles of direct-to-consumer advertisements 109 
and electronic detailing [21,22,23,24] all have contributed to the declining detailing impact. In fact, the 110 
average detailing duration dropped from five minutes in 1998 to less than one minute in 2004 [25], 111 
signaling the physicians’ declining interest or need in hearing from the reps.  112 

In spite of all the difficulties facing detailing efforts, many researchers continue to find evidence of 113 
high market share of detailing, also known as share of voice, positively impacting the market share of 114 
detailing product [26,27,28]. As a result, pharmaceutical firms continue to commit to maximizing their 115 
share of voice within their resource constraint in an effort to increase sales; one way to increase the share 116 
of voice without adding more sales reps is to detail multiple products instead of single product.    117 

In addition, many firms are investing heavily into analytical capabilities over the years. It is 118 
important to understand the factors to sustain the analytics initiatives, the extent their analytics-potential 119 
is utilized, and help them maximize the full benefits of their personnel, data, technologies, and other 120 
analytics investments. This is critical to successfully compete in today’s market and with an on-going 121 
analytics maturity assessment for continuous improvement, firms position themselves well to compete on 122 
analytics [29]. 123 

3. Traditional Sales Operations Analytics 124 

To derive the share of detailing voice, physician detailing equivalent (PDE) weights for the product 125 
and the market are computed first; PDE is used by the industry to calculate total detailing efforts when 126 
detailing is done in multiple sequences, and the PDE weights reflect the relative detailing impact of each 127 
sequence. Equation (1) shows how PDEjkl, which denotes physician detailing equivalent for physician j, in 128 
time period k, for product l, is calculated:  129 
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Dijkl is defined as the total number of details made in sequence i to physician j in time period k, for 131 
product l, while Wi defines the PDE weight for detailing sequence i. In addition, the weights play an 132 
instrumental role in computing share of voice in time period k, for product l, denoted as SOVkl, as shown 133 
in Eq. (2):  134 
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The traditional PDE weights, shown in Table 1, are provided by the firm sponsoring this research in 136 
2004, and to this day used by many pharmaceutical companies; the table shows that the full weight of one 137 
is assigned to the first detailing product independent of the number of products in the detailing portfolio. 138 
In other words, as long as the product is detailed in the first position, it will always carry the full detailing 139 
weight. Similarly, if the product is detailed in the second sequence, it will always have the PDE weight of 140 
0.6. Finally, any product detailed in the third sequence or beyond will have the PDE weight of 0.3. Clearly, 141 
the firms detailing multiple products will have higher share of voice with 1.9 PDE when a sales rep 142 
details three products to a physician in a single visit versus 1.0 PDE when a rep details a single product. 143 
Moreover, a firm can achieve relatively high level of share of voice even when detailing in the third 144 
sequence.   145 

According to the sponsoring firm, the origination of the PDE weights is based on primary market 146 
research to physicians. Interviews with sales operations professionals in other companies made possible 147 
by pre-existing professional contacts have validated that these values are similar across the industry.  148 

Table 1. Summary of traditionally applied PDE weights for detailing sequence based on the number 149 
of detailing products 150 

 1st position 2nd position 3rd + position 

In single product detailing 1.00 - - 

In two-product detailing 1.00 0.60 - 

In three+ product detailing 1.00 0.60 0.30 

 151 

The traditional approach in utilizing PDE weights has two major limitations. The first limitation is 152 
that the approach always gives benefit to detailing more products versus detailing fewer products by a 153 
way of increasing SOV. This is a flawed assumption because of the sales representatives’ difficulty in 154 
accessing physicians and even those who are able to access physicians, the sales reps were struggling to 155 
detail multiple products with diminishing time with the physicians.  In fact, research has shown that the 156 
time physicians have with the sales reps are less than a minute which is hardly enough time to 157 
sufficiently detail even a single prescription drug [25]. Even when sales reps were able to detail multiple 158 
products, the cannibalization between the products takes place due to the short fixed time sales reps have 159 
for the products. Consequently, always giving SOV advantage to multi-product detailing strategy may 160 
mislead management in making informed sales operations decisions.  161 
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The second limitation is that the PDE weight for each detailing sequence is constant for all 162 
physicians regardless of how well they respond to sales rep details or the level of their prescribing 163 
volume. This is another flawed assumption because physicians and their patients’ needs are different; if 164 
the firms do not accommodate for these differences and neglect to provide individualized detailing 165 
strategy, a significant negative consequence such as suboptimal resource allocation and undesirable sales 166 
force performances are likely consequences [4].  167 

Correcting these limitations and understanding the impact of the correction were the objectives of 168 
the earlier work of Yi [13]. In this paper, we take steps to understand the longitudinal performance of this 169 
approach and resulting insights gained, and we compare the firm’s analytics maturity assessed in 2005 170 
with the assessment from 2014. 171 

4. Data 172 

A pharmaceutical company with annual US sales over $2 billion sponsored this research on the 173 
condition that the company would receive the model and insights from the findings while remaining 174 
anonymous. The firm provided (1) the detailing history and respective sales data at the physician level 175 
for a randomly selected district in the Northeast region, comprising a total of 481 physicians on its target 176 
list, and (2) team of domain experts and their time to help in this research on a prescription drug with 177 
over $300 million annual sales along with answering questions for Analytics Maturity Assessment. This 178 
drug is promoted by multiple sales forces in different detailing sequences, and competes against four 179 
branded products for market share. The product was selected for this research mainly due to the wealth 180 
of detailing data available and the firm’s motivation to gain more insights from the analytical project to 181 
gain competitive advantage. 182 

4.1. Data for Knowledge-based Analytical Approach 183 

Pharmaceutical companies generally determine which physicians to target for their detailing efforts 184 
based on the volume of prescriptions they generated in both the drug class and the drug itself. The 185 
physicians were sorted in order of prescription volume in the disease class, and then they were grouped 186 
into 10 equal segments, with the first decile representing the lowest prescribers and the 10th decile the 187 
highest; not surprisingly, the higher-decile physicians received significantly more detailing visits from 188 
the sales reps than did the lower-decile physicians. In addition, even those physicians who do not 189 
prescribe the firm’s drug, but are high prescribers of the competing drugs in the market are also targeted 190 
by sales reps based on their potential to prescribe. 191 

We merged two sets of data, by physician identification number, to form the database for this study. 192 
One data set contains the number of prescriptions that the physicians on the company’s target list wrote 193 
for the studied drug and its competitors. The second contains information about the sales reps’ detailing 194 
activity to the targeted physicians. Two years’ worth of data, broken out into eight quarters from 2nd 195 
quarter 2003 through 1st quarter 2005, were collected to develop the very first knowledge-based analytical 196 
approach that can improve the accuracy of PDE weights to increase sales operations effectiveness; we 197 
used quarterly data because monthly data contained too much noise for the research.   198 

To measure the effectiveness of the analytical approach after its implementation, we have obtained 199 
firm’s sales rep detailing data and respective sales data from 3rd and 4th quarters of 2005 from the created 200 
database. Also, for evaluating the longitudinal impact of this approach, the data from 3rd and 4th quarter 201 
of 2014 in the same district was obtained. 202 

Furthermore, the company made available domain experts in marketing and sales to make 203 
fundamental operational knowledge transparent for this research along with competitive sales activities 204 
data at the district level for the same period as that used for the data analysis. Such data provided 205 
information on all competing products marketed in the same therapeutic area of the company’s product: 206 
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the competitors’ sales force structure; the number of sales reps detailing the drugs; and the detailing 207 
sequences of the products for each territory. The domain experts also answered questions in 2005 as well 208 
as 2014 to provide insights on the impact of analytics over the years to their professional growth as well 209 
as organization’s analytics maturity. 210 

We excluded data from other promotional activities such as direct-to-consumer advertising, 211 
electronic detailing, journal advertising, and sponsored medical educational programs due to concerns 212 
about data integrity at the physician level. 213 

4.2. Data for Sustainability and Analytics Maturity Assessment 214 

The sponsoring company wanted to assess five well-studied dimensions of sustainability, which also 215 
cross-reference to assessing analytics maturity, and continue monitoring for continuous improvement 216 
opportunities in organizational-wide analytics. The dimensions measured are 1) data utilization [30]; 2) 217 
technology utilization [30]; 3) team expertise [31]; 4) continuous process improvement [8]; and 5) 218 
management and governance [32]. A five-point scale is used for all dimensions assessed. The assessment 219 
is developed together with the firm’s domain experts, communicated to the upper management, and 220 
have gained acceptance to be fully assessed for the study in 2005 as well as in 2014.  221 

Data utilization dimension measures how much of data the company collects is utilized in 222 
supporting organizational decisions. The five-point scale used for this assessment ranges from 100% 223 
utilized (scale value of 5) to 0% utilization (scale value of 1), with uniform increment for in between scale 224 
values.  225 

Technology utilization dimension measures what analytical tools are used to collect, manage, and 226 
extract data, to performing less complex analytics including performance reporting, data visualization, 227 
and statistical analyses to complex analytical modeling that include sales forecasting, data mining to find 228 
hidden insights, resource optimization, and process simulation. To assess the level of utilization, we used 229 
the following five point scale, with five being the highest level of utilization where the rigor corresponds 230 
to the details demanded in doctorate program in a quantitative field; scale of three being the level of rigor 231 
demanded in master’s program in a quantitative field; and the scale of one being the level of rigor 232 
corresponding to a bachelor’s degree in a quantitative field.  233 

Team expertise is assessed from the structure of analytics solution process and understanding of the 234 
solutions found by the end users. The scale of five is defined as there is a team of analytics experts 235 
working together with empowerment to provide and implement analytical solution, and the end users 236 
are well versed in the analytical tools and languages used to communicate the findings. The scale of three 237 
is defined as having a virtual team to carry out the analytical solution process, and the end users are 238 
comfortable communicating the findings to their peers. The scale of one is defined as no analytical analyst 239 
on staff, and the end user have no understanding of analytics.  240 

The continuous process improvement assesses the organization’s competency to monitor analytically 241 
driven activities and act of improvement opportunities in timely manner. The scale of zero is defined as 242 
no such feedback loop, and the scale of five is defined as having a real-time and continuous feedback loop 243 
for organization to set priority meetings to identify real opportunities from outliers for timely and 244 
effective improvements.  245 

The management and governance assesses the culture of analytics within the organization. We 246 
assess the degree of analytical insights is communicated, understood, and trusted in the management 247 
ladder. The scale of one is defined as there being no champion of analytics oriented project; the scale of 248 
three is defined as analytical projects are championed at the director level personnel within the 249 
organization; the scale of five is defined as senior management champions analytical projects, and the 250 
culture embraces analytical activities.  251 



Sustainability 2016, 8, x 7 of 4 

7 

 

5. Innovative Knowledge-based Analytical Approach 252 

A knowledge-based analytical approach is defined as one designed to extract and integrate the tacit 253 
and explicit knowledge within the organization and then to apply it as a vital component in the 254 
quantitative modeling process to improve the organization’s performance as well as gaining actionable 255 
knowledge that can provide competitive advantage for the firm [33,34]. An innovative knowledge-based 256 
analytical approach has been developed and used at the physician level to improve on the traditional 257 
approach to sales operations involving multiple products. The theoretical framework for this approach is 258 
founded on knowledge and micromarketing, and continued to be practiced by the sponsoring firm. 259 

5.1. Theoretical Framework for Knowledge and Micromarketing 260 

Knowledge is defined as the set of justified beliefs that enhance a firm’s capability to take effective 261 
action [35]. Knowledge can largely be divided into two areas: tacit and explicit. Tacit knowledge refers to 262 
insights, intuitions, and hunches that are not easily verbalized or communicated. This tacit knowledge is 263 
critical in decision making process because it is the primary source of problem definition and alternatives 264 
[36]. On the other hand, explicit knowledge refers to that which can be formally expressed and collected 265 
as data, words, and software, therefore, which can be easily diffused throughout an organization [36]. 266 
Researchers have found that converting tacit knowledge into explicit knowledge and integrating the two 267 
can significantly enhance a firm’s competitive position by improving organizational capability, 268 
competence, and performance [37,38]. Moreover, knowledge integration across different functions within 269 
a firm has several areas of added values including demonstrated improvement in decision making 270 
quality and organizational performance [39,40,41,42].  271 

Various studies have shown that knowledge capture and management can be improved by 272 
integrating visualization into the modeling process, with visually agreed-upon knowledge being very 273 
successful in capturing and segmenting complex knowledge [43]. Also, integrating domain experts’ 274 
knowledge with secondary data that can be used to derive visually agreed-upon promotional response 275 
patterns has proven to be an effective way to identifying responsive physicians, leading to derivation of 276 
more accurate response functions and, consequently, improvement in the quality of the detailing plan [4]. 277 
Moreover, it has been demonstrated that the promotional response function parameters for individual 278 
physicians can improve its accuracy by calibrating the parameters to reveal responsiveness as defined by 279 
the experts [13, 44].  280 

The knowledge-based analytical model used in this study is based on the assumption that optimally 281 
utilizing knowledge is critical to improvement of detailing planning. Another key assumption is that 282 
accurate PDE weights are those that visually reveal physicians’ responsiveness by matching its pattern to 283 
the predetermined responsive patterns developed by domain experts because one cannot reveal 284 
responsiveness from physicians who are unresponsive to details [13]. Moreover, since PDE weights are 285 
inputs to both SOV computation and detailing planning, improvement in the weights will improve the 286 
qualities of SOV calculation as well as detailing planning. These benefits are expected to result in 287 
minimization of non-value-added costs, making the sales reps more effective and therefore increasing 288 
revenue.  289 

Micromarketing is customizing marketing plans at the consumer level to better accommodate 290 
individual needs and differences in responses to maximize promotional impact [45,46,47]. In addition, 291 
similar to traditional consumers, physicians respond better to marketing messages tailored to their 292 
individual needs [44].  Consequently, we incorporated micromarketing as part of a knowledge-based 293 
approach to be more effective than the traditionally targeting physicians at a macro level. 294 

5.2. Process Flow of the Knowledge-Based Analytical Approach 295 
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The process flow of this approach used in the research is shown in Figure 1 and has provided 296 
transparnecy to the process, which helped the organization to buy-in to this study, and improve the 297 
ability to coach the key stakeholders the innovation in order to sustain the correct application of this 298 
approach. 299 

 300 

Figure 1. Process flow of the knowledge-based approach 301 

In Step 1, the definition of responsiveness, based on the visual relationship between PDE and 302 
prescription volume over time, is constructed by working with a cross-functional team that includes 303 
representatives from Sales Operations, Sales, Marketing, Market Research, and Information Management. 304 
Each team member carries a title of manager or higher and at least three years of work experience in this 305 
brand as well as familiarity with the district selected for the research. This cross functional team defined 306 
responsiveness based on two sets of rules and those not meeting these rules are defaulted as non-307 
responsive. The two rules of responsiveness are: 1) synchronize movement for all eight quarters, and 2) 308 
allowing for a single quarter deviation from the synchronize movement property. Figure 2 illustrates 309 
examples of responsiveness based on these two rules. 310 
 311 
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 312 

Figure 2. Examples of predetermined patterns of physician responsiveness to detail 313 

The non-responsiveness examples demonstrate cases where there exists no or insufficient visible 314 
pattern of relationship between PDE and prescription volume over time and are shown in Figure 3. 315 
Clearly, detailing alone cannot explain these physicians prescribing behavior. 316 
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 318 

Figure 3. Examples of predetermined patterns of physician nonresponsiveness to detail 319 

In Step 2, a neural network (NN) model is developed to identify, from the target physician pool, 320 
individual physicians who are responsive to details. The main reason for using NN model in this study is 321 
because it automates otherwise manually intensive activity of classfying hundreds of physicians into two 322 
categories of responsiveness based on visual patterns between PDE and respective prescription volume 323 
for eight quarters developed in Step 1. In addition, strengths of NN models are the properties of 324 
adoptability, nonlinearity, fault tolerance, and input-output mapping [48,49]. On the other hand, NN’s 325 
limitations are that its functionality is often perceived as black box, the model-development process is 326 
more art than science, and time consuming data-preparation step [50]. 327 

Similar to the work done by Yi et al. [4], this research uses a back-propagation network with 16 input 328 
nodes (8 quarters of PDE and 8 quarters of the respective prescription volume (TRx), 1 hidden layer 329 
containing 7 neurons, and 1 binary output node (1 for responsive and 0 for nonresponsive physicians). 330 
The model was developed with 450 training samples with known results. With a predicted accuracy of 331 
81%, the NN model outperformed the logistic regression model that produced a predicted accuracy of 332 
53%.  The methodology used to compare and validate the NN model’s predictive performance is shown 333 
in Eq. (3).   334 
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where 336 

Acti  actual output of physician i  337 

Predi  predicted value for physician i 338 

Abs  absolute value function 339 

n  number of testing samples 340 

In Step 3, the eight quarters of TRx and respective PDE data for physicians are prepared for Step 4, 341 
the NN model application. In Step 5, responsiveness of physicians is determined, with nonresponsive 342 
physicians’ data directed to Step 6 and responsive physicians’ data to Step 8.  343 

All nonresponsive physicians entering Step 6 for the first time go through to Step 7, where a 344 
nonlinear mathematical model interface with the NN model searches for a set of PDE weights that reveal 345 
physicians’ responsiveness to detailing efforts; the nonlinear program interfacing with the NN model is 346 
shown here: 347 

81for   )  NN Maximize ,...,kPDE,(Rx jkjk       (4) 348 

 81for)(
3

1

,..., k   DWPDE

s.t.

ijk

i

ijjk 


     (5) 349 

  for 1 i   Wij          (6) 350 

21for    ,1 ,iW W jiij          (7) 351 

  0 variablesall          (8) 352 

Where NN(Rxjk, PDEjk) are trained neural network function, returning 1 if physician j is responsive 353 
and 0 if physician j is nonresponsive based on relationship between Rx written and PDE over eight 354 
quarters; PDEjk is the physician detail equivalent for physician j in quarter k; Rxjk is the total number of 355 
prescriptions written by physician j in quarter k; Wij is the detailing weight for the ith sequence for 356 
physician j; Dijk is the total number of details made from the ith sequence to physician j in quarter k. 357 

The objective function, given by (4), maximizes the number of responsive physicians in the first 358 
summation while maximizing the summation of the weights in the second summation. The first 359 
summation interfaces with the trained NN model by providing, to the model, the physician-level 360 
prescription data and the PDE data for all eight quarters, given by Rxjk and PDEjk, respectively, to 361 
determine the responsiveness of the targeted physicians.  362 

The first constraint, given by (5), defines PDE for each physician in each quarter. The set of PDE 363 
weights, for the ith position to physician j, Wij, is initialized to 1, 0.6, and 0.3 for detailing positions 1, 2, 364 
and 3+, respectively. Constraint (6) sets the upper limit for the weight to be one. Constraint (7) forces the 365 
weights of preceding detailing positions to be bigger than the subsequent ones to reflect the inverse 366 
relationship between the detailing time and the order in which a product is detailed as well as to limit the 367 
searching space for the nonlinear program. The last constraint, given by (8), defines the non-negativity 368 
condition for all variables. Figure 4 illustrates how this step works by having a physician visually fitting 369 
to the nonresponsive definition with the traditional set of PDE weights, but the optimization algorithm 370 
found a new set of PDE weights to make the physician fit the definition of responsiveness, and this new 371 
set of weights replaces the traditional weights for this physician, with the physician classified as 372 
responsive.  373 
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Figure 4: An example of deriving a set of new PDE weights for an actual physician who appeared 390 

visually nonresponsive with the traditional set of PDE weights. 391 
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In Step 8, information on each physician’s responsiveness and the set of respective PDE weights for 393 
each of them is collected and stored. For the nonresponsive physicians, PDE is determined by taking the 394 
average PDE weights from the responsive physicians for each detailing sequence.  395 

In Step 9, physician responsiveness and PDE weights are merged with physician data and the 396 
company’s resource data to formulate a nonlinear programming model. The objective of this model is to 397 
determine the optimal plan for detailing the firm’s target physicians to maximize quarterly profit. This 398 
formulation is shown here: 399 
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   (13) 404 

  0 variablesall          (14) 405 

where 406 

PRFi (x) promotional response function for physician or decile i, returning expected prescription 407 

volume for x detail in a quarter 408 

PDEi   physician detail equivalent for responsive physician or decile i 409 

Rj   total quarterly resource for the jth position details 410 

Wij   detailing weight for responsive physician i for detailing position j  411 

Dij   total details that need to be made in the ith position to responsive physician j  412 

TDid  total details that need to be made in the ith position to nonresponsive physician in decile d  413 

TPd   total physicians in decile d 414 

Price   price of a single prescription of the drug 415 

Costi  cost to detailing physician i 416 

E  efficiency factor to account for empty efforts directed to the physicians’ offices 417 

nj  number of responsive physicians for detailing sequence j 418 
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The objective function, given by (9), maximizes the quarterly profit from the sales force efforts. The 419 
first summation in the function calculates the optimal detailing plan to generate maximum profit from 420 
the physicians who are responsive to the sales force’s detailing efforts: the promotional response function 421 
of PDEi details to physician i, given by PRFi(PDEi), produces the number of prescriptions written by 422 
physician i; this is then multiplied by the price per prescription, price, to arrive at revenue; the cost to 423 
detailing physician i is given by cost(PDEi/E), where E, which denotes efficiency factor and is less than 424 
one, accounts for the empty efforts made by the sales reps; and taking the difference between the revenue 425 
and cost per physician i and summing up the profit for all the responsive physicians gives the total profit 426 
generated by this group. 427 

The second summation in the function calculates the profit from the nonresponsive physicians: since 428 
there is no visually discernable response pattern, the promotional response function to detailing effort 429 
PDEd, given by PRFd(PDEd), is derived at decile level d based on average PDE weights from the 430 
responsive physicians; this function produces the average number of prescriptions written by an average 431 
physician from decile d; multiplying the number of prescriptions by price and subtracting the cost 432 
associated with the detailing effort, again including E, gives the profit per physician from decile d; and 433 
summing for all the deciles gives the total profit generated from this group. 434 

Constraint (10) defines PDE for physician i, based on the PDE weights found specifically for 435 
responsive physician i in detailing position j derived earlier, in Step 7. The set of weights provides the 436 
visually recognizable pattern of responsiveness for physician i, which enables the program to locate the 437 
optimal set of details for that physician.  438 

The average PDE weights for responsive physicians defined for each detailing sequence is in 439 
constraint (11). Constraint (12) defines PDE for the nonresponsive physicians per decile d. Constraint (13) 440 
sets the upper limit Rj on the total quarterly detailing resources for the drug for each sequence j, while the 441 
non-negativity condition is set by constraint (14). This approach was first implemented in 2005 and is still 442 
in use when we were conducting this research.   443 

6. Application and Results 444 

To measure the effectiveness of the knowledge-based approach, the sponsoring firm allowed its 445 
implementation to the district where the research data were collected; this randomly selected district, 446 
located in the Northeast region with 481 target physicians, are called the test group. The implementation 447 
started from 3rd quarter 2005 and is still used in early 2015 when we collected the latest data for this 448 
research. The result from the last two quarters of 2005 were used to measure the performance of the test 449 
group and compare it against a control group during the same time period, and the result from the last 450 
two quarters of 2014 were used to compared against the result from a decade ago. The control group 451 
selected in 2005 is also from the Northeast region with similar attributes; both prior sales performance 452 
and target physician size for the control group came within ±5% of the test group.  453 

The detailing plan with traditional PDE weights of [1, 0.6, 0.3] is calculated to an SOV of 14% in 2005, 454 
and 10% in 2014, which is what management wanted for this product for those years. In addition, 455 
running the NN model with the traditional weights in 2005 results in identifying 143 physicians, or 30% 456 
of the total 481 physicians, as responsive to details based on domain experts’ definition of responsiveness.   457 

In 2005, the knowledge-based analytical approach found that, on average, when there is only one 458 
product to be detailed, the PDE weight indeed remained one. However, with a product detailed in two 459 
positions, the first and second positions carry average weights of 0.82 and 0.68, respectively. With a 460 
product detailed in three positions, the weights of the first, second, and subsequent positions are 0.70, 461 
0.41, and 0.02, respectively. Table 2 summarizes the average PDE weights in relation to the size of 462 
detailing products and the detailing sequence from 2005. 463 
 464 
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Table 2. The average PDE weights derived using the knowledge-based approach for responsive 465 

physicians based on the number of detailing products from 2005 466 

 1st position 2nd position 3rd + position 

In single product detailing 1.00 - - 

In two-product detailing 0.82 0.68 - 

In three+ product detailing 0.70 0.41 0.02 

 467 

In 2014, 67 of the doctors from 2005 were no longer working in the district, and of the remaining 414 468 
physicians, 118 of them, which is roughly 29%, are found to be responsive to the firm’s detailing efforts 469 
based on the traditional PDE weights. Moreover, additional 58 physicians from the district, who were not 470 
in the district in 2005, are identified to be responsive to details, making the total number of responsive 471 
physicians to 176, which is 35% of the total physicians in the district. 472 

The PDE weights derived in 2014, however, showed that the difference between the first two 473 
positions were more drastic with the first position carrying average weight of 0.87 while the second 474 
position carrying the weight of only 0.43. When a product was detailed in three positions, the weight of 475 
the first position was higher compared to 2005 result in 0.78, but the latter two positions were drastically 476 
lower in 0.32 and 0, respectively. Table 3 summarizes the average PDE weights in relation to the size of 477 
detailing products and the detailing sequence from 2014. 478 
 479 

Table 3. The average PDE weights derived using the knowledge-based approach for responsive 480 

physicians based on the number of detailing products from 2014 481 

 1st position 2nd position 3rd + position 

In single product detailing 1.00 - - 

In two-product detailing 0.87 0.43 - 

In three+ product detailing 0.78 0.32 0.00 

 482 

In 2005, the derived PDE weights for individual physicians matched 226 physicians as responsive to 483 
detailing efforts over eight quarters, as oppose to 143 physicians based on the traditional approach. This 484 
is 47% of the total physicians in the sample, which is approximately 58% increase from the number found 485 
using the traditional weights.  486 

In computing SOV, when the new PDE weights are applied to the traditional detailing plan, it 487 
resulted in SOV of only 9%, which is significantly lower than 14% SOV that the management wanted and 488 
thought they were getting for this product. It is due to this discrepancy in perceived SOV and actual SOV, 489 
the sponsoring firm had been operating sub-optimally against its competitors and not surprisingly had 490 
trouble meeting the sales forecast for the last two years.  491 

The optimization of sales resources based on the derived PDE weights recommends a different 492 
sequencing of the product, with strong emphasis on the primary and secondary details while virtually 493 
eliminating the need to detail in the other sequence. The detailing plan based on the new approach results 494 
in SOV of 16% with the same amount of sales force resource.  495 
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The knowledge-based approach requires 9% more PDEs for the responsive physicians and 7% fewer 496 
for their nonresponsive counterparts. After two quarters of implementation of this approach in 2005, the 497 
test group showed significant increase in profitability by more than 12% growth compared to the control 498 
group. Also, sales reps from the test groups had, on average, 47% more detailing time per PDE, further 499 
attesting to the quality of detailing plan of the proposed approach. These findings are summarized in 500 
Table 4. 501 
 502 

Table 4: Performance comparison between traditional and knowledge-based approaches in 2005 503 

 
% of responsive 

physician 
SOV 

Detailing 

duration 
Profit 

Traditional Approach 30% 10% - - 

Knowledge-based Approach 47% 16% +47% +12% 

 504 

The results from the 3rd and 4th quarter of 2014 show that over 90% of the responsive physicians 505 
identified in 2005 stayed responsive to the firm’s detailing efforts; the profitability from these physicians 506 
is 23% more than the average physician from the district. The percentage of the responsive physicians in 507 
the district declined from 47% in 2005 to 35% in 2014, with 176 out of 501 physicians found to be 508 
responsive based on the derived PDE weights. The SOV in the district was maintained at 10%, which is 509 
consistent to the level set by the management. Moreover, the detailing duration compared to the result 510 
from 2005 shows a decrease of 9%. The 2014 results does not have a control group for comparison due to 511 
the knowledge-based analytical approach getting implemented at the national level after 2005’s 512 
successful findings. As a consequence, the comparisons are made against the results from 2005 as well as 513 
applying traditional assumptions to 2014 data set, and these are summarized in Table 5. 514 

 515 
Table 5: Performance comparison between traditional and knowledge-based approaches in 2014 516 

 
% of responsive 

physician 
SOV 

Detailing 

duration 

vs 2005 

Profitability of 

responsive docs 

2005-2014 

Traditional Approach 19% 6% - - 

Knowledge-based Approach 35% 10% -9% +23% 

 517 

The impact of analytics application to this organization was striking. Not surprisingly, the 518 
organization showed strong initial benchmark in the following two dimensions: Management & 519 
Governance and Team Expertise in analytics. As a result, sustainability of analytics application was a 520 
success and the organization was able to analytically mature over time.  521 

We found that the dimensions improving the most are Continuous Process Improvement, and 522 
Technology Utilization. In Continuous Process Improvement, which improved from the scale value of 523 
two in 2005 to the scale value of four in 2014, the users of analytics had a real-time feedback loop via 524 



Sustainability 2016, 8, x 17 of 4 

17 

 

phone call or email to consult with analytics professional on discrepancies found. In fact, the 2005 sales 525 
reps who stayed at this firm when we returned in 2014 for this study, who are now at least a district 526 
manager in 2014, have stated the level of trust between the field and the corporate office through the 527 
continuous process improvement efforts has improved significantly, and pointed specifically to 528 
improvements in physician targeting, and quick updates when feedback comes from the field, and the 529 
number of reps consistently making the details according to the Call Plan in 2014 increasing by 40% 530 
compared to 2005.  531 

The Technology Utilization dimension also improved from the scale value of two in 2005 to the 532 
value of four in 2014. The improvement came from the analytics professionals’ growth in analytical 533 
competency and their ability to use the analytical technologies at the rigor beyond what is demanded in a 534 
master’s program. They were able to develop analytical models with ease, and interpret the findings 535 
correctly. However, their modeling skills were not yet to the level where nonlinear relationships are 536 
modeled effectively.  537 

All the remaining dimensions in Data Utilization, Team Expertise, and Management & Governance, 538 
have also improved from 2005 to 2014; Figure 5 illustrates the improvements from 2005 to 2014.  539 

 540 

Figure 5: Analytics maturity assessment comparing 2005 vs 2014 541 

Additionally, in 2014, over 90% of the sales reps in the districts indicated the importance of data and 542 
analysis in doing their job better, which is 50% better than what the sales reps in the district have stated in 543 
2005. Also, over 65% of the reps in 2014 understood the process of the sales operations planning as well as 544 
the foundational analytics used in the process, whereas zero rep understood the process and the 545 
foundational analytics used for creating the call plan in 2005. Lastly, over 80% of the reps in the district 546 
stated that they regularly provide feedback to the sales analytics team in the headquarters for continuous 547 
improvement of the sales operations process, where as in 2005, less than 20% had any communication.  548 

When asked, all the domain experts agreed that the transparency in knowledge-based analytical 549 
approach’s development process where all the experts had to provide the support, and the 550 
implementation of the approach where performance was carefully monitored, expedited the analytics 551 
maturation process. They also agreed on the strong commitment in analytics from the management from 552 
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the beginning, making it easy to sustain the efforts.  Lastly, the domain experts emphasized the important 553 
role the analytics team had in coaching the users of analytics, with monthly lunch-n-learn initiatives and 554 
one-on-one training appointments, to educate colleagues on analytics and the interpretation of results.   555 

7. Conclusion 556 

The knowledge-based analytical approach presented in this paper provides striking evidence of how 557 
effective the approach is, and further demonstrated that the first detailing sequence does not carry the full 558 
weight in multiple product detailing situations like what was found in 2005, although the weights for the 559 
1st position details did increase from 2005. In fact, as the number of products in the detailing portfolio 560 
increases, each detailing sequence carries even less weight, possibly due to the products cannibalizing 561 
each other’s time and information. Furthermore, products that are detailed in the 3rd position or later add 562 
no benefit to sales operation in 2014, where as in 2005, the 3rd position carried a modest weight of 0.02. 563 
This result reinforces a call plan strategy of detailing two products or less to be effective.  564 

This study also provides a strong evidence of effectiveness of micromarketing strategy in the 565 
pharmaceutical industry where physician-level data is collected robustly and widely available. Moreover, 566 
this study shows that micromarketing strategy strengthens customer relationships by understanding 567 
their needs better, and this is evidenced by over 90% of the responsive physicians identified in 2005 568 
staying responsive in 2014. In fact, the profitability from these responsive physicians is 23% more than the 569 
average physician from the district.  570 

In 2014, however, the total percent of responsive physicians declined to 35% from 47% in 2005. Also, 571 
the detailing duration was reduced by 9%. These findings signal declining detailing effectiveness over the 572 
years even with the best of efforts from the industry, and the need to study the combined impact of both 573 
personal and non-personal promotional activities. 574 

Lastly, the findings demonstrate the importance of management’s commitment in analytics, and the 575 
coaching role the analytics team took on to sustain its growth, leading to analytically mature organization. 576 
Moreover, the firm matured in analytics from building trust with internal partners through the 577 
effectiveness of the feedback loop for monitoring its performance and witnessing quick action to the 578 
field’s requests, and success of the approach leading to enhanced profitability. All the assessed 579 
dimensions in Data Utilization, Technology Utilization, Continuous Process Improvement, Team 580 
Expertise, and Management & Governance have shown improvements, and management and participant 581 
interviews further attest to the significance of investing in analytics driven by the upper management. 582 
Consequently, the benefit of analytics can be fully realized while enhancing the firm’s ability to compete 583 
on analytics.  584 

Some limitations of this research include the determination of responsive and nonresponsive 585 
behaviors is based on one cross-functional team’s best judgment; and the responsiveness is measured 586 
strictly based on the relationship between physician details and the physicians’ respective prescribing 587 
patterns, while omitting the other promotional data due to the data-integrity issue, leaving some 588 
prescribing behaviors unexplained. Also, the data available to us was limited to a district in a northeast 589 
part of the United States, and even though the significant success followed when this approach was 590 
launched nationally, we do not have the hard data to fully understand geographical differences, which is 591 
important in national initiatives.  592 

For future research, the application of the open innovation, where firms fully utilize their own 593 
innovations across different parts of the world where the firms have presence [51], as well as external 594 
knowledge and other innovations to improve results [52,53], can be considered. Moreover, the national 595 
data rather than a district data can provide more insights about the sales operations landscape, improve 596 
overall confidence of this approach, and ultimately study result.  597 
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Abstract 1 

Ever since the open-source movement became prevailed in the software industry, the concept of 2 

open innovation has been changing the paradigm of R&D practices in various industries. Instead 3 

of relying on internal resources confined within the realm of a firm, open innovation advocates 4 

firms’ efforts to use inter/external ideas beyond their internal R&D resources. In the past decade, 5 

many industries have been embracing the idea of “open innovation” for innovating their 6 

technology and products timely and efficiently. The attention of previous open innovation 7 

studies has been mostly focused on R&D. However, the concepts and practices of open 8 

innovation are not limited to the R&D management, but can be expanded to any field in any 9 

industry. Thus, this research is to provide insights of the current and potential applications of 10 

open innovation to the supply chain system, particularly, in the small and medium-sized 11 

enterprises (SMEs). Drawing on a survey collected from SMEs in Korea, we investigate the 12 

current status of open innovation applications at SMEs, measure the degree of open innovation 13 

knowledge, and identify the barriers to implementing open innovation. 14 

 15 

Keywords: 16 

Open innovation – Supply chain system – SMEs  17 

 18 

Introduction 19 

The traditional view of innovation is a process that is confined within the realm of a company. In 20 

the past decade, many industries have been embracing the idea of “open innovation”, which is 21 

defined as “the use of purposive inflows and outflows of knowledge to accelerate internal 22 

innovation and expand the markets for external use of innovation, respectively” (Chesbrough et 23 



 3 

al. 2006). Open innovation allows firms to shorten time to market, increase capacity for 1 

innovation, and mitigate the risk of innovation development (Oke et al. 2013). According to the 2 

IBM Global CEO Study on innovation, 76% of 750 top CEOs worldwide believe that the key to 3 

innovation lies in external collaboration with business partners and customers (Rometty 2007). 4 

Companies such as Dell, Fiat, General Mills, Kimberly-Clark, P&G, and Rolls-Royce regularly 5 

rely on open innovation to access external ideas, technologies, products and processes (Bayus 6 

2013; Huston and Sakkab 2006; Di Minin et al. 2010).  7 

 8 

Open innovation has become a promising management strategy for launching innovative 9 

products, reducing R&D cost and product introduction cycle, and improving product quality. It 10 

has been evolved throughout a supply chain in a company beyond just R&D for product 11 

development innovation.  The process innovation in a supply chain system can greatly affect 12 

supply chain performance from obtaining materials/parts from suppliers, through manufacturing 13 

products, to delivering finished goods/services to customers. The process innovation in the 14 

supply chain encompasses time reduction, quality improvement, cost reduction in materials and 15 

parts, innovative/new manufacturing processes, changes in warehousing processes and supply 16 

chain networks, innovative/new packaging, new logistic routing, and so on. In order to 17 

differentiate products or services, enhance customer satisfaction, or increase supply chain 18 

performance, firms should involve their customers or suppliers in the supply chain processes to 19 

use inflows of knowledge for innovating supply chain processes. For instance, suppliers can be 20 

involved in the R&D process through an early supplier involvement program. Supplier 21 

involvement at the new product development (NPD) process has been well discussed in the open 22 

innovation literature.  23 



 4 

 1 

The attention of previous open innovation studies has been focused on supplier involvement in 2 

procurement and new product development. However, the application of open innovation to the 3 

supply chain also exists in other functions of supply chain. For example, a third-party logistics 4 

for LG Display proposed logistics improvement for the shipment from LG Display factory in 5 

Korea to its customer in Mexico, which helped LG Display reduce delivery cost without 6 

noticeably increasing shipping time. This example of process innovation in transportation mode 7 

change signifies the need for more research on the impact of open innovation on different 8 

perspective of supply chain management. 9 

 10 

Open innovation is not exclusive to large-scale companies such as LG Display. A report by 11 

European Commission (2015) revealed a relatively strong growth in innovative SMEs 12 

collaborating with others and a decline in SMEs innovating in-house between 2007 and 2014. 13 

This clearly indicates that open innovation has gained more attention among practitioners in the 14 

SMEs nowadays. In the United States, small companies (with less than 499 employees) 15 

performed 19% of the nation’s total business R&D in 2011, and their R&D intensity was 5.0%, 16 

compared with 3.0% for all other companies (Wolfe 2013). Therefore, in consideration of the 17 

importance of SMEs for a nation’s economy, a more detailed study on SME’s practices of open 18 

innovation in their supply chain functions is needed to help SMEs implement open innovation 19 

more prevailingly and effectively for their business improvement. 20 

 21 

Hence, this research is to study on the applications of open innovation to supply chain processes 22 

reported in the literature, investigate potential open innovation for various supply chain 23 



 5 

processes besides supplier involvement, and then provide insights of open innovation to improve 1 

the entire supply chain processes. Thus, this research aims to answer the following questions: 2 

− What is the current status and recognition of open innovation in the supply chain of SMEs?  3 

− How willing are executive managers and R&D workforce in SMEs to implement open 4 

innovation to achieve supply chain improvement? 5 

− To what extent can open innovation affect the various supply chain functions of SMEs such as 6 

inventory management, distribution and logistics management, process and production 7 

management, supply chain technology and information management, and cost and revenue 8 

management? 9 

 10 

Literature Review 11 

Open innovation is a new paradigm for the management of innovation that emphasizes the 12 

utilization of external know-how in the innovation process and the exploration of external paths 13 

for commercializing internal innovation (Chesbrough 2012b). Since Chesbrough (2003) 14 

introduced the concept of “open innovation”, it has become a popular business strategy that helps 15 

firms to develop new technology, launch innovative products, reduce R&D cost and product 16 

introduction cycle, and improve product quality (Laursen 2006). With more implementation of 17 

open innovation in various industries, open innovation theory studies (e.g., Chesbrough 2003, 18 

2007; Gassmann and Enkel 2004; Wang et al. 2012; Yun et al. 2016), open innovation case 19 

studies (e.g., Dittrich and Duysters 2007; Chiaroni et al. 2010; Westergren and Holmström 2012; 20 

Han and Cho 2015), and open innovation empirical studies (e.g., van der Meer 2007; Yeniyurt et 21 

al. 2014; Yoon et al. 2016) have increased substantially in the past decade (see reviews by West 22 

and Bogers 2014; Greco et al. 2015; Love and Roper  2015; Zimmermann et al. 2016). 23 
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 1 

Our study is related to two streams of literature on open innovation. One stream explores the 2 

relationship between open innovation and supply chain management. The influence of supply 3 

chain on the innovation process has been well documented. The main facilitators of the 4 

innovation process in a supply chain include, but are not limited to, trust-based relationship, 5 

information sharing mechanism, information systems integration, and technologies compatibility 6 

(Zimmermann et al. 2016). A large number of previous studies have been focusing on the 7 

supplier innovation, in which suppliers are the potential idea providers or innovation initiators 8 

(Brem and Schuster 2012; Van Echtelt et al. 2008). Drawing from resource dependence and 9 

social capital theory as well as survey data from 207 manufacturing firms in Australia, Oke et al. 10 

(2013) found that innovativeness of supply chain partners enhances a focal firm’s innovation 11 

strategy, which in turn improves the firm’s innovation performance. Innovative suppliers not 12 

only can provide focal firms with leading-edge components, materials, and technologies to be 13 

integrated into the production process (Hoetker 2005), but also may offer design suggestions or 14 

assume complete responsibility for the design, engineering and development of new products 15 

(Henke and Zhang 2010). Lau et al. (2010) emphasized that information sharing and product co-16 

development with suppliers has a direct and positive impact on product innovation and 17 

performance, especially in the early stages of design. However, very few researchers studied how 18 

open innovation benefits the supply chain functions of the focal firm, even though there are 19 

many supporting cases such as the LG Display example mentioned before. Thus, we contribute 20 

to this stream of literature by examining to what extent embracing open innovation can improve 21 

various supply chain functions and to what extent SMEs implement open innovation to achieve 22 

better supply chain performance. To that end, we compile a list of open innovation practices 23 



 7 

from previous literature, and categorize them based on various supply chain functions affected 1 

by open innovation (see Table 1). 2 

 3 

Table 1  4 

Cases of supply chain functions influenced by open innovation (OI) 5 

Supply chain functions OI practitioners Literature 

Supplier R&D 

involvement 

P&G 

Loncin 

Huston and Sakkab (2006) 

Manyika et al. (2008) 

Inventory management Anonymous Billington and Davidson (2013) 

Distribution and logistics 

management 

P&G and Clorox 

Kimberly-Clark 

DHL 

GE 

LG 

Chesbrough and Schwartz (2007) 

Sloane (2011) 

Ulrich (2011) 

Chesbrough (2012a) 

This paper 

Process and production 

innovation 

P&G 

GE 

TSMC 

Apple and AT&T 

Volkswagen and Porsche 

Samsung 

Goldcorp 

Chesbrough (2007) 

Chesbrough (2012a) 

Chesbrough (2012b) 

Theyel (2012) 

Theyel (2012) 

Youn et al. (2012) 

Billington and Davidson (2013) 

Supply chain technology 

and information 

management 

Metro AG 

DHL 

Graczewski and Man (2006) 

Ulrich (2011) 

Operations strategy and 

cost management 

IBM 

TopCoder 

TSMC 

Chesbrough (2007) 

Manyika et al. (2008) 

Chesbrough (2012b) 

 6 

Another stream of literature addresses the implementation of open innovation in SMEs (Love 7 

and Roper 2015). Open innovation is critical to many SMEs because of limited financial 8 

resources, little opportunities to recruit specialized workers, and lack of ability of spreading 9 



 8 

innovation-related risks (Van de Vrande et al. 2009). Zeng et al. (2010) conducted surveys with 1 

137 Chinese manufacturing SMEs and posited, based on structural equation modeling, that 2 

customer integration, supplier cooperation and other inter-firm collaboration plays a more 3 

prominent role in SMEs innovation process than horizontal cooperation with research institutions 4 

and government agencies. Inter-firm cooperation, in particular, has significantly greater positive 5 

impact on the innovation performance of SMEs than any other forms of cooperation. Similarly, 6 

adopting an empirical approach of a survey with 517 Korean SMEs and in depth analysis of 241 7 

successful and unsuccessful open innovation projects, Yoon et al. (2016) found that open 8 

innovation benefits SMEs by allowing them to share innovation-related risks, to be more 9 

adaptive to market changes and technological advances, and thus to achieve long-run 10 

sustainability. However, they argued that open innovation in SEMs is hampered by numerous 11 

challenges, such as intellectual property management. Although there are many studies assessing 12 

the impacts of openness of SMEs on R&D and innovation, our paper focuses instead on the role 13 

of open innovation in the supply chain functions of SMEs. In this paper, we make a first attempt 14 

to evaluate the current status and recognition of open innovation in the supply chain of SMEs. 15 

 16 

Supply Chain Systems and Innovations 17 

A supply chain is a complex network of a set of entities, such as suppliers, a manufacturer, 18 

distributors/wholesalers, retailers, and consumers, and its system is involved in the design of new 19 

products, procurement of raw materials, transformation into semi-finished and finished products, 20 

and then delivery to the retailers or end users, as illustrated in Fig. 1. Thus, the supply chain 21 

network operations involve an overwhelming number of interactions and inter-dependencies 22 



 9 

among different entities, processes and resources. Supply chain management is to make the end-1 

to-end process throughout the entire supply chain network to be more efficient and responsive.  2 

 3 

[Insert Fig. 1] 4 

Fig. 1 Functions in a Supply Chain System 5 

 6 

Manufacturing 7 

Manufacturing in the supply chain aims at reducing manufacturing cost and lead time, producing 8 

products on time, and improving production quality by eliminating waste, minimizing cycle time, 9 

reducing inventory, and improving process methods. Aberdeen (2012) reported that 10 

manufacturing business leaders are under increasing pressure on improving product quality, 11 

reducing operational cost, and achieving on-time and complete delivery, as shown in Fig. 2. 12 

O’Regan et al. (2006) found that the most important attributes of innovation in manufacturing 13 

SMEs include “the need to meet technological changes in both processes and products and the 14 

importance of prototype development”. Manufacturing process innovation could improve 15 

production process methods and materials, resulting in reduced manufacturing cost, improved 16 

quality, and reduced cycle time. Inventory management is another important function of supply 17 

chain operations, which will affect supply chain cost and time, customer satisfaction, and 18 

competitiveness in the market. Open innovation in manufacturing processes and inventory 19 

management could accelerate their innovation speed and affordability, especially in the SMEs. 20 

 21 

[Insert Fig. 2] 22 

Fig. 2 Top Manufacturing Operational Pressure Points (Source: Aberdeen 2012) 23 
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 1 

Procurement 2 

The procurement function has recently received considerable attention as firms are constantly 3 

outsourcing their manufacturing operations for parts, semi-finished components, and products 4 

and attempt to increase the effectiveness and the efficiency of the purchasing operations. It 5 

involves the processes of selecting vendors, establishing payment terms and contracts, and 6 

purchasing quality materials, components, and services for company operations at the most 7 

economic order quantities with the best value. During the procurement processes, suppliers 8 

which are external sources are involved in several supply chain operations of supplying materials, 9 

semi-finished components, and fully-assembled products, giving design suggestions to improve 10 

manufacturability and/or cost, developing a specific part or sub-assembly. Innovation of those 11 

supply chain operations with suppliers would affect cost, quality, and production processes of 12 

materials, components, and products. Penka and Schipper (2012) found in their Innovation 13 

Driven Procurement survey that all procurement functions at participating companies were 14 

present in innovation processes with varying degrees of involvement. Thus, Johnsen (2009) 15 

emphasized a need for managing supplier selection processes to create supplier relationships 16 

with high levels of trust and commitment to collaborate in innovation projects at an early stage. 17 

Open innovation in procurement will be beneficial to companies by encouraging their 18 

procurement department and suppliers to be more innovative, especially, at the early stage of 19 

product and process designs. 20 

 21 

Distribution/Logistics 22 
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Supply chain management activities such as transportation, shipping, receiving, and storage are 1 

important functions of the distribution and logistics department. So, logistics department is 2 

engaged in customer service, sourcing and procurement, production planning and scheduling, 3 

warehousing, materials handling, packaging and assembly. These logistics functions can largely 4 

affect the time, cost, and quality of a company’s supply chain system and can be improved and 5 

innovated by having an efficient logistics network with warehouses and distribution centers, 6 

transportation mode and route, logistics software and IT solutions. Like other part of supply 7 

chain functions, logistics has been constantly evolving and innovating by means of liquid natural 8 

gas fuel, virtual reality technology, automated control (e.g., RFID), among others. Pfohl et al. 9 

(2007) analyzed a study conducted by the management consultancy and the European Logistics 10 

Association (ELA) and concluded that innovation in logistics could increase revenues, reduce 11 

throughput time, increase delivery reliability, and reducing logistics and production costs. They 12 

asserted that key success factors for top innovators amongst logistics service providers are the 13 

structured generation of market and technological know-how and the early and ongoing 14 

involvement of their customers.  15 

 16 

Open Innovation Application Cases in the Supply Chain 17 

In this section, we will discuss some open innovation practices besides R&D and product 18 

development that can benefit the supply chain functions. 19 

 20 

Supplier R&D Involvement 21 

Supplier R&D involvement is one of the most studied practices in open innovation. One widely 22 

cited example, as illustrated in Huston and Sakkab (2006), is Procter & Gamble.  23 
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Our top 15 suppliers have an estimated combined R&D staff of 50,000... they represented 1 

a huge potential source of innovation. So we created a secure IT platform that would allow 2 

us to share technology briefs with our suppliers. If we’re trying to find ways to make 3 

detergent perfume last longer after clothes come out of the dryer, for instance, one of our 4 

chemical suppliers may well have the solution… Since creating our supplier network, 5 

we’ve seen a 30% increase in innovation projects jointly staffed with P&G’s and suppliers’ 6 

researchers. In some cases, suppliers’ researchers come to work in our labs, and in others, 7 

we work in theirs—an example of what we call “cocreation,” a type of collaboration that 8 

goes well beyond typical joint development.  9 

Huston and Sakkab (2006) added that open innovation with suppliers improves relationships in 10 

supply chain and exploits each company’s capabilities to a greater extent. 11 

 12 

Inventory Management 13 

Although an ample literature in supply chain management links inventory information sharing 14 

with higher performance in supply chain management, including inventory management (Cachon 15 

and Fisher 2000), few studies are examining the relationship between open innovation and 16 

inventory management. Billington and Davidson (2013) found that one company from the 17 

electrical goods industry in their research sample was attempting to reduce its finished goods 18 

inventory by leveraging open innovation through intermediary network. However, as Billington 19 

and Davidson (2013) pointed out, the amount of tacit knowledge needed to tackle such 20 

intermediate problems through intermediary network is significant. Many companies still take a 21 

conservative attitude toward sharing inventory information with business partners or non-22 

partners to achieve open innovation in inventory management. 23 
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 1 

Distribution and Logistics Management 2 

With more logistics companies providing tailored solution to the specific supply chain needs of 3 

their customers, open innovation in distribution and logistics management has become easier 4 

than ever before. One good example is LG Display. In 2005 and 2006, second- and third-tier 5 

television brands started to enter the market of LED TVs, resulting in a nearly 80 percent plunge 6 

in pricing of LCD TVs, and thus leaving LG Display with no profit in selling LED TVs.  In order 7 

to survive in the competitive market, LG Display had to reduce the shipping cost without 8 

significantly increasing delivery time. Knowing such a need, a logistics partner of LG Display 9 

proposed a logistics improvement for the shipment from LG Display factory in Korea to the 10 

customers in Europe: instead of shipping directly from Korea to Europe by air, LED TVs were 11 

first shipped to US/Mexico by sea and then to Europe by air. The change of transportation mode 12 

thanks to open innovation helped LG Display better balance delivery costs and shipping time. 13 

 14 

Process and Production Innovation 15 

Process innovation has a stronger positive impact on business performance and is less 16 

susceptible to imitation than product innovation, but researchers rarely study process innovation 17 

(Prajogo 2006; Theyel 2012), let alone open innovation in process and production. One example 18 

of achieving process open innovation is the co-development and co-production of Cayenne by 19 

Volkswagen and Porsche (Fear and Knoop 2006; Theyel 2012): 20 

In addition to the cooperative design of this vehicle, both companies (Volkswagen and 21 

Porsche) are involved in joint manufacturing. Volkswagen is involved in the production of 22 

components, drawing on its experience with prior types of models, while Porsche 23 
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assembles the final product, ensuring high standards of design, performance and safety. 1 

This collaborative effort has not only facilitated the use of just-in-time delivery and lean 2 

production techniques, but also has improved the adaptation, flexibility and innovativeness 3 

of production processes for the Cayenne. 4 

 5 

Supply Chain Technology and Information Management 6 

Supply chain technology and information management not only can facilitate the coordination of 7 

different aspects of operations, but also allow companies to delegate innovation process to 8 

innovators outside firm boundaries. Hence, open innovation in supply chain technology and 9 

information management is another most studied subject in open innovation. An interesting 10 

relevant case is the Future Store Initiative (FSI), led by METRO Group, one of the largest 11 

international retailers in the world.  FSI, with an aim to redefine retailing for the 21st century, 12 

develop and test new concepts and technologies for the retail industry (Graczewski and Man 13 

2006): 14 

At the core of the Future Store’s inspiration, design and implementation was a network of 15 

58 partners. Some were multi-billion dollar corporations; others had less than a dozen 16 

employees. They included companies that made everything from weighing scales to 17 

software to cream cheese. All partners shared a commitment to innovation in retailing and 18 

a desire to be recognized as at the very forefront of advances in that market, and they were 19 

willing to invest and commit to an experiment that had never been tried before and with no 20 

guarantee of success or tangible return on investment. There are six types of partners: 21 

RFID, trade technology (partners delivering a technology specific to retail), brands 22 
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(producers of consumer goods), IT technology and services, software and other services. 1 

Partners are suppliers to METRO as well…  2 

The coordination and innovation around supply chain technology and information management 3 

enhances the sharing of expertise and accelerates the implementation of new technology, 4 

allowing business to continuously grow and improve. 5 

 6 

Operations Strategy and Cost Management 7 

While innovation-related cost reduction is one of the key drivers of implementing open 8 

innovation, our focus here is the impact of open innovation on the saving of operations cost. One 9 

example is Taiwan Semiconductor Manufacturing Corporation (TSMC), the world's largest 10 

semiconductor foundry, who manufactures semiconductor chips designed by the clients. TSMC, 11 

powered by its Open Innovation Platform, fabricates the designs onto silicon wafers efficiently, 12 

which saves TSMC’s customers from investing in manufacturing plants (Chesbrough 2012b):  13 

The Open Innovation Platform starts by combining TSMC’s many design and 14 

manufacturing services with those provided by many third-party companies and then 15 

testing these all together. TSMC then certifies to customers of those third-party offerings 16 

that these tools can be used with confidence that the chip will turn out properly the first 17 

time through the process... This avoids very expensive “turns” of the chip design, in which 18 

the chip must be redesigned in order to be manufactured properly in volume. The result is 19 

faster time to market for TSMC’s customers, at a lower cost of design. So TSMC uses open 20 

innovation to manage a complex ecosystem of internal and external design sources, 21 

simplifying the design process for customers by guaranteeing compatibility... 22 

 23 
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A Survey on Open Innovation Applications to the Supply Chain 1 

To better understand the application of open innovation to the supply chain, we collected data 2 

from Korean firms with less than 500 employees in industrial (mainly from electrical, electronic, 3 

chemical manufacturing sectors) and services (mainly from software development firms), 4 

representing technology-intensive and collaboration-prone sectors that are more likely to adopt 5 

open innovation. We conducted the survey in May 2016 and received 76 valid responses, with 6 

71.1% completed by top-level or middle-level managers, 15.8% by low-level managers, and 13.2% 7 

by researchers at different levels. Among the 76 SMEs in our database, 77.6% from industrial 8 

and 22.4% from service (see Fig. 3 for details). 36 firms (47.4%) had less than 50 employees, 28 9 

firms (36.8%) had 50-249 employees, and 12 firms (15.8%) had 250-499 employees. Only 38 10 

firms (50.0%) had applied open innovation in the past three years, among which 28 firms had 11 

little application and 10 firms had moderate application. No firms had intensively applied open 12 

innovation in the last three years. Among the 38 firms that implemented open innovation, one 13 

firm reported no benefits from open innovation while one firm claimed tremendous benefits from 14 

open innovation. The remaining firms believed that they gained either little benefits (39.5%) or 15 

some benefits (55.3%) from open innovation.  16 

 17 

[Insert Fig. 3] 18 

Fig. 3 Survey Sample Profile 19 

 20 

Firms with no open innovation experiences were asked whether they were aware of open 21 

innovation. 60.5% of the firms responded that they were and 39.5% responded that they were not. 22 

Firms with no open innovation experiences in the past three years were asked why they have not 23 
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applied open innovation whereas firms with open innovation experiences were asked what 1 

difficulties they confronted with when applying open innovation, with options (adapted from 2 

Yoon et al. 2016) shown in Fig. 4. Uncertainty in partner capability and reliability, additional 3 

time and cost for applying open innovation, and difficulties in communication regarding 4 

technology were the greatest difficulties that SMEs are facing. The top three factors that 5 

prevented firms from implementing open innovation were uncertainty in partner capability and 6 

reliability, operations policies and organizational cultures, and lacking information regarding 7 

open innovation technology or partners. Interestingly, on one hand, risks associated with open 8 

innovation (e.g., intellectual property and other legal issues) were common barriers towards open 9 

innovation initiatives but were not reported as the major obstacles during the implementation of 10 

open innovation. On the other hand, communication difficulties, either concerning technology or 11 

originated from geographical distance and language, seemed to complicate the implementation of 12 

open innovation but were not the main concern when firms decide whether or not to adopt open 13 

innovation. 14 

 15 

[Insert Fig. 4] 16 

Fig. 4 Open Innovation Implementation: Concerns and Difficulties 17 

 18 

Finally, firms that had experience with open innovation were asked to specify the areas of open 19 

innovation practices (supplier management, inventory management, distribution/logistics 20 

management, manufacturing management, information technology management, R&D, and/or 21 

product development). Not surprisingly, as illustrated in Fig. 5, R&D and product development 22 

are the areas most influenced by open innovation. Among all areas, various supply chain 23 

functions are least likely to be the target for improvement through open innovation. Nevertheless, 24 



 18 

firms that had experience of improving supply chain functions by open innovation evaluated 1 

such practice to be either very successful (40%) or somewhat successful (60%). Furthermore, 2 

when asked to select the potential areas for open innovation application, respondents (whether or 3 

not they have implemented open innovation in the past three years) are more optimistic about 4 

achieving successful open innovation in supply chain system, especially in information 5 

technology management and manufacturing management.  6 

 7 

[Insert Fig. 5] 8 

Fig. 5 Open Innovation in Supply Chain System: Experience and Perceived Areas of 9 

Implementation 10 

 11 

Conclusion 12 

Open innovation offers a management paradigm in which a firm can benefit from collaborative 13 

activities with external entities to achieve sustainable innovation. Yet, it is unclear the current 14 

status and recognition of open innovation in the supply chain of SMEs, and it is likewise unclear 15 

how open innovation can affect the various supply chain functions of SMEs. In that spirit, this 16 

study investigated the factors associated with the concerns and difficulties of implementing open 17 

innovation, and explored the functions of supply chain systems that can be enhanced by open 18 

innovation in SMEs. To that end, we first examined the business cases from existing literature in 19 

open innovation. The case studies revealed that, despite the lack of a relevant systematic study, 20 

the application of open innovation on supply chain system to the improvement of open 21 

innovation has been observed and reported across a wide range of industries. To further validate 22 

our findings, we collected data from 76 Korean SMEs in both industrial and service sectors. The 23 
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survey suggested a relatively high level of awareness towards open innovation in SMEs but a 1 

relatively low level of implementation of open innovation. We also found that communication 2 

was considered as one of the main difficulties during the implementation of open innovation but 3 

was not the major concern when deciding whether or not to adopt open innovation. Risks 4 

associated with open innovation, however, were common barriers towards open innovation 5 

initiatives but were not reported as the major obstacles during the implementation of open 6 

innovation. In terms of areas of open innovation practices, a supply chain function (e.g., 7 

inventory management, distribution/logistics management, manufacturing management, 8 

information technology management) is less likely to be the target for improvement by open 9 

innovation than R&D or product development. Nonetheless, in general, more respondents 10 

believe that supply chain functions are potential areas for open innovation application. 11 

 12 

This study contributed to the literature on open innovation by examining to what extent 13 

embracing open innovation can improve various supply chain functions and to what extent SMEs 14 

implement open innovation to achieve better supply chain performance. To the best of our 15 

knowledge, it is the first attempt to evaluate the current status and recognition of open innovation 16 

in the supply chain of SMEs. We contribute to a better understanding of open innovation 17 

practices by recognizing that supply chain functions such as inventory management, 18 

distribution/logistics management, manufacturing management, information technology can 19 

benefit from open innovation within SMEs.  20 

 21 

In closing, this research is subject to a few limitations. First, the survey respondents were 22 

restricted to several industry sectors and, therefore, cannot be easily generalized to other sectors, 23 
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especially to services. Also, the small sample size may affect the research findings. More 1 

analysis in other countries and industry sectors can further help validate this study. Second, we 2 

addressed the research questions by studying literature cases and conducting a survey. Interviews 3 

with managers and researchers at different levels could provide more meaningful implications 4 

regarding the practices of open innovation in supply chain system. Thirdly, this is the first 5 

attempt to evaluate the influence of open innovation on the supply chain functions and we 6 

limited our scope of investigation to SMEs. Thus, studying the large-scale enterprises can be an 7 

immediate extension. Fourth, in this study, firms were asked about their experience in 8 

implementing open innovation to improve supply chain functions of inventory management, 9 

distribution/logistics management, manufacturing management, information technology. 10 

Although these supply chain functions were the focus of this research, it would also be 11 

interesting to examine whether other supply chain functions can benefit from open innovation in 12 

a future study. 13 

 14 

Reference 15 

 16 

Aberdeen (2012). Manufacturing Readiness and New Product Introduction. Technical Report. 17 

 18 

Bayus, B. L. (2013). Crowdsourcing new product ideas over time: An analysis of the Dell 19 

IdeaStorm community. Management Science, 59(1), 226–244.  20 

 21 

Billington, C., & Davidson, R. (2013). Leveraging open innovation using intermediary networks. 22 

Production and Operations Management, 22(6), 1464-1477. 23 

 24 

Brem, A., & Schuster, G. (2012). Open Innovation and the Integration of Suppliers—Literature 25 

Review and Discussion on Supplier Innovation. Perspectives on Supplier Innovation: Theories, 26 

Concepts and Empirical Insights on Open Innovation and the Integration of Suppliers, 18, 67-94.  27 



 21 

 1 

Cachon, G. P., & Fisher, M. (2000). Supply chain inventory management and the value of shared 2 

information. Management Science, 46(8), 1032-1048. 3 

 4 

Chesbrough, H.W. (2003). Open innovation: the new imperative for creating and profiting from 5 

technology. Cambridge: Harvard Business School Press. 6 

 7 

Chesbrough, H., Vanhaverbeke, W., West, J. (Eds.). (2006). Open innovation: Researching a new 8 

paradigm. Oxford: Oxford University Press.  9 

 10 

Chesbrough, H.W. (2007). Why companies should have open business models. MIT Sloan 11 

Management Review, 48(2), 22-28. 12 

 13 

Chesbrough, H., & Schwartz, K. (2007). Innovating business models with co-development 14 

partnerships. Research-Technology Management, 50(1), 55-59. 15 

 16 

Chesbrough, H. (2012a). GE's ecomagination challenge. California Management Review, 54(3), 17 

140-154. 18 

 19 

Chesbrough, H. (2012b). Open innovation: Where we've been and where we're going. Research-20 

Technology Management, 55(4), 20-27. 21 

 22 

Chiaroni, D., Chiesa, V., Frattini, F. (2009). Investigating the adoption of open innovation in the 23 

biopharmaceutical industry: a framework and an empirical analysis. European Journal of 24 

Innovation Management, 12(3), 285-305. 25 

 26 

Di Minin, A., Frattini, F., Piccaluga, A. (2010). Fiat: open innovation in a downturn (1993–27 

2003). California Management Review, 52(3), 132-159. 28 

 29 

Dittrich, K., & Duysters, G. (2007). Networking as a means to strategy change: the case of open 30 

innovation in mobile telephony. Journal of Product Innovation Management, 24(6), 510-521. 31 

 32 



 22 

European Commission (2015). European innovation scoreboard 2015. Brussels: European 1 

Commission. 2 

 3 

Fear, J., & Knoop, C. (2006). Dr. Ing. h.c. F. Porsche AG (B): Made in Germany. Harvard 4 

Business School Case 9-706-019. Cambridge, MA: Harvard Business School. 5 

 6 

Graczewski, T., & Man, D. A. (2006). Partnering for the future: the case of the METRO group 7 

future store initiative. Technical Report. 8 

 9 

Greco, M., Grimaldi, M., Cricelli, L. (2015). Open innovation actions and innovation 10 

performance: A literature review of European empirical evidence. European Journal of 11 

Innovation Management, 18(2), 150-171. 12 

 13 

Han, J., & Cho, O. (2015). Platform business Eco-model evolution: case study on KakaoTalk in 14 

Korea. Journal of Open Innovation: Technology, Market, and Complexity, 1(1), 1-14. 15 

 16 

Henke, J. W., & Zhang, C. (2010). Increasing supplier-driven innovation. MIT Sloan 17 

Management Review, 51(2), 41-46. 18 

 19 

Hoetker, G. (2005). How much you know versus how well I know you: selecting a supplier for a 20 

technically innovative component. Strategic Management Journal, 26(1), 75-96. 21 

 22 

Huston, L., & Sakkab, N. (2006). Connect and develop. Harvard Business Review, 84(3), 58-66. 23 

 24 

Johnsen, T.E. (2009). Supplier involvement in new product development and innovation: Taking 25 

stock and looking to the future. Journal of Purchasing and Supply Management, 15(3), 187–197. 26 

 27 

Lau, A. K., Tang, E., Yam, R. (2010). Effects of supplier and customer integration on product 28 

innovation and performance: Empirical evidence in Hong Kong manufacturers. Journal of 29 

Product Innovation Management, 27(5), 761-777. 30 

 31 



 23 

Laursen, K., & Salter, A. (2006). Open for innovation: the role of openness in explaining 1 

innovation performance among UK manufacturing firms. Strategic Management Journal, 27(2), 2 

131-150. 3 

 4 

Love, J. H., & Roper, S. (2015). SME innovation, exporting and growth: A review of existing 5 

evidence. International Small Business Journal, 33(1), 28-48. 6 

 7 

Manyika, J. M., Roberts, R. P., Sprague, K. L. (2008). Eight business technology trends to watch. 8 

McKinsey Quarterly, 1, 60. 9 

 10 

O'Regan, N., Ghobadian, A., Gallear, D. (2006). In search of the drivers of high growth in 11 

manufacturing SMEs. Technovation, 26(1), 30-41.  12 

 13 

Oke, A., Prajogo, D. I., Jayaram, J. (2013). Strengthening the innovation chain: The role of 14 

internal innovation climate and strategic relationships with supply chain partners. Journal of 15 

Supply Chain Management, 49(4), 43-58. 16 

 17 

Penka, A., & Schipper, K. (2012). Innovation in Procurement – A New Era of Innovation in 18 

Procurement Process. Capgemini Consulting 19 

 20 

Pfohl, H. C., Lippautz, S., Frunzke, H., Achtert, M. (2007). Innovation Excellence in Logistics–21 

Value Creation by Innovation. Brussels: ELA European Logistics Association/Arthur D. Little. 22 

 23 

Prajogo, D. I. (2006). The relationship between innovation and business performance—a 24 

comparative study between manufacturing and service firms. Knowledge and process 25 

management, 13(3), 218-225. 26 

 27 

Rometty, G. (2007). Collaboration: It’s key to innovation. Leadership Excellence Essentials, 28 

24(2), 3-4. 29 

 30 

Sloane, P. (2011). The brave new world of open innovation. Strategic Direction, 27(5), 3-4. 31 



 24 

 1 

Theyel, N. (2012). Extending open innovation throughout the value chain by small and medium-2 

sized manufacturers. International Small Business Journal, 31(3) 256–274. 3 

 4 

Ulrich, K. (2011). DHL Open Innovation: Program for the Development, Deployment and 5 

Promotion of Innovative Solutions in Logistics. In Strategies and Communications for 6 

Innovations, 305-317. Heidelberg: Springer Berlin. 7 

 8 

Van der Meer, H. (2007). Open innovation-the Dutch treat: challenges in thinking in business 9 

models. Creativity and Innovation Management, 16(2), 192-202. 10 

 11 

Van de Vrande, V., De Jong, J. P., Vanhaverbeke, W., De Rochemont, M. (2009). Open 12 

innovation in SMEs: Trends, motives and management challenges. Technovation, 29(6), 423-13 

437. 14 

 15 

Van Echtelt, F. E., Wynstra, F., Van Weele, A. J., Duysters, G. (2008). Managing Supplier 16 

Involvement in New Product Development: A Multiple‐Case Study. Journal of Product 17 

Innovation Management, 25(2), 180-201. 18 

 19 

Wang, Y., Vanhaverbeke, W., Roijakkers, N. (2012). Exploring the impact of open innovation on 20 

national systems of innovation - A theoretical analysis. Technological Forecasting and Social 21 

Change, 79(3), 419-428. 22 

 23 

West, J., & Bogers, M. (2014). Leveraging external sources of innovation: a review of research 24 

on open innovation. Journal of Product Innovation Management, 31(4), 814-831. 25 

 26 

Westergren, U. H., & Holmström, J. (2012). Exploring preconditions for open innovation: Value 27 

networks in industrial firms. Information and Organization, 22(4), 209-226. 28 

 29 

Wolfe, R. M. 2013. Business R&D Performance in the United States Increased in 2011. 30 

Arlington,VA: National Science Foundation, 13-335. 31 



 25 

 1 

Yeniyurt, S., Henke Jr, J. W., Yalcinkaya, G. (2014). A longitudinal analysis of supplier 2 

involvement in buyers’ new product development: working relations, inter-dependence, co-3 

innovation, and performance outcomes. Journal of the Academy of Marketing Science, 42(3), 4 

291-308. 5 

 6 

Yoon, B., Shin, J., Lee, S. (2016). Open Innovation Projects in SMEs as an Engine for 7 

Sustainable Growth. Sustainability, 8(2), 146. 8 

 9 

Youn, S., Yang, M. G., Jungbae Roh, J. (2012). Extending the efficient and responsive supply 10 

chains framework to the green context. Benchmarking: An International Journal, 19(4/5), 463-11 

480. 12 

 13 

Yun, J. J., Won, D., Park, K. (2016). Dynamics from open innovation to evolutionary change. 14 

Journal of Open Innovation: Technology, Market, and Complexity, 2(1), 1-22. 15 

 16 

Zeng, S. X., Xie, X. M., Tam, C. M. (2010). Relationship between cooperation networks and 17 

innovation performance of SMEs. Technovation, 30(3), 181-194. 18 

 19 

Zimmermann, R., Ferreira, L. M. D. F., Moreira, A. C. (2016). The influence of supply chain on 20 

the innovation process: A systematic literature review. Supply Chain Management: An 21 

International Journal, 21(3), 289-304. 22 

  23 



 26 

 1 

Fig. 1 Functions in a Supply Chain System  2 

 3 

 4 

Fig. 2 Top Manufacturing Operational Pressure Points (Source: Aberdeen 2012) 5 

 6 

 7 

 8 

Fig. 3 Survey Sample Profile 9 



 27 

 1 

 2 

Fig. 4 Open Innovation Implementation: Concerns and Difficulties 3 

 4 

 5 

Fig. 5 Open Innovation in Supply Chain System: Experience and Perceived Areas of 6 

Implementation 7 



An effects analysis on coordinative strategies between 

manufacturer and collection firm in reverse supply chain 

 
 

Sung Wook Yoon (First author) 
Ph.d candidate, Kwangwoon University, Republic of Korea 

Email: giantguard@naver.com 
 
 

Sukjae Jeong (Corr.) 
Professor, Kwangwoon University, Republic of Korea 

Email: sjjeong@kw.ac.kr 
 
 
 
 
 

1. Introduction 

A participant in supply chain have tried to generate firm’s value by cooperation with other participants 

within the same chain. Recently, as increasing the needs for activity to return used products from 

consumer due to the environmental regulation, Firms’ interests for design and implementation of 

reverse supply chain have slightly been growth. 

Reverse supply chain focuses on collecting products from customers and reusing them to generate 

value. This loop consists of a traditional forward supply chain, with products sold via retailers, and a 

reverse supply chain, with used products returned via reverse channels. 

The value that reverse supply chains bring is threefold: First, the manufacturer uses the returned 

products in a remanufacturing process. Second, customer participation in the product return enables 

partners in the supply chain to sell to participating customers. Third, for auxiliary and consumable 

products dependent on another device, such as printer ink on printers, the manufacturer can 

encourage customers to buy new products rather than refurbish or refill used ones when the reverse 

supply chain is employed. 

Because collecting used products to remanufacture for resale is increasingly important for corporate 

profits, many companies are now engaged in this process with their customers. Manufacturers in 

particular are considering various cooperative strategies such as working with supply chain partners, 

including retailers and third party logistics (3PL) companies, to increase their used product collection 

rate.  

mailto:giantguard@naver.com
mailto:sjjeong@kw.ac.kr


Generally, various cooperation strategies with partners was done by contraction method such as 

benefit-sharing, sharing of burden of expense in supply chain environment.  

This paper review a few contract option available with manufacturer and collection firm to collect a 

higher return rate of used products from consumer. When comparing of decentralized model (No 

sharing of benefit or cost with supply chain partners), the effects of coordinative options will be tested 

in perspective of individual by participant or total supply chain profits by using simulation approach.  

Finally, the optimal type of contract and its implementation method was recommended in this study.  

 
 

2. Literature review 
 
 
Numerous contract forms have been studied, such as buy-back, quantity-flexibility, revenue-sharing, 

price-discount, sales-rebate, and quantity-discount. Most of them focused on general supply chain 

model with a two-stage supplier and retailer. However, a few that deal with the effects on contracts 

with participants in reverse supply chain model have been studied, to our knowledge. Thus, our 

literature review include reverse supply as well as general supply chain to recognize the types of 

contracts model and their distinct implementation.   

Gerchak and Wang (2004) reviewed two difference types of contracts between retailer and suppliers. 

One scheme is a vender management inventory with revenue sharing, and the other is a wholesale-

price driven contracts. They explored the resulting components' delivery quantities equilibrium in this 

decentralized supply chain and its implications for participants' and total expected profits. Through 

experiment, they indicate revenue sharing should be a best option to supplier to maximize its own 

profits.  

Cachon and Lariviere (2005) studied the revenue-sharing contracts in a general supply chain model 

with revenues determined by each retailer's purchase quantity and price. Their recommend is that 

revenue sharing coordinates a supply chain with a single retailer (i.e., the retailer chooses optimal 

price and quantity) and arbitrarily allocates the supply chain's profit. Through comparing among 

alternative revenue sharing options that include a buy-back contracts, price-discount contracts, 

quantity-flexibility contracts, sales-rebate contracts, franchise contracts, and quantity discounts, they 

demonstrated revenue sharing is equivalent to buybacks in the newsvendor case and equivalent to 

price discounts in the price-setting newsvendor case. 



Wang et al. (2009) investigated how the behavior of participant’s decision making affects the 

performance of supply chain under a two-stage supplier-retailer model. Under buy back, they 

experimented for finding the particular viewpoints in both of when retailer is as leader and supplier as 

leader. The results showed the case that suppler is as leader can be dominated than the other in 

maximizing total system profits under same experimental conditions 

Arshinder et al. (2009a) presents an evaluation of wholesale price, buy back, and quantity flexibility in 

relation to the decentralized case and in terms of performance measures improvement under three-

level supply chains with a single supplier, assembler, and retailer.  

Kannan et al. (2012) investigates a series on contracts applied on the two echelon supply chain and 

indicates that revenue-sharing contracts offer the highest profit margins for the manufacturer. 

 
 

3. Research model 
 

 

3.1 Model procedure 

Our research model greatly have 4 steps. The detailed explanation of each steps is following; 

Step 1. System dynamics model design and estimation of expected profits of base case 

scenario 

We firstly design the reverse supply chain model with a two partners; manufacturer and collection firm 

by using system dynamics simulation technique. We then, experiment to estimate the individual profits 

of each of manufacturer and collection in decentralized supply chain. Here, the decentralized scheme 

means that there is no cooperative contracts between manufacture and collection frim. The profit 

results under decentralization is used as allowance maximum value when any contracts with 

manufacturer and collection frim are planned.  

Step 2. Determination of allowance maximum level of each cooperative contracts 

In step 2, we design three cooperative strategies with manufacturer and collection firm; 1) revenue-

sharing of manufacture to collection firm, 2) manufacturer’s incentive-offering to collection frim 

(manufacturer’s additional payment to collection to facilitate return activity of collection frim, 

separately with base return fee), and 3) manufacturer’s sharing to transportation cost paid by 



collection firm.  

By such contracts, we determine the allowance maximum level proposed by manufacturer to 

collection frim. Because manufacture expect to increase the its own profits through the cooperation 

(contract) with collection firm, the allowance maximum level of each cooperative contract will be over 

than manufacture’s expected profit in decentralized model.  

Step 3. Selection of the optimal contract and its allowance maximum level 

A manufacturer recommend collection frim three contracts available and their allowance maximum 

level that will be offered to collection frim. Collection frim then, simulates its own profit effects when 

applying three contracts and finally determine the best that the highest profit is expected, among 

contracts.  

Step 4. The partial adjustment of optimal contract through agreement between manufacturer 

and collection firm  

After final decision of collection frim, the detailed of best contract will be shared with manufacturer and 

collection firm. In cooperative supply chain, it is more important to maximize total profits than 

individual profit of each. Thus, we assume that contract will be partial adjusted through the process of 

agreement between manufacturer and collection firm. In this study, we consider the basic return fee 

as adjustment factor. From the base return fee, we experiment the change of total profits by smooth 

decrement of the value of base return fee. We finally select the discounted best return fee within the 

selected contract and its allowance maximum level. We name this the optimal contract with 

manufacturer and collection in reverse supply chain.  



 

Figure 1. Contract procedures between manufacturer and collection firm 

3.2 A framework of reverse supply chain model 

This study considered two echelon closed loop supply chain consisting of manufacturer and retailer in 

print cartridge industry. Fig. 2 shows our model structure and flow of cash and material between 

Manufacturer and retailer. 

We assumed that consumers return their used cartridges or refill used cartridges in the collection firm. 

Generally, refilling used cartridges is less expensive rather than buy new ones. If consumers decide to 

return used cartridge to the collection firm, collection firm would offer sufficient reward to these 

customers. Once inventory of the collection firm has reached to a certain quantity, cartridges are 

transported to the manufacturer. Retailer pay transportation cost for movement of collected cartridges 

to manufacturer. When used cartridges are arrived, manufacturer should pay a unit recycling fee to 

collection firm for used cartridges. All used cartridges go through a sorting process, and based on 

their conditions, they will be either remanufactured or considered for recycling of their material 

contents and be resold them to customers. In this paper, for the simplicity, we assume that a retailer is 

not responsible for reselling of the remanufactured cartridges. 

 



 

Figure 2. The flow of reverse supply chain in print cartridge industry 

To calculate manufacturer and collecting firm’s profit in decentralized reverse supply chain, we need 

to subtract the sum of their costs from their revenue. As represented in the Fig.3, the collecting firm’s 

cost is comprised of inventory cost, reward paid to customer for used cartridge and transportation cost. 

The collecting firm’s revenue is the recycling fee from manufacturer for used cartridge. The 

manufacturer’s cost includes inventory costs, remanufacturing process cost and recycling fee paid to 

the retailer. The manufacturer’s revenue is sales profit through remanufactured cartridge reselling. 

Manufacturer and collection firm are managed for their own benefit under the decentralized reverse 

supply chain. However, manufacturer would try to collect more used cartridges for improving their 

profit because remanufactured product can reduce manufacturing cost of raw material. Manufacturer 

would achieve the purpose in collaborate with collecting firm.  

 



 

Figure 3. Profit structure of manufacturer and collecting firm under the decentralized 

 

3.3 Simulation model 

Our reverse supply chain model is created by using system dynamics model as presented in Fig.4. 

and this model is expanded to analyze coordination strategy in closed-loop supply chain. Data of a 

major manufacturer of printers and printer cartridges in Table 1 is used to support the analysis. 

 

 

Table 1. Simulation basic data 

Partner Variable Value Dimension 

Collection firm 

Unit Inventory Cost 0.05 $/Unit 

Unit delivery Transportation Cost 300 $/Unit 

Unit Collection Transportation Cost 6 $/Unit 

Retailer price of new cartridge 11 $/Unit 

Unit Refilling price by competition 6 $/Unit 

Transportation Batch size for Retailer's delivery to manufacturer 1000 Unit 

Manufacturer 

Unit cost of Refurbishing 0.05 $/Unit 

Unit inventory cost 0.05 $/Unit 

Recycler's Purchasing price 9 $/Unit 



Unit recycling fee 4 $/unit 

 

 

Figure 4. Simulation model of decentralized reverse supply chain 

Customer’s return attractiveness
1)

 based on refilling price, new cartridge price and collection firm’s 

incentive is most important mechanism in our model. We assumed that refilling price and new 

cartridge price are fixed but, collection firm’s incentive have variation in this study. 

Collection firm’s incentive is determined as follow. If collection firm’s unit profit is less than zero, 

collection firm does not offer incentive to customer. Otherwise, we assumed that the maximum 

incentive that collection firm can offer to the customer defines as new cartridge price minus refilling 

price. Therefore, if collection firm’s unit profit is less than maximum incentive, the collection firm offers 

certain of their revenue to customer. Also, we consider that if the collection firm’s unit profit is more 

                                           

1) Mafakheri, F., & Nasiri, F. (2013). Revenue sharing coordination in reverse logistics. Journal of 

Cleaner Production, 59, 185-196. 
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than maximum incentive, they have enough capacity to offer maximum incentive to customer. 

Therefore, customer return attractiveness would be 100 % if collection firm offers maximum incentive 

to them. Otherwise, it will be the proportion that collection firm’s incentive is divided into maximum 

incentive. 

 

 

Figure 5. Mechanism of customer return attractiveness 

4. Cooperative contacts considered in this study 
 
 
We consider tree coordination strategies that manufacturer can offer to collection firm. First, 

manufacturer could support the cost of collection firm such as incentive to customer and 

transportation cost. Second, manufacturer share a part of its revenue to encourage collection activity 

of collection firm. Fig. 6 shows our coordinative strategies and represent the share rate as a, b, c 

respectively.  

 



 

Figure 6. Coordination strategies in our study 

 

Profit structure that can change through coordinative strategies is presented by figure 6. In the strategy 

1, the manufacturer shares retailer’s incentive cost to customer as a%. While a% of incentive cost is 

added to manufacturer’s cost, retailer’s cost is reduced by one minus a% of incentive cost. The strategy 

2 is that manufacturer shares his revenue as b% to retailer. The b% of manufacturer’s sales revenue is 

considered as manufacture’s cost. And that much is added to retailer’s revenue. In the strategy 3, the 

manufacturer shares retailer’s transportation cost as c%. The c% of transportation cost is added to 

manufacturer’s cost and retailer’s cost is reduced by one minus c% of transportation cost. 

Our goal is to propose coordinative contracts mechanism between manufacturer and collection firm and 

to know proper share rate of each strategy by changing a scope of sharing rate. 

 



 

Figure 7. Change of profit structure by coordination strategies 

Fig. 8 shows a causal loop diagram of our reverse supply chain model. This diagram shows influencing 

relationship between variables in our model. Generally, a causal loop diagram is consisted of two 

feedback loop, one is reinforce feedback loop as represented shape of plus and the other is negative 

feedback loop. Our diagram has three negative feedback loops and two reinforce loops. 

Each coordination strategy influences feedback loops. If incentive sharing strategy is conducted, this 

strategy will influence to all feed loops. If revenue sharing strategy is considered, this strategy will 

influence to number fours reinforce feed loop. If transportation cost sharing strategy is considered, this 

strategy will influence to number five negative feed loop. 



 

Figure 8. Causal loop diagram of the our study 

 
 

5. Experiment design and results 
 
 
Table 2 shows the results of step 1. In step 1, we found the individual profits of each of manufacture and 

collection firm under decentralized reverse supply chain model. The profit of manufacturer and return 

rate was $1,126,350 and 168,800.  

 
Table 2. Profit estimation under the decentralized reverse supply chain in step 1 

Decentralized Reverse Supply Chain 

Collection firm profit ($) Manufacturer profit ($) Total supply chain profit ($) Return rate (Unit) 

68,393 1,126,350 1,194,743 168,800 

 

Table 3 demonstrates the detailed procedure of step 2. In step 2, when applying each of three contracts, 

the profits effects are experimented. In case of incentive sharing, the acceptable range of manufacturer 

was to 15%. This means that even if manufacturer share until 15% of incentive paid by collection firm to 

customer, manufacture can expect a higher profits over those of decentralized reverse supply chain (No 

incentive sharing).  



Table 3. Profit estimation of coordinative strategy 1 (Incentive sharing) 

Coordinative Reverse Supply Chain (Incentive sharing) 

Incentive 
Sharing Rate 

Collection firm profit ($) Manufacturer profit ($) 
Total supply chain 

profit ($) 
Return rate (Unit) 

0% 68,393 1,126,350 1,194,743 168,800  

5% 70,907 1,145,300 1,216,207 175,700  

10% 77,109 1,147,952 1,225,061 182,500  

15% 86,414 1,155,750 1,242,164 189,400  

20% 99,088 1,157,448 1,256,536 196,300  

25% 116,349 1,141,808 1,258,157 203,100  

30% 136,435 1,136,090 1,272,525 209,600  

40% 192,858 1,080,581 1,273,439 223,500  

60% 353,764 832,185 1,185,949 234,200  

80% 568,686 468,092 1,036,777 235,000  

100% 843,350 40,836 884,186 235,000  

 

In same way, experiments for two other contracts was also conducted. In case of revenue sharing, the 

allowance maximum level of manufacturer was to 30%. This means although manufacturer share until 

30% of its own profit to collection firm, manufacturer is able to get the higher profit over $1,126, 350, its 

own profit in decentralized reverse supply chain.  

 
Table 4. Profit estimation of coordinative strategy 2 (Revenue sharing) 

Coordinative Reverse Supply Chain (Revenue sharing) 

Revenue Sharing 
Rate 

Collection firm 
profit ($) 

Manufacturer profit 
($) 

Total supply chain 
profit ($) 

Return rate (Unit) 

0% 68,393 1,126,350 1,194,743 168,800 

3% 79,784 1,150,740 1,230,524 180,800 

5% 88,467 1,152,200 1,240,667 188,600 

7% 97,468 1,160,760 1,258,228 196,400 

10% 109,826 1,157,150 1,266,976 208,300 

13% 125,956 1,155,800 1,281,756 220,000 

15% 137,348 1,145,250 1,282,598 227,300 

17% 169,685 1,111,500 1,281,185 230,600 

20% 238,497 1,051,350 1,289,847 233,000 
 

In case of manufacturer’s support for transportation cost paid by collection firm, manufacturer’s 

allowance maximum level was all of costs. Even if manufacture support all of transportation cost to 

collection firm, he can expect $71,850 (1,198,200 – 1,126,350) over decentralized case. 

 

Table 5. Profit estimation of coordinative strategy 3 (Transportation cost sharing) 

Coordinative Reverse Supply Chain (Transportation cost sharing) 

Transportation cost 
Sharing Rate 

Collection firm 
profit ($) 

Manufacturer profit ($) 
Total supply chain 

profit ($) 
Return rate (Unit) 

0% 68,393 1,126,350 1,194,743 168,800 

20% 72,350 1,127,892 1,200,242 171,100 

40% 72,304 1,137,444 1,209,748 173,500 

60% 72,990 1,162,050 1,235,040 175,800 

80% 76,396 1,175,856 1,252,252 178,200 

100% 77,868 1,198,200 1,276,068 180,300 

Table 6. Scope of sharing rate of coordination strategies 



Coordinative Reverse Supply Chain strategies 

Incentive Sharing Rate Revenue Sharing Rate Transportation cost sharing rate 

0 % ~  30 % 0 % ~ 15 % 0 % ~ 100 % 
 

In step 3, collection firm will select the best that is highest of its own profits among above three contracts 

and its allowance maximum level proposed by manufacturer (see Table 7). From the results of 

experiment of step 3, the best contract was found that manufacturer share 15% of his revenue to 

collection firm. In this case, the individual profits of manufacturer and collection firm was $ 1,145, 250 

and $ 137, 348, respectively and return rate also was 227,300. 

 

Table 7. Optimal sharing rate of coordination strategies based on collecting firm profit 

Coordinative Reverse Supply Chain 

Strategies Optimal Rate 
Collecting Firm 

Profit ($) 
Manufacturer 

Profit ($) 
Total Supply 

Chain Profit ($) 
Return Rate 

(Unit) 

Incentive 
Sharing Rate 

30 % 136,435  1,136,090  1,272,525  209,600  

Revenue 
Sharing Rate 

15 % 137,348  1,145,250  1,282,598  227,300  

Transportation 
cost sharing rate 

100 % 77,868  1,198,200  1,276,068  180,300  

 
 
Table 8 figures out the results of step 4 procedure. In step 4, it is explained that the partial adjustment of 

15% revenue sharing under the agreement of two participants. As mentioned in explanation of research 

model, we considered base return fee as adjusting factor. As doing the smooth decrement of best return 

fee paid by manufacturer to collection, we captured the change of the total profit (manufacturer profits, 

plus collection firm profit). From the results of experiment, we finally demonstrate that the point of 

maximizing total profits was to retain the existing value of base return fee.  

 
Table 8. The partial adjustment of 15% revenue sharing under the agreement of two participants 

Manufacturer's Revenue Sharing Rate (15%) 

Adjustment rate 
Collecting Firm Profit 

($) 
Manufacturer Profit 

($) 
Total Supply 

Chain Profit ($) 
Return Rate 

(Unit) 

0% 137,348  1,145,250  1,282,598  227,300  

1% 133,089  1,149,040  1,282,129  226,300  

2% 127,598  1,147,420  1,275,018  224,900  

3% 128,412  1,151,010  1,279,422  223,400  

4% 126,618  1,149,110  1,275,728  221,700  

5% 126,593  1,152,500  1,279,093  220,300  

6% 123,124  1,150,320  1,273,444  218,800  

7% 124,031  1,153,510  1,277,541  217,300  

8% 121,596  1,160,350  1,281,946  215,800  

9% 120,791  1,154,040  1,274,831  214,300  

10% 118,958  1,160,600  1,279,558  212,800  

 
  



6. Conclusions 
 
 
In this paper, we propose the detailed contracting procedure between manufacturer and collection 

firm under cooperative reverse supply chain. For that, we first reviewed three contracting methods; (1) 

manufacturer’s revenue sharing, (2) manufacturer’s incentive support that collection firm pay to 

customer, (3) manufacturer’s support of transportation cost paid by collection firm.  

We first tested whether cooperation has a positive performance effects that decentralized 

environment by comparing the gap of profits in two case. From the results, to contract between two 

partners is superior to none between those. Also, in process of contracting between two partners, we 

finally found the best contract and its allowance maximum level. Above three contact methods, we 

demonstrate the best is revenue-sharing that manufacturer share 15% of his profit to collection frim in 

viewpoints of maximizing total profits.  

Our future research is follows; through the expansion of the current model, we additionally consider 

penalty costs from collection firm. In current study, we assumed that collection firm always can meet 

manufacturer’s expected profits after contracting with two partners. However, the sharing of revenue 

or cost support from manufacturer can be just possible that manufacturer achieve his expected profits 

through the increment of number of used cartridge returned by collection firm. Thus, if collection frim 

doesn’t keep the promise of contract, manufacturer will require that collection should pay the penalty 

costs to manufacturer. 
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Abstract  

Despite increasing attention to the role of diverse alliances in emerging market, few studies 

have explicitly explored the roles and relationships between environment and network 

position. This study investigates how environment and network position interact with diverse 

alliances to affect firm innovation performance. These relationships are, in turn, moderated by 

technology uncertainty, market uncertainty, network centrality position, and competitive 

intensity. Based on samples of emerging biotechnology firms, the empirical findings confirm 

these moderating effects between diverse research and development (R&D) alliances and a 

firm’s innovation performance. The results indicate that startup firms’ innovative outcomes 

cannot be influenced by environmental factors and alliance network position alone but that 

they are indeed influenced by environmental factors and alliance network position 

conjunction in emerging markets. The overall network was examined further with diverse 

R&D alliance views to understand a broad variety of collaboration patterns of emerging 

biotechnology firms. In particular, the empirical results highlight the role of environmental 

and network position in determining the potential risks and benefits associated with diverse 

alliances, especially when startup firms operate in emerging markets. 

 

Keywords: emerging biotechnology, environment uncertainty, innovation performance, R&D 

alliance diversity, network position. 

 



Introduction 

The importance of inter-firm collaborations for the survival and growth of emerging 

biotechnology firms has been widely acknowledged and demonstrated empirically (Powell et 

al., 1996; Niosi, 2003; Roijakkers and Hagedoorn, 2006; Hagedoorn et al., 2006; Zheng et al., 

2010). Particularly for those firms in emerging markets, with environmental uncertainty and 

high competitive intensity, inter-firm alliances represent an important source of science and 

technology knowledge for ongoing research and development (R&D) and consequent 

innovation. In seeking to advance R&D, however, these new biotechnology firms find it 

difficult to produce science-based technologies internally to advance innovation activity and 

provide competitive advantages. Additionally, biotechnology firms require science- and 

technology-intensive knowledge and thus rely on a wide set of disciplines. Therefore, 

multidisciplinary knowledge and technology are distinctive features of R&D and innovation 

activities. This variety of knowledge and technology makes biotechnology firms engage in 

inter-firm collaboration to further develop their technologies into marketable products. 

Previous studies have indicated that inter-firm alliance networks are important vehicles for 

emerging biotechnology firms to acquire external knowledge (e.g., Rothaermel, 2001; 

Roijakkers and Hagedoorn, 2006), thus increasing the likelihood of successful innovation 

efforts (Ahuja, 2000b; Uzzi, 1997). Specifically, startup firms may, through multiple alliances 

with differentiated partners, yield large benefits because different types of alliances offer 

access to abundant, diverse pools of information and resources (Baum et al., 2000). Through 

such inter-firm alliance networks, firms can obtain crucial knowledge and technology to help 

them improve their overall innovation capabilities, obtain new technologies, discover new 

markets, and pool complementary resources (Gulati, 1995; Henderson and Cockburn, 1994; 

Powell et al. 1996; Ahuja, 2000b; Inkpen and Tsang, 2005). In particular, while emerging 

biotechnology firms conduct significant amounts of R&D activities, inter-firm alliances 

provide access to specialized knowledge to supplement their in-house R&D efforts that may 



be relatively easy to build and support. 

The biotechnology industry is still a relatively young high technology industry emerging 

in Taiwan. In such an emerging market, new biotechnology firms are greatly dependent on 

complementary resources to further their in-house R&D efforts. Indeed, in-house R&D 

resources may be acquired through inter-firm R&D alliances, and furthermore, these 

inter-firm R&D alliance strategies may shape a biotechnology firm’s innovative performance 

(Miotti and Sachwald, 2003; Ahuja, 2000a; Baum et al., 2000). In terms of emerging 

biotechnology firms, R&D alliances with established firms represent a way of gaining access 

to valuable knowledge and technologies that they lack. As such, inter-firm R&D alliances are 

an important determinant of a emerging biotechnology firm’s success in accessing the 

necessary experience and resources to support their own knowledge for commercialization 

activities. The use of inter-firm alliance networks is especially important for new emerging 

biotechnology firms that operate in emerging and turbulent markets because inter-firm 

alliances serve as effective mechanisms for resource acquisition, technology development, 

and entry into new markets for new biotechnology firms. The common core, therefore, is that 

emerging biotechnology firms are simultaneously engaged in multiple and diverse inter-firm 

alliances with different partners to access resources in emerging and turbulent environments. 

Inter-firm alliances are a popular strategic strategy for biotechnology firms trying to 

enhance their innovativeness (Ahuja, 2000a; Ahuja, 2000b; Roijakkers and Hagedoorn, 2006). 

New biotechnology firms recognize the potential of multilateral cooperation to develop new 

products and services, share production techniques, acquire research and development 

knowledge, and access foreign markets. Such inter-firm collaborations may create value that 

would be difficult for new biotechnology firms to develop individually or through dyadic 

alliances alone. Specifically, previous research on inter-firm alliances and collaborations has 

demonstrated that firms engaging with diverse alliance partners may increase firm 

performance (e.g., Goerzen and Beamish, 2005; Jiang, et al., 2010; Malik, 2012). An 



important outcome from these prior works is that these diverse inter-firm alliances are 

particularly attractive for emerging biotechnology firms, which may have limited resources to 

devote to developing R&D activities or a limited ability to form alliances on their own. 

However, despite the distinct benefits that inter-firm alliances can contribute to firm 

performance from previous research, some questions remain unresolved. To date, no studies 

have sufficiently explored and tested theories to explain the effects of diverse R&D alliance 

on innovation performance in emerging biotechnology firms. First, given the general 

agreement that inter-firm alliances can make positive contributions to performance, scholars 

have not explored which contingency factors are important for firm R&D alliances to lead to 

superior innovation performance in emerging biotechnology firms. Second, previous research 

has neither clearly argued nor tested the importance of diverse R&D alliances on the 

innovation performance of emerging biotechnology firms. Thus, previous studies may have 

missed an opportunity to consider the conditions under which contingency factors are crucial 

for success and failure of inter-firm alliances. Answers to these questions are relevant in 

theory and practice. 

This study addresses the research gap based on a study examining 144 emerging 

biotechnology firms that operate in emerging markets. Thus, the main objective of this study 

is to provide preliminary empirical evidence both on exploring the relationships among 

diverse R&D alliances and on firm innovation performance in the biotechnology industry in 

Taiwan, an important emerging region. Thus, in this study, R&D alliance diversity can be 

generally defined as the emerging biotechnology firms that engage in multilateral 

collaborative efforts with alliance partners in collaborative research, development, joint 

technologies development, and new product or service development. 

    The present study makes significant important contributions to the management literature 

in three important aspects. First, to date, this study is the first report that examines the 

contingency factors of environmental uncertainty and network position effects in firm 



innovation performance. This study empirically shows how negative and positive effects of 

R&D alliance diversity on innovation performance are contingent on environmental 

uncertainty and network position conditions. Second, this study develops an integrated 

framework to demonstrate how environmental uncertainty and alliance network position may 

weaken or strengthen the relationship between diverse R&D alliances and firm innovation 

performance. Third, the empirical results allow for a more complete understanding of the 

nature of diverse R&D alliances, suggesting that inter-firm R&D collaboration may be 

improved largely through alliance networks, which allow for access to resources that can, in 

turn, increase a firm’s innovation performance. 

 

Theory and hypotheses 

Contingent effects of environmental uncertainty 

Studies on inter-firm alliances and collaboration have paid attention to the impact of 

uncertainty (e.g., Ireland et al., 2002; Mitsuhashi and Greve, 2009), such as environmental 

uncertainty, which leads a firm to a preference for establishing network ties with partners (e.g., 

Gulati and Gargiulo, 1999). Because uncertainty weaken a firm’s capabilities to accomplish 

inter-firm collaboration and alliance activity (Ireland et al., 2002; Beckman et al., 2004), it is 

important to investigate the interplay between inter-firm alliances and environmental 

uncertainty. Research suggests that environmental uncertainty typically arises from 

technological uncertainty and market turbulence (Terawatanavong et al., 2011; 

Atuahene-Gima and Li, 2004; Han et al., 1998). Accordingly, this study conceptualizes 

environmental uncertainty with regard to technological uncertainty and market turbulence. 

Previous studies have argued that environmental uncertainty has an important influence 

on firms’ innovation activities (Burns and Stalker, 1961; Koufteros et al., 2005). New 

biotechnology firms face technological uncertainty that will drive them to seek continuous 

collaborative alliances with external partners. In the same vein, one study (Beckman et al., 



2004) addressed the importance of environmental uncertainty as a driver of collaborative 

alliance to reduce the influence of uncertainty. Nevertheless, new biotechnology firms operate 

in an emerging market that is characterized by high risk and uncertainty. Thus, a key problem 

in exploring inter-firm alliances in biotechnology firms is the tremendous environmental 

uncertainty and alliance network position that are associated with innovation efforts. 

Inter-firm collaboration and alliances, however, may also breed complacency and resistance to 

innovation in environmental uncertainty. R&D alliances may lead firms to rely on their 

collaborative partners because inter-firm R&D projects involve high levels of diverse 

complexity, as well as technological uncertainty and market turbulence. Specifically, for new 

biotechnology firms engaged in R&D alliance activities in such a complex and turbulent 

environment, R&D projects may rely on their alliance partners for complementary resources 

to arrive at the best possible solution or innovation decision. Thus, it is clear that a significant 

degree of environmental uncertainty and risk surrounds many inter-firm R&D alliance 

situations. In summary, both technological uncertainty and market turbulence are likely to 

lead to a significant decrease in inter-firm R&D alliance activity. 

 

Technological uncertainty 

Technological uncertainty refers to the extent to which production or processing 

technologies or know-how cannot be anticipated or accurately predicted (Pfeffer and Salancik, 

1978). For example, novel external technology and knowledge may lead to unexpected 

technological developments and changes that are likely to impact existing R&D efforts. The 

uncertainty introduced by novel and unanticipated technologies characteristics can lead to 

some alliances that will incur losses. Technological uncertainty may be considered an 

important source of exogenous uncertainty, particularly in inter-firm R&D alliance activities 

(Vassolo et al. 2004). As noted in a previous work, inter-firm alliance and collaboration 

activities are influenced by technological uncertainty (Eisingerich et al., 2010). However, one 



might expect that uncertainty arises in the knowledge- and technology-intensive 

biotechnology industry, where emerging and highly specialized technologies make it difficult 

to integrate existing technologies and novel technologies. Indeed, the integration of 

knowledge and technology from diverse partners may expose uncertainties, especially 

involving emerging biotechnology firms, in which the partners face high technological 

uncertainty regarding novel technologies and know-how actions in an inter-firm R&D 

collaboration. Thus, we reason that high technological uncertainty will increase the likelihood 

of integration and coordination risks and costs, which may be reduced by using external 

alliance networks. 

Despite recognizing the importance of inter-firm alliance networks to the firm’s 

development of R&D and innovation, this study nevertheless remains skeptical that 

uncontrolled exogenous factors—such as technological uncertainty—may increase 

uncertainty for inter-firm alliances (Veugelers and Cassiman, 2005). Indeed, emerging 

biotechnology firms are based on science and technology intensity, and they rely on external 

knowledge sources for the development of in-house R&D. Accordingly, a science and 

technology intensity firm advocates commitment to R&D that may occur through the 

acquisition of novel external technologies to complement in-house R&D (Nicholls-Nixon and 

Woo, 2003) because the acquisition of complementary technologies can potentially create 

new technological applications and innovative product and service. Additionally, given the 

characteristics of science and technology intensity, inter-firm R&D alliances are highly 

uncertain (Sampson, 2007; Veugelers and Cassiman, 2005), and there may be high 

information asymmetry between partners and high transaction costs for knowledge and 

technology exchange (Veugelers and Cassiman, 2005). As a result, the highly uncertain and 

non-codifiable nature of the scientific know-how of biotechnologies results in high 

transaction costs and systemic failures in integrating diverse and novel knowledge and 

technologies. Likewise, unanticipated problems may make it difficult for a firm to determine 



what a partner contributes to an alliance (Sampson, 2007). In the case of inter-firm R&D 

alliances, information asymmetries and the technologically uncertain and tacit nature of 

biotechnology may diminish the benefits of inter-firm collaborations and alliances. Thus, as 

technological uncertainty increases, a negative relationship between R&D alliance diversity 

and firm innovation performance would be expected to become stronger. 

 

Hypothesis 1: Technological uncertainty negatively moderates the relationship between R&D 

alliance diversity and firm innovation performance. 

Market turbulence 

Market turbulence refers to the degree to which the composition and preferences of 

customers change over time, which influences the need for continual modifications to 

products and services (Jaworski and Kohli, 1993). In a similar vein, previous research has 

argued that market turbulence detracts from relationships between inter-firm collaborations 

and their performance. For example, Kandemir et al. (2006) argued that a turbulent market 

cannot easily be controlled by a particular firm, which indicates a significant moderating 

influence on the relationship between inter-firm collaborative alliances and firm performance. 

Some researchers have argued that high market turbulence generates external inducements to 

collaborate with diverse partners. Chatterjee (2004), for example, suggested that in highly 

turbulent and rapidly emerging markets, firms need to collaborate with partners to develop 

innovative activity in response to their external environment. Under such highly turbulent 

market environments, firms have a greater need to collaborate with external partners to 

acquire complementary resources and reduce market uncertainty (Ahuja, 2000b; Beckman et 

al., 2004; Uzzi, 1997). Thus, in a rapidly changing emerging market environment, focal firms 

have a greater incentive to collaborate with external partners for their R&D efforts to reduce 

the market uncertainty affecting their own firm. Inter-firm collaboration in a rapidly changing 

market environment may provide new opportunities for the firm and the need for new, 



innovative strategies to take advantage of collaborative alliances to respond to changes in 

demand. 

Although the arguments above would suggest that high market turbulence is likely to 

increase inter-firm collaboration, the present study also notes that firms may have to bear 

increasing risks as market turbulence increases, which might lead to a reduced ability for 

R&D alliance diversity. This is especially true in science- and technology-intense firms that 

operate in emerging markets that may be not able to respond rapidly to changes in market 

demand with changes in products and service offerings, due to their limited capabilities. 

Especially in emerging markets, which are fluctuating and in which technological 

developments are still difficult to forecast, it is harder for firms to support innovation in terms 

of their products and services (Luo, 2003; Zhang and Li, 2010). Market turbulence may make 

it increasingly difficult to differentiate and forecast market developments in which new 

product and service offerings cannot quickly meet market demands of customers that are 

evolving continuously. As noted by Beckman et al. (2004), market turbulence is caused by 

rapid changes in customers’ needs and preferences, which cannot be easily managed or 

reduced by the actions of a single firm alone. Thus, under such conditions, where market 

uncertainty increases, many inter-firm R&D collaborations and alliance activities are not easy, 

thus making it difficult to achieve anticipate objects; some of these collaborations and 

activities will even fail. This discussion suggests that high market uncertainty may deter the 

firm from making diverse R&D alliances regarding innovation. However, previous 

researchers have also suggested that external environmental contingent factors, such as 

market turbulence, serve as a moderator, which can significantly influence strategies and the 

performance of firms (Jaworski and Kholi 1993; Slater and Narver, 1994; Song and Parry, 

1997). In light of this contingent view, this paper posits that external market turbulence is a 

moderator that can reduce the innovation performance effects of R&D alliance diversity. 

 



Hypothesis 2: Market turbulence negatively moderates the relationship between R&D 

alliance diversity and firm innovation performance. 

 

Moderating effects of network position and competitive pressure 

This study considers both a network centrality position and the competitive pressures 

used to capture alliance network position that impact emerging biotechnology firms 

developing in an emerging market. Given emerging rapid changes and uncertainty, these two 

characterizes the processes by which powerful connections are made in collaborations. The 

justification for collaboration and competitive pressure in this context are greater access to 

resources and the ability to respond to competitive pressures (Park and Zhou, 2005; Das and 

Teng, 2000), specifically in an emerging market (Luo, 2003). Thus, when market competition 

pressure is intense in an emerging market, firms will need to engage in collaborative efforts 

with partners to respond to and counter competitive behavior. Without considering 

collaborative alliance and competitive pressure simultaneously, firms may lose opportunities 

to gain competitive advantage because collaboration is a crucial resource vehicle for 

technology-intense firms (Ang, 2008) that may contribute to a focal firm’s ultimate 

innovation success. Thus, a collaborative alliance needs to be complemented with responses 

to market competitive pressure. Indeed, these network position and competitive intensity 

influence the firms’ diversification into emerging markets and have implications concerning 

firms’ abilities to capture the advantage of alternate sources of resources with diverse R&D 

collaborative partners. 

 

Network centrality position 

Networks of inter-firm collaborations play crucial strategic roles in acquiring 

complementary resources to developing in-house R&D activities and, in turn, innovation 

efforts. However, different network positions may provide different opportunities for a firm to 



acquire diverse information and resources that are critical to complementing in-house R&D 

and, consequently, innovation. Network centrality refers to the degree to which a firm has 

quick and independent access to all firms in the network through the fewest possible links 

(Powell et al., 1996; Stam and Elfring, 2008). The network position of a firm may determine 

its ability to access external technologies and knowledge, and the firms occupying high 

centrality positions in inter-firm alliance networks are likely to have better access to strategic 

resources (Powell et al., 1996; Stam and Elfring, 2008; Tsai, 2001). Being in a central position 

ensures that the firm is located in an important and visible point for information flowing 

through the network, thereby having more ties connecting diverse collaborative opportunities, 

which results in firms improving their R&D capabilities. These arguments suggest that 

emerging biotechnology firms are more likely to acquire R&D resources when they occupy a 

central position within the particular alliance network in which they operate. 

A firm with a high central position in the inter-firm alliance network may determine its 

access to different knowledge, thus affecting its ability to appreciate, recombine, and apply 

the knowledge that is accessible for use in in-house R&D efforts. Highly central firms have 

diverse ties that connect with other firms in the field and can thus attract many partners for 

exchanging resources, which enhances their ability to access resources that are controlled by 

other industry firms (Stam and Elfring, 2008). Such diverse technologies and knowledge may 

fuel the firm’s R&D efforts, resulting in a higher likelihood of innovation success. 

Additionally, firms with high network centrality can interact with diverse partners who are 

highly central, which makes it easier to integrate and coordinate with the actions of others, 

thereby enhancing their access to rich technologies and knowledge and facilitating the pursuit 

of R&D efforts. Indeed, a firm that occupies a central position can gain well-connected 

partners to enhance its profitability by applying partners’ knowledge or practices to respond to 

emerging market trends (Tsai, 2001). Consequently, a central firm is likely to increase its 

collaborative opportunities because it can enjoy the benefits of network ties by accessing the 



technology and knowledge developed by many collaborative partners. Such a central position 

may have a more positive impact on the firm’s R&D resource acquisition and innovation 

performance if the firm is large and has rich network ties through which to effectively acquire 

technologies and knowledge from other partners. Thus, a high network centrality position 

enhances the opportunities from a firm’s network ties. A firm occupying a more central 

position in its inter-firm alliance network is likely to access diverse R&D resources and, in 

turn, produce more innovations. These arguments suggest the following hypothesis: 

 

Hypothesis 3: Network centrality position positively moderates the relationship between R&D 

alliance diversity and firm innovation performance. 

Market competition effect 

Competitive pressure is widely recognized as a major contingency factor in determining 

a firm’s strategic orientation and outcome (Jaworski and Kohli 1993; Ang, 2008; 

Lichtenthaler, 2010). Competitive intensity refers to the degree to which a firm faces 

competitive activity within its industry (Grewal and Tansuhaj 2001; Jaworski and Kohli 1993), 

which is one of the factors determining a firm’s survival chances. Firms in the high 

technology and knowledge industries are greatly dependent on complementary resources and 

competitive efforts. Inter-firm collaboration is a crucial strategy to capture resources and 

address competitive pressure in such industries (Burgers et al., 1993). Thus, inter-firm 

collaboration and alliance formation are likely to be contingent on the competitive intensity, 

particularly in technology and knowledge industries (Ang, 2008). From a technology 

diffusion perspective, however, high competition may foster demand for novel technology 

development, which increases the benefits from inter-firm collaborations (Lichtenthaler, 

2010). Firms that face a high degree of competitive intensity will have an increased likelihood 

of inter-firm collaboration because they need to address the competitive pressure. As such, 

firms that face a high degree of competition in a market frequently collaborate with partners 



to gain access to resources (Ang, 2008). As noted by Wu (2012), in highly competitive 

emerging markets, cooperating and interacting with other partners provide a focal firm with 

more opportunities to refine and improve internal routines and processes, which, in turn, 

increase its capability to discover and absorb new technology. 

The emerging industry environment is characterized by strong competition in technology 

and market development. Thus, networking and inter-firm alliance collaboration may be 

crucial in an emerging market for accessing resources and searching for know-how 

technologies to develop innovation efforts (Powell et al., 1996; Freitas et al., 2013). Thus, 

inter-firm alliance collaborations in emerging markets would be expected to be initiated 

through contact with a variety of partners to access new knowledge and technologies and to 

support R&D efforts. Specifically, biotechnology firms require science and technology 

knowledge for R&D efforts, which are disparate in variety organizations. 

Some researchers have argued that high market competition pressure generates external 

inducements for inter-firm collaborations for two reasons. First, from a competitive 

perspective regarding strategic alliances, high market competition pressure may stimulate 

firms to engage in strategic alliance (Auh and Menguc, 2005; Das and Teng, 2000) or 

cooperate with partners to increase performance (Ang, 2008; Doz, 1996). Similarly, Auh and 

Menguc (2005) and Wu (2012) argued that firms facing high market competition pressure 

have a greater need to collaborate with partners to gain timely access to new technologies and 

knowledge. These arguments suggest that under a high degree of market competition, firms 

are likely to collaborate with partners to increase their competitiveness and growth. Second, 

under a high degree of market competition, firms must rapidly respond to market 

requirements to capture technological developments. For example, Robertson and Gatignon 

(1986) suggested that in a highly competitive environment, it becomes more important for 

startup firms to gain access to the resources necessary to commercialize an innovation 

successfully (Robertson and Gatignon, 1986). As a result, firms may obtain complementary 



knowledge through inter-firm collaborations to access timely and crucial technology and 

knowledge. This effect may stimulate firms to collaborate with partners in jointly developing 

advanced technologies and R&D investment to enjoy economies of scope and scale (Ahuja, 

2000b). Inter-firm collaboration can enhance a firm’s ability to respond rapidly to 

technological change and help a firm to quickly benefit from emerging market opportunities 

(Uzzi, 1997) by helping focal firms tap into advanced technology developments from diverse 

partners to integrate, combine, and develop further novel technologies (Ahuja, 200b). This 

finding is in line with the Schumpeterian effect argument of Aghion et al. (2001): a highly 

competitive market is almost always outweighed by the increased innovation incentives of 

firms to escape competition. As a result, in an emerging market that is accompanied by high 

market competitive pressure, firms are more likely to collaborate with partners to enable focal 

firms to adopt joint problem-solving arrangement behavior and thus greatly improve the 

chances of the success in innovation (Uzzi, 1997). Obviously, market competition and 

collaboration are both important factors stimulating the collaborative relationships that 

emerging market firms seek to increase their resource acquisition and facilitate innovation. 

Drawing on these arguments, this study therefore assumes a positive effect of competitive 

intensity on R&D alliance and innovation performance.  

 

Hypothesis 4: Competitive intensity positively moderates the relationship between R&D 

alliance diversity and firm innovation performance. 

 

Methodology  

Sample and data sources 

    The hypotheses were tested using biotechnology firms operating in the Taiwan 

biotechnology sector, which is an emerging industry that contains more than 400 startup firms. 

The Taiwanese emerging biotechnology firms were selected as the empirical context for two 



reasons. First, the emerging biotechnology firms were specifically chosen because they 

generally have significant technology and knowledge intensity and have experienced 

significant inter-firm collaboration. In terms of emerging markets, such as China and Taiwan, 

the startup firms have experienced significant changes in technology and competition, 

resulting in the growing use of inter-firm alliances as a means of acquiring resources to 

develop and enhance their own competencies (Hitt et al., 2000). Second, most of these firms 

are science- and technology-intense firms that have engaged in inter-firm interactions and 

collaborations to acquire complementary resources from partners. As noted by Hoang and 

Rothaermel (2005), biotechnology firms have distinct motives for engaging in inter-firm 

R&D alliances to increase their performance versus other industries. This study therefore 

takes emerging biotechnology firms as its focus.  

To identify the sampling frame of emerging biotechnology firm, we used the 2011 

Taiwan Biotechnology Directory, which was compiled and published by the Industrial 

Development Bureau (IDB), Ministry of Economic Affairs (MOEA) in Taiwan. The dataset 

provides information on 422 emerging biotechnology firms. These firms’ technologies include 

therapeutic biological products, regenerative medicine, biomaterial, diagnostics, biochips, 

food biotechnology, specialty biochemicals, agricultural biotechnology, environmental 

biotechnology, biotechnology/pharmaceutical services, pharmaceuticals, and herbal medicines. 

This study sent a first set of 422 postal questionnaires in April 2012 and a second set in May 

2012; the questionnaires were followed up with reminders via e-mail and telephone calls in 

June and July 2012. In total, 155 questionnaires were returned. After deleting incomplete 

questionnaires, 144 were valid for subsequent empirical analysis, representing a response rate 

of 34.12 percent. A T-test analysis revealed that the non-respondents and respondents were 

not statistically significantly different from the biotechnology industry. 

To capture the inter-firm R&D alliance network information, this study drew on two data 

sources. First, a questionnaire was designed for the survey, asking for information on a wide 



range of detailed aspects of inter-firm R&D interactions and collaborations. In particular, it 

asked for information on the (1) types of collaborators, (2) environmental effects on 

collaborative activity, and (3) alliance network effects on collaborative activity. Second, to 

obtain detailed information on firm-level innovation performance, the sample was merged 

with a dataset from the Taiwan Patent Database, which was established by the Intellectual 

Property Office (IPO) of the MOEA. This dataset provides well-defined firm-level patent 

information according to the International Patent Classification (IPC), which can provide 

valid information regarding the number of patents granted to a firm annually. Both of these 

databases contain the emerging biotechnology firms’ information reported for empirical 

analysis sample firms. 

    Additionally, this study focused on a population of inter-firm R&D alliances formed in 

the biotechnology industry. Consistent with the definition in the previous literature, this study 

identified alliances as any durable inter-firm R&D collaborative activity that involved the 

exchange of complementary capabilities and resources between partners (Sampson, 2007). 

Furthermore, to construct inter-firm R&D alliance networks, this study followed two criteria 

that were originally proposed by Rowley et al. (2000). First, all focal firms were included in 

the target population and participated in a set of R&D alliances. Second, firms in the 

biotechnology industry had at least one R&D alliance with other partners to develop 

technologies, processes, products, and services. According to these criteria, a total of 368 

firms were identified in the inter-firm R&D alliance network. Overall inter-firm R&D alliance 

networks and matrices for the biotechnology industry were created, which were then used to 

operationalize the network constructs. Further, because the lifespan of inter-firm alliances is 

usually no more than five years (Kogut 1988), this study therefore adopted a five-year moving 

window to capture the cumulative nature of a firm’s alliance portfolio, which may have 

effects on continuing activities that started in 2008. Thus, an inter-firm’s network 

embeddedness was constructed using a symmetric matrix (368 × 368) that was imported into 



Ucinet 6 (Borgatti et al., 2002) for constructing the R&D alliance network. 

To assess the potential common method bias, this study collected independent and 

dependent variables from different sources. This study used a questionnaire survey to measure 

and collect variables from top management at emerging biotechnology firms. Additionally, the 

dependent variable was collected through a government domain database (IPO of the MOEA). 

In doing this, the common method bias was unlikely to be a serious concern. 

 

Measurement 

Dependent variable. As argued earlier, patents are an important innovation performance 

indicator for science- and technology-intense firms (e.g., Ahuja and Katila, 2001; Benner and 

Tushman, 2002; Sampson, 2007). Patents are reasonably reliable indicators of innovative 

performance, and they measure the output of R&D activities rather than R&D spending 

(Griliches, 1990). However, it may not be directly appropriate to adopt R&D alliance and 

output data in the same year, due to the R&D lag effect. To address this issue, this study 

accounted for the time lag between R&D alliances and the realization of its outcomes to 

observe variation in R&D alliances reflected in the variation in innovation performance some 

years later. Consistent with the definition in the work of Hagedoorn and Cloodt (2003), the 

average time lag between R&D inputs activity and the years of patents was three in the 

high-technology industry. Thus, this study measured firm innovative performance via a count 

of firm patents in a three-year moving average window. 

 

Independent variables 

R&D alliance diversity. A well-developed indicator of degree of firm-level diversification 

effects has been established. This study therefore used the Jacquemin-Berry entropy measure 

(the so-called entropy-based diversity index) to measure biotechnology firms R&D alliance 

diversity (Jacquemin and Berry, 1979). The entropy-based diversity index is widely used in 



prior studies and is considered the most common measure of diversity (e.g., Choi et al., 2003; 

Østrgaard, et al., 2011). An entropy-based diversity index is defined as 
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where i is a particular R&D alliance partner, n is the total number of possible R&D alliance 

partners, and iP  is the proportion of the potential R&D alliance partners within the group. 

The range of the entropy-based diversity index is in the interval ],0[  , r, and is a real number. 

A minimum value of 0 indicates that focal firms only collaborate with their partners in one 

field. In contrast, a maximum value of the entropy index indicates that focal firms collaborate 

with a large number of partners from different fields who all engage in R&D alliance 

diversity. 

Technology uncertainty. Technology uncertainty was measured with Jaworski and Kohli’s 

(1993) five items using five-point Likert scales (1 = strongly disagree, 5 = strongly agree). 

For the reflective scales, this study used a confirmatory factor analysis (CFA) to assess the 

validity of technological uncertainty, market uncertainty, and competitive intensity. After 

running CFA and deleting two items for technology uncertainty, the value of Cronbach’s 

was 0.731. The measurement items and results of the validity analyses appear in the 

Appendix. 

 

Market uncertainty. According to Jaworski and Kohli’s (1993) work, this study developed a 

scale of market uncertainty specifically to capture the characteristics of the emerging market 

environment using five-point Likert scales. The six items for market uncertainty measured the 

extent to which the market in biotechnology is changing. After running CFA and deleting two 

items for market uncertainty, the value of Cronbach’s  was 0.610. 



Network centrality position. Consistent with previous conceptual (e.g., Powell et al., 1996) 

and empirical (Tsai, 2001; Sampson, 2007) studies, the network centrality position of a firm 

may enhance its innovative performance. To capture the network centrality positions of firms, 

this study calculated centrality positions using the metrics of degree of centrality. The degree 

of centrality is defined as the total number of ties that are direct connections to other partners 

in the R&D alliance network (Wasserman and Faust, 1994). It captures the extent to which 

firms have a greater number of ties, thus enabling them to continuously update existing 

information and to accumulate higher quality information (Coleman, 1988). To calculate the 

network centrality position, this study constructed a symmetric matrix for R&D alliance 

network, as noted earlier (Wasserman and Faust, 1994), using Ucinet 6 (Borgatti et al., 2002). 

Thus, the degree of centrality in Ucinet 6 was used to measure the centrality position for each 

firm in the R&D alliance network. 

 

Competitive intensity. To measure to what extent high market competition pressure affects 

the inter-firm R&D alliance activities of emerging biotechnology firms, this study adapted 

Jaworski and Kohli’s (1993) work to address the competitive intensity via six items with 

five-point Likert scales. After implementing CFA and deleting three items for market 

uncertainty, the value of Cronbach’s  was 0.794. 

 

Controls. This study controlled several variables that could have influenced firm innovation 

performance. First, firm size was measured by the total number of employees. Second, firm 

age was the number of years since the firm was established. Third, the total number of 

alliances of a firm was measured for the focal firm in the alliance network with whom the 

firm has direct collaboration ties because firms with a greater number of alliance partners may 

benefit more from their alliances (Zahra et al., 2000). 

Methods 



    As mentioned above, firm innovative performance was measured via firm patenting. The 

empirical model has to accommodate the nature of these counts as positive integers, starting 

from zero. However, two issues also arise: zero values and the small integer values of many 

emerging biotechnology firm patent counts. To address these issues, this study used a 

zero-inflated Poisson regression model. A zero-inflated Poisson regression model is adequate 

for solving these issues, and the outcome distribution of the sampling units has zero counts 

and small values for the dependent variable (Lambert, 1992). 

 

The R&D alliance network of emerging biotechnology firms 

In this section, the actual R&D alliance network structure of the emerging biotechnology 

sectors was plotted for diverse R&D alliance partners in Figure 1. The R&D alliance is 

captured by network visualization and analysis (NVA) to plot diverse R&D alliance 

relationships and reveal the complexities of how emerging biotechnology firms collaborate 

and interact in alliance networks. In R&D alliance work, the nodes represent actors in diverse 

R&D networks, and the lines connecting the actors represent inter-firm R&D alliance ties. 

The size of actors is based on the degree centrality attribute values, where firms with high 

values have relatively large visibility and influence in the R&D alliance network. Interestingly, 

in addition to providing each emerging biotechnology firm’s R&D collaborative position in 

the diverse R&D alliance network, Figure 1 also helps identify their centrality position and 

alliance influence in the overall network. These actors serve as R&D resource providers that 

strategically occupy high-visibility positions with high-level interactions between partners, 

thus facilitating the transfer of R&D resources and technologies across different domains. 

Actors occupying central positions often achieve substantial and high social influence via 

professional power because they are considered technically competent and convincing 

(Rogers, 1995). Generally, actors occupying high centrality network positions may control 

more resources and obtain more interactions, thus becoming well-connected and more visible. 



Specifically, those actors situated in central positions play a facilitating role in supporting 

R&D collaborations and can create valuable opportunities for themselves and others by acting 

as crucial resources holders. Additionally, the present R&D collaborative network pattern of 

connections indicates the presence of a core-periphery network structure (Borgatti et al., 2002; 

Borgatti and Everett, 1999) in which core actors may have far greater visibility than 

peripheral actors. The pattern also explains the mechanism of how one core actor can 

influence and support collaborators in the R&D alliance network. 

According to Figure 1, many main actors seem to hold central roles in the R&D alliance 

networks. These actors include Agriaqua, FIR&D, NTU, NYMU, Asia Nova, TUBI, ITRI, 

and DCB. Most of these actors are most strongly connected to collaborators through R&D 

alliance ties, which are considered to be the core R&D epistemic community for which 

intellectual conditions play a facilitating and bridging role. They hold multiple partnerships 

with a variety of R&D partners and draw from the emerging biotechnology sector. Intuitively, 

these key actors hold the highest number of R&D alliance ties to map technologies and 

information flow as well as relational characteristics among strategically important groups to 

improve knowledge creation and sharing. Without the key actors, the emerging biotechnology 

sector’s development may lack the relevant know-how and technologies for further R&D and 

innovation development. This phenomenon is further accentuated by the involvement of 

research institutions, government, and educational and funding agencies that insist on 

research collaborations, which leads to better idea generation and thus to synergistic effects 

among close partners and more efficiency in innovation outcomes. This discovery was 

consistent with the works by Powell et al. (1996) and Hagedoorn et al. (2006), who argued 

that large groups of collaborators and centrally located actors play crucial roles in supporting 

diverse technologies and knowledge and thus in diffusing innovation in a science- and 

technology-based area. 

 Nevertheless, detailed analysis showed that the R&D alliance networks are characterized 



by various economic actors within the R&D network with different and complementary 

technologies and competencies. In particular, the R&D collaborative alliance network is 

characterized by complementarities and diversity in emerging biotechnology sectors. The 

differences between the various actors and their technologies and knowledge integration are 

the main driving forces of an evolutionary process because external partner exchanges feed 

emerging biotechnology firm evolution. This finding implies that interactions among external 

partners, i.e., the R&D alliance network, are usually for the purpose of obtaining 

complementary resources. Furthermore, the inter-firm R&D collaboration and alliance 

network of the emerging biotechnology firms showed a total of 369 R&D collaborations 

among 144 partners. We found that the R&D collaboration alliance is gradually developing 

into a very dense, interrelated, large network with multiple partners. This R&D alliance 

network has a distinct Schumpeterian flavor when we analyze whether the growth process of 

biotechnology firms is purposive and innovation-driven, ultimately leading to technological 

advances and interactions with external collaboration partners. As a result of these 

developments, emerging biotechnology firms increasingly engage in inter-firm R&D alliances 

with partners to conduct research and development across a broad range of new technologies 

and to discover potentially commercializable opportunities. 

 

*** Fig. 1. R&D alliance network in the emerging biotechnology sector *** 

 

 

 

 

 

 

 



Results 

Table 1 shows the descriptive statistics of the key variables used in this study. It lists the 

mean and standard deviation for all variables. The average age of the startup firms was 21 

years, and the average size of the startup firms was 195 employees. Table 2 shows the results 

of the hierarchical zero-inflected Poisson regression analysis. Model 1 is the baseline model, 

which uses only the control variables, Model 2 adds all of the main effect variables, and 

Model 3 shows the moderating effects on the relationships between R&D alliance diversity 

and innovation performance. Additionally, all models use robust standard deviations to test 

the robustness of the explanatory variables of the models. 

 

*** Table 1. Descriptive statistics and correlations*** 

 

 

 For the hypothesis tests, a hierarchical regression model was designed to test the 

moderated effects. Table 2 provides the hierarchical zero-inflated Poisson regression estimates 

for the hypothesis tests. Following a hierarchical estimation strategy, Model 2 includes only 

the control and main effect variables for firm innovation performance. Hypotheses 1 and 2 

predict the moderating effect of environmental uncertainty (technology uncertainty and 

market uncertainty) on the relationship between R&D alliance diversity and firm innovation 

performance. The empirical results show that both the interaction effects of technology 

uncertainty ( )05.,950.  p and market uncertainty ( )05.,519.2  p  between R&D 

alliance diversity and firm innovation performance were negative and significant, thus, 

supporting Hypotheses 1 and 2. The results indicate that emerging biotechnology firms 

engaging in diverse R&D alliances may be weakened by environmental uncertainty. 

 Hypotheses 3 and 4 examine the innovation performance effects of network position 

(among diverse R&D alliances and alliance network position, network centrality position and 



competitive intensity). The empirical results show that both the interaction effects of network 

centrality position )05.,44.2(  p  and competitive intensity )001.,075.2(  p  

between diverse R&D alliances and innovation performance were positive and significant, 

respectively, supporting Hypotheses 3 and 4. These hypotheses predict that firms that engage 

in diverse R&D alliances with alliance network position will have enhanced innovation 

performance. Specifically, emerging biotechnology firms with high degrees of centrality have 

more ties linking them to diverse partners, thus enhancing their innovation performance. 

Additionally, startup biotechnology firms facing high market competitive pressure may also 

have higher motivation to collaborate with diverse partners to access resources to enhance 

their innovation performance. 

 

*** Table 2. Results of the hierarchical zero-inflated Poisson regression on innovation performance 

*** 

 

Discussion 

    Overall, the results support the hypotheses that environmental uncertainty and alliance 

network position are negatively and positively correlated, respectively, with diverse R&D 

alliances and firm innovation performance. Additionally, this study adopted an extended 

contingency factor and alliance network position to examine the innovation performance 

consequences of a firm’s diverse R&D alliances while considering uncertainty and network 

position in an emerging market. The empirical results showed that a emerging biotechnology 

firm operating in an emerging market engages in alliance collaboration as a crucial vehicle 

not only for acquiring complementary resources in such a highly competitive pressure market 

but also to explore the relationship between diverse R&D alliances and the external 

environment as well as their influence on firm innovation performance. This study’s main 

contribution is thus to highlight several contingencies that underlie the environmental alliance 



network-performance relationship. In particular, this study considers how startup firms 

collaborate in R&D with diverse partners and the firm’s external environment and alliance 

network. 

    First, the present study finds that emerging biotechnology firms that form more diverse 

R&D alliances tend to have more contributions to innovation performance. This finding 

suggests that diverse R&D alliances may bring more direct and relative plentiful resources to 

the focal firms when engaged in an emerging market, which is consistent with prior studies 

(Miotti and Sachwald, 2003; Sampson, 2007). Of particular importance is the finding that the 

innovation performance of startup firms may be weakened by environmental uncertainty and 

that the innovation performance of startup firms may be enhanced through alliance network 

position. Environmental uncertainty and alliance network centrality, therefore, are predicted 

to become more important when a firm faces such uncertainty and a complex emerging 

market. The results largely support the moderated effects predictions of environmental 

uncertainty and alliance network position being significantly associated with diverse R&D 

alliances and of their interaction on firm innovation performance. These empirical results also 

support and are consistent with the arguments that competitive markets with collaborations 

and their interactions are a driving force to increase firm growth (Ang, 2008).  

Second, the successful implementation of innovation endeavors is not only dependent on 

diverse R&D alliances as a main vehicle for accessing resources but is also greatly dependent 

on external operating environment factors (i.e., technology and market uncertainty). This 

study shows, in turn, that startup firms engaging in emerging markets that are marked by a 

high level of environment uncertainty may mitigate the ability of even diverse R&D alliances 

to achieve successful innovation outcomes. However, the cognition of such environmental 

uncertainty may be of particular importance to startup firms because they are often incapable 

of effectively reducing such liabilities. Specifically, the current study finds that both 

technology uncertainty and market uncertainty reduce the effect of diverse R&D alliances on 



innovation performance. This view highlights the remarkable uncertainty of the dynamics of 

emerging markets: managers neglecting environmental position when examining the diverse 

R&D alliance relationships may actually reduce the diversity of the R&D deployed, which 

will ultimately hinder the development of innovation.  

Third, there is a key challenge associated with a network centrality perspective when 

operating in a highly competitive emerging market. The empirical results confirm that startup 

firms that operate in an emerging market are contingent on market competition and network 

centrality positions. Specifically, intense market competition induces a startup firm to engage 

in intensive collaborations with external partners because partnering firms can provide 

advanced technology and knowledge that can be used to develop innovations (Powell et al., 

1996; Freitas et al., 2013). These findings highlight the importance of inter-firm 

collaborations and alliances in such highly competitive environments and may provide 

incentives for collaborating with partners in developing R&D activities. Startup firms are 

stimulated to engage in collaboration alliance efforts that enable them to acquire advanced 

technologies and out-run a competitor’s pace of innovation (Wu, 2012). Highlighting this 

feature is fundamental to explain the effect that network position and competitive pressure 

impacts have on R&D and innovation performance, when startup firms operate in an 

emerging market with high competitive pressure. To counteract market competitive pressure, 

therefore, a startup firm may have high incentives to search for collaborations with external 

partners to acquire an innovative base (Sampson, 2007; Ang, 2010). Paralleling this 

perspective, the current study shows that in an intensely competitive emerging market, the 

abundant technology and knowledge residing in the external partners can facilitate the 

exploitation of collaborative opportunities, promoting innovation initiatives. 

    The results of this study also have important implications, which provide several 

valuable insights to startup firm managers in the biotechnology sectors. First, the findings 

highlight the influence of environmental uncertainty and alliance network position on diverse 



R&D alliances in the biotechnology sector. Emerging biotechnology firms must not only be 

aware of environmental factors in the market and technology and network position due to 

centrality positions and competitive intensity, but they must also pay attention to the impact of 

the effects that moderate the effects of diverse R&D alliances on innovation performance. In 

dynamic and complex emerging market environments, the effects of technology and market 

must be considered because their effects on innovation performance may significantly weaken 

diverse R&D alliance capabilities. Furthermore, startup firms should be cautious about 

network positioning and market competitive pressures because their effects can greatly impact 

innovation performance. Second, emerging biotechnology firms facing high levels of 

competitive pressure have greater innovation performance as a result of diverse collaborative 

alliances and will be more aggressive in their search for diverse R&D collaborative activities. 

Opportunities to collaborate are also enhanced by higher levels of visibility in a collaborative 

alliance network in which firms have relatively higher chances to collaborate with potential 

partners. Startup firms that are in high centrality positions are likely to form diverse alliances 

for R&D innovation, developing these alliances with highly connected partners in such an 

environment to seek opportunities in the emerging market. Thus, the ability of startup firms to 

maintain diverse connections and identify market competitive resources is a critical enabler to 

capturing higher levels of innovation performance. Third, managers at startup firms must 

consider the “joint effects” of how environmental factors and network position influence the 

diverse R&D collaboration alliances across different fields to determine innovation 

performance. Managers must not only be concerned about how to develop a well-connected 

network position to access diverse and useful resources in a competitive market but must also 

recognize how to increase their visibility and connections with potential partners to maximize 

their innovation performance. 

 

Conclusions 



With recent rapid developments and a highly competitive emerging market, inter-firm 

collaborative alliances in the emerging biotechnology sector have become attractive vehicles 

for technology and resource acquisition for successful innovation. However, to use such 

alliances successfully, it is important to identify environmental uncertainty and alliance 

network position in such an environment. This study draws on the alliance network and 

competitive perspective to identify environmental uncertainty and alliance network position in 

an emerging market. However, by introducing moderating effects between diverse R&D 

alliance and innovation performance, we can provide a more detailed and accurate picture of 

the relationships at hand. Additionally, the study findings suggest that the negative influences 

of technology uncertainty and market uncertainty may be as harsh for emerging 

biotechnology firms as they are for diverse R&D alliances and innovation performance in an 

emerging market. Additionally, the positive effects of a central network position and market 

competitive pressures on a firm’s innovation performance are conspicuous because the 

emerging market competitive pressure is high. These findings help to clarify the role of 

environmental factors and alliance network position in determining the potential risks and 

benefits associated with diverse alliances, especially when startup firms deploy explicit R&D 

resources as a source for innovation advantage. Thus, this study provide strong evidence that 

environmental factors and alliance position, both separately and simultaneously, shape diverse 

R&D alliance-innovation performance in an emerging market. 

 



Appendix. Measurement items and validity assessment 

Construct and sources Description  Factor 
Loading 

R&D alliance diversity 
(Powell et al., 1996; Jacquemin 
and Berry, 1979) 
Formative scale 
 

Our company has engaged in multilateral collaborative efforts 
with different partners in cooperative research, development, 
joint technologies development, new products or service 
development. Collaborative partners include competitors, 
suppliers, research institutions, labs, universities, government 
entities. 

 

Technological uncertainty 
(Jaworski and Kohli, 1993) 
Cronbach alpha=0.731 
CR=0.852 

1. The technology in our industry is changing rapidly. 
2. Technological changes provide large opportunities in our 

industry. 
3. A large number of new product ideas have been made 

possible through technological breakthroughs in our industry. 

.832 

.816 
 
.786 
 

Market uncertainty 
(Jaworski and Kohli, 1993 ) 
Cronbach alpha=0.610 
CR= 0.779 

1. In our type of business, customer product preferences change 
quite a bit over time. 

2. Our customers tend to look for new products all the time. 
3. Sometimes our customers are very price-sensitive, but on 

other occasions, price is relatively unimportant. 
4. New customers tend to have product-related needs that are 

different from those of our existing customers. 

.605 
 
.728 
.736 
 
.664 
 

Competitive intensity 
(Jaworski and Kohli, 1993) 
Cronbach alpha = 0.794 
CR = 0.879 

1. There are many promotion wars in our industry. 
2. Price competition is a hallmark of our industry. 
3. One hears of a new competitive move almost every day. 
 

.880 

.829 

.816 

Network centrality 
(Tsai, 2001; Sampson, 2007; 
Wasserman and Faust, 1994) 
Formative scale 

In capturing the network centrality position of a firm, the 
metric of degrees of centrality was used to estimate the total 
number of ties that are direct connections to others partners in 
the R&D alliance network. 

 

Firm innovation performance 
(Ahuja and Katila, 2001; 
Benner and Tushman, 2002; 
Sampson, 2007 ) 
Formative scale 

To capture firm-level innovation performance, patents are an 
appropriate index for measuring innovation performance. 

 

Note: Items are measured with five-point Likert scales (1 = ‘strongly disagree,’ 5 = ‘strongly agree’). 
CR = composite reliability.  
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Abstract 
Today, interesting and important interconnections have been made that promise 
great leaps forward for innovation systems and entrepreneurial ecosystems – 
especially operating at the regional or sub-national level of  the space economy. Of 
course, there are politics in such relationships. Most notably are those that are 
critical of anything that “interferes” with market hegemony (neoliberal bias) which 
has weakened commitments such as those pioneered in South Korea in the early 
years of the twentieth century, later to be followed by numerous Scandinavian policy 
experiments (Denmark, Norway and Sweden; discussed below) as well as austerity 
policy to enlarge regional governance spaces, as in Germany and France (not to 
mention the dismantling in 2010 of Anglo-regional governance in the UK). 
Meanwhile, however, it can be seen that good progress in regional innovation policy 
and entrepreneurial accomplishment at regional level proceeds apace. This is known 
as the “co-operative bias” in contemporary political economy. Entrepreneurial 
ecosystems and regional innovation systems are excellent examples of “generative 
growth” mechanisms (floated in Cooke, 2002) as a counter to Romer-style 
individualistic endogenous growth theory. The paper explores the virtues of variety 
against those of linearity in innovation and entrepreneurial in exemplary empirical 
instances. 
 

1. Introduction 
 

This paper presentation looks back on an effort to counterbalance the growing 

emergence of neoliberal hegemony in regional political economy at the beginning of 

the present millennium. In a paper by Cooke (2002) which existed as a guide for EU 

policy makers to an alternative approach to “new growth theory” and especially that 

variant that stressed “endogenous growth theory” (Romer, 1990) the idea of 

“generative growth” was formed. This derived from very different and equally deep 

theoretical roots to those of the neoclassical perspective. Basically, it was critical of 

the radical individualisn, determinism and linearity of the neoclassical perspective 

and preferred an evolutionary, socially interactive and non-linear approach to 

political economy. Of course, history reveals that zero attention was paid to my 

advice by the relevant EU policy maker team. They followed the various Goldman 

Sachs, not to say Lehman Brothers, herds like their US policy mentors had approved. 

This included bending over backwards to allow US corporate high-tech technology 

commercialisers to retain transfer-priced tax, health service and other public 

contracts, and free trade (TTIP) benefits to accrue to their rivalrous competitors. 

Most shocking was the way corporates and the US government first warned then 

cowed the EU with legal threats against “competitive advantage” in their own 

backyards (Myant, 2015). The proposed trade agreement would fuel concerns that, 
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for example, sovereign UK National Health Service trusts could come under attack 

from private contractors using the ISDS (investor state dispute settlement) tribunal 

system.This simulates a kind of “Economic Caesarism” reminiscent of appropriation 

rule in Roman Britain for the contemporary era of global competitiveness by all 

possible means. 

 

In reconsidering the massive growth of neoclassical ideology and the even greater 

growth in malfunctioning of social relations, catastrophic effects of war, refugees and 

migration that have beset the global economic space of regions, nations and broad 

territories, the first thing to record has been the decline of co-operative, socially 

interactive and collaborative action in economic affairs more generally frpm 2000-

2016. This may be displaying growing signs of decay but the power of capital’s vice-

like grip on the leading institutions of the global, bloc and national economies has 

continued to strengthen. Where may signs of the emergence of more evolutionary, 

socially responsive and learning predispositions be found? Amongst a few may be 

counted the continued growth, albeit not overwhelming, of collective innovation and 

entrepreneurship activity. Both depend significantly on knowledge formation, 

exploration, examination and exploitation among “strange attractors” who are often 

capable of interacting across borders (industries, sectos, clusters) to create and 

innovate with different kinds of creative actors. Although they may compete, they are 

also capable of collaborating to create something of commercialisable social value. 

While narrowly-defined STI patent data is carefully recorded, the much greater 

contribution to innovative value from DUI activity is widely acknowledged to be 

under or even un-recorded in the same way. It is like “dark material” in the universe, 

all around us but difficult to see. Entrepreneurs and innovators are largely 

responsible for such “dark material”. 

 
2. What Is Generative Growth? 

 

Because of their scarcity, knowledge economies thrive under globalisation. This is the 

milieu within which localised knowledge clusters interact with global value chains 

managed by multinational corporations. It was, until recently, contested as to whether 

globalisation was a meaningful concept (Hirst & Thompson, 1996; Ruigrok & Van 

Tulder, 1995; Cooke et al, 2000; Dunning, 2000). But there is now consensus that it 
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exists and is marked by a heightened organisational strength, extensively over the globe 

and intensively through global value chains. Thus production of goods and services is 

more deeply integrated for different stages of the value chain in a wider array of global 

locations than ever before. Global value chains are increasingly embedded in local value 

chains or clusters. Competitive advantage increasingly lies in firms, regions and 

countries coming to terms with these new realities, intensifying their direct and indirect 

capabilities for knowledge-intensive production, enhanced productivity, innovation and 

new firm formation that accompany integration of local and global value chains. 

Generative growth feeds off these interactions rather than being unproductively 

transplanted, as often occurs with ‘redistributive growth’, the style of incentivised and 

regulated movement of jobs and capital from locations where they were abundant to 

those where they were not. Theoretically it is an evolutionary concept that moves 

beyond neoclassical constructs like ‘endogenous growth’. The latter, even with its more 

realistic acceptance of realities like ‘increasing returns’ and ‘imperfect knowledge’ 

remains wedded to a notion of the satisficing individual consumer and a reductionism in 

its analysis of spatial development processes that even one of its main progenitors 

admits is ‘simplistic’ (Krugman, 2000). 

 

As is by well-known after a quarter of a century of neoliberal market hegemony allied 

with neoclassicism,  “endogenous growth theory” holds that economic growth is 

primarily the result of endogenous and not external forces. Quite how globalisation, let 

alone financial contagion got off scot-free in that assumption is, of course, mystifying. 

Endogenous growth theory held that investment in human capital, innovation, and 

knowledge are significant contributors to economic growth. Otherwise known as “new 

growth theory” this justified such often publicly-funded spatial inequities as “technology 

clusters”. Furthermore the contemporary reification of science and technology 

innovation (STI) as the wellspring of economic novelty treated much more common but 

less elitist (Doing, Using and Interacting; DUI) “knowledge” as less pioneering, inferior 

and less growth-inducing. As has become clear,this “world-view” is widely presented as 

an apology for agglomeration, increasung returns to scale and massive social 

polarisation by austerity governance. Thus entrepreneurship, including Kirzner’s 

“entrepreneurial discovery process” (EDP), is reified – though not as much as global 

corporatism – as the necessary means to kick-start capitalism after the financial 

meltdowns of 2007-8 and afterwards. 
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Generative growth balances up that minority of successful STI translations of laboratory 

bench research into commercialised products and services against the majority of 

incremental, recombinant and cross-cutting innovations at interface that typify the day-

to-day practice of both innovation and entrepreneurship. Especially, the evolutionary 

nature of generative growth takes account of individual and collective learning by firms 

and among enterprise support agencies. It is interested in but critical of certain 

determinisms that neoclassicists find sympathetic, like narrow, linear and “locked-in” 

path dependence compared to a more Schumpeterian recombinant “path-

interdependence” which captures the interactive, to some degree “unpredictable” even 

“lawless” creative process that often characterises innovation as a socia process. In 

particular the “evolutionary perspective” is dissatisfied with non-explanations for 

economic phenomena like the effects of chance as deployed by leading figures in the 

linear path dependence school (Arthur, 1994).  

 

Generative growth evolves towards “disruptive change” or “punctuated evolution” as 

described by Schumpeter (1975). A market forms and firms imitate or “swarm” around 

an innovation, usually in a knowledgeable or otherwise asset-privileged space, as a 

consequence of specialised knowledge application. There were two types of generative 

growth cluster in the earlier formulation of Cooke (2002):  the pure ‘Knowledge 

Economy’ kind, and that better referred to as ‘Knowledge Upgrading’. In Evolutionary 

Complexity (ECT) theory, these are known as the “Adjacent Possible” and the space of 

“Preadaptation” (Kauffman, 2008). The former is exemplified in, say, a genomics cluster, 

the latter in a premium food or design-intensive textiles cluster of the kind we will 

explore in the third main section of this paper.  

 

Generative growth often occurs where local and global value chains move into alignment. 

The key policy demand is foresight and to be sufficiently knowledge-capable to 

anticipate such alignments. This is par excellence the province of the entrepreneur, 

especially that of the entrepreneurial ecosystem, and a skill for the toolbox of the policy 

maker as collective entrepreneur. For as well as positive dynamic externalitities such as 

early access to innovations, special investment expertise and cultural assets like “swift 

trust” and “gift exchange” relationships, there are non-sustainable, negative spillovers 

like congestion, pollution, long working hours, tiny workspace “cubicles”, uncertain 
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compensation, high living costs and lengthy commuting that moderate the attractiveness 

of the model. However, these negatives also leave space for the judicious “collective 

entrepreneur” to operate.  

 

But before exploring the downsides of extreme generative growth, we must extend this 

analysis to the question of sustainable regional development. The first critical 

perspective on this is the initial idea that sustainable development was complicit with 

entrepreneurship because it is fatally undermined by its dependence on the market 

mechanism above all. Therefore, even allowing for a regulatory constraint on over-

consumption of natural and other exploitable resources, there remains an incentive to 

find entrepreneurial loopholes in the regulatory regime to earn profit. Moreover, 

exploitation of, for example, environmentally damaging resources was initially 

facilitated in “sustainable development” ideology as long as enough was left for future 

generations to exploit. This applied even if the future of the viability of the planet was 

threatened by not leaving – for example – polluting hydrocarbons in the ground. So the 

benign imagery of sustainable development became tarnished. The rhetoric of 

“communality” supervenes in preference to pure acumulation by “possessive 

individualism” over property rights. Comparably, Lukes (1974) critiques it 

“methodological individualism” which is given a radical reinterpretation by such 

communal entrepreneurial purpose as aspiring to more inclusive forms of power and 

profitability. It is in this “generative” dimension that the emergence of a more 

evolutionary approach to entrepreneurial ecosystems gains particular interest. 

 

In this respect, three key lessons can be learned from the “innovation sysyems” literature, 

especially tat associated with regional development, for reference to both the contrasting 

and competing interests of “entrepreneurial ecosystems”. These are, in no particular 

order of preference, the following.  

 First, innovation (after Schumpeter, 1934) is inherently recombinant, drawing 

inspiration from several cognitive and material sources. These “new combinations” 

are inherently socially interactive in nature, 

 Second, while commercial exploitation is the purpose of successful combinations, 

they may nevertheless be socially useful innovations for the innovator much more 

than the entrepreneur. There are many cases of altruistic innovation. 
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 Third, innovation is fundamentally a “learning” procedure involving networks of 

innovators in “gift exchange” or “studied trust” type interactions to achieve the 

“adjacent possible” or cross “structural holes” from the known to the unknown. 

 

By contrast, entrepreneurship is less exploratory (despite Kirzner (1997) in its 

“entrepreneurial discovery process” or EDP) and relies more upon successfully repeated 

routines. This is because of its liberal individualistic tradition; with its more 

evolutionary learning mindset, entrepreneurial ecosystems thinking is likely to moderate 

such bias.  

 

One important point which supports this last contention regarding interactive 

learning is found in the archetypal regional innovation system which also overlaps 

with recombinant platforms of an entrepreneurial ecosystem is Silicon Valley. Just a 

single evolutionary concept that has occupied much thought among entrepreneurs 

calculating possible futures for this space is that concerning “basic income” (Green, 

1983; Green, 1985). A basic income is an income unconditionally granted to all on an 

individual basis, without means test or work requirement. One key idea is that all 

citizens are guaranteed a wage, comparable to a retired person’s state personal 

pension. The complementary idea is to promote a simpler, cheaper welfare system 

and to make it easier for unemployed people to get into the workforce. Despite its 

traditional provenance, recent advocacy for the reform has come from entrepreneurs 

and “small state” neoliberals but also other political camps than the right wing, such 

as the Greens and some socialists and feminists. Among various recent converts 

noted by Fearn (2016) in a brief progress review are Canada’s province of Ontario 

and other governments such as Switzerland (voting in June 2016), The Netherlands 

(Utrecht region) and Finland (launching a basic income in 2016). That it is adhered 

to by numerous Silicon Valley entrepreneurs is a sign both of that culture’s 

abhorrence of regulatory control but also of a certain sympathy for communal action 

for socially useful purposes. 

 
To conclude this sub-section, we have provided several discussion points about 

“generative growth”. It can be seen to have evolutionary economic geographic 

origins and is set up in contrast to the unitary, atomistic and individualistic 

neoclassical “assumptive world” that fuels neoliberalist, market dogma. As such, it 
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has recombinant and distributed knowledge sources that feed into innovations, 

commercialised for market and social purposes. A key element of its evolutionary 

economic geography resides in re-combinations of different kinds of nearby and 

more distant geographic proxinity (Boschma & Martin, 2010). These interactive 

characteristics express and realise advantages from social learning compared with 

the more “spontaneous” and opportunistic herd-instincts first characterised by 

Schumpeter (1934) as “swarming”. Entrepreneurship involves much imitative 

“swarming” and it may be hypothesised entrepreneurial ecosystems retain that 

characteristic, albeit moderated to some extent by a less individualistic form of value 

capture. Innovation, notably at regional level, is frequently characterised by relatively 

low value capture and, in practice many innovators vacate the origin of their 

discovery in a start-up or spin-off firm accordingly. Here the skills of the other actors 

in the entrepreneurial “division of labour” are more highly valued for exploitation of 

a repetitive kind than the often unstable creative processes associated with 

exploration (March, 1991). 

 
 

3. Innovation and Entrepreneurship: The Regional Milieu and the 
Ecosystem 
 

To elaborate somewhat on what was just referred to as the entrepreneurial “division 

of labour” it is worth reiterating that what were once summarised by Schumpeter as 

four functions have by now been elaborated to at least seven, as follows. . Thus 

modern entrepreneurship research recognises, apart from the innovator, more than 

Schumpeter’s four roles in innovation, which were: 

 the inventor, who invents a new idea;  

 the entrepreneur who commercializes this new idea;  

 the banker, who provides the financial resources to the entrepreneur (and 
bears the risk of the innovation project);  

 the manager, who takes care of the routine day-to-day corporate management. 

 

These roles are most often executed by different persons (Kenney 1986). Stam (2007) 

goes further in his review paper on distinctive roles found to be operating around 

innovation.  He observed that nowadays these distinctions designate a complex – 

systemic (later “ecosystemic”; Stam, 2015) - process whose key actors are as follows: 
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1. the person who bears uncertainty (Knight 1921); 

2. an innovator (Schumpeter 1934); 

3. a decision maker (Casson 2003); 

4. an industrial leader (Schumpeter 1934); 

5. an organizer and coordinator of economic resources (Marshall 1890); 

6. an arbitrageur, alert to opportunities (Kirzner 1973; 1997); 

7. an allocator of resources among alternative uses (Schultz 1975). 

 

Accordingly, when one hears the somewhat simplistic injunctions that - to grow, 

regions should innovate – it is salutary to calculate the number and variety of skills 

and expertise required to actually move a “recombinant idea” into “practical 

commercialisation” status. This applies even more so to injunctions such as 

“entrepreneurial discovery.” Moreover, as implied in evolutionary complexity theory 

(ECT), which ponders novelty and the nature of its embedding economic fabric 

(Kauffman, 2008; Arthur, 2009) innovation requires a clear purpose to initiate and 

energise such a complex project exercise. This is discussed in the fourth main section. 

Without a core idea on to which knowledge and artifacts may be brought to converge 

on some novel practical and/or commercial solution or offering to the market – say 

“manned flight” or “mobile communication” – there can be no innovation. The 

mistake is over-simplifying “entrepreneurial events” by conceiving them as 

individualistic practice rather than being embedded in “entrepreneurial ecosystems” 

of interacting and complementary capabilities and assets (Stam, 2015). 

As a result of thinking through the interactive logic of key distinctive functions in the 

EDP it is rapidly evident that entrepreneurship is both more complex than hitherto 

believed by those who conceive it as the expression of pure individualistic 

“outsiderdom” and yet simultaneously in a commonsense way “washing its face” in 

profitability. This introduces the (questionable) concept of the “entrepreneurial 

ecosystem”. Questionable, because it proposes interactions among diverse skill-sets 

among enterprises, which are carriers of institutional value rather than atomised 

units of profit realisation. We shall return to this many times in what follows, tending 

to prefer the institutionally more accurate label over the individualistic one. Thus it 

makes more sense to connect enterprise to the idea of an ecosystem, which (in 

economic terms) consists of interacting, value-creating entities embedded in a socio-

technical system (STS) or context that sustains both.   
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It is meanwhile worth reflecting that entrepreneurial interactivity may display 

constraints of institutional “path dependence” that can habitually and easily cross the 

boundaries of legality. Enterprise ecosystems are less “privatistic” as Stam (2015) 

refers to them. Thus, as an illustration, the sale by a British entrepreneur of 1,500 

fake bomb detectors at a cost to Iraq’s interior ministry of £52 million occurred 

during 2008 and 2009. These were subsequently revealed to have been made from a 

metal aerial and an empty plastic box (“novelty golf ball finders”) and the fraudsters 

jailed for ten and seven years. The devices cost as little as £2 to produce but were 

sold for as much as £15,000 each, resulting in a trade worth up to £3m a year.  

Responsible British government department administrators and their agents 

promoted international sale of the devices, which are on record as having cost lives, 

despite a UK government warning they were useless. Even in 2015 after the Sinai 

terrorist attacks, tourists trapped in Sharm el-Sheikh continued to be victims of the 

Egyptian security services using same bomb detectors that had been exposed as fake 

over the previous seven years. Naturally, this is an extreme case, but it is testimony 

to characteristics of entrepreneurship that are overwhelmingly rent-seeking and 

exploitative. Accordingly, they are shared to a far lesser degree than the explorative 

and often “disinterested” features of innovative activity. Yet, to reiterate Stam’s (2015) 

observation above, the actors involved constituted an entrepreneurial ecosystem of 

military businesses supported by numerous government agencies, military 

engineering assessors “experts” and military marketing professionals from overseas 

trade shows to foreign sales networks. 

So this is, in so many ways, from fraud and  corruption to multi-client incompetence, 

a bad entrepreneurial ecosystem. To be as fair as possible in adjudging the potential 

for benogn, collective exploitation of entrepreneurial ecosystemic behaviour, the 

following helps to balance up the picture. Here, a widely implemented business 

model involves social enterprise for employment and skills training. The 

entrepreneurial aspiration here involved building an online community of computer 

workers, hired from underemployed communities. The programme trained each of 

them to undertake, for example, a single language programming exercise or 

translating of code for a common application program interface (API).  Recombining 

such skilled cohorts of  practised entrepreneurs allows them to complete a service for 

a client that would normally only require 1 or 2 people. Accordingly, this exploits 
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synergies among highly micro-specialized professionals. These reap both scope and 

scale advantages from divisions of labour which may form a “virtual assembly line” 

allowing faster task completion, lower service cost and higher quality standards. This 

scores particularly well over traditional outsourcing by general practice knowledge 

workers. Incomes and job satisfaction are higher from virtual assembly-line set-ups. 

This demonstrates that entrepreneurial ecosystems can be profitable, communal, 

based on learning and socially benign. 

 

Two final points round off this preliminary analysis of the entrepreneurial ecosystem 

idea before a comparable exercise is conducted for the regional innovation system 

model. Two things remain to be tied up at this point. First, it is patently clear from 

the above discussion that entrepreneurship and innovation or their agents, 

entrepreneurs and innovators, are completely different in nature, skills and outlook. 

This will become even clearer in discussing the nature of innovation in the context of 

“novelty”, creativity and the idea of “newness” per se. In brief, the entrepreneur is 

profit-driven to a far greater degree than the innovator. The latter may be interested 

in profit-taking but may equally be disinterested in or indifferent to profit and – for 

example – more actively interested in awards or social respect as expressed in social 

or academic prizes. Venture capitalists routinely replace, in particular, academics 

from management roles in scientific start-ups, as a case in point. Entrepreneurial 

ecosystems, too, are largely driven and governed by market relations and the profit 

motive. But, second, as demonstrated in the exemplar of “virtual assembly line” 

among computer entrepreneurs, such ecosystems are capable of collective, 

communal or “generative growth” that is not simply reducible to the bare “arm’s-

length exchange” of the individualistic pursuit of profit. Accordingly, there is 

potential for the accumulation of social value and associated economic efficiencies 

and effectiveness that are superior to the traditionally hegemonic model of 

individualistic “property rights” entrepreneurship. 

 

 

 
Innovation and the Regional Milieu 
 
In the following sub-section we devote attention to the more established evolutionary 

economic geography of “regional innovation systems” (RIS) well-rooted in a twenty-
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five year pedigree of theory, empirical analysis and policy application. Currently such 

policy implementation became the European Union’s required methodology (RIS3) 

for all regions in the EU to formulate their bids to the European Regional 

Development Fund for regional economic development assistance (€185 billion 

2014-2020). For the first time since 1988 the EU programme budgetting 

methodology based on budgetary quantities, while retained as a financial 

management tool, shifted away from its purely procedural accounting approach to  

a more substantive, content-driven regional innovation policy (RIP) outlook. 

However, such are the “assumptive” ties that bind in Brussels that ideologically it 

remained wedded to a neoliberal economic EDP (entrepreneurial discovery process) 

model or “chaotic conception” requiring “smart specialisation” as its ideal regional 

scenario.  

 

This overlooked at least seventy-five years of regional economic development 

research and policy analysis which demonstrated that economic variety is superior to 

specialisation. Forced to recognise this mistake by the EU’s own economic geography 

advisors, a new RIS3 injunction that specialisation was to be treated as equivalent to 

diversification (or variety) thus resulted in the “chaotic conception” at the heart of 

the EU regional innovation strategy. Nevertheless, with its new emphasis on 

evolutionary economic development processes as the rationale for spatial strategy 

formulation the RIS approach marks a big step forward in the large-scale financing 

and policy implementation of the regional “milieu”. Drawing attention to the 

importance of “regional milieu” attention is drawn to GREMI a Francophone RIP 

and economic geography community that first evolved the concept. It has three 

important elements, which build upon regional “varieties of capitalism”. To 

summarise first, GREMI has to explain why the regional level of activity and identity 

is important. This is notably because some sub-national areas are very distinctive, 

culturally, democratically and even economically while others are less so, having 

weak cultural markers, centralised administration and disarticulated economic 

activities (neither specialised nor diversified).  

 

One way of conceptualising this is by means of an approach to innovation 

governance, suitably adapted that facilitates understanding (Dosi, 1982; Freeman & 

Perez, 1988). Overarching the two key sub-systems in this variant of milieu theory is 
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the “socio-technical system” (STS). A good example of macro-theorising this is in 

reference to the dominant socio-economic era which, from the Industrial Revolution 

to the present day, remains under the hegemony of hydrocarbons. All long waves 

(after Schumpeter, 1934) have been fuelled by carbonised production processes. But 

within that STS, some regions innovated woollen and cotton textiles, or shipbuilding, 

or coal and steel, or food processing, furniture, carpets etc. in what Marshall 

famously called “industrial districts”. These are the forerunners of “regional milieux”. 

Each milieu has an economic “paradigm” in which innovations (and subsequent 

“entrepreneurs” evolve are fashioned or desugned. They may often dispaly diversity 

or what is nowadays called “related variety”. Examples of this occurred in economic 

history after stagecoach building mutated towards bicycle manufacture, then motor-

cycle manufacture and finally combustion engine vehicles. Often these mutations 

evolved in the same milieu, using similar raw materials such as steel, rubber and 

later, glass. Some later became aeronautics “milieux” and modern centres of 

expertise in systems and software. Together, although of different vintages, such 

milieux evolved over time by exploration in proximity of diversity. Such interactivity 

(which associates with “generative growth” most strongly) is based on synergies that 

derive from industrial relatedness. Together, these contribute in major “path 

dependent” ways to regional variety. 

 

Complementing such a “regional paradigm” is what in the governance literature is 

known as a “regime” which in this context refers to the “regional regime”. This is an 

organisational structure og governance bodies such as ministries and various 

regional agencies or bodies that receive funding in support of regional innovation 

policy. Networks of interaction among such RIP actors and “paradigm” actors 

facilitate “generative growth” but not neoliberal competition in the same way. Such 

regions nevertheless may display distinctiveness because of this. At a different strata 

of activity is the “institutional” level, which is more informal or less formal than the 

organisational structure of the region. Here “assumptive worlds” on reputational, 

expectation and rules of the game grounds mould the regional “regime” actors into 

something like a regional institutional culture. This also contributes to regional 

variety such that industrial character may be isomorphic with regime character in 

comparable regions, even in different countries. Finally, at a relatively diluted level 

we introduce the “conventional” level where everyday practice outside institutional 
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and organisational life occurs. So uses of language, trust, exchanging favours, sharing 

seasonal tasks add to the “regional regime” in the form of specific bonding or 

bridging capital, which also has some economic value and further contributes to 

regional related variety. 

 

It now remains to perform a comparable effort for RIS and its associated RIP to that 

done regarding “entrepreneurial ecosystems”. It will be recalled that a binary 

good/bad ecosystem was hypothesised and supported with data. In this case, similar 

forms of disarticulated and articulated “paradigm” and “regime” relations will be 

explored. One of the most difficult RIS set-ups to deal with is one that has suffered a 

significant “resilience” shock. A paradigm case of this occurred in my own territory of 

Wales, the RIP experience of which was written up in Cooke et al., 2004). 

 

Following the deindustrialisation of Wales, which culminated in the Thatcher 

government’s closure of most of the coal and steel industry, some effort was made at 

restructuring the economy. Before devolution in 1999, the UK government 

administration for Wales fashioned a strategy to intensify the level of investment, 

both domestic and overseas, in automotive and electronic engineering. By the 1990s 

the restructurinf and downsizing of heavy industry had evolved. Accordingly, at that 

time, with 5% of the UK's population and GDP, Wales attracted between 15% and 20% 

of inward investment in the UK (Cooke, 1995). 

 

This was not an “entrepreneurial ecosystem” but an “MNC-FDI ecosystem”, for 

unlike earlier FDI it involved little elaboration of supply chains or “open innovation”. 

But the influence of Asian and European FDI was different and anticipating supply 

chain formation from domestic and foreign suppliers.  Thus Sony arrived in 1974, 

followed by Hitachi, Panasonic (Matsushita), Aiwa, Brother, Sharp and Orion, all 

involved in consumer or office electronics.  Later, LG from Korea, wafer fabrication 

firms International Rectifier (US) and Trikon (UK), and components firms from 

Hong Kong and Singapore joined the cluster. With the exception of Sony, which 

transformed itself from  a TV and computer screen manufacturer into a leading 

microcumputer for code-training (Raspberry) in the 2010s. However, Sony employs 

about 100 compared to 1,400 twenty tears or more ago, while Panasonic, Hitachi and 

Aiwa and Brother have closed their operations in Wales and LG from South Korea 
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lasted only a few years. Needless to say, “open innovation” and supply chain 

elaboration came to a grinding halt. 

 

In automotive industries, Ford opened an engine plant in 1978, followed by 

acquisitions or new, greenfield investments by Calsonic, Valeo, Lucas-SEI, Robert 

Bosch, Trico, ITT-Alfred Teves, Ina Bearings, Sekisui, Yuasa, Gillet, Grundy and 

Hoesch-Camford. By 1992 production of 200,000 engines a year by Toyota began as 

supply to their European assembly plants. Valeo Robert Bosch and Lucas-SEI have 

retreated but others have remained and now a thriving “open innovation” set-up has 

recently been announced as the new location for Aston Martin’s luxury SUV (TVR 

sports cars also have Wales on their three location shortlist). Unlike electronics, 

automotives has proved more durable as a supply chain customer and RIP animateur. 

From 1999, the Ford Bridgend engine plant became the sole Zetec engine source, 

producing annually 700,000 of these and 55,000 Jaguar AJ26 V8 engines. New 

ranges of Jaguar and Land Rover engines were frequently announced in the 2000s, 

to be produced at a rate of 325,000 per year. Subsequently, when these customers 

were sold to Indian MNC Tata they continued to source relevant engine technologies. 

Simultaneously,  Toyota engine production expanded to 500,000 engines by 2003. 

Formerly deindustrialising Wales had evolved into a key centre of high-quality, high-

skill automotive engine production in Europe, with 2,400 employed at Bridgend and 

600 at Deeside in north Wales. 

 

Two shocks occurred amidst these developments. First, much of the demand for 

MNC-FDI in electronics disappeared with its importance to RIP and the RIS in 

engineering. Thus losing Hitachi and Aiwa with its local suppliers association shared 

partly with its parent Sony, meant its supplier links disappeared. Global-scale crisis 

in Asia at the turn of the millennium meant that the South Korean government 

enforced LG to sell Microchip assets to Hyundai. So LG could never implement its 

strategy to support university research. At that crisis time, purchase by Tata of Corus 

Steel meant closure of its 200-person new materials research laboratory. Embryonic 

‘Triple Helix’ relations among universities, businesses and government agencies 

atrophied with the loss of regional personnel to act as intermediaries and 

commissioners of research. The second shock was that large numbers of jobs were 

lost even during this “second restructuring” undermining Wales’ emerging 



16 
 

reputation by some 44,000 jobs  between 1998-2002. This meant that a further 

readjustment towards a “post-industrial” lesser engineering had to be faced. One 

consequence of this was that the European Union recignised Wales as justifying the 

full measure of EU regional industrial and innovation assistance to the tune of some 

£3-4 billion from 2000 to 2020, a status that RIP has never managed to make 

significant inroads in terms of “high-road”, well-paid manufacturing employment. In 

contrast, Wales has evolved into a “low-road”, “low-income” post-industrial retail 

and office-services economy. Needless to say, demand for RIP is scarcely buoyant 

under such circumstances. 

 

RIS without RIP: Innovation Self-Mutates 

The most obvious RIS to transmute in this way, already by now a platform of 

intersecting clusters, is Silicon Valley. This is a type of RIS that displays strong, 

world-beating entrepreneurship rooted in its science and technology (STI) drivers 

that are primarily invoked by recombinant innovation (Saxenian, 1994). It is widely 

referred to as an “entrepreneurial regional innovation system” (ERIS) because it 

doesn#t directly rely on the kind of piblic RIP strategising so common in Europe and 

many “developmental states” like Singapore and Taiwan, for example, in Asia. As is 

well-known, only a few of the original semiconductor fabricators from the early days 

still have a presence in the core location, two of the best known being Intel and AMD. 

Alongside their suppliers and other design rather than fabrication plants we can say 

the original seed crystal survives. As for computer fabrication, clearly Apple, an 

original Cupertino locator from the early 1970s, and many of its suppliers (though 

many more are now in Asia) remain or join and – like Intel, a long-term Apple 

supplier - thrive and grow. Newer entrants, grown to giant scale, like Google and 

Facebook also thrive in this ICT ecosystem and to an extent diversify in terms of 

related variety, notably Apple towards electric vehicles (EV) and Google into electric 

automated vehicles (EAV).  

This somewhat imitates the earlier move of former PayPal entrepreneur Elon Musk 

who established the successful Tesla premium EV brand in Palo Alto in 2003. But, of 

course, before these mutations from ICT into EV and other renewable energy 

applications, Silicon Valley had also become a favoured site in which biotechnology 

start-ups and spin-offs could thrive. Accordingly, early movers, like Cetus and 
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Genentech located in south San Francisco, arguably close to but not right in Silicon 

Valley, started the earliest California biotech cluster. In such science-driven 

innovation, proximity to the “mother-ship” in this case the University of California 

Medical School was essential. Nevertheless, venture capital from nearby Palo Alto 

was also available and, in any case, the biotech funding model is different, with a 

large patron like Swiss giant Hoffmann LaRoche (now Roche) being a normal 

funding and research partner and, since 2000, owner of Genentech, the dedicated 

biotech firm (DBF) in question. Other incumbents in the Silicon Valley biotech 

ecosystem have included firms like Gilead, Amgen (HQ Los Angeles) and AbbVie 

(former Abbott Labs). Though these are biopharmaceuticals firms, 40% are in 

biomedical diagnostics, directly utilising ICT advances from their advanced 

electronics neighbours in many cases.  

Up to the present Silicon Valley ICT and – to a lesser extent – biotechnology firms 

have undergone a third mutation into renewable energies, notably alternative fuels 

based on algae and other types of agro-food derived combustibles. Also moves were 

made – as noted – into EVs and other applications. Major green industries with a 

significant presence in the state are: Solar, Wind, Biofuels, Smart Grid, Energy 

Storage, Fuel Cells, Hydro, Geothermal, Green Building, Energy Efficiency, 

Sustainability and Electric Cars. The top ten occupations for green jobs in California 

by the number of green jobs in each occupation are: Carpenters involved in green 

activities filled 46,150 jobs; followed by hazardous materials removal and 

remediation workers at 43,470 jobs; 43,110 people were employed in green, 

sustainable or organic agriculture; there were 40,350 assemblers working in green 

manufacturing; 36,060 recycling centre operators; 24,750 electricians worked in 

green sector jobs; there were 23,000 plumbers, pipefitters, and steamfitters working 

in green economy related jobs; 21,670 architects (excluding landscape) worked in 

green economy related positions; 20,340 industrial production managers found 

employment in green sector areas; and 19,330 construction managers worked on 

green projects.  Jobs also grew in the Silicon Valley (& San Francisco) smart grid 

sector from 1995 to 2011. Thus between 1995 and 2011, smart grid employment more 

than doubled to 17,800, up from 12,560 in 2009, and more than double the number 

of those jobs in 1995 (Cooke, 2015).  
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It may briefly be concluded that Silicon Valley displays the two key modern-day 

forms that combine both innovation systems and entrepreneurial ecosystems. 

Historically, as Saxenian (1994) shows it displayed the kind of communality, shared 

communities of practice and, strikingly, a dynamic transformational “platform”-like 

interactivity based on recombinant innovation. In the absence of public economic 

governance more typical of RIS set-ups, community action was capable of being 

activated by the economic community who often co-inhabited the “silicon localities” 

in proximity with their workforces from whom they recruited. Nowadays, a new wave 

of less benign, excess-driven entrepreneurialism sees the San Francisco skyline 

changing wth luxury skyscrapers and infrastructure of a far more exclusive kind 

represented by “Google Buses”. One of the key facilitators of this transition is the 

absolute social polarisation that has occurred by the awarding of huge shares of 

entrepreneurial wealth to an undeserving minorities of  --“super-entrepreneurs”. 

This we may conclude that there is some symmetry in the conceptual and empirical 

vignettes that have been mobilised in support of our thesis that innovation tends to 

be communal while entrepreneurship tends ultimately to be individualistic and 

exclusive. Accordingly, while both display system or eco-system type qualities, those 

associated with innovation are less inegalitarian, less market-reifying and more 

attached to the disinterested pursuit of knowledge for its own sake. This inclines 

innovation towards the recombinant and interactive side of the equation while the 

entrepreneurial ecosystem is, in general,  more imitative and profit-motivated with a 

relatively lower-profile moral business posture. 

 

Reflections on Current Limitations of Entrepreneurial Ecosystems 

 

We have now devoted a substantial amount of thought about conceptual and 

empirical matters on the subject of “entrepreneurial ecosystems”. We now propose to 

elaborate on some of the key challenges faced by the emergent field, some of which 

show promise while others point to difficult or impossible impasses of a theoretical 

and, accordingly, scientific nature. 

 

We can say, with Schumpeter (1934) that he set off a contest in which there was a 

clearer re-definition of novelty and “the new”. But he also deduced there that as 

economics was an evolutionary science, the products of its recombinations were, in 
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their practical and commercial use-value, strictly indeterminate or unpredictable. 

This, of course, is a major barrier to innovation. Finally, in an earlier article only 

published in English in the present century (Schumpeter, 1932/2005) he concluded 

that it was the requirement of novelty that makes the process of innovation 

unpredictable, accordingly proposing that explaining how novelty is moved from 

indeterminacy to determinacy was the greatest unmet scientific challenge of his day. 

 

It can be argued that the neo-Schumpeterian school that has made such major 

progress in the modern study of innovation as recombination of knowledge 

(including knowledge-embedded technologies) has answered important aspects of 

that puzzle. Thus we can say with confidence that innovation has limits without being 

reductionist about its circumscription. Innovation is a creative, commercially 

(socially) relevant and novel recombination of old and new knowledge and 

technologies. “Relevance” here denotes novelty may have to await the removal of 

other innovatory bottlenecks (Balconi, Brusoni & Orsenigo, 2010). Accordingly time 

economies often interrupt innovation profitability: even novel methods of 

“knowledge insurance” such as milestone payments and special purpose vehicles 

(SPVs) are fashioned in recognition of the risk entailed in expectations future 

rewards. Underlying that institutional willingness on the part of public and private 

innovation funding agents to execute such investment risks is what ECT theorists of 

economic evolution like Kauffman (2008) refer to the “purposiveness” of innovative 

action. As ECT suggests, surrounded by Lego bricks of all kinds, the innovative actor 

may veer from cognitive listlessness to paralysis in the search for inspiration by clear, 

purposive action. Only then are the appropriate recombinant, related varieties of 

knowledge and artifacts/technologies selected for assembly as purposive innovations. 

At high levels of complexity, self-organization of innovation processes are implied 

where the “global controller” used to manage the blueprint decision-making of 

earlier eras as described for assembly of the Large Hadron Collider (LHC) in Boisot 

et al. (2011). Among the associated advances, the analysis of the value curve also now 

shows the structuring of innovation value exchanged through “open innovation” in 

relation to the “power laws” of intellectual capital:labour and locational ratios (Cooke, 

2013). 
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By comparison, the state of development of entrepreneurship studies seems 

theoretically immature. These issues of complexity and interaction have for too long 

been overlooked in spatial entrepreneurship circles. The complexity dimension 

underestimates the difficulties involved in conducting entrepreneurship. The 

interaction dimension occurred traditionally by over-simplifying “entrepreneurial 

events” by conceiving them as individualistic practice. But new problems arise from 

the improved, evolutionary perspective we now find being embedded in 

“entrepreneurial ecosystems”. Some problems resolved in neo-Schumpeterian 

evolutionary economic geography of innovation concerning interacting and 

complementary capabilities and assets remain open questions for entrepreneurship 

research (Stam, 2015). Among that raised by Sternberg (2007), Malecki (2011) and 

Stam (2015) and others, in revaluing the ecosystem contribution to the analysis of 

“high-growth start-up entrepreneurship” is overestimating the role of STI practice in 

most innovation. A more nuanced recognition has emerged of high value innovation 

based on “doing and using innovation” (DUI) interactive learning in relation to 

cognitively but not spatially proximate regions (e.g. Wassmann, Schiller, & Thomsen,  

2016). 

 

Space constraints disallow, further important conceptual distinctions that have 

evolved in the analysis of how “new combinations” occur. Foremost here is Andersen 

(2011) but it is also found in the entrepreneurship literature, which often closely 

relates to that focused on innovation, though, as we shall see, the two are widely 

different. A brief diversion on “entrepreneurship” is warranted by the heavy 

emphasis in EC (2012) on promotion of the “entrepreneurial discovery process” in 

RIS3 strategising. In Schumpeter (1932/2005) he “doubts the explanatory value of 

entrepreneurship”, suggesting that theoretical advances were needed to fashion an 

improved theory of the social dynamics underpinning novelty in his terms. While 

Andersen (2011), in recuperating Schumpeter’s  framework for analysing regional 

innovation, draws attention to his functional differentiation of the roles of inventor, 

innovator, financier and entrepreneur, showing already at that early stage practice 

was already much more complex than the proposed “entrepreneurial discovery 

process”. 
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Much of this comes down to the, by now, questionable “assumptive worlds” that 

entrepreneurship advocates promote, Foremost among these is the still abiding 

adherence to the individualistic model of pure entrepreneurship that is promulgated 

in entrepreneurship studies. To its credit, albeit at an immature stage of theory and 

appropriate empirics, this is precisely what the “entrepreneurial ecosystem” idea 

rails against most. At least from this perspective the notion of “communities of 

practice” and functional divisions of labour among collectivities of enterprises is 

privileged. However, so far there is precious little conceptual evidence of two further 

elaborations needing to be adressed in the research designs of studies into what we 

will resist the temptation to term “enterprise ecosystems”, First, there is little 

differentiation of entrepreneurship/enterprise in terms of sector, scale and structure 

in testing hypothesesw about the importance of each to the specific population under 

inspection. Second, there is little evident appreciation of the issue of the extent of 

diversification or variety of interactions among ecosystem members as compared 

with the alternative of particularistic or specialist interactions and which are of value 

to enterprise performance under what circumstances, historically or spatially 

(including regionally and/or locally). 

 

This atomized treatment of entrepreneurship as against the more non-individualised 

notion of “enterprise” betrays both its intrinsic “assmptive world” but it also acts as 

the source of the undifferentiated nature of the “classes” into which firms are 

selected – overwhelmingly, nowadays “fast, less-fast and slow growth entities”. This 

finally devolves into measurement by profitability. And this in turn leads into 

measurement of entrepreneurs. In Stam’s (2015) useful parody of the overarching 

rationale for entrepreneurial ecosystems, a weakness is that: 

 

“The (entrepreneurial ecosystem) phenomenon at first appears rather 
tautological: entrepreneurial ecosystems are systems that produce successful 
entrepreneurship and where there is a lot of successful entrepreneurship there 
is apparently a good entrepreneurial ecosystem.” (p.1764)  

 
As a rigorous agenda for a research programme, this clearly leaves a lot to be desired. 

So unlike the “enterprise ecosystem” the “entrepreneurial ecosystem” is betrayed by 

its atomistic, undifferentiated (except in tersm of “high-growth”) profit-motive 

driven perspective into which it remains “locked-in”. 
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The reverse side of this characterisation is that, what Stam (2015) terms the eternal 

“laundry lists” of attributes that successful entrepreneurship need to display to be 

deemed successful are largely meaningless because only the winners get bestowed 

with prestige. Presumably, research could show that the losers were even more 

assiduous in pursuing markets, workforce, finance, support, regulations, training and 

so on than the winners. This would then lead to attempts to discover the “magic elixir” 

that the winners absorbed but that the losers failed to appreciate; that way the road 

to alchemy beckons. “laundry-listism” has a notorious pedigree in business studies  

higher education, notably in “Change Management” MBA courses, where most 

recipes boil down to a kind of military “follow my leader” based on past history more 

than current or anticipated crises (Cooke et al. 2010). More than anything such 

thinking is irremediably procedural and “process, process, process” ridden 

conservatism rather than paying much needed attention to substantive, content 

issues of entrepreneurial “purposiveness” (Stacey, 2002). 

 

Finally, to return to Schumpeter’s concerns about the static nature of 

entrepreneurship or, by now, preferably “enterprise ecosystems” we may contrast 

this with our earlier and indicative suggestion of static-dynamic relationships in 

innovation studues, but with a view to evoling a dynamic perspective there too. The 

ways in which static-dynamic interactions have improved RIS studies, leading to 

enhanced RIP formulations is exemplified in the following. Foremost is the emphasis 

on generative growth as discussed earlier. This is for three key reasons: first, unlike 

the atomistic, neoliberal perspective, which postulates little or no change in an 

equilibrium “assumptive world” with an atomised canvas of entrepreneurs, each 

competing for superior profit maximization the entrepreneurial ecosystem appears 

to be the apotheosis of a static equilibrium outcome. Generative growth, as discussed 

is embodied in an evolutionary perspective, the enterprises for which are in dynamic 

relationships with each other as firms, intermediaries and – crucially – “purposive 

actants” searching for interactive learning opportunities by which they might 

communally move towards their optimal target of profit maximization. The 

associated search and select mechanisms, which engage opportunities for related 

variety across industry interfaces comprise the innovative inputs for the enterprise 

outputs that rest, accordingly,  on the specific skills of the entrepreneur, more than 

the innovator. Hence, a generative growth perspective entails a dynamic, 
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disequilibrium character expressed as the cellular motion of the restless ecosystem as 

it mutates over time. 

 

The correlate of the dynamic ecosystem in efficiency terms is the proximate nature of 

the cognitive and geographical knowledge relations by which the ecosystem mutates 

over time. It is not difficult to see how the structured, selected and sectoralised 

economic activities that spawned the “cluster platform” typical of Silicon Valley and 

other regionalised economic geographies thus emerges. In evolutionary “emergence” 

theory upward and downward motion circumscribe the limiting possibilities of 

currently available knowledge and technologies (Cooke, 2013). Not only feasible 

“related variety” among clusters but unanticipated “revealed related variety” also 

captures the dynamism proferred by cognitive and geographical proximity. Hence 

semicomductors spawned microprocessors, interacting with personal and other 

computers along with related software and systems. Then, crossovers from ICT at 

industry interfaces with biotechnology began to structire not one but two sub-

clusters, followed by a third in medical technology (further utilising ICT applications) 

followed by a fourth in “clean technology” ranging from “smart grids” to “driverless 

vehicles”. One could probably map such “cluster platforms” in financial districts such 

as New York and London. The spatiality of such dynamic ecosystem interactions is 

fundamental to its cognitive and distributed innovativeness, creativity and 

opportunity for communal/collective enterprise. 

 

Discussion and Conclusions 
 
We have reached the three main discussion points of the foregoing analysis, as a 

prelude to the three concluding points to which they are related. The first of these 

opens up a more holistic, integrated and communal mode of institutional economic 

practice. This privileges – to an extent – the individualistic profit-seeking 

entrepreneur though it prefers the more neutral and various characteristics of the 

enterprise as the vehicle for value analysis and realisation. This correlates with the 

notion of “generative growth”, a more evolutionary, communal and socially 

interactive learning process than the narrower theory of endogenous growth,. This is 

reductionist as well as individualistic and determined by its main focus on the profit 

motive par excellence. However “endogenous growth” is no greater insurance than 

“off the shelf” technology purchase, which is largely at the whim of the 
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entrepreneur’s risk judgement. By contrast, “generative growth” collectively exploits 

the strength in numbers that a more disinterested mode of business practice, gaining 

from “club goods” and “risk spreading” as described for classic Marshallian industrial 

districts. This resonates with the more communal, interactive learning disposition of 

regional innovation systems. These are even more disinterested in their innovations 

than entrepreneurs are in their profits. This is because they are driven by a problem-

solving or discovery methodology that may not, even in the long-run, dependent 

upon context, reach profitability. To survive, they may have to construct new 

business models that have the character of “knowledge insurance” strategies (e.g. 

biotechnology start-ups;  at a corporate scale, price-fixing by the state performs a 

comparable function towards nuclear energy generation). Just as 

entrepreneurial/enerprise ecosystems and regional innovation systems may have 

good and bad exemplars of acceptable practice. That associated with entrepreneurial 

ecosystems is much closer to the market in purpose, where for innovation systems 

sub-optimal performance is inclined to act “with good will” but be betrayed by 

“asymmetric information”, adverse selection” or “market failure” issues that may 

blow policy off course (Stam, 2015). 

 

The second discussion point is the extent to which the enterprise ecosystem has yet 

devekoped, conceptually, let alone in terms of real practice, capabilities in relation to 

one of the key concepts in this paper, as expressed in its title, namely to develop a 

research methodology to handle diversity or, specifically, in the context of this paper 

“related variety” (including “revealed related variety”). This would entail multiple 

research designs, themselves diverse, to trace enterprise mutations or enterprise 

biographies that reveal themselves not as undifferentiated profit taking enterprises 

but purposive economic entities. These would construct their purposive actions in 

relation to other enterprises that facilitated the achievement of the higher purpose, 

such as the (LED) lightbulb, the smartphone or the prosthetic hip or knee joint. 

There is relatively little of this “ancestry analysis” by comparison with the volumes of 

studies of “the world’s oldest firm” in entrepreneurship studies. There may be some 

risk attached to formulating “industry interface” or “cross-over” inter sector or inter-

cluster studies but from an innovation standpoint much innovation has this “related 

variety” character including “revealed” value occurring by accident as much as design. 
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However it is the purposiveness that justifies the risk for search and selection 

potential. 

 

And as a final discussion point, in regard to our discussion of statics and dynamics in 

relation to enterprise ecosystems. It seems likely that the more evolutionary 

ecosystem perspective may, if tackled and solved methodologically, assist the 

emergence of a more dynamic profiling of enterprise management if not 

entrepreneurship in itself. Static equilibrium and making safe bets by the inclination 

to imitate or “swarm” in Schumpeterian terms rather than engage in true risk-taking 

practice by backing purposive innovation for social value is holding back study in the 

field. Armed with the creativity implicit in cross-over and other kinds of 

entrepreneurial/enterprise discovery (EDP) enterprise becomes more dynamic 

because embedded in emergent and evolving ecosystems. These are structured where 

feasible into cluster-platforms that celebrate their revealed related variety, for 

example engaging oil companies in conversations with food firms over biofuel energy, 

or watchmakers and combustion engine producers finding joint new markets and 

seat fabric users of nanotechnology to evolve new materials for antiseptic medical 

uniforms. The creative enterprise will be alive to such (unpredictable) revealed 

related variety outcomes because it celebrates dynamic change. 

 
In terms of main conclusions, one of the strongest, theoretically and in analytical 

practice is that if entrepreneurship is difficult and enterprise management is 

circumscribed by the problem of “satisficing” and “bounded rationality,” enterprise 

ecosystems are advantaged by their networking propensity, their regional 

“communities of practice” and the free goods of interactive learning from ecosystem 

peers whether firms ot intermediaries. Thus although it is an immature field, arising 

from “booster practice” rather than well-argued researcher discovery and real-world 

practical observation, it has worthwhile potential for becoming a dynamic 

contributor to theory and policy. Importantly, it is by now clear that 

entrepreneurship is different in nature and kind from innovative activity. But it is 

also clear that much effort conducted in enterprise ecosystems will be less than high 

growth firm performance based on hitting the STI jackpot. Rather it will be solid, 

necessary, problem-solving along the more normal DUI innovation routeways which 
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accpunt for the greater part of social value arising from the enerprise ecosystem 

setting. 

 

Second, one of the insights of evolutionary complexity theory (ECT) that has 

performed a useful role in enterprise ecosystem theory has been that offered by 

Kauffman (2008) regarding the rate of evolution of novelty (innovation or creative 

artifact or service) is that as the economic fabric of the ecosystems within which they 

are embedded themselves evolve and become more complex in terms of their power 

laws of scale and scope, the greater is the opportunity for further, accelerating 

novelty, including that of enterprises, This connects back to our reference to what 

once seemed a utopian idea which – as a by-product – could cause a huge release of 

social energy into enterprise, namely the idea of a “basic income”. Sufficient thought 

is now being given at national and regional governmental levels that it is beginning to 

be tentatively applied in practice for the first time since the Levellers and Diggers. 

Such is the vast burden of public expenditure occasioned by the huge weight of 

healthcare and welfare services and the armies of public servants that administer 

what can amount to 40%+ of national GDP that conditions are becoming appropriate 

to consider “basic income” for all citizens. Keep in mind the proposed Swiss monthly 

stipend is £1,700 ($2,400) paid to every citizen, a rate of £20,400 ($28,000). The 

Swiss health and welfare (including administration) budget Adult citizen population 

is 4.8 million. Swiss GDP in 2016 was $475 billion (PPP); Health and Welfare GDP is  

36%. Thus approximately $171 billion of GDP is spent on Health and Welfare. This 

compares with $140 billion in proposed Basic Income, a rough saving per annum of 

$31 billion to Swiss taxpayers. Some portion of this is private expenditure but even so, 

with two-thirds devoted to social security public expenditure is substantial. The point 

here is that a surge of enterprise formation could be expected from these Health and 

Welfare ecosystems, which can be expected to be dynamic, interactive, efficient and 

effective enterprises despite inevitable start-up and even maturer failures. 

 
Finally, “variety” especially “related variety” (including “revealed related variety”) in 

respect of “enterprise ecosystems” having been specified in terms of search, selection 

and structuring of enterprise potential in relation to ecosystem opportunities, offers 

a new and more “path-creating” trajectory of new and diversified business 

opportunity than more “path dependent” ways of thinking about entrepreneurship. 
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In relation to the separate and distinctive but innovation-directed systems with 

which future, structured enterprise ecosystems (EE)may come to interact, the RIS 

and EE joint model offers a powerful conceptual and practical framework for 

purposive action. In “grand challenge” contexts like “ageing”, “healthcare surges” and 

“ambient assisted living” each of which place enormous burdens on taxpayer 

resources and public investment, there could be no better global scale experiment 

upon which to begin evolving tools for complexity in both RIS and EE. Accordingly, 

with the latter even closer to the patient-provider interface than the RIS perspective,  

the interesting idea of “enterprise ecosystems” or, if preferred “entrepreneurial 

ecosystems” further underlines the potential of new opportunities for developing not 

only the “virtues” but the “value of variety”. 
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Abstract

Today, interesting and important interconnections have been made that promise great leaps forward 
for innovation systems and entrepreneurial ecosystems – especially operating at the regional or sub-
national level of  the space economy. Of course, there are politics in such relationships. Most 
notably are those that are critical of anything that “interferes” with market hegemony (neoliberal 
bias) which has weakened commitments such as those pioneered in South Korea in the early years of 
the twentieth century, later to be followed by numerous Scandinavian policy experiments (Denmark, 
Norway and Sweden; discussed below) as well as austerity policy to enlarge regional governance 
spaces, as in Germany and France (not to mention the dismantling in 2010 of Anglo-regional 
governance in the UK). Meanwhile, however, it can be seen that good progress in regional 
innovation policy and entrepreneurial accomplishment at regional level proceeds apace. This is 
known as the “co-operative bias” in contemporary political economy. Entrepreneurial ecosystems 
and regional innovation systems are excellent examples of “generative growth” mechanisms (floated 
in Cooke, 2002) as a counter to Romer-style individualistic endogenous growth theory. The paper 
explores the virtues of variety against those of linearity in innovation and entrepreneurial in 
exemplary empirical instances.
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Abstract

There are two competing views on the role of state for innovation. The state is often criticized as a 
laggard or as bureaucratic machinery at odds with an innovative market. The state is seen as 
impeding market-driven pioneering incentives and open innovation. However, the opposite is true. 
The state can often pursue massive entrepreneurial policies to cultivate and facilitate market 
innovations. These competing views demonstrate that various entrepreneurial start-ups can come 
from both market-driven mechanisms and state-driven mechanisms. 

Since 2015, the Park Geun-hye administration in South Korea has launched 18 Centers for Creative 
Economy and Innovation (CCEIs), which attempt to change industrial strategy from a fast follower 
to a creative first mover. The CCEIs are expected to nurture creative start-ups through various 
collaborations among promising ventures, startup businesses, venture capitalists and large 
conglomerates.  However, two different perspectives emerge from the role of the CCEIs: optimistic 
and pessimistic.

The optimistic version is derived from the positive role of government for open innovation and 
supports the importance of the state leading in innovation for economic growth. The state has played 
a key role of wealth creation as a key actor in taking huge risks through transformational public 
investments in basic and applied R&D. State leadership in open innovation can provide various 
opportunities for new directions of technological change and productive public-private partnerships. 
Strategic state intervention can create new markets from new social and environmental concerns that 
private markets may neglect. Even early failures from government intervention can be a part of the 
trial and error process to encourage open innovations from the private market sector. The current 
creative economy initiative of the Park Geun-hye administration appears to provide these positive 
aspects. The 18 CCEIs across countries have provided numerous mentoring services, prototype 



 

product development and incubation of startups through huge financial investments from 
government and venture capitalists. It appears that these creative economy centers are successful for 
generating creative environments for promising startups through improving such capabilities as 
networking and collaboration.  In addition, they work together with the largest conglomerates in 
South Korea such as Samsung, LG, and Hyundai. New startups are expected from collaborations 
between Korean central and local governments and conglomerates. This can be a new model for 
state leadership of entrepreneurial intervention for creative economy.

On the contrary, the pessimistic view still exists. The pessimistic view argues for less state and more 
private market because government can inherently involve heavy-handed and bureaucratic 
propensity and cultural attitudes against risk taking and open innovation. The CCEIs involve 
potential problems such as political risk and sustainability, bureaucratic and hierarchical 
collaboration, and bureaucratic management.  First of all, the sustainability of the CCEIs is 
uncertain. After the next presidential election, they may be gone. The CCEIs seem to be five year 
temporary institutions depending on the presidential national agenda. Collaboration among various 
actors involved with the CCEIs is bureaucratic. Bureaucratic procedures and audit process 
embedded in central and local governments hinder flexible planning and activities of the CCEIs. 
Numerous collaborations among CCEIs appear to be overloaded and not timely coordinated.  Many 
organizations (e.g., Creative Economy-related Organizations, Public–Private Creative Economy 
Committee, Steering Committee for Creative Economy Initiative Public–Private Partnership, 
Regional Creative Economy Committee) involved in the CCEIs generate complex and inefficient 
coordination and collaboration. The role of Korea’s large conglomerates for the CCEIs is unclear. 
Their involvement in the CCEIs is not voluntary, where government pressure forces the Korean 
conglomerates to help the CCEIs. 

These completely different views on the function and future of the CCEIs require exploration of 
various profound intentions and reasons through both subjective and objective analyses. We use Q-
methodology and perception analysis from survey questionnaires. Our empirical findings from these 
surveys are expected to provide insightful policy lessons on various advantages or disadvantages of 
state leadership for innovation for entrepreneurial startups.
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Abstract

This papers examines various different perspectives on the topic of regional economic development, 
focusing on the role of the Centers for a Creative Economy and Innovation (CCEIs) for creative 
economy in South Korea. The current Park Geun-hye administration in South Korea has provided its 
creative economy vision' as a new paradigm for economic development. In order to nurture regional 
innovation and entrepreneurship, Korean government has recently established a total of seventeen 
CCEIs in metropolitan cities and provinces across the country. The CCEIs is designed to provide 
various government based supports from legal, to financial, and to other business related services 
from investment and marketing strategies to overseas expansion opportunities. The CCEIs appears 
to be a typical top-down model to promote entrepreneurial ecosystem where government sector is 
believed as a visible hand to facilitate regional economic development. In other words, the CCEIs 
illustrate a top-down approach to entrepreneurial ecosystem initiated by national government and 
presidential leadership. 

The CCEIs provides research opportunity to explore different perspectives and solutions from 
various stakeholders from central governments, to local government, to private financial institutions, 
to big conglomerate companies(e.g., Samsung and LG) and to small-medium business companies. 
While the CCEIs have generated partial successful stories to promote incubated companies and 
startup clubs, many barriers still remains unsolved. Some argue that it is not easy to identify and 
design a robust link between government initiatives and regional innovative ideas and sustainable
policy network to encourage reciprocal interactions between them from a viewpoint of bottom-up
strategy. It appears that strong bureaucratic barriers and hiding regulations still remain to limiting 
cross boundary collaboration and cooperation among public and private institutions. Business sector 
doubts whether or not the CCEIs will be able to sustainable after the Park Geun-hye administration.

This paper explores different perspectives of stakeholders surrounding the CCEIs. Those viewpoints 
on successful and unsuccessful conditions for the CCEIs are expected to provide useful policy 
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implications for regional economic ecosystem. Application of Q-methodology with a qualitative and 
statistical approach is used to clarify and understand such various competing stakeholder 
perspectives including attitudes and perceptions on entrepreneurial ecosystem embodied by the 
seventeen CCEIs in South Korea. We will explore various sources including interviews from 
stakeholders such as government officials, venture capitalists, and researchers to academic 
documents such as journals and policy reports in order to generate a series of Q-statements on the 
policy topic of the CCEIs in terms of entrepreneurial ecosystem. 
The Q-methodology is expected to map how various stakeholders think about the role of CCEIs and 
provide deeper understanding of the opinions and frames of the entrepreneurial ecosystem, 
especially coupled with the creative economy development strategy in South Korea. 

Keywords: Creative Economy, Start-ups, Centers for a Creative Economy and Innovation (CCEIs), 
Top-down Government dominant Innovation, Collaborations between Small and Big Companies
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Abstract

This study compares three food startups(including Zipbob, OneFinedinne, AnySpoon) following 
social dining model. Since food involves many social meetings and events, the success of food 
startups mainly depends on social networks. The success particularly relies on the degree of 
transformation from social network to market network. We select three different stories of food 
startups in terms of initial capability of food supply-chains, social network, and market network. 
This comparative case study shows the failure of food startups is significantly related to different 
marketing strategy. In addition, this study suggests that Korean government regulation for food 
industry holds back open innovation of food startups.

Keywords: Food Startups, Social Network, Market Network, Korean Food Business
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Abstract

The purpose of this study was to examine how adoption of innovations is influenced by time 
perception and creative attitudes. Creativity is linked to innovation, which creates value. Creativity 
refers to mental and social processes, powered by conscious or unconscious insight, that yield new 
ideas, concepts, and associations (Serrat, 2009). Innovation is an outcome of the creative process, in 
which the ideas, concepts, and associations are applied to products, services, procedures, and 
processes that are desirable and viable within a specific context (Serrat, 2009). Innovation can be 
applied in many different contexts. In this study, we use the context of fashion innovation to 
examine how time of adoption of fashion innovations is influenced by time perception and creative 
attitudes within two cultures: China and U.S. 

Individuals who create and individuals who innovate may have different attributes and perspectives. 
For example, Usunier and Valette-Florence (2007) have found that time perception can predict
values, activity planning, materialism, and consumer behavior. Further, there are relationships 
between values and variables influencing consumer behavior, such as attitudes (Homer & Kahle, 
1988), emotions (Laverie et al., 1993) and innovativeness (Roehrich et al., 1989). Graham (1981) 
proposed different cultural models of time and their consequences on consumer behavior. In addition 
to culture, many other external variables influence time perception (e.g., social structure, economic 
situation, legislation). Settle et al. (1978) studied the impact of individual time orientations on 
lifestyles and consumption decisions. The ability to create and innovate novel and appropriate things 
is critical to business success. Indeed, creativity and innovation are vital not only for business 
success but for survival. Based on literature review, the hypotheses were proposed as follows: 

H1a-h: Time of adoption of innovations will be affected by time perceptions (a) economic time; (b) 
non-organized time; (c) orientation toward the past; (d) orientation toward the future; (e) time 
submissiveness; (f) time anxiety; (g) tenacity; (h) preference for quick return.
H2a-h: Chinese and U.S. participants will differ in time attitudes (a) economic time; (b) non-

 

organized time; (c) orientation toward the past; (d) orientation toward the future; (e) time 
submissiveness; (f) time anxiety; (g) tenacity; (h) preference for quick return.
H3 a-d: Time of adoption of innovations will be affected by creative attitudes: (a) general creative 
attitudes; (b) creative capacity; (c) creative collaboration; (d) creative risk-taking.
H4 a-d: Chinese and U.S. participants will differ in creative attitudes: (a) general creative attitudes; 
(b) creative capacity; (c) creative collaboration; (d) creative risk-taking.
H5: Chinese and U.S. participants will differ in time of adoption of innovations.

Method. Data were collected in large lecture classes from US and Chinese university students who 
took about 20 minutes to complete the questionnaire. Participants circled a number on a 7-point 
scale (7=strongly agree; 1=strongly disagree) to indicate degree of agreement with each item. The 
questionnaire contained demographic items, measures of time styles (Usunier & Valette-Florence, 
1994, 2007), creative attitudes (Serrat, 2009) and fashion innovativeness and opinion leadership 
(Hirschman & Adcock, 1978). Descriptive statistics, Cronbach’s alpha reliability, 
MANOVA/ANOVA, and regression analyses were conducted to analyze the data. Based on the data 
analysis, empirical results, new findings, and implications would be discussed at the coming 
conference.
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Abstract

This study is looking for how to reduce increasing healthcare spending and to improve healthcare 
quality, while increasing the length of healthy lives.  This study examines three alternatives for 
reducing wasteful spending related with inefficiencies in healthcare delivery in USA, lack of 
competition and poor population health via medical innovation.  And this study examines whether 
medical innovation makes positive externality to society. The successful examples based on 
preliminary and incomplete evidences are provided the simulation of possible changes in reduction 
of healthcare spending and improvement of healthcare quality in applying for medical innovation.

Keywords: Medical Innovation, Positive Externality, American Health Care Provision, Efficiency 
and Quality
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Abstract

Korea has been expanding the number of research institutes by easing the requirements for 
establishing enterprise research institutes and R&D investment on small-medium sized enterprises to 
motivate the R&D activities and investments. This study estimates factors that lead to the 
government's direct investment for R&D in different types of industries depending on employment 
scales and technology levels. We analyzed the data from 2002 to 2014, not limited to specific 
industries or government-led research and development(R&D) programs, companies which had 
R&D activities using generalized linear mixed models. The results showed that this study estimated 
the factor in inducing government's direct investment for R&D by the scale of the number of 
employees. First, for SMEs having less than 300 employees, the number of researchers was a factor 
in inducing government's direct investment for R&D, whereas SMEs' own R&D expense was a 
crowding-out factor. In particular, the smaller number of employees increases the crowding-in 
effects of researchers and the crowding-out effectof the company's own R&D expenses. Second, for 
major companies having more than 300 employees, its own R&D expenses and sales amount were 
crowding-in factors of government's direct invest for R&D.
Keywords: SMEs, Research and development, Government’s R&D investment, R&D effect, Trigger 
factor, Substitute factor
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Abstract 

Convergence research was emerged as a key factor to solve social problems or make the 
breakthrough in research fields in the beginning of 21C. Convergence research and technology were 
becoming as the biggest trend in R&D fields, and many governments published the reports-NBIC, 
CTECK-which dealt with importance of convergence research and how to improve and activate 
convergence research. In Korea, to activate and support the convergence research nationally, “The 
master plan of national convergence technology” was established as a 5-year policy and “Industrial
convergence promotion act” was also issued. While convergence research and technology were 
pushed into the spotlight with many reports, policies and R&D programs, ironically there’s no 
criterion to figure out the convergence research. In addition, there’s no quantitative evidence of 
which convergence research brought big advances into the society and research fields, because it’s 
impossible to identify the convergence research and technology. Here I suggest the identification 
method of convergence research among Korean government R&D projects and show the effects of 
convergence research on the journal paper publication and patent application.
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Abstract

Globalisation (and economic liberalization) is not something, which is just confined to economic, 
political and financial institutional spheres of society and economy. Its influence and impact already 
penetrated into the practice of science and technology system and the functioning of science as a 
social institution (as we know it from the last 200 years or so) including universities and higher 
educational institutions. There is a new convergence of R&D and innovation goals between 
academic and business enterprises in the 21st Century. In the new form of Globalization of 
innovation, Multinational (MNEs) firms have established their R&D units in emerging Asian 
countries. This trend disrupted MNEs operations in TRIAD (intra western Europe, USA and Japan). 
Traditionally firms choose to locate their R&D units in their country of origin in TRIAD and rarely 
go out to emerging Asian countries. However, in the last 15 yrs these trends of offshoring of R&D 
by MNEs are mainly because of emerging markets in developing countries. Beside this, sourcing of 
knowledge from globally dispersed knowledge hubs in Asia is also one of the major motives. In 
these foreign research and innovation centers, firms very occasionally work in isolation to build their 
assets, but they work in association with the other actors of the host economy and get globally 
connected. This paper is focused on exploring the trend of globalization via role of MNEs in the 
emerging knowledge hubs in Asia. Our conceptualization of a knowledge hub is that it comprises an 
ensemble of knowledge-intensive organisations located in both public and private sectors. Some are 
research-intensive knowledge producers, such as research institutes or universities. Others are 
demanding knowledge users, including firms but also service providers. The knowledge-users 
provide a focus for knowledge-generation, transmission and diffusion. Producers and users are 
closely connected and, while spatial proximity is important, they do not have to be physically co-
located but globally dispersed but connected in a number of unexpected ways. Knowledge hubs have 
three key functions. They generate new basic knowledge of relevance to many industries, both old 
and new. The impact of this knowledge is not necessarily direct, nor immediate or confined to local 
sites but is global. Secondly, knowledge hubs capture (and participate in creating) knowledge 
generated elsewhere, nationally or internationally, and develop this further to meet specific local-
global needs. A third function is to act as an important actor of global innovation chains. With the 
rapid economic development of the Chinese and Indian economies and the growth of the newly 
industrialized Asian economies, there is evidence of newly emerging knowledge hubs across the 
Asia region. In some cases these are concentrated in specific fields such as biotechnology, 

 

telecommunications or ICT. In others there is evidence of a relocation of existing knowledge hubs in 
areas such as mining technologies moving from North America to Australia and South Africa. 
However, we understand very little about the dynamics behind the role of knowledge hubs in Asia in 
fostering globalization of innovation. This gives rise to four key questions to be addressed. (1) Does
the movement of science and technology human capital precede or follow such developments? (2.) 
What is the changing role of MNEs in this new role of globalization of innovation in Asia. (3) How 
important is the local availability of personnel in anchoring a newly emerging knowledge hub? (4) 
What are the institutional imperatives for supporting such development? and (5) in what ways are 
newly emerging hubs remaining linked to other global centres of knowledge production and promote 
open innovation.
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Abstract 

Purpose/ Research Question - This paper analyzes various IP publications and predicts their research trends by 

first constructing social networks from the research data associated with the various IP research areas listed in 

representative international web-based bibliographic databases. 

Key Literature Reviews - Effective use of intellectual property (IP) is increasingly recognized as a key element 

for corporate technology innovation strategies. Although several studies dealing with patents in specific 

industries such as the biotech industry and technologies such as smart technology have been conducted, 

comprehensive studies that analyze various IP publications and predict their research trends are scarce. 

Design/ Methodology/ Approach - The research trends are then determined by using various social network 

analysis methods to analyze the relations between the research keywords. Specifically, this paper uses the socio-

centric approach, which deals with the whole network, to analyze the overall research trends indicated by the 

research keywords, and the ego-centric approach to analyze emerging research trends in research keywords in 

order to identify the latest trend.  

(Expected) Findings/Results - To demonstrate feasibility of the proposed analysis methods, the analysis results 

from Korean and Japanese domestic databases are presented and compared with those from international 

databases. 

Research limitations/ Implications: The results presented in this paper can be used to establish policies on IP, 

suggest directions for academic research, explore promising research topics, and promote joint research. 
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1. Introduction 

In the current rapidly changing global business environment, in which technologies are becoming increasingly 

more complex, effective intellectual property (IP) strategies are gaining recognition as the most critical element 

for technology-oriented companies. For companies to come up with effective and competitive IP strategies, 

comprehensive analysis of their intellectual properties and associated trends is essential. 

 Many existing studies on IP, however, are focused on patents in specific industries such as the biotech 

industry and technologies such as smart technology. Recent studies view IP only in terms of areas such as 

patents, brands, copyrights, trade secrets, and know-how. Stewart (1994) defined IP as intellectual matters 

usable in creating wealth, such as knowledge, information, intellectual property, and experience. Roos and Roos 

(1997) defined it as the sum of the intangible assets of a company, which functions as the most important source 

in securing its competitive edge. Teece (2000) further argued that it is implicit knowledge and know-how related 

to technology and organizational management. Most of the existing studies that attempt to predict research 

trends rely on simple statistical analyses, with very few comprehensive studies actually attempting to analyze 

various IP publications. However, it is important to analyze various IP publications because they help to predict 

research trends in a more comprehensive manner. 

 This paper first presents extensive social networks built from articles on various IP research areas 

listed in web-based bibliographic databases from 2007 to 2011. The words contained in the bibliographic 

information of the articles chosen from the above databases are standardized as “research keywords” by using 

them to construct a thesaurus. Then, various social network analysis methods are used to analyze the relations 

between research keywords. The socio-centric approach, which deals with the whole network, is used to analyze 

the overall research trends of research keywords in the IP-related research area. This is coupled with the ego-

centric approach to investigate their in-depth emerging research trends in order to identify the latest trend. 

Further, the analysis results from Korean and Japanese domestic databases are presented and compared with the 

results from international databases and demonstrate the importance of the approach.  

 The remainder of this paper is organized as follows. Section 2 gives an overview of bibliometric 

analysis and social network approaches. Section 3 describes the experimental procedures used for data 

construction, data filtering, and data analysis. Section 4 presents the results of analyses conducted. Section 5 

discusses the meaning of the results obtained. Section 6 summarizes our findings, looks at their implications as 

well as the limitations of the study, and outlines future research directions. 



 

2. Background 

2.1 Bibliometric analysis 

The bibliometric method, which is used extensively to measure scientific progress in various research areas in 

science and engineering, is a general research method for systemic analysis (Van Raan 2005). Since Narin et al. 

(1976) proposed the concept of evaluative bibliometrics, many researchers have used publication outputs, 

subject categories, and citations in books and papers published by governments, research institutions, and 

journals to evaluate research trends in related fields (Cole 1989; Garcia-Rio et al. 2001; Zhou et al. 2007). 

 Traditional bibliometric methods such as co-citation analysis are based on analysis of the author and 

journal citations contained in research papers. While this type of analysis leads to interesting results, it does not 

provide practical research topics for researchers. On the other hand, co-word analysis, which counts and 

analyzes the co-occurrences of keywords in the papers on a given subject, has the potential to overcome the 

limitations of co-citation analysis (Callon et al. 1991). 

 Researchers have recently started extracting words from bibliographic information: e.g., article title, 

abstract (Zhang et al. 2010), “author keywords” given by authors, and “keywords plus” suggested by journals 

(Xie et al. 2008; Li et al. 2009). These words are used in their analyses of research trends. Article title and 

“author keywords,” in particular, represent the key research topics of related literature (Garfield 1990) and are 

thus useful tools for analyzing emerging research topics (Gali 2012). In order to survey general academic 

research trends on IP, this paper identifies research keywords extracted mainly from “author keywords” along 

with the words contained in article title, abstract, table of contents, and the “keywords plus” attribute of each 

article. 

It is well known that future research trends can be predicted through bibliometric research of literature 

(Garfield 1970). This paper identifies significant research trends in various IP research areas by focusing on 

“author keywords” in particular because they are considered significant by the relevant authors. 

 

2.2 Social network approaches 

A social network represents the social structure of people, organizations, or countries (referred to as “nodes” or 

“actors”) that interact with each other. Given a social network, these relations can be analyzed for any structural 

patterns that might be present among the nodes. Thus, an analyst of social networks looks beyond the attributes 

of individuals to also examine how nodes are positioned within a network and how relations are structured into 

overall network patterns. The aim of social network analysis is to detect and interpret the patterns of social ties 



 

among nodes using statistics and visualization (de Nooy et al. 2005; Scott and Carrington 2011; Wasserman 

1994; Wellman and Gulia 1999). In general, these social networks are expressed by dots (actors or nodes) and 

lines (links or arcs). In addition, a social network can be classified by two approaches: the socio-centric 

approach and the ego-centric approach, illustrated in Figure 1 (Ogata et al. 2001).  

 

Figure 1. Socio- approach and ego-centric approach 

 

The socio-centric approach examines the relations among nodes that are regarded for analytical 

purposes as bounded social collectives (Marsden 2005), and places its analytical focus on the whole network 

(Ogata et al. 2001). While such an approach can be used to treat incomplete data, it has limitations in terms of 

the size of the network that can be analyzed. Specifically, if the size of the analyzed network is huge (for 

example, the number of nodes is greater than 1,000), this method is constrained by limitations imposed by the 

software and processing capacity of the computer used (D’Andrea et al. 2010). The ego-centric approach is used 

to compensate for the limitations of the socio-centric approach. In this approach, the network selects important 

ego-nodes and recognizes nodes connected with those nodes. This approach focuses on loosely bound 

individuals, and is especially useful when the number of nodes is large (Kershenbaum and Murray 2005). This 

paper uses the socio-centric approach, which deals with the whole network, to analyze the overall research 

trends of research keywords, and the ego-centric approach to analyze emerging research trends in research 

keywords in order to highlight the latest trends.  

  



 

3. Experimental Procedures 

In order to generate a comprehensive list of IP areas related to academic research, this paper adopts the 

procedure shown in Figure 2, which comprises three stages: data construction, data filtering, and data analysis. 

  

 

Figure 2. Research procedure adopted to generate a comprehensive list of IP areas  

 

3.1 Data construction 

The target of the data collection is academic articles in IP-related publications such as journals, papers, news, 

and reports, listed in web-based bibliographic databases. First, the list of search terms used to search the 

research articles was generated to extract IP-related articles from various web-based bibliographic search 



 

databases. The SCOPUS database, one of the most representative databases for gathering bibliographic 

information, was searched with the search terms “intellectual property” and “intellectual asset.” Then, 114 

candidate search terms was chosen from the titles of the extracted articles. Considering the relative frequencies, 

13 search terms (including single words and multi-word phrases) in six research categories were finally selected 

after review by relevant experts including IP experts, and their Korean and Japanese equivalents search terms 

Table 1. Search terms for searching the research articles 

Category Search terms 

Intellectual Property 
Intellectual Property 

Industrial Property 

Patents & Utility Models 
Patent 

Utility Models 

Trademark 
Trademark 

Trade Dress 

Design 
Design Right 

Design Protection 

Copyright Copyright 

New 

Intellectual  

Property 

Geographical Indication 

Publicity Right 

Genetic Resource 

Traditional Knowledge 

Trade Secret 

 

Using the above search terms, IP-related research articles were searched in the specific search fields 

(“author keywords,” title, and abstract) from representative web-based bibliographic databases, in this case, 

SCOPUS. In particular, some bibliographic databases to provide IP-related specialized articles such as news, 

research reports, and law & precedent cases were included to reflect the recent research trends in IP, as well as 

academic databases. The search results obtained are summarized in Table 2.  

Table 2. Result of data construction 

Search Condition Result of Data Collection 

Web-based Bibliographic Databases Types of Article No. of Source No. of Articles 

International 

Database 

SCOPUS Journal 9,722 55,840 

Westlaw Journal  760 10,402 

Business Source Complete Journal  1,456 15,714 

LexisNexis US Law Reviews 859 20,564 

Korean 

Domestic 

Database 

The National Assembly  

Digital Library of Korea 
Journal  838 4,708 

Research Information 

Sharing Service 
Journal 1,498 7,521 

Policy Research Information 

Service & Management 
Research Reports 43 5,246 

Korea Copyright Commission Research Reports 38 217 

Korean Intellectual Property Research Reports 30 179 



 

Office 

Japanese 

Domestic 

Database 

Citation Information  

by National Institute of 

Informatics 

Journal  

/Research Reports 
1,938 16,409 

 

The search results for the bibliographic databases include bibliographic information such as article 

title, author name, “source title,” publication year, abstract, table of contents, “author keywords,” and “keywords 

plus.” This is the basic information needed to construct various social networks to analyze varied research trends. 

 

3.2 Data filtering 

Data filtering was performed to eliminate redundant search results, select proper research keywords, and 

standardize them. Duplicates can occur since the articles are searched from separate databases. If two or more 

articles have the same article title, author name, “source title,” and publication year, they were considered 

duplicates (hence, the bibliographic information was collected only once). 

Next, the research keywords to be used to investigate the significant research trends in various IP 

research areas were selected. The experts extracted the candidate research keywords related to IP predominantly 

from the “author keywords” along with the words contained in article title, abstract, table of contents, and 

“keywords plus” of each article. Further, when “author keywords” was not provided, such as occurs in news, 

reports, and reviews, the experts derived the candidate research keywords by reviewing the body of the article. 

It was also necessary to standardize the candidate research keywords. In many cases, a specific word 

or expression used by an author may not be shared by other authors, which can cause insufficiency of continuity 

and widespread imbalance in the analysis of research topics (Chuang et al. 2007). To solve this problem and 

obtain more meaningful results, the candidate research keywords were standardized by using them to construct a 

thesaurus. 

In general, a thesaurus is a collection of controlled terms in a given field that clearly indicates 

synonymous and hierarchical relations. It can be used to increase efficiency in document searches within 

systems of information, storage, and search, and to give coherence in document indices (National Information 

Standards Organization 2005). However, there are several technical difficulties that have to be overcome in order to 

transform a large volume of keywords into a useful thesaurus (Brewster and Wilks 2004). Further, questions of 

credibility related with the methods used to build an automatic thesaurus or ontology exist if specialists are 

excluded from the process (Cimiano et al. 2005). Consequently, we constructed the thesaurus with the 

standardized research keywords using a glossary of IP technical terms, and enlisted the aid of the experts to 



 

check the thesaurus’ list three times to obtain more meaningful results. The number of research articles and 

research keywords selected in the three steps are shown in Table 3. 

Table 3. Results of data filtering 

Intellectual Property(IP) 

Research Data 

No. of  

Filtered Articles 

No. of research keywords 

1
st 

Filtering 2
nd

 Filtering Final Selection 

International  

IP-Research Data 
19,108 

22,110 18,720 18,292 
Korean Domestic  

IP-Research Data 
4,220 

Japanese Domestic  

IP-Research Data 
8,132 

 

3.3 Data analysis 

Data analysis was performed to analyze the basic statistics of the research data, overall research trends, and 

emerging research trends in various IP research areas. 

First, the collected and filtered research articles were categorized into six research areas selected after 

review by the relevant experts, including IP experts, and classified into key sources and publishers. Next, the 

socio-centric network, which deals with the whole network, was used to analyze the overall research trends of 

research keywords at the macro level in the various IP-related research areas.  

In general, the research keywords are represented as nodes, and a relation between two research 

keywords is represented as a link between the corresponding two nodes. Figure 3 shows how a network is 

generated from five research keywords (A–E) and four articles (AR1, AR2, AR3, and AR4): AR1 = (A, B, C, D) 

means that article AR1 contains the research keywords (A, B, C, and D). The link between nodes A and B (i.e., 

research keywords A and B) indicates that they are included in the same article (i.e., AR1). The number on a link, 

called the “Weight,” indicates the number of co-occurrences of the two research keywords. For example, A and 

B are included together only once, but B and C occur together twice (in AR1 and AR2). The number of links is 

termed the “Degree,” and duplicate relations between nodes are ignored. The sum of the “Weight” on the link is 

called the “Weighted Degree,” and duplicate relations between nodes are considered. The co-occurrence matrix 

in Figure 3 shows the actual data structure of the network of the research keywords used to analyze the overall 

research trends.  



 

 

Figure 3. Example network and co-occurrence matrix 

 

For socio-centric networks, the degree centrality approach is frequently used to measure important 

nodes among the numerous nodes (Marsden 2005). A node with a higher degree centrality has a relatively higher 

probability of information flow in a (socio-centric) network (Scott and Carrington 2011). A node with a higher 

degree centrality can also be viewed as having the power to affect a greater number of other nodes; therefore, it 

can communicate more quickly with neighboring nodes (Frivolt and Bieliková 2005; Memon et al. 2008). This 

paper uses the Weighted Degree Centrality (WDC) to measure important nodes (i.e., research keywords). WDC 

is the relative proportion of weighted degree that a node takes up among all nodes. It is defined as follows: 

𝑾𝒆𝒊𝒈𝒉𝒕𝒆𝒅 𝑫𝒆𝒈𝒓𝒆𝒆 𝑪𝒆𝒏𝒕𝒓𝒂𝒍𝒊𝒕𝒚(𝑾𝑫𝑪) =  
∑ 𝒘𝒆𝒊𝒈𝒉𝒕𝒆𝒅 𝒅𝒆𝒈𝒓𝒆𝒆 𝒐𝒇 𝒆𝒂𝒄𝒉 "𝒓𝒆𝒔𝒆𝒂𝒓𝒄𝒉 𝒌𝒆𝒚𝒘𝒐𝒓𝒅𝒔" 𝒏𝒐𝒅𝒆

𝑵𝒐. 𝒐𝒇 𝒂𝒍𝒍 𝒏𝒐𝒅𝒆 − 𝟏
 

This paper also analyzes the emerging research trends in various IP research areas in order to identify 

the latest trend, which is difficult to analyze in the overall network. Since the number of nodes may change from 

year to year, to measure the importance of a node (i.e., research keyword) in terms of the number of nodes in a 

network, the WDC percentage is used in ego-centric network analysis. It is defined as follows: 

𝑾𝒆𝒊𝒈𝒉𝒕𝒆𝒅 𝑫𝒆𝒈𝒓𝒆𝒆 𝑪𝒆𝒏𝒕𝒓𝒂𝒍𝒊𝒕𝒚(𝑾𝑫𝑪)𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 =  
𝑾𝑫𝑪 𝒐𝒇 𝒆𝒂𝒄𝒉 "𝒓𝒆𝒔𝒆𝒂𝒓𝒄𝒉 𝒌𝒆𝒚𝒘𝒐𝒓𝒅" 𝒏𝒐𝒅𝒆 

∑ 𝑾𝑫𝑪 𝒐𝒇 𝒆𝒂𝒄𝒉 "𝒓𝒆𝒔𝒆𝒂𝒓𝒄𝒉 𝒌𝒆𝒚𝒘𝒐𝒓𝒅" 𝒏𝒐𝒅𝒆 
 

A linear regression analysis using the Microsoft Excel worksheet function Linear Estimation (LINEST) 

was performed on the WDC percentage to analyze the annual research trends statistically. A positive LINEST 

value for the research keywords means that its WDC percentage is increasing from year to year. It would 



 

therefore be regarded as an emerging research keyword. The ten research keywords with the highest positive 

LINEST values were then selected as major emerging research keywords. Then, by building the ego-centric 

network linked directly with each of the 10 major emerging research keywords, we investigated the micro-level 

research trends in research keywords.  

Additionally, in the established ego-centric network, the typical node size of networks can be counted 

in millions or billions, and new methods are needed to retrieve comprehensive information from such a complex 

structure. We utilized the community method, a cohesion analysis approach, to facilitate understanding of the 

complex structure of the node in connection networks. The community method decomposes the networks into 

sub-units or communities according to highly interconnected nodes (Fortunato and Castellano 2012). The 

quality of the partitions resulting from this method is often measured by the so-called modularity of the partition. 

We used the popular CNM algorithm proposed by Clauset et al. (2004), which is the fastest approximation 

algorithm for optimizing modularity in large networks.   



 

4. Results 

4.1 Basic statistics 

We classified the collected IP-related research articles into six research categories (“Intellectual Property,” 

“Patents & Utility Models,” “Trademark,” “Design,” “Copyright,” and “New Intellectual Property”) selected 

from review by relevant experts, including IP specialists.  

The data in Table 4 shows the changes that occurred in the six research categories over the years. In 

the Korean Domestic IP-Research Data, research in the “Intellectual Property” category continuously declined 

while “Design” increased somewhat in recent years. In the Japanese Domestic IP-Research Data, research in 

the “Patents & Utility Models” category increased while that in the “Intellectual Property” category declined. In 

the International IP-Research Data, there was little change in all categories except for the “New Intellectual 

Property” category. 

Table 4. Proportional difference in the six research categories over the years 

Research 

Data 
Category 

WDC Ratio 
LINEST 

2007 2008 2009 2010 2011 

International  

IP-Research 

Data 

Intellectual Property 16.09% 17.70% 17.76% 18.29% 16.84% 0.21% 

Patents & Utility Models 28.23% 30.02% 28.00% 29.95% 30.53% 0.45% 

Trademark 6.28% 7.66% 9.71% 8.23% 7.78% 0.36% 

Design 0.93% 2.90% 2.38% 2.48% 2.80% 0.33% 

Copyright 19.86% 18.85% 17.02% 16.17% 17.78% -0.68% 

New Intellectual Property 28.61% 22.87% 25.12% 24.88% 24.27% -0.67% 

Korean 

Domestic 

IP-Research 

Data 

Intellectual Property 17.28% 15.57% 14.26% 13.33% 13.67% -0.95% 

Patents & Utility Models 25.27% 26.10% 28.72% 24.37% 27.02% 0.18% 

Trademark 7.99% 5.48% 7.23% 6.95% 7.91% 0.13% 

Design 2.38% 1.86% 3.62% 3.08% 5.11% 0.67% 

Copyright 34.13% 36.18% 35.53% 37.13% 34.10% 0.09% 

New Intellectual Property 12.96% 14.80% 10.64% 15.15% 12.19% -0.12% 

Japanese  

Domestic 

IP-Research  

Data 

Intellectual Property 27.71% 27.14% 23.68% 21.01% 24.98% -1.16% 

Patents & Utility Models 30.23% 31.05% 31.33% 31.94% 32.68% 0.58% 

Trademark 4.79% 6.36% 6.22% 7.62% 5.51% 0.27% 

Design 4.18% 2.93% 3.11% 2.78% 2.52% -0.35% 

Copyright 19.65% 20.54% 22.33% 23.59% 22.40% 0.86% 

New Intellectual Property 13.45% 11.98% 13.33% 13.06% 11.91% -0.20% 

 

Table 5 shows the top 10 sources and publishers of articles in each database in which IP-related 

research was published for a total of 447 journals. The articles published in the top 20 journals of each database 

comprised approximately 30% of the total number of journal articles used in our study. Our list further indicates 

the results of a broad characterization of IP-related research to cover a wide range of subjects, as represented by 

the journal selection.  

Table 5. Top 10 sources and publishers 

Research Data Source Title Publisher 
Record 

Count 

Ratio 

of Total 



 

International  

IP-Research Data 

Chartered Institute of Patent 

Agents Journal 
Sweet and Maxwell 779 6.7% 

Managing Intellectual Property Euromoney Publications 424 3.6% 

European Intellectual Property 

Review 
Sweet and Maxwell 417 3.6% 

World Intellectual Property 

Report 
WIPO 356 3.1% 

Journal of Intellectual Property 

Law And Practice 
Oxford University Press 302 2.6% 

International Review of 

Intellectual Property and 

Competition Law 

Max Planck Institute for 

Intellectual Property and 

Competition Law 

292 2.5% 

Berkeley Technology Law 

Journal 

University of California School 

of Law 
228 2.0% 

Intellectual Property and 

Technology Law Journal 
Aspen Publishers 189 1.6% 

Computer and 

Telecommunications Law 

Review 

Sweet and Maxwell 179 1.5% 

World Communications 

Regulation Report 
BNA International Inc. 132 1.1% 

Korean 

Domestic 

IP-Research Data 

Intellectual Property Right 
Korea Intellectual Property Right 

Legislation Institute 
224 5.9% 

Industrial Property Right 
Korea Industrial Property Law 

Association 
189 5.0% 

Invention & Patent 
Korea Invention Promotion 

Association 
180 4.7% 

Intellectual Property 21 
Korean Intellectual Property 

Office 
138 3.6% 

Copyright Culture Korea Copyright Commission 121 3.1% 

Law & technology Seoul National University 105 2.8% 

Creation & Rights Sechang Publish Co. 82 2.2% 

Copyright Korea Copyright Commission 75 2.0% 

The Journal of Intellectual 

Property 

Korea Institute of Intellectual 

Property 
70 1.8% 

Lawyers Association Journal Lawyers Association 42 1.1% 

Japanese  

Domestic 

IP-Research Data 

Intellectual Property Prism 
Research Institute of Economy, 

Trade and Industry 
712 9.5% 

Patent 
Japan Patent Attorneys 

Association 
435 5.8% 

Intellectual Property 

Management 

Japan Intellectual Property 

Association 
411 5.5% 

The Invention 
Japan Institute of Invention and 

Innovation 
338 5.0% 

International Association  

for the Protection of 

Intellectual Property of Japan 

A.I.P.P.I Japan 283 3.8% 

Customs Intellectual Property 

Information Center Journal 

Customs Intellectual Property 

Information Center 
222 3.0% 

Chizaiken Forum Institute of Intellectual Property 160 2.1% 

Law & Technology Civil Law Study Association 153 2.0% 

Copyright 
Copyright Research and 

Information Center 
128 1.7% 

Design Protect Japan Design Protect Association 128 1.7% 

 

  



 

4.2 Overall research trends in IP research areas 

Table 6 shows the results for the top 20 WDC values and concentric circular map for the research keywords from 

each database.  

Table 6. Top 20 WDC values for the IP-Research Data on research keywords from 2007 to 2011 

Rank 
International  

IP-Research Data 

WDC 

values 

Korean Domestic  

IP-Research Data 

WDC 

values 

Japanese Domestic  

IP-Research Data 

WDC 

values 

1 European Union Law 0.427 Copyright Law 0.155 Intellectual Property Act 0.182 

2 Copyright Infringement 0.343 Copyright Infringement 0.114 Patent Rights 0.130 

3 Infringement 0.272 Fair Use 0.089 Copyright Law 0.102 

4 Patent Law 0.248 Copyright Protection 0.073 Patent Law 0.091 

5 Trademark 0.235 Korea-US FTA 0.070 
Intellectual Property 

 Strategy 
0.087 

6 Information Technology 0.184 
Technological  

Protection Measures 
0.069 Invention 0.074 

7 R&D 0.184 TRIPs 0.064 Patent Application 0.068 

8 Drug 0.182 Patent Infringement 0.059 R&D 0.062 

9 Trademark Infringement 0.181 
Online Service 

Provider 
0.057 Patent Information 0.049 

10 Europe 0.174 Publicity Rights 0.054 
Unfair Competition  

Prevention Law 
0.046 

11 Software 0.174 U.S.A 0.052 U.S.A 0.044 

12 License 0.166 Trade Secrets 0.051 Copyright Protection 0.043 

13 Biotechnology 0.156 Licenses 0.047 Genetic Resource 0.042 

14 Innovation 0.155 Inventive Steps 0.045 Patent Infringement 0.042 

15 Knowledge 0.153 Literary Works 0.044 Trademark Act 0.042 

16 Patent Infringement 0.151 Japan 0.044 License 0.040 

17 Internet 0.136 Trademark Act 0.037 Trademark 0.039 

18 Registration 0.134 Patent Dispute 0.036 Regional Brand 0.039 

19 Joint Trademark 0.134 
Intellectual  

Property Protection 
0.035 

Intellectual Property  

Protection 
0.038 

20 China 0.131 Patent Troll 0.034 Patent Strategy 0.038 

 

 

The overall research trends in the International IP-Research Data analyzed that researchers are most 

active in researching EU Law, copyright infringement, and trademarks. The Korean Domestic IP-Research Data 

confirmed that infringement and protection of copyrights are the most common research topics in which 

researchers in Korea are actively involved. The Japanese Domestic IP-Research Data analyzed indicated that 

researchers in Japan are most active in researching intellectual property rights and laws. 



 

 

4.3 Emerging research trends in IP research areas 

We conducted a linear regression analysis using the Microsoft Excel LINEST function on the WDC Percentage 

to statistically analyze the annual research trends. The 10 research keywords with the highest positive LINEST 

values were then selected as the major emerging research keywords in the International, Korean domestic, and 

Japanese domestic IP-Research Data. The data shown in Table 8 illustrate the changes in these ten emerging 

research keywords over the years. 

Table 7. Major emerging research keywords (2007–2011) 

Research Data Research keywords 
WDC Ratio 

LINEST 
2007 2008 2009 2010 2011 

International  

IP-Research 

Data 

European Union Law 0.00% 1.36% 1.70% 1.74% 2.00% + 0.436 

Infringement 0.06% 0.80% 1.30% 1.45% 1.43% + 0.339 

Information Technology 0.53% 0.24% 0.62% 1.07% 1.06% + 0.188 

Patent Eligibility 0.00% 0.32% 0.61% 0.53% 0.64% + 0.149 

Drug 0.31% 0.54% 0.78% 1.01% 0.81% + 0.148 

Health Care 0.11% 0.05% 0.12% 0.63% 0.55% + 0.147 

European Patent 0.00% 0.41% 0.58% 0.59% 0.59% + 0.135 

Competition Law 0.00% 0.09% 0.19% 0.49% 0.44% + 0.128 

Bio 0.04% 0.13% 0.25% 0.26% 0.50% + 0.104 

Media 0.00% 0.01% 0.14% 0.25% 0.36% + 0.096 

Korean 

Domestic 

IP-Research 

Data 

Copyright Infringement 0.62% 0.99% 0.67% 1.13% 1.14% + 0.120 

Patent Troll 0.09% 0.25% 0.19% 0.39% 0.52% + 0.100 

Copyright Holder  0.10% 0.13% 0.15% 0.15% 0.42% + 0.066 

Design Protection Law 0.12% 0.14% 0.23% 0.09% 0.44% + 0.061 

Patent Abuse 0.06% 0.09% 0.20% 0.24% 0.28% + 0.059 

Design Protection 0.05% 0.00% 0.18% 0.05% 0.32% + 0.059 

Geographical Indication 0.14% 0.18% 0.15% 0.29% 0.36% + 0.056 

Exhaustion 0.12% 0.04% 0.20% 0.04% 0.39% + 0.054 

Three Strikes Copyright Law 0.00% 0.00% 0.09% 0.34% 0.07% + 0.048 

Patent Management Company 0.02% 0.08% 0.11% 0.06% 0.26% + 0.045 

Japanese  

Domestic 

IP-Research  

Data 

Copyright Law 0.68% 1.23% 1.27% 1.88% 1.68% + 0.264 

Patent Information 0.19% 0.45% 0.38% 1.27% 0.92% + 0.227 

R&D 0.56% 0.85% 1.08% 1.35% 1.20% + 0.176 

Patent Protection 0.09% 0.23% 0.11% 0.39% 0.77% + 0.150 

Drug Patent 0.13% 0.10% 0.04% 0.37% 0.65% + 0.130 

Convention on Biological Diversity 0.07% 0.00% 0.11% 0.43% 0.49% + 0.126 

Software 0.44% 0.17% 0.45% 0.33% 0.93% + 0.114 

Genetic Resource 0.39% 0.36% 0.38% 0.74% 0.77% + 0.113 

Fair Use 0.05% 0.07% 0.11% 0.57% 0.35% + 0.112 

BM Patent 0.04% 0.24% 0.11% 0.12% 0.62% + 0.103 

 

Additionally, we then constructed an ego-centric network to analyze the 10 major emerging research 

keywords, and then we utilized the community method to group the emerging keywords in the established ego-

centric network by their high relations. Figures 4–6 show the grouped ego-centric networks from each set of IP-

Research Data, and indicate the five research keywords closely associated with each group.  



 

 

Figure 4. Grouped ego-centric network for the International IP-Research Data 



 

 

Figure 5. Grouped ego-centric network for the Korean Domestic IP-Research Data 



 

 

Figure 6. Grouped ego-centric network for the Japanese Domestic IP-Research Data



 

The results of analysis of the relations between research groups in each IP-research data are summarized as 

follows. 

 International IP-Research Data: Research on Group 7 (European Patent/Patent Eligibility) was the most 

active, and was especially analyzed actively with Group 5 (Drug/Health Care) and Group 1 (Infringement) in 

analysis of the relations between research groups. Research relations between Group 3 (European Union 

Law) and Group 1 (Infringement) were also high. 

 Korean Domestic IP-Research Data: Research on Group 6 (Copyright Infringement) was the most active, 

and was especially analyzed actively with Group 5 (Three Strikes out Law) and Group 3 (Copyright Holder) 

in analysis of the relations between research groups. Research relations between Group 4 (Exhaustion) and 

Group 7 (Geographical Indication) were also high. 

 Japanese Domestic IP-Research Data: Research on Group 4 (Software/BM Patent) was the most active, and 

was especially analyzed actively with Group 3 (Copyright Law) and Group 1 (R&D) in analysis of the 

relations between research groups. Research relations between Group 1 (R&D) and Group 2 (Patent 

Information) were also high. 

 

5. Conclusion 

In this paper, we explored the research trends in IP by using the social network analysis technique. We utilized 

31,460 pieces of bibliographic information on IP-related research data published in international, Korean 

domestic, and Japanese domestic web-based bibliographic databases from 2007 to 2011. Bibliographic 

databases that provided IP-related specialized articles such as news, research reports, and law & precedent cases, 

in particular, were included to reflect the recent research trends in IP, as well as academic databases. The overall 

research trends in IP were then analyzed using the socio-centric approach for the relations between research 

keywords. Further, by building an ego-centric network linked directly with the seven groups comprising the set 

of emerging research keywords, we investigated the emerging trends in intellectual properties related to the 

seven research groups in depth.  

Because this research was conducted on the basis of “search terms,” it is possible that bibliographic 

information not related to those keywords have been omitted. In the process of building the thesaurus of related 

research topics, the researchers’ perspective could not be fully excluded. This may serve to bias the results from 

the actual general research trends in IP. To eliminate such a possibility, standardization of the thesaurus was 

performed in order to achieve maximum reliability.  
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Abstract 

Purpose/ Research Question - Early-phase startup companies have much difficulty to obtain the 

knowledge and information about how to secure and manage insufficient resources systematically. 

Therefore, in order to reduce the failure probability in the early stage and maximize the performances, 

systematic management and supports for collecting and allocating the resources are required, and this 

could be obtained through Business Process Management from the viewpoints of startup companies.  

Key Literature Reviews - For the success of startup companies, three factors are most important 

including opportunity, team and resources which are required to develop the company. But, reason 

why the initial startup companies cannot survive in the competition with existing companies are 

suggested to be lack of resources and the absence of network with external stakeholders. There is 

paucity study about Business Process Management (BPM) from the viewpoints of startup companies 

considering the limited resource management of startup companies. 

Design/ Methodology/ Approach - Methodology suggested in this study supports to search the 

necessary activities effectively which are required in the early stage from the perspectives of Know-

how, Know-Who and Know-Where. 

(Expected) Findings/Results - The resources and stakeholders which are required for each activity 

are defined and evaluated, and the relations and process are deduced using business process modeling 

technique 

Research limitations/ Implications - Through the reference model suggested in this study, the 

resources which are required in current startup phase for the entrepreneur and related stakeholders 

could be effectively searched. 

Keywords - Entrepreneurship, Entrepreneurial Business Process, Process Modeling, Business Process 

Management 
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1. Introduction 

Capital market for startup companies is expanding, but human infrastructure is in poor condition. Startup 

companies have relatively less capitals and human resources than small and medium-sized companies and large 

companies, and to overcome the poor operation environments, entrepreneurship for startup founder is most 

important. 

Survival probability of startup companies seems to depend on the participation of the manpower. The 

related research showed that company's liquidation risk drops as the capital support is short-term and the 

number of employees is big [1]. In addition, the effects of age and experiences of the founder to liquidation risk 

are not significant. Moreover, it is analyzed as more people participate in the foundation and the level of 

technology is higher, survival probability of Startup Company is increasing [2]. 

External cooperation for startup companies also greatly affects their management performances. 

Regarding the reasons why startup companies are difficult to survive in the competition with existing companies, 

insufficient resources, rationality, lack of legitimacy and the absence of network with external stakeholders were 

suggested [3]. In addition, it was suggested that the relationship with partners which have complementary 

abilities or the resources which are ultimately required for startup companies could positively affect the 

development of startup companies [4]. 

Entrepreneur or small and medium-sized company executives are interested in ‘Know-How’ to utilize 

the resources which are required for company management [5]. But, they could solve the problems as long as 

they know where and to whom the required resources for startup companies are available, rather than what to 

make and how to make. Even though ‘Know-How’ is important to operate the startup company, resource 

management is identified to be an important factor as well from the viewpoints of ‘Know-who’ and ‘Know-

where’. Important factors which directly affect the performance of the startup company can be classified into 

three factors of Team, Resource and Opportunity [6]. In order to maximize the performance, appropriate 

combination of these factors is required and it could be achieved through systematic business process 

management. 

The knowledge an entrepreneurial firm needs can be divided into categories based on the ten 

functional areas: general management, financial management, marketing and selling, market research, product 

R&D, engineering, production, distribution, legal affairs, and personnel [7]. Business process knowledge areas, 

such as marketing and financial management, provide entrepreneurs with the most difficulty [8]. High 

technology entrepreneurial firms may have a high degree of technological knowledge but may lack knowledge 



regarding small business management [9]. 

Existing research mainly assume a large organization setting with large-scale resources dedicated to 

bringing about the large-scale business process changes. The paucity of research involving SMEs in particular 

can at least be partially attributed to two factors [10]. Also, the employment of a process approach to the 

management of these resources will provide much needed guidance to stakeholders, especially industrial liaison 

managers, academic entrepreneurs and university senior management. It may also be inferred that a business 

process approach will help unravel the complexity of the commercialization process by identifying pathways to 

guide commercialization efforts and identify junctures were entrepreneurial network support is required [11]. 

Business process management is still a relatively new management approach, and the theory and application has 

yet to fully reach smaller firms. There has been some doubt as to whether large scale business process 

reengineering is applicable to SMEs due to resource constraints and absence of network with external 

stakeholders. 

In the area of study on entrepreneurship, studies on business management in early stage are vigorously 

conducted, and development of studies has also started on entrepreneurship, startup and venture businesses from 

viewpoint of business management [12][13]. Existing studies on entrepreneurship have been focused mainly on 

individual characteristic of entrepreneur (motive, etc.), which has a critical point that cannot effectively reflect 

strategy and viewpoint of process on operating company as it grows. 

Recent studies on entrepreneurship have begun to extend to those on entrepreneurial process. In other 

words, it can be regarded as simultaneously necessary to conduct studies from the viewpoint of process 

watching entrepreneurship in step with series of business growing stages from the stage of seizing opportunity at 

early period of startup to the stage of startup, survival and diminishing, and to conduct studies from 

environmental dimension to understand external environmental element(context) that helps company grow and 

survive as well as start business escaping from individual entrepreneur or internal capability of startup company 

[14]. 

In this study, methodology for entrepreneurial business process modeling in order for startups having 

high internal reliance to effectively manage external resources and stakeholder. The methodology suggested in 

this study will provide support for effectively searching necessary resources and stakeholders from the 

viewpoint of 5W1H framework (know-why, know-what, know-who (where), and know-how (when)) on 

activities necessary for managing startups. For this, necessary resources and stakeholders are defined and 

evaluated, and Entrepreneurial Business Process Notation (E-BPN) will be suggested that can deduce their 



relations and process using business process modeling technique. In addition, the proposed methodology will 

derive Entrepreneurial Business Process Template applying to Korean Technological Startup Process.   

  



2.  LITERATURE REVIEW 

Entrepreneurial attitude is defined by GEM as the degree that the startup company thinks as a good 

opportunity to start a new business, or the degree that the status of the entrepreneur is highly evaluated. In 

addition, the level of the risk which could be taken by the individual or the awareness degree of self-skillfulness, 

knowledge and experiences are also considered as entrepreneurial attitudes [15]. These entrepreneurial attitudes 

are influenced by two factors of Entrepreneurial activity and Social Network. First of all, major reasons why 

initial startup companies are difficult to survive in the competition with existing companies could be identified 

in the lack of sufficient resources according to entrepreneurial activities and the absence of network with 

external stakeholders [3]. Therefore, startup companies should maintain the relations consistently with external 

stakeholders or partners which have complementary ability and resources required for each entrepreneurial 

activities in the growth process [16]. 

Entrepreneurial resources include all tangible and intangible assets that a firm may possess and control 

[17][18]. Also, regarding the reasons why startup companies are difficult to survive in the competition with 

existing companies, insufficient resources, and absence of network with external stakeholders. The relationship 

with partners which have complementary abilities or the resources which are ultimately required for startup 

companies could positively affect the development of startup companies [16]. 

In order for a startup company to become successful jumping across Death Valley, many conditions 

will be necessary including creative technology, financing and marketing and business management. Especially, 

even the well developed technology will enable virtuous cycle of industrial ecosystem when result of technology 

can be conveyed to companies in order to make practical products manufactured and sold in market. According 

to such flow, paradigm is being changed to the condition that market leads technology with centralized Business 

Model (BM) other than technology in the structure that excellent cutting-edge technology dominated the market. 

In other words, design of BM is important among other things in order for Startup Company to be successful.   

The most important element for consideration when devising BM can be easily found in business 

model canvas that generally use at design of BM [19].  Elements suggested in BM canvas consist of 9 kinds, 

and BM canvas can be made out classified into 3 kinds of area (organization, customer, money) in order to set 

up BM, after establishing value proposition that company aims. First, organization area, which is a basic part for 

set-up of BM by startups and an input element for delivering value proposition of startups, defines key resources 

and activity/partner necessary for operation of startups. Next, in customer area, expression is made on what and 

who the market are that entrepreneur looks for and how he will look for them. Finally, money area will be 



agonized from viewpoint of IR. It is important than any other things to define activities necessary for the value 

that company aims and to search resources, partners and stakeholders thereto. 

Entrepreneurial process have close relation with entrepreneurship, may be regarded to be series of 

process of creating value, searching business opportunity for developing into business idea and commercializing 

it for practical business through management of resources and organization. Recently, studies are briskly 

conducted on entrepreneurial process extended from entrepreneurship, entrepreneurial process is defined as the 

following. Leading entrepreneurial process model can be classified by 6 models [20] [21].  

Insufficient resources, Absence of network with external stakeholders. The relationship with partners 

which have complementary abilities or the resources which are ultimately required for startup companies could 

positively affect the development of startup companies [16]. Search for external stakeholder on team, partner 

and network that have resources along with management of resources at operating startups is regarded to be 

more important than any other things. In other words, viewpoint is important on where and who resources (high 

quality knowledge and information, experience/knowhow, related technology, fund, facility, human/material 

resources, etc.) necessary for operating startups belong to? To regard him (who) and the organization (where) as 

stakeholder is necessary.  

Stakeholders are defined as the people who voluntarily or involuntarily contribute to the value 

creation ability and activities for the company, and potential beneficiaries who could get the generated profits 

from company operation, or risk takers and volunteers [22]. Also, stakeholder theory is a corresponding concept 

with shareholders' value theory which means the company should manage the business considering the interests 

of all interested members as well as shareholders [23]. Major studies about stakeholder theory can be classified 

according to Descriptive, Normative and Instrumental approach methods [24]. Regarding initial interested areas 

about stakeholder theory, studies about strategic management have been most conducted [23] [25] [26] [27], and 

subsequently expanded to corporate ethics area [28] [29]. Social responsibility related factors in stakeholder 

theory are included in management's social issues and currently is changing to sustainable development areas 

[30] [31]. 

The most important element in the theory of stakeholder lies in how to analyze and evaluate 

stakeholder.  In traditional stakeholder theory model, stakeholder is defined as individual or group affecting or 

being affected in accomplishing aim of organization, and priorities are classified into variables like power, 

legitimacy and urgency [32]. In addition, order of priority will be evaluated considering 3 kinds of variables as a 

method for project manager to define stakeholder and manage him in the theory of stakeholder used in 



management area. Proximity (Are they closely associated or relatively remote from the project?), Power (Is their 

power to influence significant or relatively limited?) and Urgency (Are they prepared to go to any lengths to 

achieve their outcomes?) – these diversified models of stakeholder theory is, when they are applied for startups, 

expected to help for effective operation of companies, and, in this study, stakeholder model suitable for 

characteristic of startups will be deduced based on existing variables of stakeholder theory.  

  



3. Entrepreneurial Business Process Model 

Existing entrepreneurial model makes approach to static condition of process, and has critical point that cannot 

reach concept of business process that startups can effectively use in their business practice.  

In this study, methodology for entrepreneurial business process modeling in order for startups having 

high internal reliance to effectively manage external resources and stakeholder. The methodology suggested in 

this study will provide support for effectively searching necessary resources and stakeholders from the 

viewpoint of 5W1H framework (know-why, know-what, know-who (where), and know-how (when)) on 

activities necessary for managing startups. For this, necessary resources and stakeholders are defined and 

evaluated, and Entrepreneurial Business Process Notation (E-BPN) will be suggested that can deduce their 

relations and process using business process modeling technique. In addition, the proposed methodology will 

derive Entrepreneurial Business Process Template applying to Korean Technological Startup Process.   

Startup companies have lots of difficulty in efficiently searching and systematically managing the 

necessary resources. Therefore, in order to maximize the performances of startup companies, systematic 

business process management for Entrepreneurial Team, Entrepreneurial Resource, and Entrepreneurial 

Opportunity are required. This study is to suggest Entrepreneurial Business Process which is required for 

technology based startup companies to actively use external resources. Small firms aimed in this study are 

included between potential entrepreneurs (latent entrepreneur) to owner of the new business (young 

entrepreneur). As follows, the phase of entrepreneurial activity is classified into three phase.  

 
 



- Discovery Phase: It is the phase that the Latent Entrepreneur and Latent Nascent Entrepreneur is included. 

The range can be classified from potential entrepreneurship appearance to the time being committed to 

founding the firm. Mostly, entrepreneurs are actively involved to discover ideas and building an 

execution plan for the business model.  

- Exploitation Phase: It is the phase that the Nascent Entrepreneur is included. The definition of a nascent 

entrepreneur upon which this paper is based corresponds to that in GEM: an individual may be 

considered a “nascent entrepreneur” on the basis of conditions: first, entrepreneur taken the action in the 

past year to create a new business; second, if the firm has not yet paid salaries and wages for more than 

three months. They are actively involved with the idea of a business start-up, but who have not yet 

completed the formal launch of the start-up.  

- Entrepreneurial Early-Phase: It is the phase that the Young Entrepreneur is included. They were once 

nascent entrepreneurs and have put their start-up idea into action in the recent past. They are defined in 

GEM as follows: in cases where the firm already exists and he or she has paid salaries and wages for 

more than three months but fewer than three and a half years. 

 
 

Research methodology suggested in this study supports to effectively search necessary activities 

which are required in the early-stage of entrepreneurial process from the perspectives of know-how, 

know-who and know-where. This research is progressed with the total four stages for establishing 

entrepreneurial business process.  

 

This methodology defines and evaluates necessary resources and stakeholders by 

entrepreneurial activities. The research process collects the previous studies related to factors of the 

entrepreneurial activity/resource/stakeholder, selects the questionnaire (measurement variable) that 

can represent the activity/resource/stakeholder (latent variable). The confirmatory factor analysis is 

performed in order to verify the validity of the latent variables and questionnaire item (measurement 

variable) selection. The questionnaire result utilizes structural equation modeling to measure the 



correlation, and evaluate the validity. 

Finally, this methodology utilize the functional modeling method for modeling process of 

key activities within each process in relation to these factors. Especially, entrepreneurial business 

process model will be proposed to provide key activities within each process in relation to a variety of 

resources and stakeholder throughout application of this factors to inputs, outputs and routings, 

resources, events, controls and measures by modifying IDEF approach. 

 

4. Conclusion 

Startup companies have lots of difficulty in efficiently searching and systematically managing the 

necessary resources. Therefore, in order to maximize the performances of startup companies, 

systematic management and supports for entrepreneurial team, resource, and opportunity are required, 

and this could be achieved through business process management from the viewpoints of the startup 

company. Business process management (BPM) to improve the business efficiency has been executed 

mainly by large companies with bigger than medium size which have established process concepts, 

and there is paucity study about BPM from the perspective of startup companies considering the 

limitations of startup companies.  

This study is to suggest Entrepreneurial Business Process which is required for technology 

based startup companies to actively use external resources. Methodology suggested in this study 

supports to effectively search necessary activities which are required in the early-stage of 

entrepreneurial process from the perspectives of know-how, know-who and know-where. This 

methodology defines and evaluates necessary resources and stakeholders by entrepreneurial activities, 

and utilize the functional modeling method for modeling process of key activities within each process 

in relation to these factors. Furthermore, this study analyzes Korean domestic technology-based small 

firms for building the best practices of entrepreneurial business process according to the three 

entrepreneurial phase and six industry sector of startup companies. Through the best practice model, it 

is expected that necessary resources could be effectively searched which are required in startup step 

by startup entrepreneurs and related stakeholders. 
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Abstract  

Regional innovators are playing pivotal roles in establishing regional innovation system (RIS). 

Nevertheless, regional innovators in South Korea tend to avoid risk-taking activities on innovation. 

Innovation involves considerable risk (Biais, Rochet, and Woolley, 2015). In other words, regional 

innovators’ innovational and entrepreneurial activities will play important roles in successive regional 

innovation system. Moreover, there is a significant relationship between RIS and entrepreneurial 

ecosystem. On the basis of RIS, companies such as ventures is easier to innovate in that various 

regional innovators should be supporting them, establishing the entrepreneurial ecosystem naturally. 

Especially, innovators’ entrepreneurial activities will consolidate the ecosystem as well as the RIS 

(Sternberg, 2007). In general, the entrepreneurial activities can be measured by three factors such 

as innovative, risk-taking, and proactive activities. The factors are essential measures of 

entrepreneurship. In addition, the entrepreneurship or the entrepreneurial activity is a very important 

component of the entrepreneurial ecosystem. Finally, for improving regional competitiveness and 

economy, regional innovation must be achieve, and RIS and entrepreneurial ecosystem are the 

cradle of innovation. In spite of the importance of RIS and the regional innovators’ roles in improving 

the competitiveness of RIS, there is few study on innovators’ entrepreneurial activities. Especially, 

little has been done from network perspective. That is to say, research on the relationships among 

regional innovators’ entrepreneurial and innovational activities or behaviors, network capacity, and 

competitiveness of regional innovation system. Therefore, this study would like to explore the role 

of regional innovators’ entrepreneurial activities in improving competitiveness of regional innovation 

system, and hence investigate empirical relationships among the activities, the competitiveness, and 
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the third variables such as network capacity. 

For the empirical analysis, 500 questionnaires were administered among regional innovators, 

especially tech-based enterprise and regional governments. The analysis was done by using SPSS 

WIN 21.0 and AMOS 21.0 version. The statistical techniques used in this study were frequency 

analysis, reliability test, factor analysis, correlation analysis, hierarchical regression analysis, and 

structural equation model analysis. We expect there are significant relationships among variables.  

 

Keywords : entrepreneurial activities, competitiveness, regional innovators, regional innovation 

system 

  



Introduction 

Under global economic environment characterized as globalization of economic activities and 

convergence of cutting-edge technology, improving regional competitiveness is regarded as a hot issue. 

Especially, with the advent of global innovative economy, the role of region in improving national 

economy is changed rapidly as well as the importance of the role is emphasized. In order to survive in 

the environment, the region has to chase down differentiated innovation. In other words, regional 

innovation plays a pivotal role in improving national and regional competitiveness.  

There was a regional innovation campaign in South Korea, that is, Saemaul Undong. Regional 

innovation is key words of Saemaul Undong, that is, it has been well-known as a Korea’s successful 

regional innovation. Most studies (e.g., Douglass, 1983, 2013; Park, 2009; Reed, 2010) have argued 

that Saemaul Undong is the most successful campaign in South Korea for improving or developing 

national economy and competitiveness. According to Han(2012)'s study, 'the Saemaul Undong involves 

attitudinal change spurring a spiritual revolution in Korean regional communities, where the residents 

were educated to break away from dependency and fatalism to have faith in themselves and embrace 

challenge.' The ultimate aim of this attitudinal change is to improve living conditions of local villagers 

themselves, not communities. Thus, the local leaders have to lead the villagers to be able to innovate. 

In summary, in the global environment, regional innovation plays a pivotal role in improving regional 

competitiveness. In order to succeed the regional innovation, Saemaul Undong is a vital activity. In 

order to innovate the region and carry out Saemaul Undong successfully, the local leaders' leadership 

is essential. By showing an exemplar throughout the leader's dedicated sacrifice, he/she has to lead the 

villagers to cooperation. Of course, there are three basic virtues (e.g., diligence and self-help) in 

Saemaul Undong; nevertheless, the cooperation is a sufficient condition for developing the region.  

With the cooperation with the individual members (or villagers), a different type of cooperation is 

needed to develop the region via innovation. That is to say, in order to carry out the regional innovation, 

the cooperation among regional innovators (i.e., academia, industry, and government) is needed. In 

other words, the academia-industry-government network is a necessary and sufficient condition for the 



development of region and the regional innovation. As mentioned above, for the regional innovation, 

Saemaul Undong leadership is needed certainly. As a result, the leadership can lead them (i.e., academia, 

industry, and government) to the cooperation.  

Therefore, this study would like to explore the relationship between the cooperation among academia, 

industry and government, and the Saemaul Undong leadership, and hence the Role of Saemaul Undong 

Leadership on Regional Innovation. 

 

Saemaul Undong and Saemaul Leader 

The Republic of Korea experienced successful economic growth in the 1960s by using industrial 

policies and export-oriented trade policies. This selective strategy, however, put rural development on 

hold and widened the gap between urban and rural standards of living. For example, the agricultural 

sector’s share of GDP shrank, and the productivity gap between the agricultural and industrial sectors 

grew. 

This economic imbalance was followed by political instability and a decrease in political support for 

President Park and his administration, especially in rural areas. The need to ameliorate the widening 

economic gap between rural and urban areas and to maintain political support for the ruling party and 

President Park comprised the economic and political background of the initiation of the Saemaul 

Undong (Park, 2009; So, 2007; Whang, 1981). 

Against this background, the purposes of the Saemaul Undong were as follows (Ham and Lee, 2014). 

First, it aimed at improving living conditions and agricultural infrastructure. For this purpose, 

community rehabilitation projects such as the expansion of village and farm roads, irrigation projects, 

housing improvements, and construction of storehouses and village halls were carried out. These 

projects were also expected to improve rural people’s welfare and to employ idle workers during the 

agricultural offseason. Second, the Saemaul Undong aimed at income generation and economic 



development in the villages, implementing projects including the adoption of new agricultural 

technologies, chemical fertilizers, and improved seeds. Improved agricultural infrastructure was 

expected to lead to an increase in productivity and income growth. Saemaul wage-earning projects and 

factories in villages were also expected to increase employment and to become new sources of income 

for farmers. Third, the Saemaul Undong aimed to change farmers’ values and attitudes by stressing 

Saemaul values such as diligence, self-help, and cooperation. It was believed that changes in the 

perceptions and attitudes of rural people were required for long-term sustainable changes and 

development in rural communities. To inculcate the desired values and attitudes in individuals, formal 

and informal education programs were offered, and public relations campaigns were carried out by 

government agencies and voluntary organizations. 

When analyzing the Saemaul Undong experience there are two important clarifications to make. The 

first is the scope of the program. Saemaul Undong began as a rather conventional integrated community 

development program with the aim of improving the physical environment of villages, introducing new 

attitudes and skills, and increasing incomes through small-scale self-help projects introduced by 

government agents and implemented through village cooperation. However, seeing the early positive 

response by villagers, President Park realized that Saemaul Undong could become the rallying cry for 

mobilizing not only the farmers but also the bureaucracy and the entire population to focus attention on 

the rural areas. In this way the definition of Saemaul Undong expanded beyond the community level 

program to encompass the entire spectrum of the government’s rural development policies and 

programs, including the income-increasing policy initiatives outlined above. 

If the definition of Saemaul Undong is restricted to that of a village-level community development 

program promoting self-help, hard work and cooperation, we might conclude that its impact was limited. 

Village-level projects to change farmhouse roofs from thatch to galvanized iron, to straighten village 

lanes, clear irrigation canals, and start small-scale income generating projects taken alone could not 

account for the significant income increases that were achieved. Similar programs earlier in Korea and 

community development (CD) programs in other countries have had limited sustained impact. However, 



if we define Saemaul Undong as Korea’s entire program for accelerating agricultural and rural 

development in the 1970s then we can claim that Saemaul Undong was a great success. A second point 

that needs emphasis is that Saemaul Undong’s success was built on the ironic combination of 

cooperation at the village level with mobilization and direction from an authoritarian government (Reed, 

2010). Given the political system of Korea at that time, no village could refuse to participate in the 

Saemaul Undong program, even if the immediate benefits were not clear to them. On the other hand, 

the village-level process and its success was largely attributable to the cooperative ethos and patterns 

that characterized Korean village life. 

Not only was every level of government involved in promoting Saemaul Undong, an entire parallel 

bureaucracy was created to ensure that plans made at the national level were communicated from the 

President down to the local level. This structure was also used to build a kind of personality cult around 

President Park. But at the village level the traditional forms of cooperation and the roughly egalitarian 

social structure ensured that these pressures were buffered and translated into collective action through 

traditional forms of community cooperation. Therefore, Saemaul Undong was a national campaign that 

positively branded the government’s major program of rural modernization and development and 

mobilized every village, and nearly every villager, in Korea to participate. But this was not superficial 

political dressing. In fact, Saemaul Undong contributed additional and probably essential ingredients 

that enabled Korea’s rural sector to advance so rapidly: Positive political and social environment; New 

farmer-government relationship; New village leadership (Korean villages had always selected their own 

rijang (village chief) through informal processes, but tradition usually dictated that leadership go to an 

elder of the dominant clan—even after land reform); Enhanced economic role of women; Development-

oriented cooperation (As noted earlier, long before Saemaul Undong was introduced, most Korean 

villages were characterized by a high degree of cooperation). 

The Saemaul Undong, new village movement, was made by the Junghee Park Government in 1970s to 

lift the local villagers from poverty and provide basic food crops for burgeoning urban populations. 

Originating as a village modernization program with materials provided by government used to 



mobilize village self-help projects, it was subsequently linked with the advent of the Green Revolution 

in rice production. It rapidly became a nation-wide program for rural development that by the end of 

the decade had spread to cities as a national symbol of the Korean way of government guided 

participatory development.  

The Saemaul Undong has been described in detail elsewhere in this collection as “a successful model 

of poverty eradication, attitudinal change (mental revolution), and rural modernization.” The Saemaul 

Undong was initiated by the central government on a nationwide basis, eventually reaching every rural 

community in the country, under the banner of “self-help, diligence and cooperation.” The purpose of 

Saemaul Undong was to mobilize villagers for cooperative participation in projects that improved 

village environment, accelerated investment in projects to increase productivity, improved living 

standards, and ultimately helped close the income gap between farm and urban households. Regional-

level leadership development, among both women and men, was a major component of the program 

with a view to introducing new ideas and a new village culture contributing to rural transformation. 

That is, the leadership is one of the most important successful factors of the Saemaul Undong.  

How the Saemaul Undong proceeded in relation to ideas of rural development in the 1970s is 

summarized in Table 1, which shows its key components as it progressed over the decade and beyond. 

The main point to be drawn from the Table 1 is that while the Saemaul Undong adopted most of the 

components then thought to be important for rural development as part of national development, it did 

not follow the progression of the more general case, and it also had elements uniquely innovated in 

Korea (Douglass, 2013).  

Table 1. Components and Chronology of the Saemaul Undong 

Phase/Components Main Features 

Pre-Saemaul 

Undong(1950-70) 
National focus on urban-industrial development  

Land reform  

 
Radical land-to-the tiller reform before Saemaul Undong was initiated 



Role of agriculture Relatively benign neglect of agriculture 

1st Phase (1970-75) Focus in village modernization 

Village modernization  Materials given to villages for self-improvement 

Saemaul Undong 

Training Centers 

Elaborate national system of Saemaul Undong training centers set up to 

train and indoctrinate leadership. Acted as mechanism to locally integrate 

rural development activities beyond sector ministries 

Saemaul Spirit 
An ideology of Korea as a culture of cooperation launched to raise 

enthusiasm and mobilize contributions and participation 

2nd Phase (1972-78) Focus on agriculture 

Green Revolution Forced adoption of high-yielding varieties of grain 

Extension services Embedded in the Green Revolution phase of Saemaul Undong 

Rural Cooperatives Set up with Green Revolution 

Mechanization Belatedly adopted mechanized farming 

3rd Phase (1973-1977) Saemaul Undong expansion to non-agriculture and cities 

Source : Douglass, M. (2013), The Saemaul Undong: South Korea’s Rural Development Miracle in Historical 

Perspective, Working Papers Series No. 197., Asia Research Institute.  

 

Actually, successful factors of the Saemaul Undong are manifold. Especially, local level officials are 

the most significant factor. That is, they became more efficient in implementing public programs and 

were better able to support village and its needs. As a source of unity and national identity, the Saemaul 

Undong is a prominent slogan and symbol of an autonomous Korean way of development. In addition, 

in the eyes of most Koreans these achievements are attributed to the success of the Saemaul Movement 

under the personal guidance of President Park. As mentioned above, both local-level and government-

level leaderships contributed the Saemaul Undong to succeed.  

In the decades from the 1980s to the current, the Saemaul Undong has gone throughout several 

reformulations. The principal direction running through all of them has been to limit the role of 

government in the Saemaul Undong and to increasingly emphasize the spirit of voluntary cooperation 

as a central character of Korean people and national identity. The Saemaul Undong offices continue to 

operate at the national level and among local governments in South Korea. The Korean government has 

recently called upon the Saemaul Undong spirit as a key element of its foreign assistance to Africa, 



Asia, and so on. Implicit in this approach is the idea that a Korean way of rural development has 

intangible elements that are able to assist people in other countries to draw on their own voluntary 

efforts to better their lives.  

As an experiment in rural development that learned and adjusted as it went forward, the Saemaul 

Undong reveals an experience in which central government effectively paid attention to rural welfare 

and livelihood and, through a combination of policy interventions, succeeded in mobilizing rural society 

and raise rural standards of living toward those of the cities. The Saemaul Undong shows that 

cooperation, cooperation among the parties can make important contributions to people’s welfare and 

livelihoods, government can have a role as catalyst in initiating rural advancement.  

 

Innovation and Leadership  

Innovation has no intrinsic value to organizations. The growing competition arising from globalization 

trends and technological advances exacerbates the demand for organizations to innovate their processes 

to ensure their effectiveness and competitiveness. It is certainly believed that members’ innovative 

behaviors can be seen as a competitive advantage for their organization. Therefore, the research into 

members’ behaviors that associate with innovation is essential (Vaccaro et al., 2012). Given such 

importance, the main aim of this paper is to explore organizational factors (e.g., namely, leadership and 

organizational climate) regarding innovation.  

Like this, innovation is very important factor to acquire competitiveness; however, it does not guarantee 

success. Innovation drives organizational success only when it gives shape to a plan (George and Bock, 

2008). Successful innovation has been attributed to the knowledgeable, authoritative role of leaders that 

allocate and deploy resources to link professional insights with strategy and planning (Shah, 2006). 

Following Birkinshaw et al.’s (2008) focus on the role of human agency in innovation, we center on the 

specific actions from individuals inside the organization by focusing on leaders and associated 

http://sgo.sagepub.com/content/5/2/2158244015586812
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behaviors. Due to their prominent role within organizations, leaders affect organizational conditions 

under which innovation may be generated and implemented (Crossan and Apaydin, 2010; Hambrick 

and Mason, 1984). Innovation may not necessarily be developed by the CEO or other executives within 

the top management team. Nevertheless, they may carry out instrumental roles in creating an 

organizational context conducive to new change and introduction of new processes and practices. For 

instance, leaders have been shown to impact organizational performance (Haleblian and Finkelstein, 

1993) and choice (Finkelstein, 1992).  

Various studies have considered leadership as one of the organizational attributes underlying change 

and innovation (Chandler, 1962; Kanter, 1986). Elenkov et al. (2005) described alternative ways in 

which leaders can influence innovation within the organization by means of their prominent position. 

Similarly, leaders may also impact innovation by reducing uncertainty and complexity associated with 

its pursuit (Birkinshaw et al., 2008) by communicating a shared vision, supporting change, and 

developing a certain type of organizational culture. For instance, Marion and Uhl-Bien (2009) suggest 

that leaders may have a significant role in simplifying complex dynamics within organizations. That is, 

leaders may be able to help subordinates make sense of the changes, and provide guidance and support 

when changes may seem ambiguous.  

Birkinshaw et al. (2008) point to ‘internal change agents’ as key factors driving innovation. It would 

also be particularly important in supporting initiatives related to changing practices, processes, or 

structures. By virtue of their position CEOs, and their associated type of leadership behavior, relate to 

this type of key individual. This has not gone unnoticed by either academic or managerial authors, who 

have presented top leaders as key change agents within the organizations they lead. The role of 

leadership has also been found to be relevant in members’ willingness to voice ideas aimed at improving 

the organization and the way in which it functions (Detert and Burris, 2007).  

In summary, there is a significant relationship between leadership and innovation. South Korea is no 

exception. A large number of leaderships have been appeared in South Korea. Thus, to address how 



specific leadership behaviors affect the pursuit of new change (e.g., rural modernization) of South Korea, 

we focus on Saemaul Undong leadership.  

 

The Saemaul Leader's Role in Successful Regional Innovation 

As mentioned above, innovation is a keyword or main factor of Saemaul Undong. Saemaul Undong 

contributes local communities to innovate themselves. In the uncertain and rapidly changed 

environment, to survive, regional innovation is certainly required.  

The purpose of this study is to explore the role of leadership in creating the innovation ecosystem and 

hence the regional innovation. Especially, this paper focused on the role of leadership such as coaching 

leadership of Saemaul Undong in creating the regional innovation. The most important role of 

leadership is to carry out the role as a facilitator which accelerates new idea and seeks new challenge. 

Saemaul Undong is Korea’s successful rural modernization campaign.  

The role of leadership as a facilitator is related to overcome the new problem or challenge faced by the 

regional community. The regional leaders develop the local villagers solve the problem and adopt the 

changed environment as well as they suggest the new vision and mission, and strategy to them. In 

addition, they empower the villagers to innovate themselves. It is the most important role of leadership 

to the village level of leaders.  

Based on the Saemaul Undong, this study would like to explore the roles of local leaders in pursuing 

regional innovation and hence acquiring regional competitiveness. As mentioned above, local or 

regional leaders have to empower regional members or villagers to innovate themselves via training 

and education, that is, they have to act as facilitators. In other words, for carrying out the successful 

regional innovation, nothing is more important the local leaders’ roles, leadership.  

The Saemaul leader’ leadership is designated as the coaching leadership. For instance, the Saemaul 



leaders educate villagers about new farming methods in order to raise their farm income. In the farming 

villages, the Saemaul leaders took the initiative and set an example or the leading role in planning for 

the successes and development of their villages in the future. As well, they executed enlightenment 

activity and acted themselves as positive roles. In summary, for the success of Saemaul Undong, the 

Saemaul leaders supported villagers to innovate their regions. One of the most significant successful 

factors is the Saemaul leaders’ leadership. Firstly, they acted as facilitators. For example, they provided 

aims or missions and directions for regional development as well as when problems come up, they 

provide solutions and therefore motivate villagers. Secondly, they acted as supporters. For instance, the 

Saemaul leaders supported villagers who would like to make new ideas or innovation to improve their 

farming income. Finally, they acted as pioneers. For example, they took the leading role in changing 

villagers’ thinking and attitudes and hence trying to innovate and introduce new better something by 

themselves.  

 

 

Figure 1. The Relationship between Saemaul Leaders’ leadership and Villagers’ Innovation 

 



Organizations are eager to improve innovation outcomes, but regional innovation must address 

cognitive gaps to meet local residents’ needs and win their loyalty (Kumar and Shah, 2009). Since 

1990's, studies on leadership being able to spur creative innovation have been performed. The 

significant finding on the role of leadership affecting local members to innovate the regional society is 

whether leaders such as Saemaul leaders can create innovative ecosystem in the organization or the 

region or not. According to Goldstein et al.(2010), their roles encourage and support the new challenges 

in the ecosystem as well as make pathways, which can develop and improve the local communities.  

Based on the complexity theory, this study would like to suggest that leadership could touch off the 

regional innovation by interacting among regional innovators. It means that interacting among the 

innovators (e.g., academia, industry, and government) is a network among them. They have to build a 

cooperative system by sharing information each other. In addition, they would like to increase the 

information value and hence cause to ignite innovation via the interaction resonance.  

 

Self-confidence as a Trait of Effective Leaders 

Self-confidence, on a continuum from strong or weak, indicates whether you are self-assured in your 

judgments, decision making, ideas, and capabilities. Self-confidence influences individual goals, efforts, 

and task persistence and is positively related to effectiveness and is a predictor of success. Especially, 

self-confidence affects individual motivation, carrying out individual jobs or goals voluntarily and 

actively. Self-confidence is best categorized as the conscientiousness of Big Five dimension.  

Self-confidence can be used as a similar concept with Can-Do spirit of Saemaul Undong, as well as 

self-concept (refers to the positive or negative attitudes people have about themselves) and self-efficacy 

(is the belief in one's own capability to perform in a specific situation), because an another term of self-

confidence is “doing a great job.” Can-Do spirit of Saemaul Undong and “doing a great job” have 

similar meanings.  



Nevertheless, Can-Do spirit of Saemaul Undong might be not self-confidence but rather a collective 

confidence-building effort. In addition, former president Park Chung-hee is a leader who had 

confidence to be able to do great jobs as well as encouraged his subordinates or colleagues to cause 

their self-confidence. It can be explained as the Pygmalion Effect of psychology. That is to say, the 

Pygmalion effect, or Rosenthal effect, is the phenomenon whereby higher expectations lead to an 

increase in performance. The effect is named after the Greek myth of Pygmalion, a sculptor who fell in 

love with a statue he had carved.  

A corollary of the Pygmalion effect is the golem effect, in which low expectations lead to a decrease in 

performance; both effects are forms of self-fulfilling prophecy. By the Pygmalion effect, people 

internalize their positive labels, and those with positive labels succeed accordingly. The idea behind the 

Pygmalion effect is that increasing the leader's expectation of the follower's performance will result in 

better follower performance. Within sociology, the effect is often cited with regard to education and 

social class. 

Studies of the Pygmalion effect have been difficult to conduct. Results show a positive correlation 

between leader expectation and follower performance, but it is argued that the studies are done in an 

unnatural, manipulated setting. Scientists argue that the perceptions a leader has of a follower cause the 

Pygmalion effect. The leader's expectations are influenced by their perception of the situation or the 

followers themselves. Perception and expectation may possibly be found in a similar part in the brain. 

The Pygmalion Effect posits that a leader's attitudes toward and expectations of, and treatment of the 

leader's followers, can explain and predict the followers' behavior and performance. In other words: "If 

you think you can, you can; if you think you can't, you can't." In business, expectations are stated as 

objectives and standards. Effective leaders train ordinary employees to do a great job, their expectations 

influence the behavior and performance of followers. 

Moreover, the Pygmalion Effect seems a self-fulfilling hypothesis or a self-fulfilling prophecy. A self-

fulfilling prophecy is a prediction that directly or indirectly causes itself to become true, by the very 



terms of the prophecy itself, due to positive feedback between belief and behavior. Although examples 

of such prophecies can be found in literature as far back as ancient Greece and ancient India, it is 20th-

century sociologist Robert K. Merton who is credited with coining the expression "self-fulfilling 

prophecy" and formalizing its structure and consequences. In his 1948 article Self-Fulfilling Prophecy, 

Merton defines it in the following terms: 

The self-fulfilling prophecy is, in the beginning, a false definition of the situation evoking a new 

behavior which makes the original false conception come true. This specious validity of the self-

fulfilling prophecy perpetuates a reign of error. For the prophet will cite the actual course of events as 

proof that he was right from the very beginning. 

In other words, a positive or negative prophecy, strongly held belief, or delusion—declared as truth 

when it is actually false—may sufficiently influence people so that their reactions ultimately fulfill the 

once-false prophecy. 

Self-fulfilling prophecy are effects in behavioral confirmation effect, in which behavior, influenced by 

expectations, causes those expectations to come true. It is complementary to the self-defeating prophecy. 

In summary, if a member can have more self-confidence, he/she should motivate himself/herself and 

have a thinking that doing a great job. As a result, he/she does his/her best to achieve his/her purposes 

and go as far as to motivate or encourage other people or colleagues to cooperate with him/her and carry 

out their great jobs. Therefore, for regional innovation, Saemaul leaders must have self-confidence by 

themselves and hence give their subordinates, colleagues, and villagers confidence to be able to do 

something.   

 

Academia-Industry-Government Network from Triple Helix Perspective 

In a classic resource based theory view of innovation, if firms are resource-constrained, their propensity 



to seek outside resources increases. Academia which can offer industry human resources or technology 

become attractive partners, although they cannot meet shortfalls in corporate capital (Richardson, 1972). 

In a triple-helix view of the academia-industry-government interaction, direct academia link with 

industry ‘‘industrialize’’ knowledge, contributing directly to economic development beyond teaching 

and research (Etzkowitz and Leydesdorff, 2000) but a context specific approach may be required 

because each developing economy has unique needs (Eun et al., 2006). Corporate membership of an 

academia-industry-government network in South Korea has been observed to generate more patents, 

but not necessarily to raise productivity or sales. Further, participation in national projects was more 

likely to raise effectiveness, rather than firm size or intensity. The industrial contribution of universities 

through academia-industry-government networks may thus span improved human resources via 

teaching, innovations through research and in economies which host substantial government research 

institutes, highly skilled and trained researchers capable of creating innovations. Throughout the 

academia-industry-government network, the academia-industry-government cooperative network, 

regional leaders can perform their regional innovation. Nothing better than this cooperative network.  

 

Conclusion 

Under the knowledge-based economy as a new paradigm, innovation can play a pivotal role in 

improving regional economy. Especially, regional innovation can be functioned as the most important 

factor for the development of regional economy. Rural modernization and regional innovation are key 

words of Saemaul Undong, that is, it has been well-known as a Korea’s successful rural modernization 

and regional innovation.  

Saemaul Undong has become a national brand in South Korea’s program for sharing its own 

development experience with other countries. Governments and local leaders from countries in other 

Asia countries, and Africa have expressed interest in learning how South Korea’s countryside was 

transformed so rapidly in the early period of South Korea’s development. The Saemaul Undong has 



responded with well organized training programs that tell the story of Saemaul Undong and encourage 

leaders to initiate similar programs in their own countries, frequently using the same symbols, songs 

and slogans of the original Saemaul Undong. This activity or program is obviously playing an important 

role in stimulating villagers and local communities to innovate by themselves. 

The study of South Korea’s economic and social transformation offers a unique opportunity to better 

understand the factors that drive development. Within one generation, South Korea had transformed 

itself from a poor agrarian society to a modern industrial nation, a feat never seen before. What makes 

South Korea’s experience so unique is that its rapid economic development was relatively broad-based, 

meaning that the fruits of South Korea’s rapid growth were shared by many. The challenge of course is 

unlocking the secrets behind Korea’s rapid and broad-based development, which can offer invaluable 

insights and lessons and knowledge that can be shared with the rest of the international community.  

In summary, most of the Korean government’s initiatives for improving agricultural productivity and 

increasing rural incomes could have been implemented without the Saemaul Undong. But would they 

have achieved the success and rapid impact that actually occurred in rural Korea? Maybe not. The 

Saemaul Undong wrapped the entire effort to transform the rural areas economically and socially in an 

ubiquitous national movement under the personal leadership of President Park. One of the most 

essential factors for performing the Saemaul Undoing successfully is the leadership. In addition to the 

leadership, another successful factor is cooperation As noted earlier, long before Saemaul Undong was 

introduced, most Korean villages were characterized by a high degree of cooperation. The Saemaul 

Undong built on this cooperative tradition and directed it into development-oriented projects that built 

new village infrastructure, invested in micro-enterprises, and facilitated introduction of new farming 

technologies. So, cooperation as a means of coping with rural life became cooperation for transforming 

rural life and acquiring regional innovation.  

Finally, it is very important for academic, political, industrial, and local person to recognize that for 

carrying forward and then achieving regional innovation successfully, outstanding leaders’ leadership 

and cooperation among academia-industry-government are certainly needed.  
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Abstract  

Purpose – This study aims to examine how international networks form and evolve, as well as 

investigate empirical relationships among antecedents of international networks, international 

network embeddedness, and international performance and competitiveness, based on data from 

356 small and medium-sized exporters (SMSEs) in South Korea. 

Design/methodology/approach – Using data collected in 500 SMSEs, especially technology 

intensive firms, this study employed structural equation modeling (SEM). Based on SEM, it assumes 

that international network embeddedness plays a mediating role on the relationships between the 

antecedents and the international performance. 

Findings – The findings of this study can be summarized as follows: information management and 

proximity significantly affect international performance, whereas cultural difference does not, and 

international network embeddedness mediates relationships between information management and 

international performance, and proximity, and international performance. 

Practical Implications – These results imply that the greater embeddedness of international 

networks, the greater the international performance of SMSEs, that is, information management and 

proximity play a pivotal role in embedding international networks and improving international 

performance. That is, SMSEs must establish and hence reinforce international network for improving 

international performance.  
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Originality/value – In order to overcome inherent limitations, such as a lack of resources, SMSEs 

seek to develop international networks, looking to entering into international markets by embedding 

and utilizing these international networks. Nevertheless, relatively little research has been carried 

out on international network formation and embeddedness, especially based on SMSEs. However, 

this study determines network formation principles, determinants of international network, and the 

role of international network embeddedness on the relationship between the determinants and 

international performance. Especially, this paper verifies a comprehensive model on international 

network.  

 

Keywords: International network embeddedness, Information management, Cultural difference, 

Proximity, International performance, SMSEs 
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1. Introduction 

 

Despite the fact that small and medium-sized enterprises (SMEs) have being played an important role in improving 

economies, studies on internationalization have tended to focus on large or major firms (Kingsley and Malecki 

2004; Oviatt and Mcdougall 2005; Acs et al., 2009). With the born limitation, such as the lack of resource, SMEs 

would like to overcome it throughout the network (Erramilli and D’Souza 1993; Yli-Renko and Autio 1998; 

Riddle and Gillespie 2003). Especially, the success of these companies, those are seeking niche strategies in 

domestic markets, might depend on their ability to enter into international markets (Monferrer et al., 2013). As a 

consequence, SMEs are interested in establishing and/or enhancing their network, particularly international 

network, for successful internationalization (Coviello 2006; Hafner-Burton et al., 2009; Kim and Ronto 2010).  

Confronting with the difficulty to maintain and expand their domestic market share, SMEs starts to turn their gaze 

on international markets (Wilkinson 2001). Namely, for successful internationalization, the SMEs need to leverage 

the abilities and resources of other organizations (Kiss and Danis 2010).This argument is supported by McDougall 

et al. (1994) who emphasized the importance of network on internationalization of SMEs or small and medium-

sized exporters (SMSEs). According to Oviatt and McDougall (2005), by using the network with other companies, 

SMSEs can accelerate their international marketing activities. Above studies have, however, a problem that does 

not consider how international network form and evolve as well as what determinants of the network are. In other 

words, the results of investigating above researches call for further studies on the role of international network for 

the successful internationalization, which is related to international performance and competitiveness, of SMEs 

or SMSEs. Moreover, except for little study (e.g., McPherson et al., 2006), most of prior studies do not explain 

the network formation principle utilizing the theoretical mechanism.  

Therefore, this study aims to understand the network formation principle, and hence explain the international 

network issues, based on the principle, as well as identify the influence of international network in improving 

international competitiveness, one of internationalization outcomes. More specifically, this study seeks to 

investigate the empirical relationships among determinants of international network, embeddedness of 

international network, international performance, and competitiveness comprehensively by employing structural 

equation modeling (SEM), based on SMSEs that is dissimilar to traditional samples (e.g., larger manufacturing 

organizations) focused by traditional internationalization literatures (Camison and Lopez 2010). In sum, with 

comprehensive and in-depth literature review of network formation principle, this study identified antecedents of 

international network embeddedness, and hence examine the role of international network embeddedness on the 

relationship between antecedents of international network and international performance. As far as we know, our 

study is the first task to address how international network form and evolve, as well as conceptualize the role of 

international network embeddedness in improving international performance and competitiveness for SMSEs. 

Based on above literatures, a structural model is conceptualized using determinants of international network, and 

international performance and competitiveness. To put it differently, information management, cultural difference, 

and proximity are employed as key factors to determine embeddedness of international network for SMSEs in the 

study. Finally, with contribution to existing literatures by presenting a significant study on international network 

of SMSEs, the study may be also expected to provide useful implications for development and/or enhancement 

of international network for the SMSEs.        

 

2. Literature Review and Hypotheses 

 

2.1. Network Formation Principles  

 

Networks are referred to as a representative tool to achieve internationalization for export-import companies in 

uncertain business environment, which allow cooperation in diverse routes/types for their strategic goals (Uzzi 
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1997). As claimed by Lee (2013), due to the benefits from addressing the inefficiency problems arising from 

diseconomies of scale and uncertainty, prior studies on internationalization for export-import companies focused 

on network formation for sustaining the extant relations and/or creating new business partners. Moreover, rather 

than formal practice, informal practices arising from political, economic, social and cultural issues help improve 

strategic flexibility and accumulate social capital (Ritter et al., 2002). Considering the role of social capital 

spanning trust, mutual understanding, reciprocity and reputation in the process to construct spontaneous 

cooperation network, this approach have benefits from securing autonomy in the process and method to achieve 

their common goals (Lee et al., 2012). Spontaneous cooperation potentially decrease transaction costs, and offer 

opportunities to pave the way to be internationalized, leading successful overseas business activities (Choi, et al., 

2007; Feiock and Scholz 2010; Fritsch & Schroeter 2011). 

This paper aims to identify informal collaboration based on originated networks for the process of 

internationalization of firms (e.g., exporters), and identify various attributes or antecedents which influence 

network formation for exporters. Namely, recent studies (e.g., Danese et al., 2013) on network, including 

international network, have focused on the analysis of service delivery process and the performance of them. 

There has been little study on the cause of network, and how it sustains and evolves over time.    

For instance, in international trade, selection of business partners is very important in achieving their business 

goals, such as internationalization, in that a certain level of risk is always accompanied with contract and 

cooperation. However, selection of good business partners is not easy, and accompanies additional costs including 

information and enforcement costs. To overcome this, firms utilize network relationships to reduce additional 

costs, as well as select good business partners which they can trust. 

 

2.2. The Determinants of International Network Embeddedness  

 

In order to understand the features of international network, preconditions and determinants for the network should 

be explored in advance. By analyzing the mechanism for network formation, we can understand both the 

determinants and the nature of network. In general, three main mechanisms were widely discussed in strategic 

management literature: complementary, positional, and proximity mechanisms (Uzzi 1997; Coleman 1998; 

McPherson et al., 2006). First, complementary mechanism is based on complementing a network between two 

parties. Second, a network for obtaining valuable information and trust by parties’ positions can be explained by 

positional mechanism. Lastly, proximity mechanism focused on a network that is made under time and spatial 

situations. Based on proximity mechanism, we would like to explain cooperation network with international 

partners because we designated information management, cultural difference, and proximity as antecedents of 

international network.  

In proximity mechanism, international network should be determined according to a level of social and cultural 

environment that an organization is facing. A precondition of proximity mechanism is that the closer geological 

and physical proximity is the faster international network makes and hence increases (Oviatt and McDougall 

2005). That is to say, proximity mechanism is based on the hypothesis that international network is enhanced by 

proximity. This increases an opportunity to meet and interact with each other, strengthening their cooperation 

relationship, such as network, and/or establishing new cooperation network relationship (Coleman 1998; Kim 

2004). For instance, for identifying the importance of proximity in forming the network, Rivera et al. (2010) 

investigated a relationship between proximity and network formation in team-based organizations. Their results 

revealed that organizational members, who are working in the same office or space, communicate with each other 

by email and video call more frequently than those who are not, as well as tend to make a positive network with 

other members. Fleming et al. (2007) found that the network ties or embeddedness are reinforced in the same area. 

For example, in the same business group, such as Silicon Valley in USA, network between companies is 

dramatically increased (Hsu et al., 2005). In other words, focused on “small-world” network (e.g., Silicon Valley) 

(Watts 1999), studies (e.g., Uzzi and Spiro 2005; Schilling and Phelps 2007) emphasized the role of proximity in 

improving innovation creativity. In the similar vein, Goldenberg and Levy (2009) confirmed that the trade 
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intensity is decreased as the increase of physical distance. Under consideration of these ideas, we assume that 

geographical or physical proximity may significantly influence establishing a network for SMSEs. 

With the importance of proximity in international network formation between organizations, information 

managing skills or abilities play a crucial role in accelerating internationalization as they can overcome a barrier 

of physical distance (Moon et al., 2009; Park et al., 2009). In other words, it used not to allow the proximity to 

take into account alternative routes for effective communication and network due to the advantages of proximity 

(Mok et al., 2010). However, in the case of international trade, proximity is lower than the domestic trade. This 

study considered, however, an ability to collect and manage useful information for internationalization as the 

second key factor for embedding international network (Goldenberg and Levy 2009; Camison and Lopez 2010) 

because utilizing information system is very important to establish international network and then successful 

internationalization in the knowledge information era of the 21st century (Park et al., 2009). In line with this 

thinking, Moon et al. (2009) emphasized that information sharing, which helps firms to achieve their common 

goals, can be served as a major determinant for international partnership or network. Designating efficient 

information sharing as a cooperative strategy, Li and Atuahene-Gima (2001) used internet network to penetrate 

into international markets. Network, that is needed to make successful internationalization, might require more 

accurate information regarding targeted international markets to mitigate risks faced by exporters (Oviatt and 

McDougall 2005). In a study of 346 SMSEs, it is identified that a capacity to search and manage export 

information, particularly foreign market information, significantly influences export performance (Julien and 

Ramangalahy 2003). For these reasons, an ability to manage information are directly correlated to international 

network and international competitiveness (Ritter et al., 2002; Oviatt and McDougall 2005; Coviello 2006). 

Finally, we designated cultural difference as another key factor determining international network formation in a 

global market. As argued by Thomas and Mueller (2000), with the exception of some problems arising from 

business situations, a lot of problems are caused by different cultural backgrounds. If exporters cannot understand 

and hence overcome difference of culture, they never forge positive international partnership or network as the 

difference might disturb efficient and amicable communication (Stepanyan et al., 2013). It used to result in some 

problems such as a bottleneck in cooperative network (Kim 2004). Jo (2004) also found that in the early stage of 

joint foreign direct investment (FDI), the farther or further the cultural distant is, the higher adjustment and 

integration cost needed to establish international network is. To put it plainly, it is very difficult for exporters to 

maintain their contracts compared to manufacturing companies because they do not have enough time to overcome 

the cultural difference. Finally, Sharmo and Blomstermo (2003) claimed that to establish a fruitful partnership or 

cooperative network, organizations certainly understand cross-cultural issues. In summary, we would like to 

assume that that mutual understanding between different cultures can significantly influence international network 

formation and embeddedness or ties.  

Under consideration of prior studies, we would like to designate information management, cultural difference, 

and proximity as antecedents of international network embeddedness, building the following hypothesis. 

 

H1: Information Management has a positive (+) effect on international network. 

H2: Cultural difference has a negative (-) effect on international network. 

H3: Proximity has a positive (+) effect on international network. 

 

2.3. The Role of International Network Embeddedness on the Relationship between Determinants of the 

Embeddedness and the International Performance 

 

As discussed in 2.2, literature on international network revealed that information management, cultural difference 

and proximity are the critical factors for improving embeddedness of international network (Wilkinson 2001; 
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Oviatt and McDougall 2005), as well as determining the speed and performance of internationalization (Musteen 

et al., 2010). Moreover, it is argued that embeddedness of network (the strength of network ties) is determining 

factors for internalization of firms those want to have a cooperation network with international partners (Hafner-

Burton et al., 2009; Koh et al., 2007). For instance, Monferrer et al.(2013) found empirical support for the effects 

of network on international performance, based on international new ventures.  

They discovered the direct and indirect mediating effect of network on differentiation- and cost-based competitive 

advantage, and confirmed that the network is an important factor for firms to achieve better international 

performance. In a study of Czech’s 155 SMEs, Musteen et al. (2010) identified that international network plays a 

pivotal role in accelerating internationalization and improving international performance. 

Furthermore, Sepulveda and Gabrielsson (2013) analyzed network development of earlier exporters as an internal 

resource growth in the context of Business-to-Business. Their empirical findings revealed a meaningful 

correlation between resource accumulation and network development, and network development leads to the 

higher opportunities to achieve internationalization performance (Sepulveda and Gabrielsson 2013). Based on 394 

Spanish SMEs, a study (i.g., Camison and Lopez 2010) identified that the SMEs, that can turn their knowledge 

gained by international experience into a differentiated competitive strategy, achieve superior performance in 

international markets. Their findings supported the study of Julien and Ramangalahy (2003) noting that the role 

of international network on the relationship between information management strategy and performance is very 

significant and important, utilizing 346 exporters. In the similar vein, Camison (2010) argued that international 

performance of exporting SMEs is coincident with their ability to open up a new market and/or sustain close 

relationship with business partners in global market. Investigating empirical relations between network among 

leading edge firms and their performance improvement, Uzzi (1997) found that the use of embedded ties with 

network partners leads to the better organizational performance in global market. According to Andersson et al. 

(2002), external business embeddedness significantly influences product development and market performance, 

confirming firms the strategic importance of external networks in maintaining and strengthening the performance 

and the competence development.  

There are several reasons for a positive relationship between network embeddedness and performance: first, the 

lower uncertainty in cooperation network leads to accelerating internationalization as they can overcome a barrier 

of physical distance (Moon et al., 2009; Park et al., 2009); second, the higher network embeddedness implies that 

new relationship or transaction are created (Kalwani and Narayandas 1995); third, making close relationships 

means better understanding of network partners, carrying out more efficient marketing activities including global 

marketing (Kotler and Armstrong 1991); lastly, in long-terms relationships, actors can have a better understanding 

and/or knowledge of the counter-parts, and consequently increases opportunities to improve international 

performance (Andersson et al., 2002). Finally, SMSEs that are competing for successful internationalization can 

play a role as customers or suppliers to other firms in targeted global markets, and function as provide role models 

for others to imitate. In other words, organizations with international network or connection and experience should 

facilitate the internationalization of other firms in the same network, achieving the win-win effect (Wilkinson 

2001). Consequently, based on prior studies on international network, we would like to hypothesize that 

international network embeddedness mediates the relationship between determinants of the network and 

international performance. The details are as follows.         

 

H4: International network mediates a relationship between information management and international 

performance. 

H5: International network mediates a relationship between cultural difference and international 

performance. 

H6: International network mediates a relationship between proximity and international performance. 
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2.4. International Performance and Competitiveness 

 

Prior literatures on international performance and competitiveness have discovered that there is a significant 

correlation between them (Carlin et al., 2001; Sanjaya 2001). Focused on 12 manufacturing industries across 14 

OECD countries, Carlin et al. (2001) supported the fact that international performance has a significant effect on 

competitiveness. In line with this thinking, Momaya and Selby (1998) argued that international performance leads 

to enhancing competitiveness. More recently, Dethier et al. (2010) also identified that recent performance of 

exports in developing countries contributes a comprehensive mapping of their competitiveness. Based on previous 

studies on a relationship between performance and competitiveness, this study formulates the following 

hypothesis.  

 

H7: International performance has a positive (+) effect on competitiveness. 

 

 

 

Figure 1. Research Conceptual Model 

 

3. Methodology 

 

3.1. Sample and Data Collection 

 

This study is intended for small and medium-sized exporters. Based on the study of Nummela et al. (2004), this 

study used multiple sources, such as email, websites, and addresses, to choose a research sample on the ground 

that there is no official data that can identify the sample.  

 

Table 1. Sample Characteristics 

Variables Number Percentage 

Gender   
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Male 

Female 

248 

108 

69.7 

30.3 

Position 

CEO 

Director 

Senior Manager 

 

184 

116 

56 

 

51.7 

32.6 

15.7 

Number of Employees 

1-49 

50-99 

100-149 

150-199 

200-299 

 

234 

63 

25 

35 

2 

 

64.9 

17.7 

7.0 

9.8 

0.6 

Duration of Export Activity 

1-3 years 

3-5 years 

5-7 years 

7-9 years 

More than 9 years 

 

100 

50 

78 

85 

43 

 

28.1 

14.0 

21.9 

23.9 

12.1 

To select the appropriate the exporters, this employed a variety of database sources such as the Korea International 

Trade Association (KITA) and the Small & Medium Business Administration (SMBA). The details of the 

sampling procedure are as follows: first, we could have a list of small and medium-sized enterprises (SMEs) 

provided by the SMBA. Based on these data, we identified and hence sorted 1,124 SMEs suitable for this study. 

Second, we sent these data to the KITA, and then based on the data, the KITA identified whether these SMEs have 

an experience to export or not, and hence recommended 527 exporters appropriate for our research purposes. 

Third, we analyzed the data from the Korean International Trade Association by visiting the exporters’ websites, 

and classified 500 among these 527 exporters. Finally, due to the fact that there is no official database that could 

confirm reliability and validity of our sampling procedure, one month before the beginning the survey, we again 

visited the websites of the companies identified above to confirm their suitability for this study. Accordingly, 500 

small and medium-sized exporters were chosen for the final analysis. As a result of confirming the above data, 

we could know that most samples are technology-intensive firms, choosing an online survey that is an ideal way 

to collect data. However, for improving the survey response rate, we implemented an offline survey along with 

the online version (Kaplowitz et al., 2004). We distributed 350 offline questionnaires to the exporters confirmed 

by the above procedure in December 2012. We sent online questionnaires to another 150 exporters after four 

weeks. Subsequently, we sent remind email, asking them to participate in our survey, to the potential respondents. 

As an additional effort to improve the response rate, we contacted the CEOs or managing directors in person 

because they can represent their companies’ attitudes and opinions. Consequently, we collected 362 questionnaires 

(collection rate: 72.4%). Among these questionnaires, 6 questionnaires could not be used, as they had not been 

completely answered. Ultimately, the study sample is composed of a total of 356 questionnaires. Table 1 presents 

the key characteristics of the sample, including the respondents’ gender and position, the number of employees, 

and the duration of export activity. 
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3.2. Variables and Measures 

 

Information Management  This study defines information management as an ability to search, collect, and utilize 

useful information regarding internationalization or international network to overcome a barrier of physical 

distance. For measuring information management, this study employed four items deducted by studies of Ritter 

et al. (2002), Sharmo and Blomstermo (2003), and Julien and Ramangalahy (2003), and measured the items by 

using the five-point Likert-type scale (1=strongly disagree; 5=strongly agree). 

 

Cultural Difference  To measure cultural difference as psychological distance caused by different cultural 

backgrounds, four indicators were used. These indicators were assessed by Likert scale (five point: 1=strongly 

disagree; 5=strongly agree), and derived from studies of Ritter et al. (2002), and Sharmo and Blomstermo (2003).  

 

Proximity  Proximity can be defined as three distance such as perceived geographical distance, and psychological 

distance of targeted organizations (e.g., supplier, distributers, and buyers) and targeted international markets. To 

assess the proximity, three items were employed. These items were measured by the five-point Likert scale, based 

on Wilkinson (2001) and Ritter et al. (2002). 

 

Embeddedness of International Network  As a variable that can mediate relationships between information 

management, cultural difference and proximity, and international performance, international network 

embeddedness can be defined as the strengthen of the network ties that helps firms achieve their goals and improve 

international performance. All of the indicators were measured by using a five-point Likert-type scale (1=strongly 

disagree; 5=strongly agree), come from Andersson et al. (2002) and Ritter et al. (2002). 

 

International Performance  In order to measure international performance, four indicators, such as export sales, 

international assets, number of international markets, and number of international branches, were employed. All 

of these items were derived from studies by Bloodgood (2006) and Kuivalainen et al. (2007), and measured by 

using a five-point Likert-type scale (1=strongly disagree; 5=strongly agree).  

 

Competitiveness  Competitiveness in this study is based on firm competitiveness. It can be defined as an ability 

to maintain the differentiated competitive advantage. Each was measured using the Likert-type scale (five point: 

1=strongly disagree; 5=strongly agree), derived from Cox and Blake (1991) and Perez and Pablos (2003).  

 

Control Variable  To show more clearly the empirical relationships, this study used a control variable. 

International experience was operationalized by employing the number of years that exporters have been entered 

into international markets (Carlson et al., 2005). This variable considers the intensity to internationalize in relation 

to firm competitiveness.  

 

3.3. Method of Analysis 
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3.4. Assessing Common Method Bias and Non-response Bias 

 

For minimizing the common method bias, we had collected questionnaires at regular intervals; however, it should 

be impossible to remove this bias perfectly since all of the items on the questionnaire were measured by the one 

method, i.e., survey (Podsakoff and Organ 1986). As a result, we performed a confirmatory factor analysis (CFA) 

for assessing the likelihood of common method bias. The results were as follows: χ2=5747.784 (df=299, p=.000), 

χ2/df=19.23, GFI=.387, AGFI=.281, NFI=.409, TLI=.369, CFI=.420, RMR=.166, and RMSEA=.227. These 

results indicate that there is no statistical significance, i.e., an extremely poor model fit.     Therefore, we can 

conclude that the study was unlikely to be affected by the common method bias. 

 

Depending on the study by Armstrong and Overton (1997), we measured the likelihood of non-response bias by 

using t-test. We separated the early responses (within four weeks of the mailing) and the later responses (more 

than four weeks after the mailing) and hence compared them in terms of key variables such as information 

management, cultural difference, and proximity, international network, international performance, and 

competitiveness. As a result of analyzing the results of t-test, i.e., information management (p=.612), cultural 

difference (p=.465), and proximity (p=.177), international network (p=.608), international performance (p=.440), 

and competitiveness (p=.885), we could know that there are no significant differences between the two groups. 

Thus, we could conclude that non-response bias was not a critical issue in this study. 

 

4. Analysis and Results 

 

4.1. Measurement and Structural Model Results 

 

Based on the structural equation modelling (SEM), this study investigated the relationships among antecedents of 

international network and international network, international competitiveness, and international performance. 

One of the most effective methods to measure the mediating effect is SEM as all of the relevant paths can be 

directly verified (Baron and Kenny 1986).  

Before testing the hypotheses, we assessed the measurement model, which was created to estimate both reliability 

and validity of the constructs used in the study. For evaluating the measurement model, a CFA was employed, 

which was comprised of six constructs by IBM AMOS 21.0 (New York, NY, USA). As a result of the CFA, the 

chi-squared (χ2) value did not indicate a high level of statistical significance (χ2 = 909.475, degrees of freedom 

(df)=283, χ2/df=3.214; Table 2). However, this index tends to be biased against large samples.   Therefore, even 

though the model is sound (Jöreskog and Sörbom 1981, Bagozzi and Baumgartner 1994), it is very difficult to 

have a proper χ2 value so that χ2 is highly sensitive to sample size. For overcoming this limitation, we considered 

several other indices including the root-mean-squared residual (RMR) (Hu and Bentler 1999), normed fit index 

(NFI) (Bentler and Bonnet 1980), comparative fit index (CFI) (Bentler 1990), tucker-lewis index (TLI) (Bentler 

1990), incremental index of fit (IFI) (Bollen 1989), and root-mean- squared error of approximation (RMSEA) 

(Bollen 1989). These tests produced the following results: the RMR is .074; the NFI is .906; the CFI is .931; the 

TLI is .913; the IFI is .916; and the RMSEA is .084. With the recommended levels for these fit indices, we could 

assume that the measurement model was not perfect, but it could be acceptable, based on considering a relatively 

large number of observed indicators for the constructs. 

The reliability of all of the constructs used was assessed by using Cronbach’s alpha (α). Nunnally (1978) 

recommended that Cronbach’s α values greater than .7 are acceptable. The Cronbach’s α values of all of the 

constructs in this study ranged from .818 to .948. Moreover, the construct reliabilities of each scale ranged 

from .851 to .958 (Fornell and Larcker 1981).  
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As shown in Table 2, to estimate the convergent validity of all the constructs, we calculated the average variance 

extracted (AVE). In general, an AVE value greater than .5 indicates that a measurement model is valid. The AVE 

values of all variables in this study were greater than .625, indicating that this measurement model had satisfactory 

convergent validity (Bagozzi and Yi 1988). We also assessed the discriminant validity of the study by using a 

cross-construct correlation estimate. The results unraveled that none of the two-standard-error confidence 

intervals (i.e., 95%) included the value of one (Anderson and Gerbing 1988), showing that this study had 

satisfactory discriminant validity. In addition, Brown (2006) suggests that correlations between constructs of 0.85 

or above indicate poor discriminant validity; however, there is no constructs of 0.85 or above in the study so we 

can note that this measurement model has satisfactory discriminant validity. 

One advantage of SEM is to be able to investigate the relationships among variables empirically. This study is 

composed of seven latent variables, with a control variable (international experience).  

The structural model in the study indicates that the χ2 value is 985.100, the df is 309, and the χ2/df is 3.188. These 

results are not statistically and perfectly satisfactory, but it is necessary to examine other indices (RMR, NFI, CFI, 

TLI, IFI, and RMSEA) due to the limitations of the χ2 value. As shown in Table 3, the values of these indices 

(RMR=.074, NFI=.914, CFI=.936, TLI=.919, RMSEA=.078, and IFI=.937) are within the ranges considered to 

indicate a satisfactory model fit. 

 

 

 

 

 

 

Table 2. Measurement Model Results 

Scale Mean S.D. Cross-Construct Correlations 

(1)       (2)       (3)       (4)        (5)        (6)       (7) 

(1) 2.7781 1.39362 1       

(2) 2.5716 1.06965 .176** 1      

(3) 2.7331 .93187 -.078 -.288** 1     

(4) 2.7200 .87208 .041 .529** -.362** 1    

(5) 2.8240 .89455 .209** .548** -.460** .591** 1   

(6) 2.5632 .98789 .280** .614** -.237** .460** .411** 1  

(7) 2.5035 .98946 .254** .297** -.323** .455** .458** .319** 1 

Cronbach’s α    .910   .818   .837   .948    .937   .923 

Construct Reliability  .868 .956 .851 .944 .933 .958 

AVE  .625 .844 .658 .737 .778 .822 
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Goodness-of-fit statistics 
χ2=909.475 (df=283), χ2/df=3.214, RMR=0.074, NFI=0.906, CFI=0.931, TLI=0.913, 

IFI=.916. , RMSEA=0.084 

* Significant at p<.01. 

** Significant at p<.05. 

(1) International Experience; (2) Information Management; (3) Cultural Difference; (4) Proximity; (5) 

International Network; (6) Competitiveness; (7) International Performance 

 

4.2. Hypotheses Testing 

 

Hypothesis 1, 2, 3 

 

We tested research hypotheses by investigating disintegration effects. In this approach studied by Tabachnick and 

Fidell (1996), a total effect of an independent variable on a dependent variable is divided into direct and indirect 

effects. Table 3 reports the results for the structural model, including the direct and indirect effects of all paths. 

By interpreting the path coefficients in Model 3, the hypotheses were assessed. Direct effects could predict a 

significant relationship between information management, cultural difference and proximity, and international 

network embeddedness. Apart from difference of culture, both information management (λ=.630, C.R=10.010, 

p<.001) and proximity (λ=.285, C.R=4.261, p<.001) has a significant positive (+) effect on embeddedness of 

international network. These findings imply that the bigger difference of information management and proximity 

between exporters and other companies (e.g., importer, distributer, and related expert) make, the more difficult 

international network embeds. More interestingly, unlike our expectation, difference of culture does not have a 

meaningful effect on international network. In other words, exporters should not tend to consider difference of 

culture because they understand and then mitigate cultural difference throughout Internet or indirect experience 

by overseas trip (Mok et al., 2010). These results, that information management and proximity play a pivotal role 

in embedding international network, are supported by Rivera et al. (2010). To sum up, Hypothesis 1 and 3 were 

supported.  

 

 

Hypothesis 4, 5, 6 

 

Another purpose of this study is to investigate the mediating effects of embeddedness of international network on 

the relationships between information management, cultural difference, and proximity, and international 

performance. For verifying a mediating role of international network embeddedness, this study examined indirect 

effect suggested by Baron and Kenny (1986). A significant indirect effect indicates that a significant portion of 

the independent variable’s total effect on the dependent variable occurs throughout the mediator. Based on three 

conditions1 (Baron and Kenny 1986), three models were established: Model 1 tests the relationships between the 

independent variables (i.e., information management, cultural difference, and proximity) and the dependent 

variable (i.e., international performance); Model 2 verifies the relationships between the independent variables 

                                           
1 “First, the independent variable must affect the mediator in the first equation; second, the independent variable must be 

shown to affect the dependent variable in the second equation; and third, the mediator must affect the dependent variable in 

the third equation”. (Baron and Kenny 1986, p. 1177). 
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and the mediating variable (i.e., international network embeddedness); and Model 3 investigates the relationships 

among the independent variables, the mediator, and the dependent variable. Model 3 has the higher model fits 

than Model 2, assuming that the international network embeddedness might mediate the relationships between 

information management, cultural difference, and proximity and international performance. Despite of the higher 

model fits of the Model 3, it is necessary to examine the rest procedures for testing mediating effects (James and 

Brett 1984; Baron and Kenny 1986). As shown in Model 1, apart from difference of culture, information 

management (λ=.487, C.R=8.572, p<.001) and proximity (λ=.244, C.R=3.580, p<.001) have significant positive 

effects on international performance. These findings partially satisfied the first requirement on mediating effects 

of international network embeddedness. As a result of testing Model 2, showing the second condition, the 

relationships between the independents variables and the mediating variable, all of independent variables, that is, 

information management (λ=.325, C.R=9.411, p<.001), cultural difference (λ=-.167, C.R=-5.486, p<.001), and 

proximity (λ=.221, C.R=5.660, p<.001) influenced international network embeddedness. These results met the 

second condition completely. Lastly, as a consequence of significance tests of indirect effects, we found that 

embeddedness of international network mediated the relationships between information management and 

proximity, and international performance, based on Model 3. Therefore, we could conclude that the embedeness 

of international network mediated the improvement of international performance by managing or controlling 

information management (λ=.224, p=.018), and proximity (λ=.079, p=.025). More detailed, international network 

embeddedness partly mediated the relationship between information management and international performance 

as in the Model 3, the ability has a significant effect on the performance. In contrast, the mediating role of 

international network embeddedness on the relation between proximity and international performance was in part. 

In addition to the significance tests of indirect effects, this study carried out Sobel test. The purpose of considering 

Sobel test is to identify whether the mediator (i.e., embeddedness of international network) carries the influences 

of the independent variables (i.e., information management, cultural difference, and proximity) and the dependent 

variable (i.e., international performance) more clearly, and has relative larger samples than general studies (Sobel, 

1982). Based on the Sobel test results, we could confirm once more that the international network embeddedness 

a significant role in mediating or adjusting the relationships between information management and proximity, and 

international performance. These results imply that CEOs in exporters have to take into account establishing and 

hence embedding international network for improving international performance. These findings coincided 

partially with Ritter et al. (2002), Bloodgood (2006), and Goldenberg and Levy (2009). Based on the above results, 

we could conclude that Hypothesis 4 and 6 were supported.  

Finally, as a result of testing hypothesis 7 (a relation between international performance and competitiveness), 

international performance can act as a significant variable that affects competitiveness (λ=.350, C.R=6.231, 

p<.001).  
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Table 3. Standardized Structural Estimates of the Structural Model (Mediating Effect Model) 

Path 

Model 1 Model 2 Model 3 

Estimate C.R 
p-

value 
Estimate C.R 

p-

value 
Estimate C.R 

p-

value 

Direct and Indirect Effects           

International Experience → International Performance .092 2.676 .007    .080 2.459 .014 

Information Management → International Performance .487 8.572 .000    .282 5.163 .000 

Cultural Difference → International Performance -.064 
-

1.285 
.199    -.131 -1.531 .126 

Proximity → International Performance .244 3.580 .000    .072 1.948 .051 

International Experience → International Network    .085 5.809 .000 .128 3.450 .000 

Information Management → International Network    .352 9.411 .000 .630 10.010 .000 

Cultural Difference → International Network    -.167 
-

5.486 
.000 -.098 1.849 .064 

Proximity → International Network    .221 5.660 .000 .285 4.261 .000 

International Experience → International Network → International Performance       .048  .025 

Information Management → International Network → International Performance       .224  .018 

Cultural Difference → International Network → International Performance       -.020  .359 

Proximity → International Network → International Performance       .079  .025 

International Performance → Competitiveness .341 6.372 .000 .311 5.778 .000 .350 6.231 .000 

International Network → International Performance    .948 9.658 .000 .320 6.352 .000 

Sobel Test       Two-tailed Probability 

International Experience → International Network → International Performance       .00527175 

Information Management → International Network → International Performance       .00000061 

Cultural Difference → International Network → International Performance       .30741282 

Proximity → International Network → International Performance       .00305600 

Goodness-of-fit statistics 

χ2=793.063 (df=179), 

χ2/df=4.431 

RMR=.110, NFI=.902, 

χ2=1153.632 (df=313), 

χ2/df=3.686 

RMR=.121, NFI=.898, 

χ2=985.100 (df=309), 

χ2/df=3.188 

RMR=.074, NFI=.914, 
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CFI=.921, TLI=.900, 

RMSEA=.103, IFI=.921 

CFI=.916, TLI=.896, 

RMSEA=.094, IFI=.917 

CFI=.936, TLI=.919, 

RMSEA=.078, IFI=.937 
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5. Conclusion 

 

5.1. Research-Related Implications 

 

This study aims to examine how SMSEs form an international network and to investigate the role that established 

or embedded international network plays in how SMSEs improve their performance and competitiveness. For 

achieving these research purposes, we would like to explain these issues, based on the proximity mechanism. 

Although relatively more studies have attempted to construct a systemic explanation of international network, 

they are not based on the international network formation mechanism or principle. Under the consideration of 

McPherson et al. (2006) and Uzzi (1997), this study focused on the proximity mechanism to account for the 

network formation, giving scholars, who would like to explain the network formation, a research direction. To put 

it plainly, to give more detailed account of international network formation and embeddedness, it is better to utilize 

a mechanism, such as a proximity mechanism. Furthermore, this study is complementing the existing theories 

regarding the network. Especially, in the way that this study grafts closer relationship made by various channels 

onto the proximity mechanism, there may be a significant academic implication.   

Our findings show that apart from cultural difference, the remaining variables (e.g., information management and 

proximity) could function as antecedents of international network embeddedness, as it were, this study took into 

account three variables (e.g., information management, cultural difference, and proximity) simultaneously; 

however, previous researches (e.g., Keeble et al., 1998; Riddle and Gillespie 2003; Goldenberg and Levy 2009) 

do not use enough factors to account for how international network form. As far as we know, there is no 

comprehensive study considering these various factors. Accordingly, in considering enough variables to explain 

the international network issues, this study may be useful to make a comprehensive conceptual model that can 

confirm the role of international network in improving international performance.  

Finally, in developing our methodology and testing the hypotheses, we start from the advantages of SEM. This 

study assessed the relationship between international performance (dependent variable and another independent 

variable) and firm competitiveness (independent variable of international performance) as well as identified the 

mediating role of international network embeddedness. Even if most of prior studies (e.g, Bontis et al., 2007; 

Stolle et al., 2008) on the mediating models took into account just three variable groups, such as independent 

variable, mediator, and dependent variable, we would like to more variable groups than the prior studies in order 

to identify how international performance, dependent variable, affects firm competitiveness by utilizing a 

strengthen of SEM that can investigate empirical relationships among all of variables at once. As a consequence, 

this study may suggest more comprehensive empirical model to researchers who would like to establish an 

integrated model with regard to international network.  

 

5.2. Practical Implications 

 

In terms of how to form and utilize international network to facilitate international performance, this study 

provides valuable implications for managers and management teams in SMSEs. The results suggest significant 

mediating effects of international network embeddedness on improving international performance and 

competitiveness. There are two primary implications for CEOs and managers who are penetrating into global 

markets.  

First, strengthening an ability to utilize useful information for successful internationalization and managing 

proximity might help CEOs or managers in SMSEs to form and take root in international network. In other words, 

they will be able to assist SMSEs to improve international performance by communicating with other 

organizations, such as importers, distributers, etc., and embedding a network with them.   
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Second, for improving competitiveness of SMSEs, CEOs certainly have to take into account significant variables 

to increase international performance. And, our findings show that information management and proximity can 

be acted as meaningful factors for improving both international performance and competitiveness. CEOs of 

SMSEs have, thus, to look for both how to strengthen information management and manage proximity, and hence 

anchor these methods in their organizations.   

 

5.3. Limitations and Avenues for Future Research  

 

Although this study makes several contributions to internationalization literature, there are some limitations in the 

study. First, we limited our research to the proximity mechanism because we think that the most proper mechanism 

to explain the international network formation and embeddedness is the proximity mechanism. However, there 

are three mechanisms to account for the network formation; complementary, positional, and proximity 

mechanisms. Therefore, it is better for future studies to consider these mechanisms. In particular, we would like 

to recommend making a comparative or a difference analysis according to each mechanism.  

Although this study considers various variables, there may be more significant variables regarding international 

network, such as entrepreneurial characteristics. Oviatt and McDougall (2005) noted that international 

entrepreneurship can play an essential role in accelerating internationalization. Therefore, the entrepreneurial 

characteristics, such as international entrepreneurship or global-orientation, may act as determinants of 

international network. When looking for other major factors related to international network, future studies should 

consider entrepreneurial characteristics with our variables (e.g., information management, cultural difference, and 

proximity).  

Our independent variable group is composed of information management, cultural difference, and proximity. 

However, information management used to be considered as a way to complement or solve the problem of physical 

proximity. For instance, if exporters and importers have the farther physical distance between them, they would 

like to overcome this problem throughout information utilization. Consequently, we would like to propose that 

future studies should designate a variable regarding information management as a moderator rather than an 

independent variable. In the similar vein, Echols and Tsai (2005) argued that a network can also play a moderating 

role in improving performance. Therefore, future researches on international network need to take into account 

the network as a moderator, not a mediator.  

This study established perceived international performance as a dependent variable. Even though perception-

based subjective performance are significantly correlated with objective performance, it is better to take into 

account both subjective and objective performance. Thus, we hope future studies should combine objective 

performance, such as actual financial data, with subjective performance such as organizational effectiveness. In 

addition, it is difficult to generalize our findings because it was just focused on SMSEs in South Korea. 

Accordingly, it is necessary to carry out a comparative study between two or more countries would increase the 

generalization. 
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Appendix 2. Measurement Items 

 

Variables Items 

Information 

Management 

 

 

 

 

 

 

 

Cultural Difference 

 

 

 

 

 

 

 

Proximity 

 

 

 

 

 

 

International 

Network 

Embededness 

 

 

 

 

 

 

 

International 

Performance 

 

 

 

 

Competitiveness 

 

 

 

 

 

- Our organization can collect international market information effectively. 

- Our organization can collect useful information regarding successful 

internationalization. 

- Our organization share and communicate information with our potential 

international partners effectively and positively.  

- Our organization utilizes useful information regarding successful 

internationalization 

 

- It is difficult to harmonize with potential international partners.  

- It is difficult to work out constructive solutions due to cultural difference 

when there is conflict. 

- It is difficult to understand potential international partners’ behaviors having 

different cultural backgrounds.  

- Our organization is not friendly when dealing with potential international 

partners having different cultural backgrounds. 

 

- Our organization feels that there is closer physical distance between 

potential international partners and it.  

- Our organization feels that there is closer psychological distance between 

potential international partners and it.  

- Our organization thinks that proximity plays an important role in forming 

and embedding a network with potential international partners.  

 

- Our organization makes the stronger and closer relationship with potential 

international partners.  

- Our organization has the stronger and closer relationships with international 

partners.  

- Our organization communicates with international partners frequently.  

- Our organization coordinates the activities in the stronger and closer 

relationship with potential international partners effectively and positively.  

- International network between our organization and international partners is 

well embedded.  

- Our international partners trust us.  

  

- Export sales have been improving.  

- The number of international markets has been increasing.  

- International assets have been improving. 

- The number of international branches has been increasing.  

 

- Overall competitiveness of our organization has been improving.  

- Our organization has higher competitiveness than other competitors.  

- Our organization has higher service quality than other competitors.  

- Service quality and competitiveness have been improving.  

- Organizational capabilities have been improving.  
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Introduction 

 

This study aims to determine the role of the CEO’s global orientation in determining the success 

of internationalisation. This question is particularly important for small- and medium-sized 

enterprises (SMEs) that aspire to sell their products at the global scale.  

The most general theory explaining companies’ internationalisation processes is the stage 

theory of internationalisation designed by Johanson and Vahlne (1977). According to this 

theory, the internationalisation of companies is triggered by an increase in the accumulated 

knowledge about international markets and institutions. Traditionally, studies of 

entrepreneurship have focused on the foundations of venture companies and venture 

entrepreneurs’ behaviour in domestic markets (Gabrielsson et al. 2008). However, in recent 

years, numerous studies (e.g., Burgel and Murray 2000; Gleason and Wiggenhorn 2007, 

Kuivalaninen et al. 2007, Zhou et al. 2007, Fernhaber et al. 2008, Gabrielsson et al. 2008) have 

attempted to identify and explain the internationalisation process of ‘born globals’, or 

international new ventures (INVs). INVs tend to pursue globalisation as soon as they are 

founded (McDougall et al. 1994; Oviatt and McDougall 1995; Moen and Servais 2002). In 

other words, INVs are companies that are established as internationalised companies or have 

plans to conduct their business globally at the time of their founding. 

Traditionally, many scholars (e.g., Johanson and Vahlne 1977, Cavusgil 1980, Wortzel and 

Wortzel 1981, Melin 1992, Kogut and Kulatilaka 1994, Malnight 1995) have investigated 

exporters’ behaviours using the incremental internationalisation model, but this model cannot 

fully explain the internationalisation process of INVs (McDougall et al. 1994, Knight and 

Cavusgil 1996, Oviatt and McDougall 1999, Madsen et al. 2000, Moen and Servais 2002). In 

other words, traditional internationalisation theory is insufficient to explain the 

internationalisation process of INVs because INVs have a different pattern of 

internationalisation than other firms (Moen 2002, Sharma and Blomstermo 2003). To elucidate 

the unique internationalisation process of INVs, some researchers (e.g., Buregel et al. 2000, 

Chorev and Anderson 2006) began to employ a new model known as the ‘rapid 
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internationalisation theory’. For instance, Knight and Cavusgill (1996) and Madsen and Servais 

(1997) argued that the number of INVs is gradually increasing, thus increasing the need for a 

new theoretical model to explain and analyse the behaviours that are inconsistent with the 

traditional internationalisation model. To enhance this theoretical model, it is necessary to 

investigate the characteristics of this new type of SME (i.e., INVs) (Rialp et al. 2005). 

Extensive studies that have been conducted on internationalisation or globalisation have 

focused on the characteristics of INVs (Zou and Stan 1998, Coviello and McAuley 1999, Fillis 

2001, Rialp et al. 2005). This phenomenon indicates the increasing importance of INVs within 

the field of internationalisation research. 

Another reason that INVs are receiving researchers’ attention is that most INVs are technology-

intensive SMEs (Jones 1999, Autio et al. 2000, Zahra and George 2002); in other words, they 

have various limitations (e.g., insufficient available resources and the liability associated with 

being new and small). Nevertheless, INVs tend to make inroads into foreign markets to improve 

their performance (Knight and Cavusgil 2005). Rapid internationalisation is a particularly 

important survival strategy in cases where the domestic market and demand are relatively small 

or insufficient (McDougall et al. 2003, Kwon 2004). Despite their limitations, INVs 

aggressively penetrate international markets by utilising their technological characteristics; this 

strategy implies that high-technology SMEs, including INVs, tend to survive by finding new 

global markets (Madsen and Servais 1997, McDougall et al. 2003, Kwon 2004).  

In addition to these findings, several studies (e.g., McDougall et al. 1994, Manolova et al. 2002) 

have reported a significant correlation between certain characteristics (e.g., global orientation) 

of the top management team, CEO, or founders and the rapid internationalisation process. 

Therefore, the characteristics of the CEOs or founders must be considered when investigating 

the internationalisation process. For example, although an SME may have superior technologies 

and capabilities, rapid internationalisation may not be easy due to the psychological distance 

and anxiety related to advancing into unknown countries. However, CEOs or founders with 

international experience, strong English skills, and high degrees of education about their global 

target markets will take the necessary steps to internationalise more quickly (Ruzzier et al. 
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2007). The above studies demonstrate that the CEO’s global orientation is one of the most 

important variables determining the pace of internationalisation (Knight and Cauvsgil 2004).  

Some researchers (e.g., Knight and Cavusgil 1996, Oviatt and McDougall 1999, Servais and 

Rasmussen 2000) have noted that relatively few studies have conducted a detailed analytical 

explanation of this new phenomenon, namely the internationalisation process of INVs. Some 

studies have also concluded that more research should focus on this phenomenon (Oviatt and 

McDougall 1997). To date, minimal research (either qualitative or quantitative) has been 

conducted on the internationalisation process of INVs (Rialp et al. 2005). Therefore, additional 

empirical studies and literature reviews are needed concerning the rapid internationalisation 

process of these firms.  

In South Korea, systemic research on the characteristics of INVs (e.g., the internationalisation 

process) is needed because most INVs that would like to pursue rapid internationalisation are 

small- and medium sized high-technology companies (Autio et al. 2000). Furthermore, the 

number of INVs founded is increasing as more industries become internationalised (McDougall 

et al. 2003).  

In this context, this study explored the characteristics of INVs by empirically investigating the 

relationships among INVs’ technological characteristics, their CEOs’ characteristics (e.g., 

global orientation), and their internationalisation performance. More specifically, this study 

examined the previous definitions and characteristics of INVs, developed hypotheses 

concerning the relationships among INVs’ internationalisation and related factors, and tested 

these hypotheses using a structural equation model. This report summarises the study’s findings, 

implications, contributions, and limitations and discusses future research directions. 

 

Literature review and hypotheses  

 

Definition and characteristics of international new ventures 
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Several studies conducted over the past decade (e.g., Kuivalainen et al. 2007, Zhou et al. 2007, 

Gabrielsson et al. 2008) have found that a growing number of SMEs seek international markets 

as soon as they are established. Generally, firms that seek to internationalise tend to pursue 

international markets after gathering a sufficient number of customers to maintain their 

domestic market and after attaining business knowledge and expertise (Jang et al. 2007). 

Companies that instead pursue rapid internationalisation are receiving a great deal of attention 

from scholars exploring various types of internationalisation processes (e.g., Jolly et al. 1992, 

Madsen and Servais 1997, Autio et al. 2000, Moen 2002, Fernhaber et al. 2008). These 

researchers have coined a variety of terms to refer to such companies: ‘born globals’ (Knight 

and Cavusgil 1996, Madsen and Servais 1997, Aspelund and Moen 2001, Sharman and 

Blomstermo 2003, Gabrielsson and Kirpalani 2004), ‘international new ventures’ (McDougall 

et al. 1994, 2003, Oviatt and McDougall 1994, 1997), ‘high-technology start-ups’ (Jolly et al. 

1992), ‘global start-ups’ (Oviatt and McDougall 1995), ‘instant exporters’ (McAuley 1999), 

‘instant internationals’ (Fillis 2001), ‘born-internationals’ (Kundu and Katz 2003), 

‘micromultinationals’ (Dimitratos et al. 2003), and ‘early internationalising firms’ (Rialp et al. 

2005), among others. Although these terms vary, their meanings are similar. Therefore, this 

report simply refers to such companies as INVs. 

The following universal definition of INVs was suggested by Oviatt and McDougall (1994): ‘a 

business organization that, from inception, seeks to derive significant competitive advantage 

from the use of resources and the sale of outputs in multiple countries’ (Oviatt and McDougall 

1994, 49). This definition indicates that one of the most significant features of INVs is their 

goal of establishing international markets originally or naturally by committing useful resources 

(e.g., raw materials, workforce, or financing) from multiple countries at a meaningful level. 

Based on a study by Oviatt and McDougall (1994), Madsen and Servais (1997) defined an INV 

as a company that pursues an international strategy as soon as it is established. In addition to 

the above studies, others have defined an INV as a firm that seeks to improve its performance 

by finding an international market and then selling its products and services (Rennie 1993, 

Knight and Cavugil 2004). In contrast to these studies, McKinsey and Co. (1993) suggested a 
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more detailed definition of INVs as firms that ‘export 75% of their total sales, starting after 

less than two years of operation’ (Madsen and Servais 1997, 564).  

Although there are minor distinctions among the previous studies of INVs, the authors' 

conceptual definitions of INVs are similar. However, no consensus has been reached regarding 

the standard operational definition of INVs. Various standards have been suggested: the pace 

of internationalisation, the number of international markets, and the level of international sales 

compared to total sales. For instance, some authors (e.g., Acedo and Jones 2007, Zucchella et 

al. 2007) have proposed the timing of an INV’s penetration into global markets as a criterion, 

whereas others (e.g., Knight and Cavusgil 1996, Moen 2000) have suggested using the level of 

international sales as a criterion. However, these criteria are extremely limited in their ability 

to accurately measure international sales, especially when using surveys (Rhee and Park 2009). 

Therefore, this study proposes to define INVs based on their speed of internationalisation, 

namely, as ‘companies that find international markets after less than six years of operation.’ 

As discussed above, the internationalisation process of INVs is a unique phenomenon; therefore, 

it is critical to investigate the characteristics of INVs from an academic perspective. Several 

studies have provided conceptual frameworks from this perspective. Oviatt and McDougall 

(1994) developed a theory to explain how INVs are created and developed. Using a theoretical 

approach, they described four necessary and sufficient factors that explain the characteristics 

of INVs: the formation of an organisation via international trade, a high degree of trust in an 

alternative management structure that is able to access useful resources, the perception of 

benefits associated with the penetration of international markets, and the control of unique and 

available resources. Oviatt and McDougall also identified four types of INVs: ‘import start-ups’ 

or ‘export start-ups,’ ‘multinational trading companies,’ ‘geography-reliant start-ups,’ and 

‘global start-ups.’ In a more recent study, the same authors (1999) suggested another conceptual 

framework for developing more reliable theories that are capable of explaining international 

entrepreneurship or CEOs’ characteristics, including international experience. According to this 

new approach, CEOs’ characteristics can play a pivotal role in the internationalisation strategy 
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selected by the company. Madsen and Servais (1997) designed a research model for INVs based 

on the significant and meaningful relationship between CEOs’ characteristics (e.g., global 

orientation) and internationalisation.  

Since the 1990s, a number of surveys and case studies have been conducted on INVs 

(McDougall et al. 1994, Oviatt and McDougall 1995, McDougall and Oviatt 1996, Roberts and 

Senturia 1996, Coviello and Munro 1997, Bell et al. 2001). Some empirical comparative 

research has been conducted in Northern Europe (e.g., Madsen et al. 2000, Servais and 

Rasmussen 2000, Rasmussen et al. 2001, Aspelund and Moen 2001, Moen 2002, Moen and 

Servais 2002, Andersson and Wictor 2003); however, little quantitative research has been 

performed. The large body of work in this area indicates the importance and popularity of 

studying INVs, but we believe that it is important to study the characteristics of INVs by 

employing quantitative methods such as surveys.  

Early researchers examined the emergence and evolution of SMEs pursuing foreign markets by 

identifying the determinants and processes of internationalisation. According to some studies 

of internationalisation (e.g., Knight and Cavusgil 1996, Madsen and Servais 1997, Servais and 

Rasmussen 2000, Moen 2002), there are four common factors that promote the rapid 

internationalisation of INVs: new types of global markets for SMEs, including niches; 

technological advancements in the areas of manufacturing, transportation, and communication; 

the increasing importance of global networks and cooperation; and the characteristics of 

entrepreneurs who seek entry into new global markets, such as an orientation towards and 

capacity for globalisation. These are the primary factors affecting the internationalisation of 

SMEs (Rialp et al. 2005). 

Interestingly, the studies of internationalisation mentioned above have focused on technology-

intensive start-ups. Researchers who focus on technology-intensive start-ups (e.g., Autio et al., 

2000, Burgel and Murray 2000, Zahra et al. 2000, Sharma and Blomstermo 2003) have argued 

that globalisation is a phenomenon propelled by high-technology industries. In contrast, studies 

focusing on more general groups of businesses, including low-technology SMEs (e.g., Servais 

and Rasmussen 2000, Shrader et al. 2000, Bell et al. 2001, Moen 2002, McDougall et al. 2003), 

have suggested that the characteristics of globalisation must be investigated. The studies 

described above have contributed to a debate concerning whether INVs are a new phenomenon 
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that can explain globalisation in high-technology sectors (e.g., biotechnology and computer 

software) or whether they can be explained by the more traditional gradual internationalisation 

theory (Andersson and Wictor 2003, Chetty and Campbell-Hunt 2004). 

Other researchers studying the internationalisation of INVs have focused on the determinants 

of internationalisation and the relationships among those determinants, internationalisation, and 

organisational performance (Servais and Rasmussen 2000, Rialp et al. 2005). 

Finally, comprehensive research on the internationalisation of INVs has been conducted by 

McDougall and Oviatt (2000), Zahra and George (2002), Fletcher (2004), Rialp et al. (2005), 

and Kim and Jeong (2007). These researchers have focused on CEOs’ characteristics such as 

their orientation towards and experiences in globalisation. 

In South Korea, research on INVs is relatively new but highly interesting. For instance, Lee et 

al. (2007) and Chang et al. (2007) conducted several case studies of INVs in South Korea. Kim 

and Koh (2005) and Park and Koh (2007) have studied the pace and processes of 

internationalisation among Korean venture companies that seek to expand overseas. However, 

aside from these studies, relatively little empirical research has been devoted to INVs in South 

Korea. Therefore, the empirical research in this study is quite significant. 

 

Relationships between technological characteristics and international performance in INVs 

 

SMEs are able to attain profitable global positions by acquiring a competitive advantage 

through innovation. This innovation can be copied by competitors, which SMEs may prevent 

by various means such as patents or licences. Using patents or international certificates as a 

measure of the standardisation and intensity of technology, Bloodgood et al. (1996) showed 

that firms with higher technological intensities had higher levels of internationalisation and 

higher market shares. Regarding the rapid internationalisation processes of high-technology 

companies, McGuinness and Little (1981) suggested that the high research and development 

(R&D) costs and short product life cycles of these companies lead to a desire to expand into 

new global markets rather than limiting themselves to domestic markets with limited demand. 

In this environment, patents and international and domestic certificates are considered 
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determinants of internationalisation in INVs, including high-technology companies. The level 

of technological innovation plays a particularly pivotal role in promoting internationalisation 

among INVs (Park and Koh 2007). 

Based on empirical research, Kobrin (1991) argued that high levels of technological 

concentration and standardisation could function as antecedents of rapid internationalisation in 

INVs. His results support the findings of Cooper and Kleinshmidt (1985). Drawing on similar 

results, Tyebjee (1995) suggested that a significant relationship exists between technological 

characteristics and internationalisation in high-technology firms. Shrader (2001) emphasised 

that INVs are not only identifying innovative and highly differentiated products as sources of 

competitive advantage but also pursuing these advantages via technological innovation. 

According to Shrader’s argument, INVs aspire to early internationalisation to offset the cost of 

generating their R&D technological capacities; in other words, technological capacities can 

determine internationalisation. Because SMEs in high-technology industries tend to focus on 

specialised niche markets of interest to limited numbers of customers, they can be threatened 

by insufficient demand if they focus on the domestic market alone (Coviello and Munro 1992, 

Jolly et al. 1992, Oviatt et al. 1994).  

Finally, Burgel and Murray (2000) and Aspelund and Moen (2001) also emphasised that 

technological innovations and capabilities may promote improved international performance. 

Based on the above research, the present study tested the following hypothesis: 

 

Hypothesis 1. The technological characteristics of INVs have a significant effect on 

their international performance. 

H 1-1. The technological capacity has a positive (+) effect on its international performance. 

H 1-2. Technological imitation has a negative (-) effect on the international performance. 

H 1-3. The technological innovation has a positive (+) effect on its international performance. 

H 1-4. Technological standardisation has a positive (+) effect on its international 

performance. 
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Relationships among technological characteristics, CEOs’ global orientation, and 

international performance 

 

From the perspective of resource-based theory, human resources are a critical factor 

determining organisational competitiveness; this fact also applies to INVs. Researchers (e.g., 

Eisenhardt and Schoonhoven 1990, Bloodgood et al. 1996, Kandasaami and Huang 2000) who 

study the characteristics of INVs and their internationalisation processes have argued that 

human resources play a critical role in determining when an INV will find a market abroad; 

they have also suggested that a significant relationship exists between rapid internationalisation 

and the characteristics of the CEOs and founders of INVs (Manolova et al. 2002). In the case 

of INVs that are established based on CEOs’ global experience and orientation, capabilities, 

and management expertise, the CEOs or founders play an essential role in determining whether 

to enter foreign markets immediately upon the foundation of the INV (Bloodgood et al. 1996, 

Kandasaami and Huang 2000). The pace of internationalisation in SMEs, including INVs, 

depends on the CEOs' global orientation (Rasmussen et al. 2001, Madsen et al. 2002, Moen 

2002, Zahra and George 2002).  

Although customers’ awareness about an INV and its products may be low, their awareness 

about the company’s CEO could be relatively high. Moreover, a firm’s technological 

characteristics such as its level of technological innovation and capabilities can be affected by 

the top management’s level of technological expertise (Hwang and Shin 2009). Therefore, the 

CEO’s global orientation and technological level has a positive (+) effect on internationalisation 

(Bell et al. 2001, Rasmussen et al. 2001, Meon 2002, Rasmussen and Madson 2003, McDougall 

et al. 2003). Coviello and Munro (1995) and Kuemmerle (2002) have also suggested that a 

significant relationship exists between entrepreneurial characteristics such as global orientation 

or experience and the speed of internationalisation or the level of international performance. 

This association is due to the ability of the CEO’s global orientation and experience to reduce 

the cultural and psychological barriers to pursuing international markets.  
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Reuber and Fischer (1997) found that top management’s knowledge and experience can 

function as determinants of rapid internationalisation. In a similar vein, Johanson and Mattsson 

(1988) emphasised that CEOs’ or founders’ previous international experience and global 

orientation could positively affect the internationalisation of SMEs; that is, when a CEO has a 

stronger global orientation, the level of international performance is higher (Madsen and 

Servais 1997). Those authors also found that entrepreneurial characteristics could improve the 

international performance of INVs by facilitating interactions with the external environment.  

In a study of the internationalisation of 311 high-technology companies in the United Kingdom, 

Burgel and Murray (2000) concluded that entrepreneurs’ global experience and intention or 

orientation were critical features of INVs. Young et al. (2000) also argued that entrepreneurs’ 

global orientation or international experience were able to determine the level and pattern of 

internationalisation by INVs. Furthermore, in a study of 335 SMEs in Norway, Moen (2002) 

found a significant and meaningful relationship between CEOs’ global orientation and the pace 

of internationalisation in INVs. In other words, global orientation and experience acted as 

antecedents of internationalisation in these INVs. 

Studies focusing on management strategies (e.g., Collis 1991, Chen and Martin 2001, Moen 

2002, Crick and Jones 2002) have indicated that entrepreneurial characteristics such as global 

orientation play a pivotal role in improving international performance. These studies reflect the 

dependence of INVs on CEOs’ experience and ability to overcome the difficulties associated 

with reductions in demand and profits. In other words, the CEO’s global orientation and 

experience are important variables that can affect or determine an INV’s internationalisation 

and performance (Moen 2002, Crick and Jones 2002).  

Considering a network or a connection with the external environment as an antecedent of 

internationalisation, scholars (e.g., Reuber and Fischer 1997, Luostarinen and Gabrelsson 2004) 

have argued that to cope with insufficient resources and low visibility, INVs depend on their 

CEOs’ global experience and orientation and on their technological capabilities. Brush (1992) 
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indicated that for an INV, the CEO’s global orientation is critical to improving the INV's 

international performance. In a study of 75 high-technology firms in Ontario, Preece et al. (1998) 

also concluded that entrepreneurs’ international experience and global orientation determine 

their companies’ internationalisation pattern and performance. In addition, Harveston (2000) 

empirically demonstrated that entrepreneurs’ global experience and intentions or orientation 

could help their firms internationalise more quickly and successfully than their competitors. 

Finally, McDougall et al. (1994), Bloodgood et al. (1996), and Burgel and Murray (2000) 

revealed that the global orientation and experience of top management are important variables 

that help to distinguish INVs from other similar companies. Using a qualitative method (case 

studies), Kuemmerle (2002) demonstrated that entrepreneurs’ experience significantly affected 

the internationalisation of INVs. The above analyses and studies led us to propose the following 

hypotheses: 

 

Hypothesis 2. A CEO’s global orientation has a positive effect on international 

performance. 

Hypothesis 3. A CEO’s global orientation mediates the relationship between 

technological characteristics and international performance positively or negatively. 

H 3-1. A CEO’s global orientation mediates the relationship between technological capacity 

and international performance positively. 

H 3-2. A CEO’s global orientation mediates the relationship between technological imitation 

and international performance negatively. 

H 3-3. A CEO’s global orientation mediates the relationship between technological 

innovation and international performance positively. 
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H 3-4. A CEO’s global orientation mediates the relationship between technological 

standardisation and international performance positively. 

 

Based on the literature discussed above, this study proposes the research model shown in Figure 

1. 

 

[Insert Figure 1 about here] 

 

 

Methodology 

 

Operational definition of INVs 

 

Because there is no official database on INVs in South Korea, it is difficult to accurately 

measure the proportion of total sales represented by international sales. Therefore, a more exact 

estimate of the pace of internationalisation among sample companies can be achieved by cross-

checking information or details such as the time since foundation and the duration of export 

activity on the websites of the respondents against data from a reliable government agency (e.g., 

the Korea Venture Business Association). In this context, this study defined INVs as ‘companies 

that find markets abroad less than six years after their foundation’ based on prior literature (e.g., 

Shrader et al. 2000, Zahra et al. 2000, McDougall et al. 2003, Rhee and Park 2009).  

 

Sample and data collection 

 



14 

 

This study examined SMEs that penetrated international markets after fewer than six years of 

operation. Because there are no official data that can identify which companies are appropriate 

for this type of research, this study used multiple sources such as email, websites, and addresses 

to choose a research sample (Nummela et al. 2004). Various database sources such as the Korea 

Venture Business Association, INNO-BIZ, and the Korea International Trade Association were 

used to select the appropriate INVs. The details of the sampling procedure are described below. 

First, the Korea Venture Business Association provided data concerning whether a firm 

conducted business internationally, but not regarding the timing of internationalisation. Based 

on these data, we identified 1,279 ventures suitable for this study. Second, we visited the 

websites for individual firms on INNO-BIZ, a government agency for technology-intensive 

SMEs (many of which might be expected to be INVs), and discovered an additional 212 

ventures appropriate for our research purposes. Third, we analysed data from the Korean 

International Trade Association concerning more exact export times and identified 589 INVs 

among these 1,491 ventures. Finally, due to the absence of an official database that could 

confirm the reliability and validity of our sampling procedure, we were concerned that using 

only the above sources of information might lead us to include irrelevant firms. Therefore, one 

month before the beginning the survey, we again visited the websites of the companies 

identified above to confirm their suitability for this study. As a result, 517 of the 589 INVs 

identified above were chosen for the final analysis.  

Because most INVs are high-technology firms, an online survey is an ideal way to collect data 

from them. However, to improve the survey response rate, we implemented an offline survey 

along with the online version (Kaplowitz et al. 2004). Specifically, we distributed 517 offline 

questionnaires to the INVs identified by the above processes in December 2011. After one week, 

we sent online questionnaires to the INVs. Subsequently, we sent the INVs two emails 

(separated by a three-week interval) asking them to participate in our survey. In an additional 

effort to improve the response rate, we contacted the CEOs or directors in person. Consequently, 

we collected 328 questionnaires (collection rate: 65.6%). Among these questionnaires, 11 could 

not be used because they had not been completely answered. Ultimately, the study sample 

consisted of a total of 317 questionnaires. Table 1 presents the demographics and key 

characteristics of the sample, including the respondents’ gender and position, the number of 

employees, the amount of time since founding, and the duration of export activity. Especially, 
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most of respondents have higher positions than the general manager. For instance, the 

respondents are composed of CEOs (9.5%), senior managers (25.9%), general managers 

(42.6%), and staff (22.0%). Even though more than half of respondents have higher positions 

than the general manager, they can represent CEOs’ intention as they play a pivotal role in 

making important decision with CEOs.  

 

[Insert Table 1 about here] 

 

Measures 

 

Technological characteristics  

 

The results of previous studies suggest that technological characteristics constitute one of the 

most important determinants of internationalisation. Based on previous literature (e.g., Madsen 

and Servais 1997, McNaughton 2000, Ibeh and Young 2001, Lee et al. 2001, Bottazzi and Peri 

2003, Jaffe and Trajtenberg 2002, Zahra et al, 2005), four types of technological characteristics 

were analysed in this study: technological capacity, technological imitation, technological 

innovation, and technological standardisation. We defined these factors as follows: 

technological capacity is the ability to produce and provide innovative, leading, and 

distinguished goods and services while covering R&D costs; technological imitation is the 

extent to which a firm’s output can be imitated or copied by competitors; technological 

innovation is how rapidly an INV is able to produce new or innovative goods and services; and 

technological standardisation is the possession of domestic and international certificates and 

the means by which an INV standardises its technology. To assess these variables, five, four, 

four, and five items, respectively, were measured using a five-point Likert-type scale 

(1=strongly disagree; 5=strongly agree). 
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Global orientation  

 

The entrepreneurial characteristic evaluated in this study was the global orientation of the CEOs. 

Based on Oviatt and McDougall (2005), Preece et al. (1998), Ruzzier et al. (2007), and Zuchella 

et al. (2007), we defined global orientation as the intention to pursue new international markets. 

Furthermore, we defined international business experience as the ability to discover useful 

information about the targeted international markets and the frequency of overseas trips. The 

CEOs’ global orientations were measured using four indicators. All of the indicators were 

measured using a five-point Likert-type scale (1=strongly disagree; 5=strongly agree).  

 

International performance 

 

Four items were used to measure international performance: export sales, international assets, 

number of international markets, and number of international branches. All of these items were 

derived from studies by Bloodgood (2006), Kuivalainen et al. (2007), and Moen (2002) and 

were measured using a five-point Likert-type scale (1=strongly disagree; 5=strongly agree). 

 

Assessing common method bias and non-response bias 

 

Although we collected questionnaires at regular intervals to minimise common method bias, it 

was impossible to completely avoid this type of bias because all of the items on the 

questionnaire were measured via surveys alone (Podsakoff and Organ 1986). Therefore, we 

performed a confirmatory factor analysis (CFA) to assess the likelihood of common method 

bias. The results were as follows: χ2=2758.426 (df=362, p=.000), χ2/df=7.620, GFI=.644, 

AFI=.572, RMSEA=.145, and RMR=.109. These results indicate a lack of statistical 

significance, i.e., an extremely poor model fit. Therefore, we concluded that the study was 

unlikely to be affected by common method bias. 
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In accordance with a study by Armstrong and Overton (1977), we used a t-test to measure the 

likelihood of non-response bias. We compared the early responses (within three weeks of the 

mailing) with the late responses (more than three weeks after the mailing) in terms of key 

variables such as global orientation, international performance, and technological 

characteristics. The results indicated no significant differences between the two groups. 

Therefore, we concluded that non-response bias was not an issue in this study. 

 

Analysis and results 

 

Measurement model results 

 

Throughout structural equation modelling (SEM), this study investigated the relationships 

among technological characteristics, global orientation, and international performance. SEM is 

a highly effective means of measuring the mediating effects of such factors because all of the 

relevant paths can be directly verified (Baron and Kenny 1986; Spencer et al. 2005). SEM can 

be called as covariance structural modelling as well as is composed of the measurement model 

and the structural model. As a result, before testing the hypotheses utilizing the structural model, 

this study assessed the measurement model, which was created to assess the reliability and 

validity of the constructs used in this study. A CFA, the most common traditional analysis 

technique, was used to evaluate the measurement model, which was composed of six constructs, 

by IBM AMOS 18.0 (New York, NY, USA). The reason why this study uses AMOS is that 

AMOS is the most reputable and credible analysis technique along with LISREL. In order to 

test, we put every constructs (i.e., technological characteristics, global orientation, and 

international performance) into the measurement model, and hence verified the reliability and 

the validity of the measurement model utilizing the CFA. 

As a result of testing the measurement model, although the chi-squared (χ2) value did not 

indicate a high level of statistical significance (χ2 = 233.202, degrees of freedom (df)=751; 

Table 2), this index tends to be biased against large samples, even if the model is sound 
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(Joreskog and Sorbom 1981, Bagozzi and Baumgartner 1994), because χ2 is highly sensitive to 

sample size. To overcome this limitation, we assessed the overall fit of the measurement model 

using several other indices, including the goodness-of-fit index (GFI), adjusted GFI (AGFI), 

comparative fit index (CFI), normed fit index (NF), root-mean-squared residual (RMR), and 

root-mean- squared error of approximation (RMSEA) (Bollen, 1989). These tests produced the 

following results: the GFI (Joreskog and Sorbom 1981) is .888; the AGFI (Joreskog and 

Sorbom 1981) is .868; the CFI (Bentler 1990) is .972; the RMR is .053 and the RMSEA is .055. 

Based on the recommended levels for these fit indices, the measurement model was not perfect, 

but it was acceptable considering the relatively large number of observed indicators for the 

constructs. 

The reliability of all of the constructs used was assessed using Cronbach’s alpha (α). Nunnally 

(1978) recommended that Cronbach’s α values greater than .7 were acceptable. The Cronbach’s 

α values of all of the constructs in this study ranged from .811 to .970. Moreover, the construct 

reliabilities of each scale ranged from .857 to .918 (Fornell and Larcker 1981).  

As shown in Table 2, to estimate the convergent validity of all the constructs, we calculated the 

average variance extracted (AVE). In general, an AVE value greater than .5 indicates that a 

measurement model is valid. The AVE values of all variables in this study were greater 

than .545, indicating that all constructs had satisfactory values and that this measurement model 

had satisfactory convergent validity (Bagozzi and Yi 1988). We also assessed the discriminant 

validity of the study using a cross-construct correlation estimate. The results revealed that none 

of the two-standard-error confidence intervals included the value of one (Anderson and Gerbing 

1988), indicating that this study had satisfactory discriminant validity. 

 

[Insert Table 2 about here] 

  

Structural model results 
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One advantage of SEM is that it can be used to investigate the relationships among variables. 

This study contained seven latent variables, including a control variable (the duration of export 

activity). 

The SEM indicated that the χ2 value was 1348.41 and that the df was 443. This result was not 

statistically satisfactory, but it was necessary to examine other indices (GFI, AGFI, CFI, NFI, 

RMR, and RMSEA) due to the limitations of the χ2 value. The values of these indices (GFI=.887, 

AGFI=.869, CFI=.981, RMR=.052, RMSEA=.053, NFI=.907, and CFI=.914) were within the 

ranges considered to indicate a satisfactory model fit. 

 

Hypotheses testing 

 

Hypotheses 1 and 2 

 

We tested the study hypotheses by examining disintegration effects. In this approach, the 

overall effect of an independent variable on a dependent variable is divided into direct and 

indirect effects (Tabachnick and Fidell 1996). A significant indirect effect indicates that a 

significant portion of the independent variable’s total effect on the dependent variable occurs 

via the mediator. Table 3 reports the results for the structural model, including the direct and 

indirect effects of all paths. 

The hypotheses were assessed by interpreting the path (or structural) coefficients. We first 

determined which direct effects could predict a significant or meaningful relationship between 

technological characteristics and international performance. All of the examined technological 

characteristics (technological capacity, imitation, innovation, and standardisation) had 

significant effects on international performance. Specifically, technological capacity (λ=.230, 

C.R=4.122, p<.001), technological innovation (λ=.230, C.R=4.436, p<.001), and technological 

standardisation (λ=.189, C.R=2.910, p<.001) had meaningful positive (+) effects on 
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international performance, whereas technological imitation (λ=-.071, C.R=-2.000, p<.05) had 

a significant negative (-) effect on international performance. These results indicate that INVs 

with higher levels of technological capacity, innovation, and standardisation and lower 

susceptibility to technological imitation tend to successfully penetrate into new international 

markets and improve their international performance. Our findings demonstrate that 

technological characteristics are one of the most important determinants of successful 

internationalisation. In summary, Hypothesis 1 (including H 1-1, 1-2, 1-3, and 1-4) was 

supported.  

To verify the mediating effects of the CEO’s global orientation, we evaluated the relationships 

between the independent variables and mediating variables (Baron and Kenny 1986). As shown 

in Table 2 and Table 3, significant correlations were observed between the CEO’s global 

orientation and the technological characteristics of an INV (correlation with technological 

capacity was .523; with technological imitation was .262; with technological innovation 

was .309; and with technological standardisation was .513) as well as its international 

performance. Hypothesis 2 was supported and the prerequisite was satisfied (i.e., significant 

correlations exist between technological characteristics and the CEO’s global orientation).  

 

Hypothesis 3 

 

One of the research purposes is to investigate the mediating effects of the CEO’s global 

orientation on the relationships between the INV’s technological characteristics and 

international performance. In order to test a mediating role of CEOs’ global orientation, we 

investigated indirect effects suggested by Baron and Kenny (1986). A significant or meaningful 

indirect effect demonstrates that a significant portion of the independent variable’s total effect 

on the dependent variable occurs throughout the mediator. Based on Baron and Kenny (1986), 

three processes were carried out: the first process verifies the relationships between the 
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independent variables (i.e., international entrepreneurship – innovativeness, proactiveness, and 

risk-taking) and the dependent variable (i.e., international performance); the second process 

tests the relationships between the independent variables and the mediating variable (i.e., 

network capability); and the third process investigates the relationships among the independent 

variables, the mediator, and the dependent variable. Consequently, we could confirm that the 

CEO’s global orientation mediated the relationships between technological characteristics (i.e., 

technological capacity, imitation, innovation, and standardisation) and international 

performance. Judging from the statistics we have investigated from the first process, this study 

found that technological capacity (λ=.230, C.R=4.122, p<.001), technological innovation 

(λ=.230, C.R=4.436, p<.001), and technological standardisation (λ=.189, C.R=2.910, p<.01) 

had significant positive effects on international performance, while technological imitation 

(λ=-.071, C.R=-2.000, p<.05) had a significant negative effect on that. These findings satisfied 

the first requirement on mediating effects of network capability. Based on testing the second 

process, we concluded that technological capacity (λ=.329, C.R=7.542, p<.001), technological 

innovation (λ=.427, C.R=8.572, p<.001), and technological standardisation (λ=.094, 

C.R=2.667, p<.01) influenced the network capability positively, whereas technological 

imitation (λ=-.118, C.R=-2.698, p<.01) influenced that negatively. Finally, by testing the 

indirect effects of the hypothesised paths, we estimated whether to be the mediating role of 

network capability. Based on the indirect effects, we conclude that the CEO’s global orientation 

mediated the improvement of international performance by improving technological capacity 

(λ=.014, p=.035), innovation (λ=.059, p=.027), and standardisation (λ=.055, p=.004) and by 

decreasing technological imitation (λ=-.014, p=.009). These results suggest that the CEO’s 

global orientation can mediate the relationships between the technological characteristics and 

international performance of an INV. Furthermore, our findings suggest that the CEO’s global 

orientation plays a pivotal role in enabling the successful internationalisation of the INV, 

improving its international performance, and converting advantageous technological 
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characteristics of the INV into successful internationalisation. Especially, these imply that even 

though SMEs have superior technological competences than other rivals, they cannot enter into 

global markets as well as they never improve international performance if CEOs do not have 

intentions to penetrate into those or global orientation. Based on the above results, Hypothesis 

3 (including 3-1, 3-2, 3-3, and 3-4) was supported. 

 

[Insert Table 3 about here] 

 

 

Conclusions 

 

Summary and implications 

 

With the goal of helping INVs improve their international performance, this study developed 

a research model that considered the technological characteristics of the INV (i.e., 

technological capacity, imitation, innovation, and standardisation) and the CEO’s global 

orientation as major variables affecting successful internationalisation. In addition, several 

hypotheses based on this model were empirically tested. The findings can be summarised as 

follows. First, the technological characteristics of an INV have significant effects on its 

international performance. Second, correlations exist between the INV’s technological 

characteristics and the CEO’s global orientation, as well as between the CEO’s global 

orientation and the INV’s international performance. Finally, the CEO’s global orientation 

partially mediates the relationships between the technological characteristics and international 

performance of the INV.  

The results of this study imply that both CEOs and INVs should pay more attention to the 

technological characteristics of the firm to improve its international performance. More 
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specifically, our findings emphasise that INVs are more likely to improve their international 

performance if they develop a greater technological capacity, innovation, and standardisation 

and limit technological imitation. However, no matter how outstanding the technological 

characteristics of an INV may be, establishing international markets will prove difficult if the 

CEO or founder does not want to do so. In other words, the CEO’s intention or will to 

internationalise the firm is one of the most essential factors in successful internationalisation. 

Thus, the results of this study suggest that the CEO’s global orientation plays an important role 

in translating the technological characteristics of an INV into improvements in its international 

performance.  

 

Limitations and future research directions 

 

This study relied heavily on an empirical, quantitative research methodology. This approach is 

inadequate for considering the opinions and thoughts of the individuals who work in the field 

under study. Future research should incorporate both qualitative and quantitative measures to 

provide a more complete and realistic representation of the issues examined here. 

This study had some theoretical and methodological limitations. First, by restricting the 

examined determinants of internationalisation to the technological characteristics of INVs, we 

considered a limited number of variables. Therefore, future research is necessary to evaluate 

other variables that might be significantly associated with internationalisation. We recommend 

that internal and external environmental factors (e.g., regulations or support policies) and 

international strategies be considered for these variables. Second, this study included perceived 

international performance as a dependent variable. Even in cases where perception-based 

subjective measures are significantly and positively correlated with objective measures, it is 

better to consider both subjective and objective measures. Thus, future research should 

combine objective measures such as financial data with subjective measures such as measures 

of organisational effectiveness. Third, this study designated CEOs’ global orientation as a 

mediating variable; however, the global orientation can be functioned as a moderating variable. 

Consequently, future studies need to consider the moderating role of CEO’s global orientation 
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in improving international performance. Finally, it is difficult to generalise the findings of this 

study because it was focused on INVs in South Korea. A comparative study of two or more 

countries would increase the ability to generalise the results. 
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Figure 1. Research model. 
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Table 1. Sample demographics. 

Variables Number Percentage 

Gender 

Male 

Female 

 

208 

109 

 

65.6 

34.4 

Position 

CEO 

Senior Manager 

General Manager 

Staff 

 

30 

82 

135 

70 

 

9.5 

25.9 

42.6 

22.0 

Number of Employees 

1-49 

50-99 

100-149 

150-199 

 

111 

100 

103 

3 

 

35.0 

31.6 

32.5 

.9 

Time Since Founding 

1-3 years 

4-6 years 

7-10 years 

More than 11 years 

 

1 

187 

99 

30 

 

.3 

59.0 

31.2 

9.5 

Duration of Export Activity 

Less than 1 year 

1-3 years 

4-6 years 

 

 

82 

103 

132 

 

 

25.9 

32.5 

41.6 
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Table 2. Measurement model results. 

Scale Mean S.D. Cross-Construct Correlations 

                                       (1)          (2)          (3)            

(4)            (5)           (6)            (7) 

 

(1) 2.7350 1.40043 1       

(2) 2.3312 1.00615 .035 1      

(3) 2.6979 .91578 -.83 .335** 1     

(4) 3.3202 .91727 -.100 .455** .615** 1    

(5) 2.4303 .90195 .022 .641** .514** .627** 1   

(6) 3.1508 1.07437 .219** .523** .262** .309** .513** 1  

(7) 2.4882 .97727 .263** .599** .253** .281** .513** .666** 1 

Cronbach’s α  .970 .811 .864 .897 .953 .936 

Construct Reliability  .918 .861 .857 .892 .910 .891 

AVE  .736 .645 .545 .623 .671 .664 

Goodness-of-fit statistics 
χ2=1357.42 (df=443), χ2/df=3.064, RMR=.053, GFI=.888, AGFI=.868, 

NFI=.911, CFI=.972, RMSEA=.055 

* Significant at p<.01. 

** Significant at p<.05. 

(1) Duration of Export Activity; (2) Technological Capacity; (3) Technological Imitation; 

(4) Technological Innovation; (5) Technological Standardisation; (6) Global Orientation; (7) 

International Performance
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Table 3. Standardised structural estimates of the structural model. 

Path Estimate C.R p-value 

Direct Effects    

Technological Capacity → International Performance .230 4.122 .000 

Technological Imitation → International Performance -.071 -2.000 .046 

Technological Innovation → International 

Performance 
.230 4.436 .000 

Technological Standardisation → International 

Performance 
.189 2.910 .004 

Technological Capacity → Global orientation  .329 7.542 .000 

Technological Imitation → Global orientation -.118 -2.698 .007 

Technological Innovation → Global orientation .427 8.572 .000 

Technological Standardisation → Global orientation .094 2.667 .008 

Global orientation → International Performance .268 7.863 .000 

    

Indirect Effects    

Technological Capacity → Global orientation → 

International Performance 
.014  .035 

Technological Imitation → Global orientation → 

International Performance 
-.014  .009 

Technological Innovation → Global orientation → 

International Performance 
.059  .027 

Technological Standardisation → Global orientation 

→ International Performance 
.055  .004 

Goodness-of-fit statistics     

χ2=1348.41 (df=443); χ2/df=3.044; RMR=.052; GFI=.887; AGFI=.869; NFI=.912; CFI=.981; 

RMSEA=.053 
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Abstract 
Given the economic squeeze ((JinHyo Joseph Yun, 2015, IMF, 2016),  world over, search for 

what we call frugal grassroots innovations for over 26 years in the Honey Bee Network, has 

been increasing in the recent years. And, to shape this search, models and concepts like open 

innovation, reverse innovation ( GE, 2009, Govindrajan, 2012, Govindrajan and Ramamurti, 

2011, Govindrajan and Euchner, J. 2012, Govindrajan and Trimble, 2012), embedded 

innovation ( Simanis and  Hart, 2009), extremely affordable, low-cost, frugal innovation 

(Honey Bee Network, 1989- 2016, Gupta, 2000, 2007, 2009a, 2009 a, b, ) etc.,  have emerged 

over time. We wish to trace the evolution of the Open Innovation Theory ( von Hipple, 1988) 

in the context of the Honey Bee Network. The idea is to study the different strands of 

relationships between knowledge providers and seekers which make the system truly 

reciprocal, responsible and responsive. When systems become open, search cost for inclusive 

innovation will automatically come down and the knowledge system will also become more 

symmetrical and inclusive. Inclusive innovation for social development implies that new 

solutions should help in dealing with one or more of the five factors of exclusion: spatial, 

seasonal, sectoral, skill and social. These should also be accessible, affordable, available and 

adaptable to varying and differentiated user endowments and needs, besides being circular. 

One has to understand the interaction between natural, social, ethical and intellectual capital, 

situated in the institutional context of innovations: at, from, for and with grassroots level 

communities for defining inclusivity in the innovation ecosystem. 
  

A company or a community, when in need of an innovative solution to a local problem, may 

seek it from outside, develop it inside, or co-create/contract it out. The nature of reciprocity 

between knowledge and innovation exchange partners may have different types of 

asymmetries. Different ethical principle enunciated in the Honey Bee Network may or may 

not be followed. The discourse on open innovation has been biased in the favour of 

corporates seeking ideas form outside rather than sharing their own innovation/knowledge as 

a public good or commons, or even at low cost with less-advantaged industry actors. In this 

paper, we reflect on such biases that companies and scholars have developed and propose a 

framework to temper it. The need for such a correction becomes even more important when 

various kind of climatic, institutional and market risks are making socio-economic systems 

more fragile and vulnerable to various uncertainties and fluctuations. 

  

Coping with risks is significantly related to malleability of innovations. The process of 

evolving and nurturing innovations may have a bearing on their eventual adaptability to user. 

We argue that when both technology platform and application domains are known well, 

the incubation model works. Generally, through this process, incremental innovation grows 

better. But, when both are unknown or are ambiguous, sanctuary model works better. In 

incubators, the chaos is outside and the order is inside. In sanctuary, it is the opposite. It is 
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not very surprising that sanctuary nurtures innovation which is more suited to fluctuating 

climate and market-uncertain environments. 

  

Innovations don’t have relevance only at artefactual level. One can learn at 

metaphorical, heuristic and gestalt levels too. Building bridges between formal and informal 

knowledge systems poses a unique challenge in designing reciprocal and responsible open 

innovation platforms?  

 

The Honey Bee Network has made several community-oriented, multilanguage, open 

innovation and traditional knowledge databases to operationalise some of  these frameworks: 

farmers’ innovation database www.sristi.org, www.nifindia.org, www.nifindia.org/ignite, 

http://nifindia.org/ignitetechpedia.sristi.org of student projects, etc. In the coming decade, 

those companies and communities which are able to balance the need for reciprocity and 

responsibility, and respect each other will eventually succeed in creating robust, resilient and 

agile shared economy.  
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more fragile and vulnerable to various uncertainties and fluctuations. 

  

Coping with risks is significantly related to malleability of innovations. The process of 

evolving and nurturing innovations may have a bearing on their eventual adaptability to user. 

We argue that when both technology platform and application domains are known well, 

the incubation model works. Generally, through this process, incremental innovation grows 

better. But, when both are unknown or are ambiguous, sanctuary model works better. In 

incubators, the chaos is outside and the order is inside. In sanctuary, it is the opposite. It is 

not very surprising that sanctuary nurtures innovation which is more suited to fluctuating 

climate and market-uncertain environments. 

  

Innovations don’t have relevance only at artefactual level. One can learn at 

metaphorical, heuristic and gestalt levels too. Building bridges between formal and informal 
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knowledge systems poses a unique challenge in designing reciprocal and responsible open 

innovation platforms?  

 

The Honey Bee Network has made several community-oriented, multilanguage, open 

innovation and traditional knowledge databases to operationalise some of  these frameworks: 

farmers’ innovation database www.sristi.org, www.nifindia.org, www.nifindia.org/ignite, 

techpedia.sristi.org of student projects, etc. In the coming decade, those companies and 

communities which are able to balance the need for reciprocity and responsibility, and 

respect each other will eventually succeed in creating robust, resilient and agile shared 

economy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Introduction 
  

The frugality (or low-cost, affordable innovations) emerged as an inalienable feature of 

grassroots innovations 26 years ago when the Honey Bee Network recognised that 

materially-constrained people had no choice but to intensify the knowledge input and 
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economise the material costs. It has taken the world a long time to recognise the merit of 

frugal innovations, partly triggered by the global economic squeeze and partly, by the 

consumer preference in emerging economies where growth potential is evident. The frugality 

is not a transient concept: When under pressure, be frugal, else, be wasteful or indifferent to 

the concept of extreme affordabilit! It is important to stress that frugality is not just about the 

affordability. A five-cent sachet of detergent soap or a mouth freshener may be extremely 

affordable. It may appear to be frugal too. But, when one calculates the cost of collecting the 

plastic packaging material from thousands of rural and urban locations, this may turn out to 

be an extremely costly innovation for the environment. Therefore, frugality must blend 

affordability with circularity (the ability of waste being repurposed, recycled or incorporated 

in different value chains without affecting the environment adversely). The openness of 

knowledge system at community level facilitates emergence of open and reciprocal 

innovations for dealing with climatic, institutional and market risks.  

 

In this paper, we provide a grassroots perspective to the open, reciprocal, responsive and 

respectful innovations, which are often very frugal. However, we must clarify at the outset 

that not all grassroots innovations are frugal or even sustainable; though, most are. The 

institutional platforms created by the Honey Bee Network will be explained so that other 

countries and communities can build upon this experience and develop their own endogenous 

models. 

  

PART I 

 

Theory of open, reciprocal, responsive and respectful innovations 

  

When the Honey Bee Network volunteers started looking for odd balls, the creative people 

who had solved a local problem through their own efforts, the openness of the communities 

and innovative individuals to share their ideas with us manifested clearly (Gupta, 1988, 1995, 

2000, 2011, 2006, Gupta and Mashelkar, 2010). Why should somebody share one’s ideas 

with others, with no expectation of returns to begin with? It is not entirely an altruistic 

behaviour. Sharing generates potential for feedback and thus improves the knowledge base. 

People share when they trust. The trust emerges when people seeking knowledge are genuine 

learners and iterative exchanges and creation of interdependence generate confidence (Mayer, 

Davis, Schoorman, 1995). Without sharing the prior knowledge and ideas, search for new 

ideas often does not yield results. Sharing, therefore, may precede seeking. Openness 

becomes reciprocal when both sides are willing to share with each other. The responsibility 

comes when the knowledge shared is used by both the parties – the provider and the user – 

with responsibility towards the community, nature and also, for the future generation. Not 

everybody may discharge one’s responsibility towards each stakeholder equally well. When 

the seeker and the provider of the knowledge and the innovations develop mutual trust and 

responsibility, they also become respectful towards each other’s cultural and moral 

sensibilities and constraints. However, in practice, such mutuality is rarely obtained.  

 

Keping aside the open, reciprocal and responsible open innovation experience of  more than 

26 years of Honey Bee Network experience, a brief look at the recent the recent writings 

shows a bit narrower definition of the subject. Authors  have treated openness as willingness 

to use knowledge/ideas from customers, orther organizations, R and D institutions, 

suppliers/vendors etc.,  outside the firm (  Chesbrough, 2003, 2006, 2011; Urban and von 

Hippel, 1988, von Hippel, 2002, 2005, Von Hippel, E. A., Ogawa, S., & PJ de Jong, J., 2011, 
Dahlander and Gann,2010, Baldwin and von Hippel, 2011, De jong et al, 2008, de wit, 
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Dankbar, and Vissers, 2007, JinHyo Joseph Yun, DongKyu Won and Kyungbae Park, 
2016).  Yun, JinHyo Joseph,  Seung-Ku Ahn and Avvari Mohan (2010), and Yun, Jinhyo and 

Mohan Avvari, 2012, in an interesting contribution traced the experience of open innovation 

system in small and medium industry, a rather negelected sector in literature on the subject in 

Korea, partiuclarly during their transition to high tech domains. Jeon, Jeong-hwan, Sung-kyu 

Kim and Jin-hwan Koh ( 2015) in a very interesting study of Roman Empire showed how 

National Innovation System framework can benefit by looking at user driven open 

innnovations in ancient times at national and regional level exchanges. Laursen and Salter 

(2006) found a crivilinearnar experience  in performance among firms searching innovations 

from outside. In a more recent study, Laursen and Salter, 2014, find those firms which are 

able to  protect their own intellectual property (that they don’t let their knowledge be leaked 

to outsiders) are able to get into more viable collaborations for seeking knowledge and ideas  

from outside. This seeming paradox of open innovation is conceptualised as high outside-in 

but low or no inside-out in the theoretical framework presented here.  

 

  

Let us look at binding constraints at different levels and varying degree of openness in 

sharing one’s knowledge and innovative solutions. We discuss four key conceptual schemes 

in this regard: (a) Innovation playground: Inside out vs. outside in (Gupta, 2013, 2015, 

2014b, 2016); (b) Reciprocity vs. responsibility ( Gupta, 2003b, 2014, Owen at al, 2014); (c) 

Knowledge interface across community, public and individual domains ( Gupta and Sinha, 

201; and (d) Communication and power (one way, two way and no way communication, with 

one way, two way and no way power, Gupta, 1980).    

  

  

(a) Innovation playground: Inside out vs. outside in 

  

Innovation exchange between corporations and communities can be guided by various ethical 

and efficiency considerations. In the available literature, openness of corporations to seek 

ideas from outside on various terms is considered a kind of open innovation policy. Even if 

corporations do not share what they did with that knowledge, it is still considered open. On 

the other hand, von Hippel and others have considered willingness of users to share their 

derivative innovations with the corporations manufacturing those products without any 

reciprocity as a sign of openness in innovation. We deal with four strands of exchanges: (i) 

Low inside out – low outside in; (ii) Low inside out – high outside in; (iii) High inside out – 

low outside in; and (iv) High inside out – high outside in.  

  

(i) Low inside out – low outside in 

  

In this case, the corporations are behaving like an ostrich, unwilling to share and 

equally unwilling to learn from outside. Such organisations are not very resilient and 

are often found vulnerable to various climatic, institutional and market risks. In the 

absence of a large repertoire of coping strategies within organisations, they buckle in. 

It is not before too long that such organisations disappear. The communities which 

exhibit similar behaviour go through ‘involution’ instead of ‘evolution’ and may 

either disintegrate or get incorporated under some other dominant identities.  

  

(ii) Low inside out – high outside in 
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The sponge like behaviour is shown by the organisations in such an exchange relying 

on crowdsourcing (How, 2006, Marion K. Poetz and Martin Schreier,  2012). The 

corporations are willing to learn from outside at different terms, including one-time or 

milestone-based payment, just a thank you note, non-monetary recognition, etc. Many 

large corporations use this kind of crowdsourcing strategies. They claim to follow 

open innovation but do not share much of their own knowledge with the outsiders or 

even knowledge, idea and innovation providers. They seldom let the external idea or 

innovation provider know as to what they did with the idea, how much wealth did it 

generate, if at all, and how many other derivative innovations were triggered by that 

innovation. If they shared all this, the self-respect of the knowledge/innovation 

provider will go up and may be, she would value her own ideas more than before. 

Since a large number of us are worst enemies of our own ideas, in the absence of such 

feedback, we do not know the cost of ignoring such ideas. Despite being a dominant 

paradigm, one cannot expect such an institutional arrangement to last very long. 

Eventually, some of the promising idea providers might allocate their energies 

elsewhere. 

  

             (iii) High inside out – low outside in 

  

The pollinator kind of behaviour, evident in this case, is one of the very benign 

models of open innovation. The companies like Tesla ( Quinn and Brachmann, 2014, 

Moritz et al, 2015) shared their patents in open to encourage competition and expand 

infrastructure (of charging stations for electrical car) and generate new knowledge 

about how others use the knowledge produced by the pollinator. They create 

knowledge public goods, without generally any expectation of reciprocity. There is no 

corporation or other formal research and development (R&D) institution which 

cannot share some of its knowledge with outsider or create knowledge public goods. 

Being the industry leader, lesser willingness to learn from outside may prove to be a 

costly error in the longer term. 

                             

 

 

(iv) High inside out – high outside in.  

  

This is the most mutually-empowering model of innovation policy in which one is 

willing to learn a lot from outside and one is equally willing to share a lot. This 

requires a big heart and a big mind (dil bada, dimag bada). Such organisations are 

likely to be more sustainable in the long run. Their growth and development is 

contingent on a constant iterative cycle of learning and sharing. The Honey Bee 

Network signified this approach of open innovation relentlessly for the past 26 years. 

Even when National Innovation Foundation (NIF) facilitated the filing of patents 

using the concept of ‘technology commons’(Sinha, 2009, Gupta, 2007), it ensured 

that people-to-people copying was not only allowed but also encouraged. People-to-

firm exchange of knowledge and ideas should take place through licensing. It 

hybridises the open-source model with stratified IP-based closed model.  

  

It is important for the corporate leaders to recognise the value of ideas from outside, 

including from the grassroots level. But, without mutual respect and responsibility, a 

reciprocity may not be symmetrical. It is to overcome the inherent institutional asymmetries 
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that one may need benevolent brokers/intermediaries to mediate, moderate and monitor the 

exchange of ideas between the formal and informal sectors. 

  

(b) Reciprocity vs. responsibility 

  

The reciprocity can be generalised or specific. Many studies have looked at reciprocity 

among team members with in firm but not among firm and outsiders (West and Bogers, 2013,  

except Schaarschmidt, 2012, who looks at reciprocal exchange in open software community, a subject well 

researched). Neglect of reciprocity between formal sector (firm) and the informal sector (grassroots 

idea/knowledge or innovation providers)  in recent reviews makes this case of genuine reciprocal and 

responsible  innovation even more worthy of urgent attention (Gupta, 1998, 2003, 2006, 2009,2012).    A 

community may provide a herbal innovative drug for treating a disease. The corporation may 

provide its own solutions for the same disease to the community. This is a specific exchange. 

Alternatively, the corporation may build a school, organise a plant identification campaign or 

workshop in lieu of community providing a herbal lead. In some cases, the rights of 

individuals may be intertwined with the rights of the communities, particularly among 

indigenous people. In such cases, the ability of a corporation to deal with risk and uncertainty 

can be augmented if it accesses such knowledge from the community elders. It may not 

necessarily provide modern weather station data or some such knowledge, which 

communities may or may not value. It may build either infrastructure, or create 

knowledge/innovation databases in local languages in lieu of specific technological leads. 

Such generalised reciprocities tend to strengthen the individual and community capabilities 

beyond the specific technological domain. In some cases, this may embolden the community 

to negotiate the favourable terms of innovation exchange with formal sector. There are four 

situations where reciprocity may be significantly high or marginal in nature vis a vis degree 

of responsibility varying likewise such as (i) High reciprocity and low responsibility; (ii) 

High reciprocity and high responsibility; (iii) Low reciprocity and high responsibility, and 

(iv) Low reciprocity and low responsibility. 

  

[i] High reciprocity and low responsibility 

  

There are many public organisations, open-source databases and other such platforms 

which share information and also receive it without any restriction. But, when it 

comes to responsibility for consequences, it generally uses the disclaimer about their 

limited ability to take responsibility for consequences. This problem becomes 

complex when people using this innovation or knowledge database do not have 

adequate ability to interpret the validity or take the risks involved. However, on the 

balance, such a model of open innovation does promote societal learning a great deal 

and the benefits far outweigh the costs. The transaction costs of both provider and 

receiver of knowledge are also low in this model. The problem is that there are not too 

many such databases of innovations yet. The database on common property 

institutions innovation (sristi.org/cpri) is one such database. It is a collection of 

indigenous, common property institution case studies from around the world, 

mobilised mainly from secondary but, some from primary sources too. The 

responsibility for accuracy rests with the author. The reciprocity is high because 

nobody has objected to the inclusion of their work with full credit in this database. It 

helps researchers and community-based organisations that are looking for new 

heuristics for collective management of natural resources at local level. Such open-

innovation platforms do fertilise the ground for imagination and help in cross-

pollination of ideas.  
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(ii) High reciprocity and high responsibility 

  

This is a case where provider and user of knowledge are equally responsible and 

reciprocal. If a user of a product made by a company innovates to add some new 

feature, new function, modify the form to fit new niches, overcome some of the 

deficiencies or finds some new applications and shares these with the manufacture, he 

has performed a highly responsible act. If the manufacturer evaluates it, shares the 

feedback and in some cases, agrees to co-create the solution with benefit-sharing, then 

it will be a case of high reciprocity and high responsibility (Gupta, 2000, 2012). It is a 

different matter that in the literature on open innovation, such cases are few. The 

Honey Bee Network is an exception. A large number of ideas contributed by children 

and many grassroots innovators have been valorised by the team of professionals in 

NIF, Society for Research and Initiatives for Sustainable Technologies and 

Institutions (SRISTI) and Grassroots Innovation Augmentation Network (GIAN) with 

full credit and benefits to the idea providers. Openness on both the sides has led to 

mutual trust and responsibility. More than 800 patents and other forms of protection 

have been extended to children and grassroots innovators through pro bono help of 

the patent attorneys, using public funds by NIF in the name of the innovators. Entire 

license fee of 10 per cent of these innovations, so far commercialised, has also been 

shared with the innovators completely1.   

  

The techpedia.sristi.org has information about 190,000 engineering projects, pursued 

by 550,000 students from over 600 institutions in India. This is one of the largest 

open-innovation platforms which has authentic information sourced from various 

academic institutions. Similarly, the Gandhian Young Technological Innovation 

Awards are listed at gyti.techpedia.in with mutual responsibility and reciprocity, 

among the students, their guides and SRISTI. 

  

(iii) Low reciprocity and high responsibility 

  

This is a case where a teacher or a formal sector technologist shares all that he knows 

and the student or community member asks about all that he does not know. Both 

sides perform their roles in knowledge economy and share ideas to reinforce shared 

learning systems. But, there is not much that they are obliged to reciprocate to. There 

is an exchange of ideas but with little, if any, specific or generalised reciprocity. 

Online learning platforms for start-ups and innovators can be very useful for the open 

innovation systems. However, there are not too many examples where start-ups have 

shared their problems and the innovative ways in which they solve them as an open-

source learning material for the other budding innovation-based start-ups.  

  

(iv) Low reciprocity and low responsibility 

  

This category signifies a case where many corporate actors may benefit from the user-

driven innovations (often without any acknowledgement, credit or benefit/knowledge 

sharing). The users also may not go out of their way to share. Many roadside 

mechanics routinely modify the features of various automobiles or gadgets which the 

                                                        
1 The patents are not used to stifle people-to-people learning. In fact, self-employed people are not only 
allowed but also encouraged to copy each other’s ideas. Only the tech transfer to firms or organised 
sector are through licensing. 
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manufacturer may not have taken note of. For instance, the cycle manufacturers have 

generally ignored a feature of footrest for children sitting on the horizontal bar. Their 

legs do not reach the mudguard or the triangular rod. Mechanics add a simple strip 

which can be horizontal to the triangular bar and, when turned at 90 degrees, becomes 

a footrest. The design of the cycle has not changed nor the users have pursued with 

the manufacturers to bring about this and other features. So much of design inertia can 

be explained by mutual apathy. 

  

The theory of open innovation has more or less ignored the relative contribution of 

reciprocity and responsibility so far. By bringing this dimension, the ecosystem for 

open innovation becomes more empathetic and empowering for all the actors. The 

result is that learning quotient goes up significantly. The meaning of a responsible act 

may not always be shared among all actors in the same way. The corporations used to 

dealing in a contractual language may perhaps restrict their responsibility to the 

clauses of a knowledge-exchange agreement. Some of them may not even recognise 

the need for building capacity of knowledge provider, particularly in informal sector, 

before agreeing to enter into an exchange of knowledge with them. The concept of 

prior-informed consent (PIC) may be interpreted too narrowly in several cases. At the 

same time, there are organised sector members who may understand and appreciate 

the need for going beyond the strict call of duty and thus behave in a more responsible 

manner than may be the trend in the industry. The communities can also stint in 

disclosing their full knowleldge if the trust is lacking and thus affect its scientific and 

technological development. The act of not just sharing knowledge but extracting 

natural resources within sustainable limits may or may not be recognised as a part of 

community responsibility. Thus, both sides have to match reciprocity and 

responsibility; those who have more power have a greater responsibility in any case 

for ensuring the fairness of an open-innovation system. 

  

(c) Knowledge interface across community, public and individual domains 

  

The three domains of knowledge system are contested as shown in the Figure 1. The 

knowledge may be restricted to one or a few individuals or a whole community or may be in 

public domain. The outsiders such as academics or industry representatives may deal with 

individuals to seek their traditional knowledge or contemporary innovations, with or without 

the consent of community elders. They may then publish a paper disclosing the innovation 

and thus prevent the community from having any opportunity to protect their knowledge 

rights or negotiate knowledge transfer at mutually-agreed terms. This kind of asymmetrical 

knowledge exchange has been going on for centuries and is still in vogue. The openness of an 

innovation system in this case does not favour knowledge provider as much as knowledge 

seeker. The situation becomes more complicated when we take the interrelationship of 

different property rights in knowledge as well as resources (See Figure 1). 

        

Figure 1 

  

                            Knowledge rights/domains 

  Private Common  Public 

Resource Private    

Rights/domains Common    

 Public    
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The open-innovation framework has not grappled with the complexity of knowledge and 

innovation exchange when knowledge and resource rights are not co-terminus. As a herbal 

healer, I may have knowledge about therapeutic uses of plants growing in my own garden, 

my village and on public lands such as roadside or public forest. In different cases, my ability 

to use knowledge and improving it depends upon my ease of access to the resource. In the 

absence of flexible access to resources, I may not be able to use the knowledge even if I have 

it. When I exchange my knowledge with a company, they may like to test and validate it 

before reciprocating in material/non-material forms with individuals or communities. My 

ability to share knowledge may also be constrained by community norms and sanctions. It is 

desirable to take into account the complexity of knowledge and resource-right 

regimes/domains so that reciprocity and resopnsibility of various parnters can be assigned 

and apprised in a fair and just manner. This is an evolving field where ethical norms will play 

as much, if not more, role as institutional and professional norms. Francisco Javier Carrillo ( 

2015) cautions that unless cultural and emotional values associated with non-monetary or non-

material exchanges are taken into account, the transition to knowledge economy (since ancient times) 

and its implications for  new norms of  equitable  sustainable equilibrium will not be achieved.  
 

(d) Communication and power (one way, two way and no way communication, with one 

way, two way and no way power ( See Figure 2, own compilation, adapted from Gupta, 

1980). 

                               Figure 2 

 

 
 

This framework was developed way back in 1980 while dealing with the interplay between 

communication and power among the actors in formal and informal sectors2. The ideal case is 

when both sides have equal power (two-way power) and both sides have the freedom or 

agency and ability to communicate (two-way communication). Under such conditions, 

mutual control, accountability and responsibility are fixed so that no one side dominates the 

discourse.    

 

One-way communication – One-way power is a highly authoritarian model in which those 

who rule or have authority and power decide what is communicated to others. The recipient 

has to receive said communication passively. Two-way communication and one-way power 

                                                        
2 Gupta, 1980, Gupta, 2016, Grassroots innovations: Minds on the margin are not marginal minds, New 
Delhi: Penguin Random house, forthcoming 
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could be a situation wherein a scientist or corporate manager may listen to the feedback of 

the farmers/users but, ultimately exercises his/her authority to decide which feedback to act 

upon and which to ignore. The possibility of someone having power and not asserting or 

communicating it is almost zero. If one has power then it will flow through communication 

mode and meaning. On the other hand, one-way communication with two-way power is 

possible situation in a democratic election in which the leaders may convey their agenda and 

the voters may show their power through voting rather than verbally communicating it. Next, 

one-way communication with no power flow either way represents a tom-tom beater (an 

announcer on a railway station or any public place) who announces messages to people in a 

locality, without any power to influence the actual content or its interpretation. Another 

example of this dynamics is the people who manage propaganda or dissemination, without 

having the power to influence the content. Two-way communication with two-way power is 

perhaps the most sustainable and democratic arrangement. Mao Tse-tung called this the 

mass-line concept. The brigade was accountable to commune and vice versa. The two-way 

power makes it democratic and two-way communication makes it humanitarian. The Honey 

Bee Network has tried to evolve into a social movement, with such norms of horizontal and 

vertical accountability. Gandhi ji called a similar approach the gram swaraj in which the 

village community was expected to resolve a lot of common issues through collective will 

and mutual respect, without direction or interference from higher levels of authority. Both the 

state and the local bodies maintain their respective domain of power and communicate with 

each other through mutual responsibility and accountability. 

 

In our context, two-way communication – two-way power will mean that farmers or 

industrial innovators at the grassroots level will have the power to comment upon and correct, 

if need be, the action-research agenda designed by scientists, technologists and firms, and 

vice versa. The scientists and technologists will also have the power to shape the agenda of 

farmer experimenters and innovators. The open innovation platforms have seldom looked at 

power asymmetries while evaluating the reciprocity and responsibility in knowledge 

exchange.   

 

PART II 

Coping with risks through open innovation   

 

The climate change risks affect institutional and community choices in different sectors over 

space and time in less predictable manner than before. The coping strategies described 

elsewhere [De and Gupta, 2016, 2015c, d, e, Gupta 1984, 1988, 1990] deal with intra 

household, inter-household, community and public-level adjustment strategies. The 

companies and other formal institutions also hedge their risks through various market and 

non-market instruments.  The global concern for frugal innovations shows that long-term, 

risky R&D projects are favoured less now. To reduce the cost of generating innovative 

solutions emerging in the market place, many firms are trying to use open-innovation 

platforms for sourcing ideas from outside. Some of them are also trying to learn from 

grassroots innovators. However, for the reason mentioned earlier, the norms of knowledge 

exchange because of the power asymmetriess are not able to diffuse the risks of informal 

sector vis-à-vis the formal sector.  The Honey Bee Network model provides several strategies 

for coping with risks, particularly in agriculture sector by using reciprocal, responsible and 

respectful norms of knowledge exchange. Various innovations at grassroots level provide 

extremely-affordable solutions for generating biomass energy, processing food, using various 

biomaterials for industrial and consumer applications, besides developing solutions for farm 

operations. Since majority of the grassroot innovators are materially constrained, they tend to 
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leverage the knowledge more than the material resources. The coping strategies in the wake 

of climate change require a portfolio of crisis which can be shuffled with minimum 

transaction costs, in a much more flexible manner. This requires very agile institutional 

response, possible only when mutual trust between the formal and informal sectors is 

maintained at a very high level.  

 

Failure of crops, unexpected mortality of animals and other kinds of losses during extreme 

whether conditions can put people under significant loss and debts. Once the market rating of 

community members goes down, the institutional response may become sluggish. It has been 

argued earlier that risk averse institutions can never help risk averse individuals or groups 

(Gupta, 1988). The challenge for open innovation theory is to find ways in which short term 

vulnerability of poor people in informal sector does not disenfranchise them from various 

entitlements and opportunities, both in the short and long terms ( Dey and Gupta, 2015, Dey, 

A, Singh, G and Gupta A. K. 2015a). Different kinds of risk funds can help unleash the 

entreprenurial ability of knowledge-rich, economically poor people.  Micro Venture 

Innovation Fund (MVIF), set up by NIF in 2003 with the help of SIDBI, provides risk capital 

to grassroots innovators under single signature and without any collateral security. Such 

models for both monetary and non-monetary help for empowering innovators are urgently 

needed in various parts of the world. Community workshops, Fab Labs, wet labs, etc. are 

needed to add value to local knowledge so that partnership with formal sector may become 

much more viable than in the case when knowledge or ideas are in the raw form. There is a 

need for intermediary organisations such as NIF, GIAN or SRISTI to reduce the transaction 

costs of communities and corporations. 

 

Earlier studies by Gupta (1981, 84, 90, 95), Anamika (2015), Anamika and Gupta (2016) 

have shown that community-coping strategies in drought or flood-affected climate risk 

regions include a portfolio of material and non-material opportunities which are aimed at 

individual and groups at different stages of production cycle. But, effectiveness of portfolio 

diversification is closely contingent on openness of knowledge exchange among different 

community members as well as external individual and institutional actors. The resilience of 

the community members to assimilate the consequences of climatic risks and not only cope 

with them but also transcend them depends upon the flexibility and agility of the support 

system whether in public or private sector. If the formal sector is not open enough, much less 

being reciprocal and responsible, then the ability of community to make concurrent changes, 

whether for salvaging the affected crops or ensuring better returns from future options, is 

severely constrained. The investment required for generating location-specific contingent 

options is often missing in the market place. Given the long tail of innovation, the return to 

the niche-specific innovations is low. Therefore, unless organisations have a much diversified 

portfolio coupled with public incentives, we may not be able to augment the resilience at 

community level. In the longer term, this will constrain the market size and adversely affect 

the growth. One can hypothesise that open innovation may flourish more when the timeframe 

is long.   

 

When the resources are mobile or fugitive e.g. in fisheries or livestock sector, the coping 

strategies have to be even more robust and institutional in nature. The models of open 

innovation in such cases will have to be premised on knowledge networks and inter-

organisational networks. In a network economy, depending upon how widely and easily 

information across different nodes is exchanged, the quick turnaround of ideas and their 

applications in risky situations can take place through iterative and interactive knowledge 

system. Greater the mobility and fugitiveness of the resources, greater is the need for 
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network efficiency. Without sufficient trust as mentioned earlier, neither responsibility nor 

reciprocity will follow to achieve such a kind of network efficiency. Assuming that formal 

and informal sectors have arrived at a reasonable faith in each other’s capabilities and 

commitment, the prospect of adding value to emerging innovations can be studied through 

the interface between technological domain and available technological platform. There are 

four possible situations in this regard: (1) Domain is known and technological platform is 

also known; (2) Domain is unknown but platform is known; (3) Domain is known and 

platform is unknown; and (4) Neither domain nor platform is known.  

 

In the first case of known domain and known technological platform, incubator models of 

value addition may work. When domain is not known and platform is known, the augmented 

R&D outsourcing and consortium-based innovation development can take place. When 

domain is known and the platform is not known, internal R&D in a competitive mode may 

help. When both are unknown, the sanctuary model is likely to work better. In the incubation 

model, the chaos is outside and the order is inside. For incremental changes, such models can 

work. In the sanctuary model, chaos is inside and the order is outside. In such a framework, a 

lot of randomness is leveraged to generate new configuration of knowledge and institutional 

network to find solutions. It requires a very high degree of trust and willingness to share 

one’s ignorance. Since domain knowledge is of less consequence, the participation of large 

number of actors in the innovation system is possible.   

 

When we compare the institutional condition under high risk and institutional context of 

sanctuary model, we can surmise that the institutional and technological innovations may 

require the freedom of sanctuary model.   

 

 

Conclusion 
 

In this paper, we have argued that the conventional understanding of open innovation theory 

is highly inadequate for dealing with emerging challenges in leveraging contingent conditions 

of climate risks, asymmetry of knowledge and power and lack of reciprocity and 

responsibility among the formal and informal actors. To deal with the greater complexity and 

need for higher frugality and circularity (McDonough, W., & Braungart, M. (2009), the open 

innovation theory will need substantial evolution in the direction indicated in the paper. The 

degree of openness among different actors in different domains and at different levels in the 

society may influence the strategies for harnessing the power of co-creation and network 

management for distributed knowledge system. The innovation clubs of youth to search, 

spread, celebrate innovations and sensing the unmet social needs will provide the context in 

which open innovation system will flourish. One cannot learn just at artefactual level from an 

innovation but also learn at analogic or metaphorical, heuristic or gestalt level. That is why 

larger corporations and many other countries (Parthasarathy, 2016) have been trying to learn 

from the Honey Bee Network lately (Gupta, 2016). 

 

In the coming decade, those companies and communities which are able to balance the need 

for reciprocity and responsibility, and respect each other will eventually succeed in creating 

robust, resilient and agile shared economy.  
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Abstract

Purpose – The purpose of this paper is to investigate which factors are key factors and leading 
indicators on chemistry sector’s performance. The chemistry sector is divided into petrochemistry 
and fine chemicals.
Design/methodology/approach – This research focuses on financial performance and financial 
factors on chemistry sector. We collect financial information of Korean chemistry firms from the 
KIS value data that is data base about Korean firms’ financial and stock market information. 
Financial performance is measured about growth, profitability, turnover, and stability. The authors 
are trying investigation relationship between financial factors and financial performance. In order to 
analyze, tangible assets and intangible assets that are fixed assets, cashable assets, R&D investment, 
and so on. We apply multiple regressions analysis. Petrochemisty and fine chemicals sectors are 
analyzed independently.
(Expected) Findings – First of all, fine chemicals firms’ size is smaller than petrochemistry firms’.
However, fine chemicals firms’ size of intangible assets is bigger than petrochemistry firms’,
interestingly. Furthermore, key factors on financial performance are different by sectors. Intangible 
assets (like as R&D investment) have positive relationship with financial performance within fine 
chemicals sector. On the other hand, fixed assets and cashable assets have positive effect 
petrochemistry firm’s financial performance. Lastly, the R&D investment is investigated about 
leading indicator of petrochemistry and fine chemicals sector. 
Research limitations/implications – This paper did not consider external environmental factors such 
as institutional environment, level of technology, and other factors that may have relationship with 
firm performance and financial factors. However, this research investigates difference financial 

 

structure and characteristics of Korean petrochemistry and fine chemicals sectors. This strongpoint 
can contribute firm decision makers, and policy makers to improve chemistry firm’s performance.
Practical implications – Up to the present, Korean government has been trying support chemistry 
sector. The petrochemistry sector has a key role about growth of the Korean economy. However, fine 
chemicals sector is received attention as new growth engine within chemistry sector in the Korea. At 
this point of time, our research can provide valuable information to decision making of firm and 
government to develop chemistry sector. 
Originality/value – This research is a pioneer research to investigate difference of Korean 
petrochemistry and fine chemicals sectors. Furthermore, findings of leading indicators provide 
insights both academic and practical fields. 

Keywords: Chemistry sector, Petrochemistry, Fine chemicals, Firm performance, Key factors, 
Leading indicators
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Abstract  

Purpose: The purpose of this paper is to examine that the strategic alliance portfolios in the 

eco-friendly car market that grants market access and technological innovation performance 

using Toyota and Hyundai Motor as examples. This study aims to determine the fundamental 

problem in Hyundai’s strategic partnerships by analyzing Toyota’s alliance portfolio that 

enabled it to enter the automotive bioplastic market first, and aims to propose the factors 

behind the firm’s innovation. 

Key Literature Reviews: We measure the size of the alliance portfolio using the number of 

partners. A focal firm with more partners is in a good position to secure resources and 

knowledge because a focal firm’s centrality increases in the network along with it’s the 

number of partners (Wang 2011). On the other hand, a large number of partners reduce 

confidence among partners and increase the cost to cooperate because a smaller alliance 

makes an alliance portfolio configuration more effective and reduces the burdens caused by 

unnecessary knowledge and information (Rothaermel and Deeds 2006). 
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The firm’s innovation capability is measured by patent citation analysis. Patents cited 

measured by the number of patents citing of the focal firm indicate higher technology value 

as the number of citations in other patents increases(Kim and Lee 2015, Petruzzelli et al. 

2015).  

Design/ Methodology/ Approach: The paper employs patent data for collection of 

partnership data for both Hyundai Motor and Toyota using joint patent filings, and the 

alliance portfolios are configured by using co-applicants as partners. In addition, we use 

patent citations to analyze the relationship between firms’ technological alliance and 

innovation capability.  

(Expected) Findings/Results: The results of this study show that; 1) Toyota is actively 

developing joint research activities but, Hyundai Motor is not. Because of this, Toyota are in 

a more advantageous position to obtain knowledge and technology than Hyundai Motor due 

to the high centrality in alliance portfolio. 2) Toyota and Hyundai Motor have the same in 

terms of the number of cooperation partners and technology innovation performance. 3) The 

degree of cooperation and the number of partners affect technology innovation performance. 

Research limitations/ Implications: This study has several limitations. First, patent 

information indicates only the cross-section of the company’s innovation. Second, joint 

patents are not the only outcome of joint R&D, and comprise only a very small part of the 

output from joint R&D activities. In spite of these limitations, the findings suggest how firms 

can catch up to access the automotive bioplastic market, and offers contributions to theories 

related to portfolios. 
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Keywords: bioplastic, alliance portfolio, joint patent, firm innovation 

 

 

 

1. Introduction 

In recent years, the car material industry rapidly changes from petroleum-based to 

biomass-based materials to solve global environmental problems and natural resource 

depletion, including petroleum (Harris 2011, European Bioplastics 2012). Bioplastic 

produced from biomass, a renewable biological resources, requires a fusion of chemical and 

biotechnology. Strategic alliances are absolutely necessary in bioplastic sector to secure 

original technology and raw materials (Á lvarez-Chávez et al. 2012, Chen 2012, Park et al. 

2013). According to recent estimates, the automotive bioplastic market, worth about $ 15.1 

billion in 2012, could reach $ 32.9 billion at the end of 2018. More than 50% of total 

consumption in the automotive bioplastic market in 2012 was concentrated in the Asia-

Pacific region (Transparency Market Research 2013). In Asia, Japan accounted for 52% of 

total demand, followed by China’s 26% and Korea’s 7% (Jegal 2012). In 2009, Toyota 

produced hybrid vehicle called the "SAI" in Japan that uses bio-plastic for 60% of the interior. 

Despite its high price, Toyota sold 14,000 of these cars, far more than the expected 3,000. 

Toyota took over a PLA
2
 production plant from Shimadzu in 2002, and supplies 60 or more 

companies. The company continues research and development to improve the physical 

properties of PLA (Jegal et al. 2008). In 2009, Hyundai of South Korea unveiled a hybrid car 

                                           
2 PLA (polylactic acid): A kind of bioplastic synthesized from linear aliphatic polyesters made from 100% renewable 

resources, such as potato starch, corn, and so on. 
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"BlueWill," consisting of an interior produced with bioplastic, though did not commercialize 

the car. These events raise the question of why Toyota has been able to occupy the 

automotive bioplastic market, though Hyundai cannot.  

 Our study investigates the dynamics of strategic innovative networks in the Asian eco-

friendly car market and shows the configuration of an alliance portfolio to access this market 

using Toyota and Hyundai as examples. The collaborative innovation network of focal firms 

like Toyota and Hyundai is an alliance portfolio (Duysters et al. 1999, Hoffmann 2007, Kim 

et al. 2012). Previous studies emphasized the importance of open innovation through 

cooperation between companies, universities, labs, and governments in the bioplastic market 

(Theinsathid et al. 2009), and discussed the challenges of market access and sustainability 

(Rudge et al. 2005, Á lvarez-Chávez et al. 2012, Iles and Martin 2013). However, there are no 

previous studies into innovation in collaborative innovation networks and the innovation 

capability of a firm in the bioplastic industry. 

 In this study, we first cover the difference of the collaboration network between the leading 

company and the follower in the automotive bioplastic market. This study aims to investigate 

the relationship between the degree of collaboration and performance by analyzing patent 

information. In this point, we can classify the partner groups. This research will suggest the 

way of selecting partners and the direction of R&D collaboration for the follower in the 

emerging technology sector. 

We collected partnership data for both Toyota and Hyundai using joint patent filings, and we 

configured the alliance portfolios using co-applicants as partners. Our study joins previous 

studies using patent statistics as measures of technology innovation performance and regards 

patent statistics as a measure of the results of technology innovation performance(Yun et al. 
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2010, Picard 2012, Briggs 2015, Kapoor et al. 2015, Kim and Lee 2015). Additionally, we 

analyze the relationship between R&D collaboration and technology innovation performance 

using joint patents. 

 This rest of the paper is structured as follows. Section 2 summarizes the relevant research, 

and section 3 describes data source and methodology. Section 4 presents the results and 

analysis of the alliance portfolio configurations, and discusses the differences in the alliance 

portfolio configurations and characteristics of the partners involved in various portfolio 

patterns classified according to the degree of R&D collaboration and technology innovation 

performance. The final section concludes the paper with a discussion of the implications and 

limitations of our study. 

 

2. Literature review 

2.1. Configuration of alliance portfolio  

It is possible to analyze an alliance portfolio configuration from various viewpoints, though 

this study focuses on the number of partners and the intensity of the focal firm and its 

partners. 

 

2.1.1. Number of partners: We measure the size of the alliance portfolio using the number of 

partners. A focal firm with more partners is in a good position to secure resources and 

knowledge because a focal firm’s centrality increases in the network along with it’s the 

number of partners (Bergh 1998, Park and Kwahk 2003, Goerzen and Beamish 2005). 

Especially in competitive environments, a focal firm with more partners can improve 

technology innovation performance gaining knowledge and information and learning about 
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market trends through their partners (Shan et al. 1994, Wassmer 2010, Mouri et al. 2012). 

Kim and Choi (2014) confirmed the positive effect of the relationship between the number of 

partners and a firm’s performance. Garcia-Canal et al. (2007) found that partnerships 

positively affect latent value creation when partners are involved in a homogeneous industry.  

 

 On the other hand, a large number of partners reduce confidence among partners and 

increase the cost to cooperate (Gulati and Singh 1998, Rothaermel and Deeds 2006, Jiang et 

al. 2010) because a smaller alliance makes an alliance portfolio configuration more effective 

and reduces the burdens caused by unnecessary knowledge and information (Wassmer 2010). 

Frankort et al. (2011) found that the relationship between a new partnership and the 

acquisition of technology has an inverted U-shape. Therefore, over time, the influx of new 

partners negatively affects technology acquisition.  

 

2.1.2. Partnership intensity: The partnership intensity can be explained by the strength of the 

tie between the focal firm and partners as measured by the average number of joint patents 

filed by the central and partner firms. Many researchers examined intensity from a network 

point of view, with some examining the effect of mainly strong and weak ties (Ma et al. 

2013). Strong ties indicate confidence between a focal firm and its partners, leading to less 

conflict and more promotion of exchanges of complex knowledge (Capaldo 2007, Kim and 

Song 2007, Wassmer 2010). Faems et al. (2005) and Caner and Tyler (2013) confirmed that 

strong ties in alliance portfolio have a positive effect on new product introductions. Tiwana 

(2008) concluded that strong ties among partners positively affect their knowledge 

convergence. Lin et al. (2012) showed that stronger  R&D ties are advantageous for a firm’s 
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competitiveness through the inflow of outside knowledge.  

Weak ties likely expand the capacity to cooperate with various partners to increase the 

flexibility of the network, and has the advantage of providing state-of-the-art information 

about a new market (Hansen 1999, Rindfleisch and Moorman 2003). Dittrich and Duysters 

(2003) showed that weak ties are effective in an innovation network due to the diverse 

combinations of knowledge, but weak ties have adverse effects on knowledge exchange 

among partner due to the lack of trust. Therefore, firms should adopt an appropriate 

combination of weak and strong ties for its innovation.  

2.2. Bioplastic industry 

Bioplastic is polymer produced with bio-mass, a bio-resource based on the fermentation 

process (Jegal 2008, Ministry of Environment 2014). Its renewable properties have focused 

attention on bioplastic as an eco-friendly material that can reduce CO2 emissions (Biotech 

Policy Research Center 2012). 

 In 2011, the overseas bioplastic market was at $ 1.9 billion, formed initially by the US, 

Europe, and Japan, which have strong environmental regulations. Europe accounts for 60% 

of the entire bioplastic market (KOREA Bio-Economy 2011). Leading countries such as the 

US, Japan, and some in Europe focused early on R&D in environmental packaging 

technology. These countries completely supported R&D and investment costs in the 

bioplastic industry at the early stages, led by the government(Seo 2011, Sim 2014). Strategic 

alliances between traditional chemical companies and start-up bio-companies have expanded 

in the industry. In the automobile industry especially, companies have expanded the use of 

bioplastic materials for to enhance their eco-friendly image (Song 2014).  

 In the Japanese automobile business, Toyota has actively used bioplastic to produce eco-
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friendly cars. In 2009, Toyota produced a new eco-friendly hybrid vehicle using plant-based 

bioplastic for 60% of the vehicle’s inner areas. Additionally, after taking over the PLA 

production factory from Shimadzu in 2002 through a strategic alliance, Toyota expanded PLA 

production to produce eco-friendly cars and supplied other companies with the material. 

Moreover, Toyota engages in active research to improve PLA’s material properties (Jegal et al. 

2008), with many patents related to bioplastic because they vigorously cooperate with other 

companies in R&D.  

 In Korea, after a set of government-mandated tasks related to bioplastic R&D in 1993, 

companies such as SK chemical, LG Chemical, and so on engaged in bioplastic R&D. 

Although many firms’ manufacturing technology for bioplastic reached a relatively high 

standard, most commercialization stopped due to excessively strict regulations (Han 2011). 

Domestic bioplastic in Japan is produced mainly by big chemical companies such as LG 

chemical, GS Caltex, and CJ. In 2009, Hyundai was the first to use PLA to produce an eco-

friendly hybrid car, called the BlueWill (KOREA Bio-Economy 2011).  

 

3. Methodology 

3.1. Measurements 

We use patent statistics to measure the firm’s innovation capability and R&D collaboration 

since they provide useful information about the flow of technology development with 

objective and standardized indicators containing the latest technology trends. In addition, 

because patents are an objective and formal innovation measurement result, many previous 

studies use patent statistics to measure firms' innovation capability.  

 We define a joint patent as that consisting of two of more assignees affiliated with different 
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organizations through information contained in patents. We use these joint patents to measure 

and analyze R&D collaboration activity, a common methodology employed in earlier 

research (Hoffmann 2007, Chen and Chen 2011, Tseng et al. 2011, Huang et al. 2012, Lin et 

al. 2012, Motohashi and Muramatsu 2012, Lee and Lee 2013). We thus adopt this method to 

measure the relationship between R&D collaboration and innovation capability.  

 It is possible to create an alliance portfolio from joint patents resulting from R&D 

collaboration. Although alliance portfolios can be categorized as alliance portfolio emergence, 

configuration, and management, we focus in this study on alliance portfolio configuration, 

measured by the size and intensity of the R&D collaboration network. 

 The firm’s innovation capability is measured with a patent citation analysis. Previous studies 

showed that patents with high numbers of citations in patents filed by other firms have a high 

technology value. Through a patent citation analysis, many researchers analyzed 

technological skill and market power and measured a firm’s innovation capability.  

 In this study we analyze co-assignees in joint patents to create an alliance portfolio for the 

focal firms and measure its technological skill according to the alliance portfolio. 

Furthermore, we conduct a comparative analysis of the degree of R&D collaboration among 

partners and the level of technological skill.  

 

3.2. Data 

We use data from the Thomson Innovation DB as it supports a variety of required 

information, such as the inventors, application year, and assignees’ affiliations. We can also 

select only bioplastic patents because this database provide patent information supplemented 

by expert reviews as patents may differ in their actual contents when assignees do not want to 
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publish their patent information openly. We searched the database for patents including 

USPTO, EPO, JPO and KIPO from 1984 to 2014 relate to bioplastic for Toyota and Hyundai. 

We finally identified 45,240 bioplastic patents granted and classified of patents of Hyundai 

and Toyota. Toyota has 415 joint patents of the total 233 patents, and Hyundai has 71 joint 

patents of a total 165 patents. Additionally, Toyota collaborates in R&D with 33 partners, 

while Hyundai collaborates with 6 partners.  

 

 

 

 

 

 

 

 

3.3. Patent citation analysis indexes 

We use patent citations to analyze the relationship between firms’ technological alliance and 

innovation capability. Patent citations are defined by the number of citations in other patents. 

Firms’ relative importance and technological skills are analyzed with a patent citation 

analysis. We measured firm’s innovation capability through the number of partners and the 

degree of cooperation with partners using joint patent information for both companies. Joint 

patents are analyzed through a patent index suggested by CHI research Inc. in the US(CHI 

Figure 1 The number of bioplastic patents granted per year, 1984-2013 
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Research Inc. 1998).  

 We use citations per patent (CPP), the average number of times that the patent is cited in 

other patents as an index to evaluate the quality of the patent’s technical capabilities. Patents 

with more citations are considered an important invention useful for future inventors. 

Additionally, companies holding patents with high CPP values are more advanced than other 

firms. 

CPP =
Number of citations

Number of patents
 

We use CII, the degree of citations in other patents over the previous five years. Higher CII 

values indicate that firms have a high technology impact and shows active R&D in the 

technology field. CII shows the technological skills of specific assignees in same industry 

sectors through correlations among companies. If the CII value is 1, the technology impact of 

that patent is average, but a CII of 2 represents a patent cited twice as much as the average by 

backward patents.  

CII =
Cij/Kij

∑ Cij/ ∑ Kij5
t=1

5
t=1

 

t: the past 5 years (or 3 years) based on current year 

Cij: the number of cited patents in a certain year 

Kij: the number of patents 

∑ Cij5
𝑡=1  : the number of cited patents of company i in industry j from the previous five years 

∑ Kij5
𝑡=1  : the number of patents j company produced in industry j during the previous five 

years 
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We measure technology strength (TS) as the number of patents multiplied by CII. TS 

describes the qualitatively weighted evaluation of firms using patent quality and quantity. A 

higher TS value implies a short industrial circulation cycle or a highly competitive market.  

TS = Number of patents × CII 

  We evaluate technology independence (TI) according to the degree of firms’ self-citations. 

A higher TI means that firms conduct R&D using their own technologies in a relevant field, 

and a lower TI value indicates that the firm increases their technologies using both its own in-

house technology and that of other firms.  

TI =  
Number of self − citations

Number of citations
 

We measure the degree of joint research cooperation (R) using Salton’s index(degree of 

collaboration) because the collaboration relationship shown by the number of joint patents 

cannot represent the relative degree of cooperation. The number of joint patents simply 

describes the quantitative information about R&D collaboration, but Salton’s index(degree of 

collaboration) represents the relative ratio of joint inventions considering the overall number 

of a firm’s patents, and thus represents the degree of cooperation among comparison targets.  

R =  
Pij

√Pi × Pj
 × 100 

Pij: number of i and j joint patents 

Pi: number of joint patents of company i  

Pj: number of joint patents of company j 

 



13 

 

4. Results and Discussion 

 

Figure 2 Joint patents related to total patent activity 

 

According to Figure 1, Toyota’s portfolio size shows cyclical increases and decreases, with 

the number of joint patents reaching a peak of 27 in 1996. However, after a number of cycles, 

the number of both total and joint patents decreased. Hyundai’s portfolio size showed growth 

trends from 1 in 2010 to 8 in 2011, but similar to Toyota, the number of both total and joint 

patents decreased after 2011.  
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Figure 3 Current Impact Index (CII) for exclusive and joint patents 

 

Figure 3 indicates the CII, which for Toyota is 1.27 meaning that its patents have more 

citations than expected by 27%, and thus has a bigger technological impact than other firms. 

Hyundai’s CII for all patents is 0.7, and is 0.6 for joint patents. As for Toyota, its CII for joint 

patents is higher than that for exclusive patents. This could be because Toyota has high 

technological skills in R&D collaboration.  

 

Figure 4 Technology Strength (TS) in exclusive and joint patenting 
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Figure 4 reports the TS of total and joint patents over time. Toyota has higher TS in R&D 

collaboration, except for 2012. In 2011, Hyundai had the most total and joint patents, as well 

as a higher TS value. However, Hyundai does not actively collaborate with other partners as 

Toyota does. Because Toyota and Hyundai have different alliance portfolio characteristics, 

Toyota has high TS through R&D collaboration, while Hyundai does not improve their 

technological skills through R&D collaboration. We therefore analyzed both firms’ alliance 

portfolios in view of partner and size.  

 

4.1. Alliance portfolio configuration and patent quality 

Table 1 Values of CPP, TS, and TI according to the number of partners 

Toyota Hyundai 

# of 

partners 

Total # 

of  

patents 

 

CPP 

 

TS 

 

TI 

# of 

partners 

Total 

# of  

patents 

 

CPP 

 

TS 

 

TI 

0 74 6.59 28.50 0.11 0 48 0.46 28.3 0.046 

1 117 7.10 162.78 0.11 1 11 1.09 9.0 0.083 

2 39 7.28 52.26 0.18 2 6 0.5 4.9 0.091 

over 3 48 6.54 66.78 0.15 - 

 

Toyota’s alliance portfolio configuration shows a diversity in partners ranging from 1 to 3, 

so it has a larger alliance portfolio. When Toyota collaborates with 1 partner, it has higher 

patent quality (CPP) and TS. However, when a new partner joins Toyota’s alliance network, 

that is, Toyota collaborates with 2 partners simultaneously, the patents are of high quality and 

also have high TI values of 0.18. When Toyota collaborates with 3 partners, patent quality 

decreases, while TI remains high at 0.15. Overall, our results show Toyota’s technological 

skills increase through R&D collaboration, but Toyota increases technology completion by 
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citing their own technology as the number of partners increases.  

 Hyundai has high technological skills when conducting R&D alone. TS and self- citation 

increase as Hyundai collaborates with partners in R&D. 

 

 

Figure 5 Toyota: degree of collaboration and patent quality 

 

Figure 5 indicates the relationship between degree of collaboration and patent quality when 

Toyota collaborates with each partner participating in Toyota’s alliance network. Especially 

when Toyota collaborates with SHIMAZU, they secure original bioplastic technology, shown 
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through the higher degree of collaboration value of 38.9 and the higher patent quality of 15.5 

compared to collaborations with other partners. 

 
 

Figure 6 Hyundai: degree of collaboration and patent quality 

 

As shown in Figure 6, Hyundai has a high degree of cooperation and patent quality when 

partnering with GS Caltex using the same laboratory. The degree of cooperation is 

particularly low in partnerships universities, but the patent quality is high. 

4.2. Typical collaboration patterns 

In this section, we perform in-depth analysis of patterns by categorizing an affiliate portfolio 
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according to the partner and patent quality for both Toyota and Hyundai. We then obtain 

information about the partners using search engines and partner company web sites. Finally, 

we determine the characteristics of the partners within an affiliate portfolio to investigate the 

impact of the focal firms’ innovation and analyze the cooperation activities and each 

company’s activities in the bioplastic industry. Tables 2 and 3 summarize the analysis. 

Table 2 Four patterns associated with patent quality and the degree of cooperation between 

Toyota and its partners 

 

Pattern 

Characteristics of  

alliance portfolios 

 

Representative Toyota’s partners 

Patent 

quality 

degree of 

collaboration 

 

 

 

 

Potential 

partners 

 

 

 

 

HIGH 

 

 

 

 

 

LOW 

 

Mitsubishi 

- Blending PLA with other 

biodegradable plastics to improve 

heat resistance 

 

Kanebo 

- Japan's best PLA textile company 

and acquisition of PLA processing 

facilities that can produce 500 tons 

annually 

 

 

 

 

Key 

partners 

 

 

 

 

HIGH 

 

 

 

 

HIGH 

 

 

 

Mitsui 

- Establishment of bioplastic plant 

with US chemical company Dow in 

Brazil 

- Establishment of “Toyota bio 

Indonesia”, joint venture of Toyota 

and MISUI to sell bioplastic 

produced by Toyota 

 

Shimadzu 

- Toyota took over bioplastic 

production plant from Shimadzu in 

2002 

 

 

 

 

 

 

Nominal 

partners 

 

 

 

 

 

 

LOW 

 

 

 

 

 

 

LOW 

 

Gosen 

- Japanese companies (sports 

equipment manufacturing) selling 

fishing supplies and rackets (such as 

tennis, soft tennis, and badminton) 

 

 

 

Unitika 

- Commercialization of “Jekoto", an 

intensively developed biomass plastic 

business. This is a polyamide-based 

engineering plastic using a raw 

material derived from biomass 

- Acquired production capacity of 500 

tons annually from the factory in Uji 

City in Kyoto prefecture in July 2012 

and completed testing the Jekoto plant 

 

Diligent 

 

 

 

 

 

 

- In 2010, developed an epoxy with 

heat resistant resin with lignin in the 
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partners LOW HIGH Hitachi main raw material 

- Hitachi recently expressed an interest 

in the production of biomass-derived 

plastic 

 

As shown in Table 2, companies belonging to ‘Potential partners’ group have a lower degree 

of joint research cooperation with Toyota, though have a significant impact on securing 

Toyota's source technology. These companies tend to have independent plants to produce 

bioplastic. For example, Mitsubishi has technology to enhance heat resistance, since this is a 

disadvantage of PLA, though Toyota’s R&D aims to improve the physical properties of PLA. 

Mitsui Chemicals, Inc. established a bioplastic production plant with the US chemical 

company Dow in Brazil, and cofounded a joint venture with Toyota called bio-Indonesia to 

sell Toyota’s bioplastic in Indonesia. However, because these joint ventures are not a result of 

R&D collaboration, the R&D collaboration degree is low. In addition, Kanebo is the other 

partner with an annual production capability of 500 tons of PLA fiber in Japan's best PLA 

textile company. 

 The representative partners in ‘Key partners’ group are Shimadzu and Misui. Shimadzu, 

with which Toyota cooperates to acquire skills, is a fine chemical manufacturing company, 

and also an excellent Japanese PLA production company. Toyota cooperated with Shimadzu 

steadily from 1994 to 2002, and then acquired the PLA production plant in 2002, later 

producing and selling its own PLA to other companies. The cooperation between Toyota and 

Shimadzu is a good example from Lin et al. (2012)’s finding that an alliance for product 

development is better than one based on technological cooperation. Mitsui Chemicals that is 

another partner of Toyota established a bioplastic production plant with the US chemical 

company Dow in Brazil, and cofounded a joint venture with Toyota called bio-Indonesia to 

sell Toyota’s bioplastic in Indonesia. 
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‘Nominal partners’ group is characterized by low joint research cooperation established for 

simple knowledge acquisition where the source technology development level is also low. 

Unitika, also equipped with its own production facilities as in ‘Potential partners’ group, 

focuses on producing engineering plastics derived from biomass, R&D objectives, and other 

directions provided by Toyota. Thus, cooperation for simple knowledge acquisition had the 

lowest cooperative partnership to improve Toyota’s patent portfolio quality. Gosen, another 

typical example, is a company manufacturing sporting goods in Japan. Recently, the trend of 

adding a bio-derived plastic has increased in response to the supply of the PLA from Toyota, 

as indicated by the high degree of joint research cooperation. However, as Gosen does not 

engage in R&D related to bioplastic, it does not have a significant effect on patent quality. 

 ‘Diligent partners’ group have the highest degree of collaboration as a cooperative group 

with high joint research cooperation, though this group has low patent quality not improved 

through the partnerships. In addition, Hitachi has recently expressed interest in bioplastic 

production and has less expensive bioplastic manufacturing technology than Toyota’s, and 

has thus not improved patent quality in cooperation with Toyota. In other words, partners 

belonging to diligent partners are either receiving a supply of bioplastic or bioplastic 

manufacturing technology to produce independently of Toyota. 

Table 3 Four patterns associated with degree of collaboration and patent quality with partners 

of Hyundai 

 

Pattern 

Characteristics of 

alliance portfolios 

 

Representative Hyundai’s partners 

Patent 

quality 

degree of 

collaboration 

 

Potential 

partners   

 

HIGH 

 

LOW 

 

KRICT 

- 2016, Bio-Chemical commercialization 

center open for production of bioplastic  

Key 

partners 

HIGH HIGH GS Caltex - Development of bio-nylon made from 

biomass 
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Nominal 

partners 

 

 

LOW 

 

 

LOW 

 

 

LG 

- Joint development of PLA production 

technology using bacteria with KAIST in 

2009 

 

 

Diligent 

partners 

 

 

LOW 

 

 

HIGH 

 

 

Hyosung 

- Supply environment-friendly fiber (PTT 

BCF) to make yarn from corn to produce 

environmentally friendly car mats for the 

“Kia Soul EV” 

Desco - Hyundai’s subcontractor  

- Inactive R&D in bioplastic 

 

As shown in Table 3, the representative company belonging to ‘Potential partners’ group is 

KRICT. In 2016, KRICT open Bio-Chemical Commercialization Center for focusing on 

R&D of bioplastic. GS Caltex is representative partners in ‘Key partners’ group. This 

company is developing the bio-nylon made from biomass. This material is very similar to 

mechanical property of existing products. 

 LG belong to ‘Nominal partners’ group, wherein there are a higher number of joint R&D 

partners aside from Hyundai. In the case of LG, through joint research with KAIST in 2009, 

developed a PLA production technology using bacteria. Thus, partners confirming to 

‘Nominal partners’ group in Hyundai’s portfolio promotes more joint R&D with other 

partners. 

 Desco and Hyosung belong to ‘Diligent partners’ group because its partnership has a higher 

level of joint research cooperation. Hyosung is a fiber created to make yarn from corn to 

make materials for the KIA “Soul EV”. However, since Desco does not conduct R&D related 

to bioplastic, it had no significant effect on patent quality. 

 

5. Conclusions 



22 

 

In this study, we investigated the bioplastic alliance portfolio and some typical patterns in 

cooperation in the automotive industry. The results provide the basis for the following 

conclusions and answers for some questions. 

1. The bioplastic industry requires a fusion of chemical and biotechnology, and firms need 

to cooperate with various partners to ensure an advantageous source of technology. 

There are differences between Toyota and Hyundai in the market due to their differing 

patterns and levels of cooperation with various partners. 

Toyota conducted bioplastic R&D in cooperation with partners in the early stages. 

Additionally, it had more independent R&D than joint R&D from 1984 to 2014. Because 

Toyota conducted joint R&D to secure original bioplastic technology through collaborations 

with partners, these patents are cited more than 40%.  

 On the other hand, Hyundai focused on independent R&D, so both exclusive and joint 

patents were cited about 20~40% less. Thus, Hyundai has secured less source technology in 

bioplastic through R&D collaboration. The CII of exclusive patents is 60%, and that of joint 

patents is 80%, so R&D collaborations positively affected the company’s source technology. 

Therefore, from a long-term perspective, when Hyundai collaborates in R&D, they will be in 

an advantageous position to secure original bioplastic technology.  

2. If cooperation with partners positively affects the focal firm’s creation of original 

technology, the firm can secure more original technologies according to the increase in 

the number of partners.  

In terms of the second question, there was a negative impact when both companies 

collaborated with a higher number of partners. Frankort et al. (2012) indicate that the number 

of partners has a more adverse effect because of the increase in cooperation portfolio 
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management costs, demonstrated through the inverted-U shaped curve in R&D performance 

over time. Toyota's alliance portfolio ensured substantial source technology and an increase in 

technical capabilities when there was only one partner. With two partners, the self- citation 

ratio tended to increase, especially when the portfolio grew to three partners, again with 

decreases in patent quality and increases in self- citation ratio. In other words, as the number 

of partners increases, patent quality increases through increased citations of their own patents, 

indicating a reduction in technical capabilities. For Hyundai, collaborations with two rather 

than one partner decreased technological skills up to 50%. That is, there was a negative 

impact on innovation for both firms with they increased the number of partners in the 

portfolio. 

3. If the number of partners affects the firm’s innovation, the correlation of degree of 

collaboration and patent quality will change when new partners join the focal firm’s 

alliance portfolio. There are changes in the alliance portfolio when partners join the 

R&D collaboration with the focal company, according to partners’ characteristics.  

Toyota patent was the highest in a strong cooperative partnership with Shimadzu, potentially 

providing Toyota with the most secure source technology. In this study, we expected fewer 

changes to an alliance portfolio through R&D collaboration with an existing partner that 

already has a high degree of R&D collaboration and a new partner with a low degree of R&D 

collaboration with the focal firm. However, the analysis provided different results. When a 

partner with low patent quality in collaboration with Toyota participates in the firm’s alliance 

network, the correlation values shifted to a lower value. Hyundai’s alliance portfolio showed 

similar results.  

4. Both firms’ alliance portfolio patterns can be classified into four types according to the 
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correlation analysis. The partner firms’ characteristics produce some typical patterns 

demonstrated by the collaboration activity between the central and partner firms.  

Finally, we divided categorized the portfolio according to degree of collaboration and patent 

quality and analyzed the characteristics of the partners in each category. 

 For Toyota, partners showing ‘Potential partners’ also have a low degree of joint research 

cooperation, enhances patent quality through joint R&D, and was active in bioplastic R&D 

and production, including its own production facilities. ‘Key partners’ company 

collaborations existed for the purpose of technical cooperation. For example, Shimadzu 

conducted continuous joint R&D from 1994 to 2002, and Toyota acquired its PLA production 

plant in 2002, becoming a supplier of PLA to more than 60 companies to date. 

 Partners in ‘Nominal partners’ group have low degree of collaboration values and patent 

quality, and most belong to Toyota’s alliance portfolio. These partners have their own 

production facilities and actively conduct bioplastic R&D, but for different purposes than 

Toyota, as well as more active R&D collaborations with partners besides Toyota. Last, 

partners conforming to ‘Diligent partners’ group are companies purchasing PLA from Toyota 

or have less production technology than Toyota. They have a high degree of R&D 

collaboration with Toyota but they do not affect Toyota’s innovation through R&D 

collaboration. 

 Hyundai had no companies meeting ‘Potential partners’ group criteria. Partners belonging to 

‘Key partners’ group have the excellent technology in bioplastic industry. Companies 

conforming to ‘Nominal partner’ group have active R&D collaborations with companies 

besides Hyundai. Finally, companies with ‘Diligent partners’ group characteristics also do not 

advance Hyundai’s bioplastic R&D. 
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 These results demonstrate how Toyota secured source technology through joint R&D and 

increased their technical capabilities. This is especially true in the case of technology 

acquisition through repetitive cooperation with certain partners over a long period, enabling 

Toyota to acquire the equipment and related production techniques for bioplastic. In addition, 

by cooperating with companies with bioplastic production facilities and active R&D, they 

ensured a continuous source technology. Toyota obtained diverse knowledge through 

collaborations with partners focusing on R&D in PLA rather than for other kinds of bioplastic. 

Eventually, Toyota supplied its own PLA to multiple companies. 

 On the other hand, Hyundai focused on bioplastic production through independent R&D, 

cooperating with a partner using the same laboratory for the same purpose. Hyundai cannot 

actively secure original bioplastic technology because they mostly cooperate with partners 

that collaborate more with other partners. As a result, Hyundai has a low degree of 

concentration in cooperation with partners, and they cooperate with partners to acquire 

knowledge rather than securing original technologies.  

 Thus, the bioplastic field requires an integration of biological and chemical technology, so 

research in a single discipline makes it difficult to acquire bioplastic source technology. 

Research into bioplastic materials is not currently active, though interest will emerge in the 

eco-friendly automobile market.   

 This study’s findings are useful both to firms and policy makers interested in innovation in 

the eco-friendly automotive and materials industries. Companies promoting innovation must 

preferentially adopt an open innovation strategy. In particular, companies should maintain a 

long-term cooperative partnership with a clear goal of technology acquisition, to reduce 

alliance portfolio management costs and produce positive effects from a long-term innovation 

perspective. On the other hand, companies should have an interest in absorbing knowledge 
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about various fields through collaborations partners in other areas to gain the flexibility to 

react to internal and external environmental changes.  

 Policy makers should assist to make it easier to form and develop an innovative network 

through changes in the system and companies participating in the bioplastic industry. In 

particular, by matching companies with partners to enable corporate innovation to strengthen 

the interaction between enterprises. Policymakers should consider developing such systems 

and paying subsidies to maintain this cooperation. 

 However, despite these contributions, this study has several limitations. First, many 

researchers use patent data for research, but patent information indicates only the cross-

section of the company’s innovation. Therefore, future studies should introduce more 

indicators to measure the potential of a company’s innovation. Second, joint patents are not 

the only outcome of joint R&D, and comprise only a very small part of the output from joint 

R&D activities. Therefore, to measure the results of innovation through joint R&D activities 

for a focal company and its partners, future studies should conduct surveys or interviews 

targeting experts participating in contract for technical commercialization or joint R&D.  
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Strategy for the Promotion of International Joint Research in Basic Research:  

The case of the GRL and the BRL program 

Jinwon Kang1 

 

Abstract 

Korea has been in transition from catching up to post catching up period. In this circumstance, the 

strengthening of basic research is one of important strategies. This research investigates the main 

factors to influencing research performance of basic research through the international joint research.  

The literature about determinants of performance of R&D and the effect of international joint research 

to the performance is reviewed. The relationship between quality of paper and international joint 

research will be investigated in comparison with international joint research program and general R&D 

program and research performances as a result of international and domestic research activities. The 

comparison about quality gap will be performed using independent samples test on the modified 

impact factor of papers. The main factors influencing the performance are investigated in terms of 

research budget, capacity, No. of researchers and international collaboration on the base of previous 

researches.  

The main finding is that the research capacity is basic requirement to improve the research quality 

and the main factors influencing research quality through international joint research are the network 

size and the number of contact in this research. It recommends in accordance with this finding as 

follows. The government should give support for researcher to have more and easier contact with 

foreign researchers in terms of budget & program structure and institutional improvement including 

evaluation system. The additional budget on the existing program and easy usage of research budget 

in the international joint research are the good way to promote the international joint research 

activities through renovation of basic R&D program structure. The additional credit to the research 

groups with bigger research networks should be considered in the selection process and ex-post 

evaluation process. Long-term and sustainable support for the research is the basic requirement to 

improve the capacity of researchers and then obtain higher quality of research performance.  

Keywords: basic research, international joint research, research performance, quality gap  
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1. Introduction  

Science and Technology in Korea has developed so fast for 50 years since KIST established in 1966. 

Korea has been in transition from catching up to post catching up period. In this circumstance, the 

strengthening of basic research is one of important strategies. It is time to be first mover from fast 

follower. This research investigates the main factors to influence on the strengthening of basic 

research capacity through the globalization of basic research. According to OECD Frascati Manual, 

R&D can be divided into three stage such as basic research, applied research and development 

research. Basic research is consisted of pure basic research and oriented basic research. The 

investment of basic research is increasing as government R&D has increased every years in 

accordance with science and technology basic plan (2013-2017) and basic research promotion 

master plan (2013-2017). The ratio of basic research over government R&D has expanded from 29.3% 

in 2009 to 37.1% in 2014.  

Table 1 Government R&D investment and ratio of basic research (unit: trillion Won) 

Classification 2009 2010 2011 2012 2013 2014 

Government R&D Budget 12.3 13.7 14.9 16 16.9 17.7 

Real R&D Budget*(A) 8.1 9.6 10.3 11 11.5 12.6 

Basic Research Budget(B) 

(Ratio: B/A×100) 

2.5 

(29.30%) 

3 

(31.10%) 

3.4 

(33.10%) 

3.9 

(35.20%) 

4.1 

(35.40%) 

4.68 

(37.10%) 

* Facility and human resource related budget cut off from government R&D budget 

Source: 2015 basic research promotion plan 

 

Government R&D SCI papers published are 35,330 in 2014 by increase of 30.6% compared with last 

year. The citation number per paper also has increased and 0.55 (basic research: 0.62) in 2014. 

Basic research occupied 65.9% over total SCI papers and 73.8% over total citation number based on 

the published year (KISTEP, 2015). While the average citation number of SCI paper over five years 

has increasing trends from 3.61 (2004 – 2008) to 4.55 (2009 – 2013), the rank in the world is around 

30 to 32, which is still far behind other countries (MSIP, 2014). 

Table 2 Citation No. of paper in terms of research stage in 2014 

Classification Basic Research Applied Research Development Research 

Total citation No. 13,602 3,375 1,464 

Citation No. per paper 0.62 0.45 0.37 

Source: 2014 performance analysis report, KISTEP, 2015 

 

Table 3 Citation No. of paper and rank of world 

Classification 2004-2008 2005-2009 2006-2010 2007-2011 2008-2012 2009-2013 

Citation No. per paper 3.61 3.76 3.87 4.09 4.31 4.55 



Rank 30 30 32 30 32 32 

Source: SCI Analysis Research, MSIP, 2014 

 

In this circumstance, while average IF of total R&D is 2.77 (basic research program: 3.94), that of joint 

research paper is 5.1 (basic research program: 4.96) in 2014. Here, the average IF of S&T 

internationalization program is 4.26 and 5.03 respectively (NRF, 2015). This situation shows that 

basic research has better quality of research than other stages but the enhancement of paper quality 

is necessary to keep abreast with advanced countries. The joint research is one of ways to improve 

the quality of papers. On the other hand, international joint research does not affect the improvement 

of research quality (Kim et al., 2006, Kim, 2012). 

In this research, the effect of international joint research to the quality of paper will be investigated in 

terms of research budget, capacity and No. of researchers and international collaboration, and then 

strategy for vitalization of international joint research to improve the quality of research performance 

will be suggested.  

2. Research method and literature review 

First of all, the literature about determinants of performance of R&D and the effect of international joint 

research to the performance will be reviewed. If any effect, the relationship between quality of paper 

and international joint research will be investigated in comparison with 1) international joint research 

program and general R&D program and 2) research performances as a result of international and 

domestic research activities. The comparison about quality gap will be performed using independent 

samples test on the modified impact factor of papers. Secondly, the main factors influencing the 

performance will be investigated in terms of research budget, capacity, No. of researchers and 

international collaboration on the base of previous researches. Lastly, policy implication for the 

promotion of global basic research will be suggested according to the findings of this research.  

Figure 1 Research Flow 

 

 

 

 

 

The main factors influencing the quality of research are investigated in the previous researches as 

shown table below. The main factors can be divided into research capacity, budget, the number of 

Research quality 

Higher  

Research quality 

International Research  Domestic Research  

Quality Gap 

Main factors 

Influencing 

Quality Gap 



participating researchers and (international) collaboration. 

Table 5. The main factors influencing the quality of research 

Relevant Factors References 

Size of Budget 
Grimaldi & Tunzelmann, 2003, Choe, 2007, Michael Schwartz et al., 2010, Jang, 2010, 

Kim, 2010, Choe et al., 2011, Ryu, 2011, Kim, 2012 

Number of Researcher Grimaldi & Tunzelmann, 2003, Choe, 2007, Kim, 2012 

Research Capacity Choe, 2007, An, 2009, Choe et al., 2011, Ryu, 2011, Kim, 2011, Gwon, 2012, Kim, 2012 

(International) collaboration O, 2004, Choe, 2007, An, 2009, Yang et al., 2010, Kim, 2010, Kim, 2012, Lee et al., 2013 

 * References about international collaboration are underlined 

3. Basic research, GRL and BRL program 

Basic research programs can be divided into individual research and group research. Individual 

research consists of young scientist, senior scientist and leader scientist, and group research have 

research center of excellence, basic research lab and global research lab. Each program has different 

research budget, support period according to the type of program. Senior Scientist has two types, 

short and long support. Research center of excellence are divided four categories according to the 

research fields such as Science, Engineering, Medical and Confusion fields.  

The ratio of joint research papers over total papers in basic research program increased 40.1% in 

2014 compared to 2011. The efficiency of basic research program is also increased in terms of input 

(budget and No. of projects) and output (No. of papers) (Kang, 2016). 

Table 6. Basic Research Programs 

Classification Program 
Research Budget 

(Million Won/Year) 
Support Period  

Additional 

Support 

Individual  

Research 

Young Scientist 50 Maximum 3 Years Maximum 3 Years 

Senior Scientist 100~200/300 Maximum 3 Years 
Maximum 3/6 

Years 

Leader Scientist 500~800 
Maximum 9 

Years(3+3+3) 
- 

Group  

Research 

Basic Research Lab (BRL) 500 5 Years(3+2) - 

Global Research Lab (GRL) 500 6 Years(3+3) - 

Research 

Center of 

Excellence 

SRC 
1,300~1,500 7 Years(4+3) - 

ERC 

MRC 1,000 7 Years(4+3) - 

CRC 2,000 7 Years(4+3) - 

Source: Internal Report, 2015, MSIP 

 



International joint research program was defined as ‘a research program performed with foreign 

researcher (organization) as sharing budget, information, human resources, research instruments / 

facilities or so on’ in the science and technology international cooperation decree. The GRL program 

is typical international joint research program, which is moved from S&T internationalization program 

to basic research program in 2014. This move accelerates the internationalization of basic research 

(program) in the ministry in charge of science and technology. The research programs can be divided 

into two categories, namely, S&T internationalization program and general R&D program one in 

accordance with allowance of sending research budget to foreign countries, which is determined in 

the planning stage. S&T internationalization program has two categories, international joint research 

and international basement building program. 

In this research, to find the effect of international joint research to the quality of performance, similar 

scaled GRL and BRL program are selected. While the GRL program is a typical international joint 

research program and the BRL program is a general R&D program. Quality of performance will be 

measured using MrnIF of 2,659 SCI papers from the GRL and the BRL program published from 2009 

to 2014. The reason of choice of the BRL program to be compared with the GRL program is the 

similar scale of budget and size of research group. 

4. The comparison between the GRL and the BRL program 

In order to find the effect of international joint research program to the performance, the comparison 

of research quality between the GRL and the BRL program is performed. Quality gap was measured 

using modified impact factor. Journal Impact Factor (JIF) is used to measure quality of paper based 

on the citation. JIF has different values depends on the science fields and then a modified rank 

normalized impact factor (MrnIF) is adopted regarding fields and number of journals, which is 

standardized from 0 as minimum to 100 as maximum value. The average MrnIF of the GRL and the 

BRL program is 78.39 and 71.68 and much higher than 54.72, the average MrnIF of all the SCI paper 

published in Korea. The significance of difference of average values between the GRL and the BRL 

program is verified using t-test as below.  

Table 7 Average MrnIF of the GRL and the BRL program 

 
N Mean Std. Deviation Std. Error Mean 

Paper in GRL program 
1372 78.39 21.926 0.592 

Paper in BRL program 
1287 71.68 23.965 0.668 

 

 

 

Table 8 Independent Samples Test of MrnIF between the GRL and the BRL program 

  

Levene’s Test 

for Equality of 

Variances 

t-test for Equality of Means 



F Sig. t 

Degree 

of 

Freedom 

Sig 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Equal Variances 

assumed 

38.317 0.000 7.542 2657 0.000 6.712 0.890 4.967 8.458 

Not assumed 
    7.520 2596.689 0.000* 6.712 0.893 4.962 8.463 

*p<0.05 

Here, in the case of equal variances is not assumed, it shows two values of MrnIF has a significant 

difference. The significant difference of MrnIF between the GRL and the BRL program indicates the 

research groups in the GRL program has higher research capacity than those of the BRL program. 

As mentioned before, the factors influencing the quality gap is analyzed in terms of budget, capacity 

and the number of researchers and international collaboration. The BRL program was chosen as 

comparing case on the basis of similar size of budget and scale of research group. Because the 

budget size is limited to choose the policy tool for promotion of joint research. As shown in table 1. 

The BRL and the GRL program are supported 500 million won per year for 5 or 6 years. This means 

the research budget does not directly related to the quality gap between the GRL and the BRL 

program.  

The research capacity and the number of participating researchers are analyzed in terms of citation of 

paper and the numbers of co-author paper respectively. The research capacity can be measured 

more directly as citation number of papers than the value of MrnIF. The average citation number can 

be drawn from data base of Web of Science (WOS). Table below shows the citation number of papers 

in some science fields. The science fields are selected in the criteria of more than 100 papers 

published in the GRL program. 

Table 9 Citation numbers of papers in some science fields in ’09-‘14 

Research Fields 
World Average  

(No. of Papers) 

GRL  

(No. of Papers) 

BRL  

(No. of Papers) 

Biology & Biochemistry 9.61(397,159) 9.18(29) 5.14(116) 

Chemistry 8.33(881,860) 21.82(227) 9.87(372) 

Clinical Medicine 7.46(1,460,892) 8.26(21) 8.35(47) 

Engineering 4.72(632,120) 11.70(18) 3.36(123) 

Environment / Ecology 7.665(237,240) 14.33(16) 38.72(12) 

Geosciences 6.987(231,392) 7.00(64) - 

Immunology 11.28(138,835) 10.03(15) 5.10(14) 

Material Science 7.05(396,739) 16.17(120) 14.00(191) 

Molecular Biology & Genetics 14.62(240,922) 51.35(26) 8.73(55) 

Multidisciplinary 26.55(14,958) 246.44(67) 8.97(47) 



Physics 7.135(656,729) 22.43(146) 6.20(209) 

 

Except of environment / ecology field, the all fields of the GRL program has higher citation number 

than those of the BRL program. It can be presumed that researchers performing the GRL program 

have better capacity of research than the BRL program.  

The number of participants can be drawn from the number of co-author of paper. The comparison 

between the GRL and the BRL about average No. of author is shown in table below. The No. of 

author have no significant difference between the GRL and the BRL program as a result of t-test. No. 

of organization has a significant difference between the GRL and the BRL program. 

Table 10 Average No. of author and organization per paper 

  N Mean Std. Deviation Std. Error Mean 

No. of Researcher 
GRL 1371 7.05 3.507 0.095  

BRL 1282 5.77 4.302 0.120  

No. of Organization 
GRL 1371 3.67 2.075 0.056  

BRL 1282 2.90 2.665 0.074  

 

Table 11 Independent Samples Test of No. of researcher and organization 

  

Levene’s Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t 

Degree 

of 

Freedom 

Sig (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

No. of 

Resear

cher 

Equal 

Variances 

assumed 

0.228 0.633 1.534 2657 0.125 1.538 1.003 -0.429 3.505 

Not 

assumed   

1.573 1693.865 0.116 1.538 0.978 -0.38 3.456 

No. of 

Organi

zation 

Equal 

Variances 

assumed 

4.141 0.042 2.206 2657 0.027 0.417 0.189 0.046 0.788 

Not 

assumed   

2.149 1523.918 0.032* 0.417 0.194 0.036 0.798 

*p<0.05 

Figure 2 shows the log-scale chart about No. of paper and No. of author of the GRL and the BRL 

program has similar pattern. The No. author rises around of average author and then lowers to a 

plateau. The special case is one paper containing more than 1,000 researchers of the GRL program 

in the right side. 



Figure 2 Log-scale chart of No. of author and No. of paper of the GRL and the BRL program 

 

As the GRL and BRL program were planned, while No. of international co-authorship paper in the 

GRL program (736, 56.3%) has more than double than those in BRL program (359, 27.9%). This 

comparison between the GRL and the BRL program shows the main factors influencing quality gap 

are research capacity and international joint research, not internationalization program.  

5. The comparison between international and domestic paper in the GRL and the BRL program 

The performance of paper from international joint research could be divided into domestic paper 

participated by only domestic researcher(s) and international paper published with foreign 

researcher(s). The difference of quality between domestic and international paper could be come from 

the effect of international joint research. 

The comparison of MrnIF between domestic and international papers was carried out based on the 

same papers published from 2009 to 2014 in the GRL and the BRL program. The MrnIF value of 

domestic papers is 74.38 / 70.21 while international papers, 81.85 / 75.48, which is increased by 

10.04% / 7.71% compared to that of domestic paper. Even though the quality gap of the BRL program 

is smaller than the GRL program, the effect of international joint research is shown in the both 

programs. This difference between international and domestic papers in the GRL and the BRL 

program is also verified in the same way as the comparison with the GRL and the BRL program. 

Table12 Average MrnIF of international and domestic paper in the GRL and the BRL program 

  N Mean Std. Deviation Std. Error Mean 

GRL (1372) 
International paper 736 (53.6%) 81.85 18.76 0.692 

Domestic paper 636 (46.4%) 74.38 24.507 0.972 

BRL (1287) 
International paper 359 (27.9%) 75.48 21.447 1.132 

Domestic paper 928 (72.1%) 70.21 24.725 0.812 
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Table 13 Independent Samples Test of MrnIF between international and domestic paper 

  

Levene’s Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t 
Degree of 

Freedom 

Sig (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

GRL 

Equal 

Variances 

assumed 

62.624  0.000  6.387  1370.000  0.000  7.474  1.170  5.178  9.769  

Not 

assumed 
    6.267  1179.611  0.000* 7.474  1.193  5.134  9.814  

BRL 

Equal 

Variances 

assumed 

19.725  0.000  3.558  1285.000  0.000  5.276  1.483  2.367  8.185  

Not 

assumed 
    3.788  744.733  0.000* 5.276  1.393  2.542  8.011  

* p<0.05 

As a result of t-test, international paper has higher quality of paper than domestic paper in the GRL 

and the BRL program as well. This means international joint research has better performance 

compared to the domestic research. Even though the ratio of international papers in the BRL program 

(27.9%) is lower than that of the GRL program (53.6%), the effect of international joint research 

affects the increase of quality of performance.  

The main factors influencing this gap between domestic and international papers will be investigated 

in terms of research budget, capacity, and number of researchers (organizations). Here, the same 

papers were analyzed and then the research capacity did not affect the quality gap between 

international and domestic papers. 

In the case of the number of researchers (organization), International joint research group has more 

number of author (organization) than domestic research group in both the GRL and the BRL program. 

This means that the network size has possibility to affect the increase of quality from domestic to 

international paper. According to the t-test, while the BRL program has significant difference in the 

both number of author and organization between international and domestic paper, the GRL program 

has only in number of organization. Except of a project which involved 1,261 researchers in the GRL 

program as mentioned in figure 2, the GRL program has a significant difference in No. of researchers 

as well. The new average No. of researcher and its t-test are shown in table 14’ and 15’ in the end of 

this paper. That means the size of network (researcher and organization) of the GRL and the BRL 

program affects the quality gap between international and domestic papers. 

Table 14 Average No. of researcher and organization of international / domestic paper 



  N Mean Std. Deviation Std. Error Mean 

No. of 

Researcher 

GRL 736/636 9.54/6.15 46.599/3.004 1.718/0.119 

BRL 359/928 9.65/5.19 20.982/2.713 1.107/0.089 

No. of 

Organization 

GRL 736/636 4.38/2.85 2.232/1.568 0.082/0.062 

BRL 359/928 5.60/2.35 12.112/1.375 0.639/0.045 

 

Table 15 Independent Samples Test of No. of researcher and organization in the GRL and the BRL program 

  

Levene’s Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t 

Degree 

of 

Freedom 

Sig (2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differenc

e 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

GRL 

No. of 

Researc

her 

Equal 

Variances 

assumed 

2.113  0.146  1.827  1370.000  0.068  3.381  1.851  -0.250  7.013  

Not 

assumed 
    1.964  742.065  0.050  3.381  1.722  0.001  6.761  

No. of 

Organiz

ation 

Equal 

Variances 

assumed 

23.314  0.000  14.511  1370.000  0.000  1.534  0.106  1.327  1.741  

Not 

assumed 
    14.874  1316.945  0.000* 1.534  0.103  1.332  1.736  

BRL 

No. of 

Researc

her 

Equal 

Variances 

assumed 

50.452  0.000  6.345  1285.000  0.000  4.461  0.703  3.082  5.840  

Not 

assumed 
    4.015  362.639  0.000* 4.461  1.111  2.276  6.646  

No. of 

Organiz

ation 

Equal 

Variances 

assumed 

56.514  0.000  8.062  1285.000  0.000  3.256  0.404  2.464  4.049  

Not 

assumed 
    5.081  361.575  0.000* 3.256  0.641  1.996  4.517  

* p<0.05 

A survey (2016.1.18 – 24, response rate: 10.4%) was performed to find the recognition of project 

manager about international collaboration in the basic research program. According to the survey, 

57.1% of researchers in BRL program and all the researchers in the GRL program have experience in 

international joint research. This means that the GRL program is planned as an international 

cooperation program and then has more chance to contact foreign researchers than the BRL program. 

This difference of chance corresponds with the different ratio of international papers between the GRL 

and the BRL program, which are 53.6% and 27.9% respectively.  

The budget of two programs was mentioned before, the BRL program has similar research budget 



with the GRL program. This survey also shows the BRL program invests less research budget in the 

international joint research activity than the GRL program. The majority of the BRL and the GRL 

program put less 10% and 10%-30% of research budget into international joint research activity 

respectively. On the basis of this analysis, the network size (No. of researcher and organization) and 

research budget for joint research influence the increase of quality gap between domestic and 

international research. This means that it is necessary for the better research performance to have 

more researchers including foreign researchers and more contacts each other in the international joint 

research.  

6. Policy implication 

The main finding is that the research capacity is basic requirement to improve the research quality 

and the main factors influencing research quality through international joint research are the network 

size and the number of contact in this research.  

It recommends in accordance with this finding as follows. The government should give support for 

researcher to have more and easier contact with foreign researchers in terms of budget & program 

and institutional improvement including evaluation system.  

First, the additional budget on the existing program and easy usage of research budget for the 

international joint research activity are the good way to promote the international joint research 

through renovation of basic R&D program rather than launching internationalization program.  

Second, the additional credit to the research groups with bigger research network should be 

considered in the selection process and ex-post evaluation process.  

Last but not least, long-term and sustainable support for the research is the basic requirement to 

improve the capacity of researchers and then obtain higher quality of research performance.  
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Table 14’ Average No. of researcher and organization of international / domestic paper 

  N Mean Std. Deviation Std. Error Mean 

No. of 

Researcher 

GRL 735/636 7.82/6.15 3.722/3.004 0.137/0.119 

BRL 359/928 9.65/5.19 20.982/2.713 1.107/0.089 

No. of 

Organization 

GRL 735/636 4.37/2.85 2.199/1.568 0.081/0.062 

BRL 359/928 5.60/2.35 12.112/1.375 0.639/0.045 

 

Table 15’ Independent Samples Test of No. of research and organization in GRL 

  

Levene’s Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t 

Degree 

of 

Freedom 

Sig (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

No. of 

Resear

cher 

Equal 

Variances 

assumed 

13.246 0.000 9.044 1369 0.000 1.669 0.185 1.307 2.031 

Not 

assumed   

9.183 1362.522 0.000* 1.669 0.182 1.313 2.026 

No. of 

Organi

zation 

Equal 

Variances 

assumed 

21.969 0.000 14.522 1369 0.000 1.519 0.105 1.314 1.725 

Not 

assumed   

14.868 1322.229 0.000* 1.519 0.102 1.319 1.72 

* p<0.05 
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Abstract 

Despite the increase in government spending on R&D in South Korea, there have been limits in enhancing 

the impact and commercialization of research outcomes. A new approach to the current mode of R&D is 

considered necessary to tackle this problem. In 2014, South Korea implemented a new competition policy on 

national R&D by designating 6 R&D programs from four different government departments as Competition-

type R&D. The purpose of this study is to examine the actual conditions for adoption, and to further promote 

early establishment and wide implementation of the new competition policy on National R&D, and identify 

the ways for improvement.  

In this study, we have approached the case with a life-cycle perspective of plan-management-evaluation of 

R&D. Multiple sources of data collection included documents, surveys and unstandardized interviews with 

the staff members in the government sector organizations and agencies responsible for the National R&D 

management. Based on the results of the analysis, we bring suggestions on three areas of improvement: 1) 

materializing suitable projects to enroll in the R&D competition program, 2) suggesting competition models 

for each stage of R&D lifecycle, and 3) establishing the basis upon which the policy may be widely adopted. 

Finally, we discuss possible improvements, future directions and the limits of this study. 

 

Key Words: National R&D Program, R&D Competition Policy, Life-cycle Perspective,Research 

Performance 
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Introduction 

 

For several decades, South Korea has expanded its R&D investments and has led economic growth 

through the expansion of technological capacity and the creation of new growth engines. In fact, while 

the Korean government consolidated budget rose by 66.4% over the years of 2006-2014, R&D budget 

was increased by 112.4% (MSIP et al. 2015; OECD, 2015). The Korean government has invested the 

highest level in research and development sector, and has maintained the highest level of budget on 

R&D among OECD countries as of 2013. Nevertheless, despite reaching the level of developed 

countries in terms of quantitative growth of R&D outcomes, the quality aspect of the outcomes has 

been regarded as being low. 

 

Nevertheless, it is often pointed out that despite reaching the level of quantitative growth of developed 

countries, the qualitative level and research productivity are still insufficient. As an example, looking 

at the major R&D productivity of Korea, while the country ranks in world’s 12th (2013) in terms of 

the number of SCI papers published, the number of SCI papers cited comes to world’s 32nd(2009-

2013). Also, the research productivity of universities and government funded institutes are staying at 

the level of 1.32% (2011) which is one third of that of the US (4.06%)(MSIP, 2015). 

 

Since 2014, the South Korean government has adopted a new competition policy, namely the 

“Competition-type R&D” allowing two or more projects to compete for funding through multiple 

stages of R&D. The purpose of introducing competition-type R&D policy is to prepare an 

environment to enhance the quality of the national R&D, and to provide opportunities to researchers 

in various fields to create stable outcomes. However, problems were identified during the course of 

applying it to the existing public R&D funding system, which resulted in only a partial adoption of the 

new competition policy on a limited number of R&D programs. The purpose of this study is thus to 

examine the emerging issues and challenges arising from the process of adopting new regulations on 

the competition in the government R&D programs, and to find ways to tackle the problems in order to 

provide researchers with researcher-friendly, autonomous research environment.   

 

This study is based on an exploratory research rather than an explanatory one, aiming to bring out 

some insights on the current processes of adopting the new competition policy on the public R&D 

programs. Therefore, the study is based on case-study method, involving data collection through 
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documents, surveys and interviews, and using the mixed methods of both quantitative and qualitative 

research. In addition, the project of this study was limited to the Competition-type R&Ds among the 

national R&D programs, and the time frame of the study is two years since the government suggestion 

on the expansion of the competition-type R&D (The National Science and Technology Council, 4
th
 

Plenary Session, December 19, 2013) in relation to facilitating the creation of successful outcomes in 

realizing the Creative Economy, until the preparation of Improvement Scheme in October, 2015 

(National Science & Technology Committee Bill No.5) 

 

 

II. Theoretical background and methodology 

 

2.1 Overview of Competition-type R&D policy 

For the past 40 years, South Korea, thereafter Korea, has taken catching-up strategy in technology 

development by introducing advanced technologies and linking them to economic value-added, 

through the collaboration between the government and industry. Through this, Korea could attain 

strengths in the development of application level technologies for early commercialization. On the 

other hand, since 1990s, along the rise of technological capacity of industry, the Korean government 

began to put emphasis on basic research and large-scale National R&D areas that were closely related 

to National Strategic Areas. Furthermore, project planning that emphasized the importance of 

technology roadmap resulted in highlighting the technology-push rather than the demand-pull side of 

technological development (Lee et al. 2014).  

 

In accordance with the categorization of R&D activities based on Pasteur’s Quadrant (Stokes, 1997), 

R&D activities are divided into four different areas depending on the tendency that range from 

knowledge exploration to practical demand. If we reconfigure the process of change in the Korean 

R&D system using the Pasteur’s Quadrant, we could see that the R&D system has made transition 

from the quadrant 4 that focused on practical demand, towards the quadrant 1 and 3 that emphasize 

knowledge exploration. The problem is that as a result, Korea has become relatively weak in pursuing 

socio-economic objectives of technological development which fall in the second quadrant, the strong 

demand-driven strategic research area. Despite the high proportion of investment in the development 

research focusing on commercial use within the whole R&D budget, however, there has been very 

low productivity in terms of technology transfer and commercialization, resulting in an asymmetry 
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between the input and output of the National R&D.  

 

 

 

 

Figure 1. Priority area for Competition-type R&D: Pasteur's Quadrant applied and modified 

by the author (Stokes, 1997; Lee et al, 2014) 

 

The scheme for the Competition-type R&D was first devised upon the need to tackle these problems 

and to an extent, all the four areas based on Pasteur’s Quadrant seemed adequate for applying the 

Competition-type R&D policy. However, considering the National agenda that was formed in relation 

to various changes in environment and so on, the second quadrant for knowledge advancement and 

securing of core patents was regarded most suitable for designating and running R&D projects as the 

Competition-type R&D.  

 

The initial step taken towards the implementation of Competition-type R&D Plan was the preparation 

of the institutional basis for allowing multiple research projects having the same goal to be performed, 
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by revising the ‘Regulations on the Management of National R&D projects, and etc.’1 It had been 

strictly banned to allow more than one project having the same goals in the National R&D program to 

raise the efficiency of funding. Accordingly, a failure was thus generally considered as lack of 

responsibility and had negative impact on the researcher. However, competition of multiple projects 

during the process of R&D meant that there would naturally be a failure or losing out in competition 

with others. Therefore, allowing dual or multiple projects to compete not only in the initial stage of 

getting the fund but also during the process of research and development was a meaningful shift in the 

national R&D management system. 

 

In December 2013, expansion of “Competition-based Planning” type R&D was suggested as a way 

to promote Creative Economy (National Science & Technology Council, 2013). By February in the 

following year, the Guideline for Promoting Competition-type R&D (NSTC, 2014) was prepared. The 

operating models of the Competition-type R&D are shown in <Table 1> below, and the suggested 

criteria for selecting R&D projects include creativity and challenge, appropriateness of milestone, 

originality of methodology, distinction and so on. 

                                           

1 ‘Regulation on Management, etc. of National Research and Development Projects’ Article 7 

(Selection of research projects) and ⑪ When reviewing redundancy of R&D projects in accordance 

with Article 3 Rule 3, the head of the central administrative organization shall make use of the 

National Science & Technology Total Information System in accordance to Article 25 Rule 1 to 

determine whether there are duplicate R&D projects. However, when it is necessary to compete or 

complement it may be determined as non-duplicate projects. <Newly added on May 14, 2012> 
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Figure 2. Competition-type R&D Operation Model 

From the survey on current status of implementation of Competition-type R&D, 4 government 

ministries including MSIP and MAFRA established a plan to designate and operate 6 programs 

(budget of 24.5Billion Won) as “Competition-type R&D” in 2014. Among them, however, actual 

projects that were carried out following the Guideline included 11 projects (budget of 7.2 Billion Won) 

from 3 programs of MSIP and SMBA. The total budget of projects operated under the Guideline 

marked 29.4% of the budget amount that had initially been targeted. In 2015, 7 programs (budget of 

13.2 Billion Won) were planned by three Ministries including MSIP and MTI. However, actual 

programs carried out as “Competition-type R&D” were limited to 3 programs involving 15 projects 

(8.4 Billion Won), which was 63.6% of the initial goal. Although the Competition-type R&D policy 

was more or less devised based on consultation of Ministries, it could be seen that the plan on the 

Competition-type R&D was carried out within limited number and scope of R&D projects. In addition, 

the investigation on the Plans for National R&D submitted to NSTC during the years of 2013-2015, 

showed that only 32 cases out of 156 (20.5%) had followed the Guideline for Competition-type R&D.  
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Figure 3. Status of Competition R&D in Department Agendas submitted to NSTC (2013-2015) 

 

2.2 Method of Analysis 

As the role of science and technology becomes significant in securing the nation’s competitiveness 

and as the R&D budget increases accordingly, the need for a life-cycle system for efficient 

management of the national R&D is growing. Since 2000s, the discussions on the life-cycle system of 

the National R&D programs have addressed the need for developing a coordination system, aiming to 

increase the effectiveness and efficiency of R&D investment by closely linking the analysis and 

evaluation of the program with budget allocation. (Jeong et al, 2005; Oh 2006; Lee 2006; Kim et al, 

2008; Park and Lee 2009; Ahn et al, 2014). The research analyzes the current status of adoption of the 

Competition-type R&D policy from a macro perspective concerning life-cycle aspect of R&D 

involving the process of planning(PLAN)-R&D(DO)-evaluation(SEE). Such a life-cycle perspective 

enables the research to contribute to enhancing the efficiency of the national R&D investment by 

meeting the initial purpose of introducing the Competition policy.  

 

In this research, we have carried out a survey and unstandardized interviews with key staffs from 

R&D management agencies. The survey and interviews began on September 22, 2015 and ended on 

October 21, 2015. The surveys and interviews were organized through MSIP, as the researchers were 

involved in the project for Revising the Agenda for the Promotion of Competition-type R&D funded 
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by MSIP. Analysis was carried when the survey results were collected through 12 organisations and 

the interviews were taken from 12 interviewees. In addition, we also referred to the unstandardized 

interviews with government officers from 6 different Ministries including MSIP and MOTIE, in order 

to bring out possible ways of improvement from the research field perspective. The interviews were 

carried out by Deputy Director from MSIP who was in charge of this MSIP coordinated research 

project on the Competition-type R&D.  

 

The survey was analyzed on the basis of each measurement result (7-point Likert scale) of each 

category of the questionnaire. To prove statistical validity of the measurement result One-sample t-

test was carried out using 4 points(“Just so so”) as the median of the Likert scale.  

 

III. Analysis of current Status of Competition-Type R&D 

 

3.1 Level of recognition on the usefulness of Competition-type R&D  

First, there was 33.33% of positive reply to the questionnaire of “Comparing the National R&D 

institutions before and after status of the introduction of Competition-type R&D, the current system 

seems to have improved.” On the other hand, negative response was found to be 25.00%. One sample 

t-test was carried out using the median value of 4 points, and the result showed that the difference 

with the median value was not very significant. In other words, regarding the usefulness of the 

introduction of the Competition-type R&D, there was the largest proportion of “Undecided” 

reply(41.67%), being neither positive nor negative. It can thus be seen that the usefulness of the 

Competition policy did not have particular impact on people’s recognition.  

 

 

Table 1. Improvement of National R&D after the introduction of Competition-type R&D 

Survey outcome one-sample t-t 

Response Frequency (ratio) Mean difference 
Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 
.250 1.357 .638 .536 

Disagree 1(8.33%) 
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Slightly disagree 2(16.67%) 

Undecided 5(41.67%) 

Slightly agree 2(16.67%) 

Agree 1(8.33%) 

Agree strongly 1(8.33%) 

*Significant in the parameters of sig(p-value)< .1, **는 sig(p-value)< .05, ***는 sig(p-value)< .01 

 

Secondly, 58.33% was positively replied to the questionnaire of “I am in favour of the Competition-

type R&D policy which was adopted for two years from 2014-2015”. Furthermore, there was no 

negative response. The result of t-test showed that the difference with t-value was meaningful. In 

other words, preference on the Competition-type R&D policy was high.  

 

 

 

Table 2.Preference degree on Competition-type R&D 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

1.167 1.267 3.189 .009*** 

Disagree 0(0%) 

Slightly disagree 0(0%) 

Undecided 5(41.67%) 

Slightly agree 3(25.00%) 

Agree 1(8.33%) 

Agree strongly 3(25.00%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

Third, there was 75% of positive response to the questionnaire statement of “The Competition-type 

R&D Plan contributes to enhancing efficiency in the investment on the National R&D, as well as the 



10 

 

effectiveness of outcomes” . 8.33% gave negative replies. The t-test result showed significant 

difference with the median value and therefore, it can be seen that the Competition-type R&D policy 

contributes to enhancing the efficiency and performance of R&D investment. 

 

Table 3. Contribution of the Competition-type R&D to investment efficiency and performance 

enhancement 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

1.500 1.382 3.761 .003*** 

Disagree 0(0%) 

Slightly disagree 1(8.33%) 

Undecided 2(16.67%) 

Slightly agree 3(25.00%) 

Agree 2(16.67%) 

Agree strongly 4(33.33%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

3.2. Overall satisfaction on the Competition-type R&D Plan 

The result of the survey on overall satisfaction showed 49.99% of positive responses to the 

questionnaire of “Are you generally satisfied with the Competition-type R&D Plan?” 16.67% of 

replies were found negative. One-sample t-test result showed no significant difference with the 

median value. Neither positive nor negative reply (“so so”) showed largest portion of 33.33%, 

meaning the overall satisfaction of the respondents were not high. 

 

Table 4. Overall satisfaction on Competition-type R&D Plan 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Very negative 0(0%) .583 1.165 1.735 .111 
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Negative 0(0%) 

A little negative 2(16.67%) 

Just so so 4(33.33%) 

A little positive 4(33.33%) 

Positive 1(8.33%) 

Very positive 1(8.33%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

3.3. Analysis of current status from the R&D lifecycle perspective 

 

3.3.1 Planning stage of Competition-type R&D 

Regarding the budget allocation in 2014, the budget for new(budget breakdown) R&D programs 

included 51 programs with budget of 547.6 billion Korean Won, which amounts to mere 3.0% of the 

total R&D budget of 170 trillion 639.5 billion Korean Won (Total of 824 programs). Without securing 

separate budget for the Competition-type R&D, it is difficult to promote the new Competition-type 

R&D since there is still a limit to potential investment(sunk costs) capacity in the continuous program 

fund. This was very clearly pointed out by the interviewees from the related government Departments 

(September 2015, Interviews with 6 government Departments):  

 

“Considering the current situation where 90% or more are continued projects, the 

Competition-type R&D may only be promoted in project level” 

(Interview with First secretary of A Ministry, September 2015) 

 

“If the budget is not separately allocated, it would be too unstable in terms of getting the 

fund and accordingly it would be difficult to promote Competition-type R&D at program 

level.”  

(Interview with Secretary of B Ministry, September 2015) 

 

These interviews suggested that there were limits in promoting Competition-type R&D due to 

inflexibility in budget operation, and that it could be promoted only at small project level with limited 

budget amount.  
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In relation to R&D areas, the ratio of positive response to the questionnaire of “It targets leading 

research areas with high risk and high uncertainty in research outcomes” was as high as 75%, while 

negative response resulted in 16.66%. One-sample t-test indicated that there was significant difference 

between the test values, which meant that the statement was also statistically positive. 

 

Table 5. Competition-type R&D Area 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

1.000 1.348 2.569 .026** 

Disagree 1(8.33%) 

Slightly disagree 1(8.33%) 

Undecided 1(8.33%) 

Slightly agree 3(25.00%) 

Agree 6(50.00%) 

Agree strongly 0(0%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

3.3.2 Management stage of Competition-type R&D 

First, regarding the program announcement, positive response showed 66.67% to the questionnaire of 

“The open calls for proposal for the Competition-type R&D are made independently from that of the 

general R&D programs” while the negative response was 8.33%. One-sample t-test showed there 

was significant difference between the test values indicating that it is also statistically positive. 

 

Table 6. Separate announcement on the Competition-type R&D 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 
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Disagree strongly 0(0%) 

1.000 1.044 3.317 .007*** 

Disagree 0(0%) 

Slightly disagree 1(8.33%) 

Undecided 3(25.00%) 

Slightly agree 3(25.00%) 

Agree 5(41.67%) 

Agree strongly 0(0%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

Regarding advance notice, positive response to the questionnaire of “There is a clear advance notice 

on the Competition-type R&D” showed 50% while the negative response was 16.66%. One-sample t-

test showed there was significant difference between the test values indicating that the response was 

also statistically positive. 

 

Table 7. Advance notice on the operation process of Competition-type R&D 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

.833 1.586 1.820 .096* 

Disagree 1(8.33%) 

Slightly disagree 1(8.33%) 

Undecided 4(33.33%) 

Slightly agree 1(8.33%) 

Agree 3(25.00%) 

Agree strongly 2(16.67%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

 

Second, the analysis showed that it is difficult to materialize and structuralize adequate program that 

may be operated by government departments as the pan-government institutional structure for 

cooperation and monitoring system has not been built. Regarding this issue, an interviewees from 

research management agency and government department pointed out the lack of necessary 
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institutional base for promoting the Competition-type R&D, that needs to be set throughout all 

relevant government departments. Following are the interviews with a staff from an agency and 

another from the government department (September, 2015, Unstandardized interviews with staffs 

from research management agency and 6 government departments): 

 

“It requires stipulation of the base upon which the Competition-type R&D is to be operated 

in the pan-government Joint R&D management Rules 

(Interviewee from B Department’s research management agency) 

 

“It is difficult to identify the plans and outcomes of the Competition-type R&D run by each 

department and this further makes it quite difficult to set up an institutional base for carrying 

it out, and also to secure transparency. 

(Interviewee from B Ministry) 

 

3.3.3 Evaluation of Competition-type R&D 

 

3.3.3.1 Selection evaluation 

Regarding the questionnaire of “Evaluation committee is comprised of evaluators that can ensure the 

fairness in evaluation”, positive response was shown as high as 83.33%, while negative response 

showed 8.33% which was quite low. One-sample t-test showed that there was significant difference 

between the test values, which indicates that the response was also statistically positive. 

 

Table 8. Organizing the evaluation committee for the Competition-type R&D 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

1.500 1.508 3.447 .005*** 
Disagree 1(8.33%) 

Slightly disagree 0(0%) 

Undecided 1(8.33%) 
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Slightly agree 4(33.33%) 

Agree 2(16.67%) 

Agree strongly 4(33.33%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

However, the factors such as the immaturity of competitive and creative research culture, as well as 

the narrow base of researcher pool were seen as barriers to securing evaluators for the Competition-

type R&D. The representative from a research management agency points out this issue in the 

following interview (Interview with a staff from research management agency, March 9, 2015): 

 

“The researcher pool for this area of research is very narrow. If we go into more specific 

field of research, the pool becomes even narrow, and as a result, once an evaluatee is likely 

to become an evaluator. So in this situation, it is virtually impossible to promote 

Competition-type R&D.  

(Interview with a staff from research management agency, March 9, 2015) 

 

The above interview reflects on the difficulties in securing the evaluators to carry out fair evaluation 

on Competition-type R&D.  

 

Regarding the questionnaire of “There are selection criteria that consider factors such as setting 

challenging goals, and utilizing unique and novel research methods”, positive response was shown as 

high as 83.33%, while negative response showed 8.33%. One-sample t-test showed that there was 

significant difference between the test values, which indicates that the response was also statistically 

positive. 

 

Table 9. Setting Selection Criteria for Competition-type R&D 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 
1.417 1.505 3.261 .008*** 

Disagree 1(8.33%) 
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Slightly disagree 0(0%) 

Undecided 1(8.33%) 

Slightly agree 5(41.67%) 

Agree 1(8.33%) 

Agree strongly 4(33.33%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

 

3.3.3.2 Evaluation of Research Results 

Regarding the questionnaire of “The evaluation is designed to verify the performance and progress 

through checking and evaluating against the initially suggested milestones”, positive response was 

shown relatively high with 75%, while negative response showed 8.33% as seen in <Table 13>. One-

sample t-test showed that there was significant difference between the test values, which indicates that 

the response was also statistically positive. 

 

Table 10. Management of Milestones of Competition-type R&D 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

1.333 1.231 3.752 .003*** 

Disagree 0(0%) 

Slightly disagree 1(8.33%) 

Undecided 2(16.67%) 

Slightly agree 3(25.00%) 

Agree 4(33.33%) 

Agree strongly 2(16.67%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

 

Regarding the questionnaire of “In case there is a clear target for comparison in Competition-type R&D, 

quantitative indicators for the evaluation are actively identified and utilized”, positive response was 

shown relatively high with 91.66%, while there was no negative response as seen in <Table 14>. One-
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sample t-test showed that there was significant difference between the test values, which indicates that 

the response was also statistically positive. 

 

Table 11. Use of quantitative evaluation indicators in Competition-type R&D 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

1.833 1.030 6.167 .000*** 

Disagree 0(0%) 

Slightly disagree 0(0%) 

Undecided 1(8.33%) 

Slightly agree 4(33.33%) 

Agree 3(25.00%) 

Agree strongly 4(33.33%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

 

3.3.3.3 Measures upon evaluation 

First, regarding the questionnaire of “The continuation or termination of the researches performed by 

each team is determined through the comparison between the performance of each research team”, 

positive response was shown relatively high with 83.33%, while negative response showed 8.33% as 

seen in <Table 15>. One-sample t-test showed that there was significant difference between the test 

values, which indicates that the response was also statistically positive. 

 

Table 12. Relative comparison between research teams according to evaluation result 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 
1.583 1.240 4.423 .001*** 

Disagree 0(0%) 
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Slightly disagree 1(8.33%) 

Undecided 1(8.33%) 

Slightly agree 3(25.00%) 

Agree 5(41.67%) 

Agree strongly 2(16.67%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

Second, regarding the questionnaire of “If done in good faith, it shall be exempted from penalties”, 

positive response was shown as high as 83.33%, while there was no negative response as seen in <Table 

16>. One-sample t-test showed that there was significant difference between the test values, which 

indicates that the response was also statistically positive. 

 

 

Table 13. Recognition of performance in good faith 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

1.583 1.240 4.423 .001*** 

Disagree 0(0%) 

Slightly disagree 1(8.33%) 

Undecided 1(8.33%) 

Slightly agree 3(25.00%) 

Agree 5(41.67%) 

Agree strongly 2(16.67%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

 

3.4 Test of organizational difference of the Competition-type R&D Plan 

Finally, this research explores the difference between the groups of organizations, one that has carried 

out the Competition-type R&D during 2014, and the other group that did not. One group is complsed of 

2 organizations including Institute for Information & Communications Technology Promotion(IITP), 

and Korean Technology & Information Promotion Agency for SMEs(TIPA). The other group is 
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composed of 10 organizations among the survey target of 12 research management agencies. 

Considering the number of samples, we carried out Mann-Whitney U test which is a non-parametric 

analysis of mean differences. The test result showed, as shown in <Table 17>, there was no difference 

between the organizations regarding the usability and satisfaction on the Competition-type R&D Plan. 

However, there was a difference between the organizations with regard to Initial announcement on the 

project funding and the selection evaluation.  

  

Table 14. Analysis result of Mann Whitney U test on organization difference in the adoption 

of Competition-type R&D 

 

Mann-Whitney U test 

Ranking Test statistic 

Implementation 

of Competition-

type R&D 

Average 

ranking 

Ranking 

Sum 
Z p-value 

Usefulness 
Yes 8.75 17.50 

-.972 .331 
No 6.05 60.50 

Satisfaction 
Yes 6.50 13.00 

.000 1.000 
No 6.50 65.00 

Target area 
Yes 5.75 11.50 

-.347 .729 
No 6.65 66.50 

Public 

announcement 

Yes 2.50 5.00 
-1.743 .081* 

No 7.30 73.00 

Selection 

evaluation 

Yes 2.75 5.50 
-1.671 .095* 

No 7.25 72.50 

Outcome 

evaluation 

Yes 5.00 10.00 
-.656 .512 

No 6.80 68.00 

Measures for 

evaluation 

outcome 

Yes 9.25 18.50 

-1.216 .224 
No 5.95 59.50 



20 

 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

 

IV. Discussion: Methods for Improving the Performance of Competition-type R&D  

 

In this chapter we propose the following ways to improve current status of implementation of 

Competition-type R&D, especially with regard to supplementing the vulnerable aspects of the Plan, as 

well as to further promoting specific factors for wider adoption. We suggest that the following 

proposals in the following are not only the result from this research but also they reflect the 

researchers’ opinions. We propose the measures for improvement in the order of ‘Materializing 

suitable projects’, ‘Lifecycle based operation model’, and ‘Establishing the basis for institutional 

stabilization’.  

 

4.1 Materializing suitable projects for Competition-type R&D  

First, Competition-type R&D must meet both of the following requirements: 1) the competing 

researches must have the same goal(theme); and 2) more than two organizations must compete. 

Specifically, the projects should have clear research objectives so that the achievement can be 

measured through each stage based on milestone management. Two or more research teams must 

enroll themselves in an open call for the competition in order to be recognized as a valid Competition-

type R&D. Second, by taking a different path from the previous method for designating the 

Competition-type R&D, we propose that the Competition-type R&D be designated by the National 

Science and Technology Council through the process of application by each department. Third, we 

propose that while the operation model follow the previously mentioned types of ‘Plan-competition’, 

‘Tournament ’ , ‘Post-paid survival ’  and ‘Parallel competition ’ , the operating department must 

develop and implement new type of operation model when necessary.  

 

4.2 Suggestions on the lifecycle based operation model 

First, with regard to project selection, 1) it is necessary to select the evaluation committee to ensure 

the continuity and impartiality of the evaluation, whilst configuring and operating the evaluation 

committee in accordance with the Regulations on Management, etc. of National Research and 

Development Projects. In particular, stakeholders must be ruled out while relations upon interests 

must be checked in order to maintain the fairness in the process of project selection. However, it is 

necessary to bring some of the member participants from the previous evaluation to the next stage 
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evaluation in order to link the evaluation results with the previous results and to verify the goal 

achievement. 2) Evaluation criteria needs to be set in accordance with the Regulations on 

Management, etc. of National Research and Development Projects. However, we consider that it is 

also possible to develop and implement the management agency’s own criteria for evaluation 

considering the characteristics of the projects. Also, we suggest that evaluation criteria be announced 

through the initial call for competition in order to secure transparency and fairness of the selection 

procedure, and to apply open evaluation (discussion based) process. Note that the management agency 

should be allowed to autonomously select evaluation criteria among those that have been suggested in 

the Guideline.  

 

Second, in case of annual evaluation, we suggest that 1) Evaluation committee include some of the 

previous committee members to secure continuous evaluation on the goal achievement status through 

in-depth examination; 2) Evaluation criteria shall be based on the milestone achievement point of 

view, whilst the projects be evaluated using its own criteria against the quantitative goals that were 

initially set. In particular, milestones can be used as a core resource based upon which to decide on 

the continuation or termination of project, as a technical criteria for the achievement of each stage of 

R&D; 3) Discussion based open evaluation shall be applied to promote outcome sharing and to secure 

fairness. 

 

Third, with regard to final evaluation, 1) the evaluation committee shall include some members from 

the previous annual evaluation in order to verify whether the final goal of the project has been 

achieved 2) research funding for post-paid survival type shall be paid in accordance to the results, and 

the prize may be paid as a grant in order to link the research outcomes towards the next-stage research.  

 

4.3 Establishing the basis for institutional stabilization of the Competition-type R&D Plan 

First, with regard to the consistency of the action plan with the budget, it is suggested that 1) plan and 

scope of Competition-type R&D shall be reviewed from the budget deliberation stage in order to 

bring about stable operation of the Competition-type R&D Plan. To enhance the consistency between 

the Competition-type R&D Plan and the budget, the budget for Competition-type R&D proposed by 

each government department shall be reviewed in detail by the Expert Committee in NSTC. Also, we 

suggest that 2) the budget allocated to Competition-type R&D shall be verified through the survey, 

analysis and evaluation of National R&D, and bring the results to be reflected in the following year 
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plan and budget. This can lead to the early establishment and diffusion of the Competition-type R&D 

by linking the processes of budget deliberation, program planning, and evaluation analysis.  

 

The above suggestion is supported through the survey result as seen in the following <Table 18>. 

Positive response to the questionnaire of “ It is necessary to strengthen the monitoring of 

Competition-type R&D” was shown as high as 75%, negative response was 16.66%. One-sample t-

test showed that there was significant difference between the test values(p-value=.056), which 

indicates that the response value is also statistically positive. 

 

Table 15. Strengthening the monitoring of Competition-type R&D 

Measurement outcome one-sample t-test 

Response Frequency(Percentage) 
Average 

difference 

Standard 

deviation 
t p-value 

Disagree strongly 0(0%) 

.750 1.215 2.138 .056* 

Disagree 1(8.33%) 

Slightly disagree 1(8.33%) 

Undecided 1(8.33%) 

Slightly agree 6(50.00%) 

Agree 3(25.00%) 

Agree strongly 0(0%) 

*Significant in the parameters of sig(p-value)< .1, ** sig(p-value)< .05, *** sig(p-value)< .01 

 

 

Second, in relation to strengthening of incentives, we propose 1) the government introduce practical 

plan for incentives in order to attract participation and adoption of Competition-type R&D by the 

government departments, management agencies and researchers. As an alternative measure, establishing 

special rules on budget deliberation, project management and more for each Department and program 

may be considered. Also, we propose to 2) establish a system to extend successful outcomes of the 

Competition-type R&D projects (regardless of winning or losing in the competition) to further research 

in order to maximize the effect of the Competition-type R&D. An interview with a staff from a research 

management agency support this suggestion: 
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“We had small and medium companies compete through planning stage research for 11 

months. . . . Both of the competitors had come up with outstanding results that even the 

evaluators were at a loss on which they should select as the winner. However, only one project 

could be designated as the winner, and there was no way to find ways to support the other 

research to continue. If only there were a way to support the research team that lost in the 

competition....” 

(Interview with personnel from research management agency, September 2015) 

 

The above interview suggests that flexibility in the process of project selection and budget execution 

should be guaranteed in order to refrain from being locked within the frame of “winning vs. losing” 

when the project has brought about successful and outstanding results. In addition, the interview also 

supports the case where it is necessary to ensure the autonomy of research with regard to the funding 

size and research period, and to provide an opportunity to take up another challenge once losing in the 

competition in order to encourage further research.  

 

Third, with regard to the establishment of institutional basis, we suggest that 1) the institutional base 

shall be prepared by reflecting the evidence basis for the current implementation of the competition-type 

R&D and special requirement in the Administrative Rules of National R&D Program Management. 

Specifically, it is necessary to establish detailed criteria concerning the avoidance of duplicate 

research(projects having an identical research goal), outcome sharing of the eliminated projects and so 

on by leading the revisions in individual department’s regulations, guidelines and more. We also suggest 

that 1) an operation system needs to be built around joint response at the pan government level in order 

to minimize controversies regarding project selection and management and to promote stable operation 

of the program. Specifically, it is necessary to minimize the problems and errors during the process of 

implementation by providing justification and rationale for promoting the Competition-type R&D.  

 

V. Conclusion and further research 

 

In this empirical study, we have analyzed the current status of implementation and adoption of 

Competition-type R&D which was first introduced in 2014. Specifically, we approached the case from a 

life-cycle perspective spanning plan-management-evaluation process. The results from the analysis of 
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the survey on the usefulness and satisfaction regarding the Competition-type R&D showed, that 

although the recognition of usefulness and overall satisfaction were not high, expectations and 

preference on the Plan itself were high.  

 

Through the analysis, we have found that there were difficulties in securing separate budget for 

promoting and executing the Competition R&D apart from new program budget. Also, it was found that 

the projects enrolled in the Competition Plan were being promoted around high-risk and leading areas of 

science and technology. Regarding the management stage, although clear notice on the operating 

process is being made in advance, it has been identified that there was limit in materializing and 

systematizing on suitable projects. Regarding the evaluation phase, during the selection evaluation to 

begin with, it was found that were disputes in relation to impartiality and professionalism due to the 

narrow researchers’ pool. However, it has been identified as having criteria for selecting research 

organizations or teams utilizing unique and new research methodology. Second, in relation to the 

evaluation of research results, it was found to verify whether the goals of milestones have been achieved 

and actively identify and utilize quantitative evaluation indicators. Third, with regard to the actions 

taken as a response to evaluation results, the decision upon continuation or suspension was found to be 

made through the comparison between research teams. Furthermore, researcher or research teams were 

exempted from penalties in case their research process was proved to have been carried out in sincerity. 

 

Among the 12 R&D management agencies two were found to have implemented the Competition-type 

R&D Plan during 2014 while 10 organizations did not. The difference between the two groups-one that 

had carried out the Competition-type R&Ds and the other that did not-were found to be little with regard 

to recognizing the usefulness of the R&D Plan and the satisfaction. Difference between the two groups 

were only evident with regard to the open call for the program and the selection evaluation. 

 

In addition, we have proposed various improvements for active adoption, and for establishing stable 

basis for promoting the Competition-type R&D. First, with regard to materializing suitable projects for 

Competition-type R&D, we suggested that when necessary, the Department develop a new type of 

operation and management model apart from the four types of operation models suggested in the 

Guideline. Second, regarding the life-cycle based operation model, we suggested complementary 

measures for each stage that span from the project selection to the final evaluation. Third, regarding the 

establishment of stable institutional basis for Competition-type R&D, we proposed to minimize the 
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problems and errors in the process of promoting the Plan, by enhancing the consistency of the budget 

and plans, strengthening incentives, and by establishing pan-government joint operation system for the 

Competition-type R&D.  

 

Lastly, we are aware of the limitations and shortcomings of this research, which include the quantitative 

data being based on the degree of individual recognition over the process of the management of 

Competition-type R&D, rather than the quantitative data from the program outcomes. For future 

research, it would be meaningful if we compare the status of before and after the introduction of 

Competition-type R&D Plan through the data collection on the program outcomes during the period of 

3-5 years. In addition, we note limitations in fully measuring the recognitions of the government 

departments due to the limits of unstandardized interviews. The difference between the management 

agencies and between the government departments needs to be verified through more elaborately 

structured data collection methods in the future.  
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Abstract

The concept of Innovation system foresight (ISF) has built the theoretical underpinning of foresight 
by transforming viewpoint from linear world to interdependent system but its practical methods are 
rarely found. This study illustrates how accumulated policy research data can be applied to ISF by 
complex network analysis. Based on policy research database from government supported public 
institutes of Korea, historical trend of policy agenda is discussed for evidence-based foresight. After 
separating wild cards of unification from the whole issue set, the inertial characteristics of 
innovation system in Korea are identified by temporal analysis of complex network. The interactions 
between wild card and inertial innovation system help to reveal the future of unified Korea and give 
suggestions for the future preparation. This result demonstrates data mining can take potential
advantages of ISF.

Purpose/ Research Question
There are two noticeable trends in modern foresight society. One is a philosophical attempt to 
change from a linear perspective to an independent world, called the ISF (Andersen, 2014). Another 
is a methodological innovation by big data (Amankah-Amoah, 2015). Although two major driving 
forces can be complementary, it still remains how big data can be utilized to enhance potential 
advantages of ISF. This study aims to serve a preliminary step toward complementary innovation 
between the trends in modern foresight society. To achieve such a goal, two research questions (RQs) 
are proposed for investigation.
RQ1) Can big-data methodology help us to get an insight into innovation systems by visualizing its 
skeleton comprehensively? 
RQ2) Can big-data methodology contribute us to foresight the sudden change under any supposed 
black swan event?

 

Key Literature Reviews (About 3~5 papers)
Andersen, A. D., & Andersen, P. D. (2014). Innovation system foresight. Technological Forecasting 
and Social Change, 88, 276-286
Amankwah-Amoah, J. (2015). Emerging economies, emerging challenges: Mobilizing and capturing 
value from big data. Technological Forecasting and Social Change, In Press.
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van Rij, V. (2012). On concepts and methods in horizon scanning: Lessons from initiating policy 
dialogues on emerging issues. Science and Public Policy, 39(2), 208-221.
Ahn S.-J. (2016) A practical complex-network model for innovation system foresight, submitted

Design/ Methodology/ Approach
The bibliometric information from overall policy researches have been collected over the past 15 
years from the National Knowledge Information System (NKIS), which comes from the government
supported public institutes of Korea. We apply complex-network analysis to identify the whole 
landscapes of Korea’s innovation system. After separating wild cards by perception survey (Ahn, 
2016), the structural changes are investigated by complex-network analysis. The sudden changes 
from Korea unification are incorporated by reviewing the important literature as brokerages between 
inertial innovation system and Korea unification.

(Expected) Findings/Results
The data mining can take potential advantage of ISF by visualizing its skeleton comprehensively.
Complex network analysis can be used for identifying the structural transformation in innovation 
system, when any supposed black swan event occurs. The more extensive and in-depth 
understandings can be possible by supplementing the other methods such as literature review and 
survey.

Research limitations/ Implications
Since our study depends on the accumulated data, it is difficult to reflect the effect of recent trend.
Although complex network analysis can be applied ISF generally, the best approach cannot be 
included in our study but remain for future research. Our foundations help to prepare sudden impacts 
from unifying Korea.

Keywords: Innovation system foresight, Foresight, Network analysis, Complex systems
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1. Introduction 
 
It is generally acknowledged now how much economic and technological innovations have 
changed our life and will continue to do so. After their impact on the economy has fully been 
recognized, innovations have over the past decades become one of the most intensely 
researched topics in economics (see, e.g., Cohen 2010) and management science (Damanpour 
and Aravind 2012). The research that has been conducted covered three main themes. A 
first theme is the exploration of the very innovation process. How are innovations created 
and what strategic choices are there regarding the organization of innovation processes? A 
second theme relates to the motivational aspects of innovative activities. What particular 
knowledge-related incentive problems occur in their context and how do they depend on the 
specificities of the strategic organization of the innovation process? A third main research 
theme concerns the economic effects of innovations. What, precisely, are the consequences of 
successfully spreading innovations? How are markets, industries, and society as a whole 
affected?  
 
 The last theme has been under special scrutiny in the Neo-Schumpeterian literature 
(see Hanusch and Pyka 2007). Following Schumpeter’s portrayal of innovation competition 
as an engine of economic growth and prosperity, this literature highlights the positive 
effects of innovativeness. With new goods and services and labor productivity rising in the 
innovative firms and industries, the division of labor is constantly transformed both 
nationally and internationally (Metcalfe, Foster and Ramlogan 2006). An ability to 
stimulate domestic innovativeness makes initially less developed countries succeed in 
catching-up internationally with the more advanced economies (Fagerberg, Srholec and 
Knell 2007). By offering new employment opportunities and paying higher wages, 
innovative firms and industries allow national per capita income to grow, and thus to raise 
the living standard of the masses (as Schumpeter 1942, Chap. 7 put it). In a similar spirit, 
the management literature dealing with the third research theme propagates innovative 
activities as a prime strategy for gaining a competitive advantage and generating sustained 
profits.  
 
 The criterion on which the positive assessment of innovativeness and its effects is 
based is that innovations successfully pass the market test. To do so, there must be a 
demand for the innovations. This can be the case because they offer a solution to problems 
not satisfactory solved before. In most cases, however, there is a demand for innovations 
simply because they result in a lower price, better quality, and/or more convenient 
purchasing conditions. If innovations successfully pass the market test this automatically 
means that the demand side is made better off. At the same time the innovator can earn a 
profit. For that reason innovations successfully passing the market test are usually thought 
to improve welfare and are therefore considered highly desirable.   
 
 Such a view is indeed warranted, as long as innovations do not cause any negative 
externalities, i.e. welfare diminishing effects which are not, or not fully, reflected by the 
price system. Yet, this often neglected proviso is far from always being satisfied. 
Innovations that turn out to trigger negative externalities are not exceptional. In fact, 
innovations can “bite back” (Tenner 1996) and cause substantial welfare losses, if their 
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social costs turn out to exceed the private gains. Innovations of that kind are, of course, not 
those we need to secure our future. 
 
 The problem that a successful market test of goods and services does not guarantee a 
full internalization of the social costs they may cause is not specific to innovations. Even 
when harmful externalities are well known, affected third parties may be unable to force 
the party which causes the social costs to internalize these costs. (Government regulations 
such as safety, hygiene, and environmental norms which make violators liable for 
transgressions aim at curing this.) What is specific to innovations is that, because of the 
epistemic boundary implied by novelty, their negative effects are often completely 
unanticipated and hence not subject to existing regulations. The social costs of an 
innovation only turn out with a considerable time delay after it has spread in the market. 
Even if regulations or other measures are then invoked, substantial damages may have 
already accumulated. Hence, because of the epistemic boundary the risk of potentially very 
substantial welfare losses caused by non-internalized social costs of an innovation can never 
be excluded.  
 
 Therefore, the question of what kind of innovations we need to secure our future has 
to be put in perspective with the unknown risks which innovations may imply. Are there 
welfare enhancing innovation processes for which the externality risks could be minimized? 
Put more specifically in the context of the present paper, can innovation-related knowledge 
flows be strategically arranged so that negative effects can as early as possible be discovered 
and accounted? If so, how are the incentives for innovators affected by arrangements 
designed to reduce the risk?  
 
 As will turn out, the attempt to answer these questions requires discussing several 
problems related to the other two main themes of research on innovations. The question of 
the arrangement of innovation-related knowledge flows refers to the details and specificities 
of the innovation process – the first of the research themes mentioned above. More in 
particular it will have to be discussed what role the open vs. closed innovation debate has to 
play in this context which was initiated in management science by Chesbrough (2003). The 
would be incomplete, however, if it would not also ask to what extent such measures are 
compatible with the incentives to innovate – the motivational issues dealt with under the 
second of the mentioned research themes. 
 
 The argumentation in the present paper proceeds as follows. To lay out the ground 
for the addressing the question in the heading, Section 2 briefly recapitulates some key 
insights generated by the research on the first two main research themes just mentioned. 
Special attention will be given to the role of open vs. closed innovation processes and the 
motivational problems, or incentive problems, relevant for these processes. Section 3 then 
turns to the question of what determines whether and when innovations are successful and 
whether successful innovation are always also welfare improving. Related to the heading of 
this paper – asking what kind of innovation we need to secure our future – the problematic 
role of externalities and social costs will be highlighted which innovations can cause. Section 
4 presents a simple model of open and closed innovation processes. The model is designed to 
explore what difference open vs. closed innovation processes make with respect to keeping 
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the risk of undesirable innovations down and what motivational or incentive problems may 
turn up in this context. Section 5 presents the conclusions. 
 
2. Knowledge Flows and Incentive Problems in Innovation Processes – A Brief 
Recap 
 
Knowledge flows related to innovative activities are a core component of the first major 
research theme dealing with the details and specificities of how innovations are being 
created and how the innovation process can best be organized. Whenever novelty comes into 
play, this research confronts a hard epistemic bound (see Witt 2009 for a detailed 
discussion). Innovations mirror new cognitive concepts which emerge when inventors, 
researchers, developers, or entrepreneurs (re-) combine – often in team work – already 
existing cognitive concepts into something that can be given a novel meaning. How one 
arrives at identifying a new sense in combinations – the act of conceptual integration – is 
neither well understood nor, of course, predictable.   
 
 The following may serve as an example. At the end of the 19th century Herman 
Hollerith combined punch cards having holes in specific places – a device known from 
mechanic musical instruments – with the cognitive concept of coding numbers by the 
arrangement of holes on the cards. In mechanic musical instruments, this technique was 
used for coding musical notes. Air pressure passing through the holes of the punch cards 
triggered an acoustic tone in pipes, strings, or bells associated with the holes. Hollerith not 
only replaced musical notes by numbers. He also combined his punch cards with an electric 
reading device replacing air pressure: spring-mounted needles made an electrical connection 
when passing through the holes. Taken in isolation, all of the elements which Hollerith 
combined were no new concepts, yet their combination was. In fact, it was the first electro-
mechanically machine able to tabulate and sort numerical information automatically. This 
turned out to be a major innovation when introduced to the market by the Tabulating 
Machine Company, later Computer Tabulating Recording Company renamed IBM in 1924 
(see Kistermann 1991). 
 
 In this case, as in the case of all innovations, the implications and consequences of 
the novel concepts were not brought out instantaneously. They were unraveled in a trial 
and error process which can last for years and regularly spurs further knowledge 
extensions. The role of knowledge flows for and in the revelation process becomes apparent 
by two questions: where do the concepts entering the new combinations come from and how 
permeable is the process of unraveling their implications? For these questions the 
distinction between open vs. closed innovation has come to be considered crucial 
(Chesbrough, Vanhaverbeke and West 2006). Both open and closed innovations originate 
from the (re-) combining of pre-existing cognitive concepts by inventors, researchers, 
developers, entrepreneurs or a team of them. In both cases, access to knowledge which these 
actors have not created themselves but absorbed from their social and cultural environment 
is crucial. It is therefore not the source of knowledge as such that makes the difference 
between open and closed innovations. It is rather the strategic choice of the way in which 
the acquisition of relevant outside knowledge takes place and the extent to which it is also 
involving outbound information flows.  
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 In innovation processes open to inbound knowledge flows, commercial firms or other 
organizations follow a strategy of tapping relevant external knowledge on purpose. They can 
do so in informal ways and/or formally by, e.g., contracting external expertise or 
implementing crowd sourcing arrangements. These inbound knowledge flows may be 
combined with outbound knowledge flows, e.g., in a mutual trade of information. 1 The more 
the acquisition of on purpose, innovation-related knowledge from outside actors is made 
part of the strategic organizational design, of explicit legal arrangements, and of deliberate 
collaboration, the more akin to open innovation the designed processes are. The 
collaborations may be based on joint R&D and/or marketing activities with actors outside 
the boundaries of the individual firm. The result is an information exchange, i.e. 
simultaneous inbound and outbound knowledge flows. If, in contrast, the open innovation 
process of an organization draws mainly on inbound knowledge flows, outside actors 
providing the knowledge must be compensated in exchange by, e.g., getting access to 
improved customized products and services as in the case of customer co-creation activities. 
Or the outside actors are directly financially compensated, e.g., through research grants or 
contract research.  
 
 In any case, it is important to recognize that there are constraint on the deliberate 
acquisition and exchange of knowledge which set limits to the openness of innovation 
processes. A first constraint lies in the absorptive capacity of the potential knowledge 
recipients (Cohen and Levinthal 1989, see also Witt & Zellner 2009) for an extended 
discussion). A second constraint is the capacity of the channels by which specific knowledge 
can be acquired. With insufficient or lacking channels, the tapping of outside knowledge for 
creative recombinations is difficult if not impossible an open innovation processes cannot 
develop their potential. For this reason, a platform offering efficient channels for gaining 
specific knowledge has always been a hallmark of innovative hotspots. For long time, 
expositions and industry fairs served as the main platform. Now the internet offers a 
channel of unprecedented capacity for acquiring knowledge at a global scale and at costs by 
orders of magnitude lower than ever before.  
 
 It is not accidental, therefore, that the internet has been instrumental in boosting 
worldwide open innovation activities. The made significant headway, in particular, in the 
very material from which ICT and the internet itself is made, namely software. The reason 
is that software is based on a common language and logic that makes it easy for potential 
adopters to develop a common absorptive capacity. Moreover, electronic software can easily 
be transferred and collectively be shared. With the non-rivalry in use, software satisfies one 
of the conditions of a public good. The other condition – non-excludability – is satisfied for 
software developed in the open source movement. The fact that this is a public good and 
that it is nonetheless privately provided at an unprecedented scale may have come as a 
surprise. It, too, seems to be due to the specific conditions of the internet. With a broadly 
                                                
1  In case of closed innovation processes, the trial and error knowledge revelation process may 
be pursued in the secluded atmosphere of a lab run by a innovating team, sometimes an entire R&D 
department. Even in such a closed setting, knowledge is acquired externally, albeit not on purpose 
related to a current innovation process, but on a wholesale basis by, e.g., hiring staff with practical or 
academic research experience, into a R&D team. See Zellner (2003) for a case study of this form of 
knowledge acquisition. 
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distributed absorptive capacity and an efficient knowledge exchange channel, individual 
users can contribute at a very low cost to them their own intellectual input to the open 
innovation process which is thus able to activate swarm intelligence for its progress. 
 
 The unique, previously unexperienced success of open source innovation processes in 
the internet has inspired some researchers to suggest these processes as a model for open 
innovations more generally (Chesbrough 2003). However, the broad openness of both 
inbound and outbound knowledge flows accomplished in this special innovation domain is 
not easily met in other innovation domains. The reason seems to be that open innovation 
processes, particularly those with open outbound knowledge flows, make it difficult to 
protect private knowledge from becoming a public good – which would not normally 
privately provided. (Even in software development the lion’s share of the products comes as 
closed innovations by commercial suppliers like Microsoft, Oracle, SAP which enforce the 
excludability condition of private intellectual property.) A recent empirical study of a 
sample of large firms from diverse industries in the U.S. and in Germany (Chesbrough and 
Brunswicker 2013) indeed shows that, when it comes to opening innovation processes to 
outside actors, these actors are usually still few and geographically close vicinity. Inbound 
knowledge flows in the context of innovative activities are mostly restricted to the firms’ 
customers and purveyors and to university contacts. Outbound information flows take place 
by selling products which embody specific technological knowledge to customers, by joint 
ventures with few partners, and by collective standardization processes in the industry. 
 
 Ultimately, a motivational conflict becomes apparent here which implies yet another 
constraint on the openness of innovation processes. This constraint relates to the second of 
the mentioned main research themes, i.e. the explanation of the motivation of innovators. 
Pursuing innovative activities usually involves substantial investments of human and 
financial resources. The returns on these investments are more uncertain than investments 
in already established businesses because of lack of precedents and the epistemic bounds. 
The motivation for taking the risks of such uncertain investments rests in the expectation 
that a competitive advantage can be gained that results in an innovation rent. 2 This means 
a profitability of the investment which is higher than that of non-innovative investments. 
However, if an innovation rent is indeed feasible, it will only last as long as potential 
competitors can be excluded from competing it away by imitating the innovation. Precisely 
this condition may conflict with the openness of an innovation process. The disclosure of 
internal knowledge to outside actors carries the risk that this knowledge becomes a public 
good. The more open outbound knowledge flows are, the easier innovative know-how can be 
acquired by potential competitors and the hoped-for innovation rent or even the entire profit 
may be dissipated. 3 

                                                
2  In some cases the motivation may also have to do with curiosity and stubbornness of 
pioneering explorers who are eager to unravel the consequences of their own ideas as Schumpeter 
(1934) claimed. 
 
3  Open innovation processes are thus subject to incentive problems that have been postulated 
in the economic literature on innovations from the very beginning (see Arrow 1962). In a nutshell, the 
postulate says: if competitors cannot be excluded from innovative knowledge that is privately 
generated at a cost (so that this knowledge becomes a public good), this knowledge is no longer or not 
to a comparable extent privately provided.  
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 With respect to the strategic decision of choosing an open or a closed innovation 
strategy, the simple question therefore is: If the motivation is to gain a competitive 
advantage and an innovation rent, are inbound and/or outbound knowledge flows necessary 
for making the innovation feasible? And to what extent do these flows affect the profitability 
of the venture? The fact that outside the internet-based open source movement this question 
addresses a real problem is reflected in the findings of Chesbrough and Brunswicker (2013). 
In their empirical study, inbound open innovation practices are almost four times more 
frequent in the firms they sampled than outbound activities. When outbound activities are 
undertaken at all, they typically take place within purveyor-customer relationships where 
customers are specialized in different markets and/or stages of the value chain and, hence, 
unlikely to become direct competitors. Or the activities are based on contractual 
arrangements that are designed to create and sanction a coalition of innovating members 
who share the costs of generating innovative knowledge and gain access to it on a mutual 
basis such as in joint ventures or bodies for industrial standardization. 
 
 
3. The Effects of Innovations: Private Gains vs. Social Costs  
 
In view of the positive effects of innovations it is not surprising that in politics and in the 
public the call for more innovative efforts abounds. Innovations bring relief from physically 
exhausting work, drive up labor productivity, enable per capita income growth, yield 
competitive advantages both nationally and internationally, create new employment 
opportunities, result in new goods and services – in short: have improved the human lot 
dramatically as compared to one or two centuries ago. Works on the effects of innovations 
(the third of the mentioned major research themes) – certainly almost all of the neo-
Schumpeterian contributions – highlight more or less exclusively these positive effects of 
innovative activities. Likewise, the management literature propagates innovations as prime 
strategy for gaining a competitive advantage and generating sustained profits.  
 
 However, a portrayal of the effects of innovations would be incomplete if it would not 
realize that there is also a dark side related to many innovations, and that for this reason it 
must be asked what kind of innovations we need to secure our future. Despite the fact that 
innovations have been highly successful in the market and generated substantial profits, it 
has not been uncommon that some of them ended up in a disaster. A treacherous feature of 
innovations is that can “bite back” (see Tenner 1996). Due to the epistemic bounds on fully 
recognizing their implications, the negative effects often only turn out with a considerable 
time delay. Adopters of the innovation who realize them as diluting their contractual 
situation may exercise a right of recourse and induce others not to buy the innovation. The 
private gains which both the innovator and the adopter expected to obtain then disappear 
and so does the innovation.  
 
 While in this case the negative effects are internalized and the self-regulation of the 
market works, in the case of negative externalities the adopters’ contractual position is not 
directly affected. Therefore they are unlikely to react in a similar way and to force the 
innovator via the market to internalize the costs she causes to others. One sort of such 
externalities are “pecuniary” ones which hit the innovator’s competitors with the traditional 
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– now substituted – products and services and/or their outdated technologies and resources. 
Specific investments which the competitors made before the innovation was introduced are 
devalued or even lost. Capital owners face losses on their expected returns, labor faces 
losses on the expected income from human capital investments.  
  
 A topical example are the effects which highly innovative industries such as 
consumer electronics have on traditional manufacturing industries particularly in highly 
developed countries like the U.S. Attracted by the innovations, consumers increasingly 
spend on smart phones, say, while expenditures on, e.g,, household supplies, linen, 
upholstery grow much less, if at all. The effects of the innovation induced substitution are 
completely mediated by the price mechanism and result in a redistribution of income 
increases, if not absolute income. In this particular case, it also amounts to an international 
redistribution of income increments often associated with “globalization”. Since the highly 
innovative consumer electronics industry has substantial parts of its value chain located in 
Asia, it contributes to new employment opportunities and rising income there. In contrast, 
traditional industries in the U.S. suffer from the substitution competition which causes 
losses of employment and contributes to stagnating labor income here.  
 
 Nonetheless, in the case of such “pecuniary” external effects, the sum of private gains 
from a successful innovation usually exceeds the sum of private losses for the (world) 
economy as a whole. In principle, those who suffer losses as a result of the innovation could 
therefore be compensated out of society’s innovation gains. If this were to happen, the 
compensations would amount to an internalization of the “pecuniary” externalities and a 
net welfare gain from realizing the innovation could be stated. 4 In contrast, in the case of 
negative technological externalities, there are not only more or less dramatic redistribution 
effects. The entire society may turn out to be forced to bear heavy social costs caused by 
innovations. These social costs can exceed the sum of private gains obtained through the 
innovation, the more so the later the negative effects are discovered. In such cases, society 
can suffer a net welfare loss from innovations. Despite the fact that such innovations have 
successfully passed the market test, they are the opposite of what we need to secure our 
future. Unfortunately, this is not a rare case.  
 
 For instance – to mention some spectacular cases – in the 1960s chlorofluorocarbon 
gas was successfully marketed as a major chemical innovation in the production of cooling 
agent, fire-extinguishing agents, multi-purpose lubricants, aerosol such as in hair sprays, 
and many other purposes. It seemed to solve many technical problems in an inexpensive 
and convenient way. Only years later it was discovered what immense social costs the 
innovation caused. Chlorofluorocarbon emissions contribute significantly to the greenhouse 
effect. Moreover, the gas accumulated in the stratosphere and started to destroy the Earth’s 
ozone layer. After the discovery a cumbersome process of reaching an agreement on 
collectively putting a ban on chlorofluorocarbon gas use started. While the process was 
eventually successful it may last long until the ozone layer fully recovers. Further examples 
                                                
4  In reality, however, notorious transaction costs prevent such compensations from taking 
place. The price of innovation-induced progress and growth resulting from what has been dubbed the 
“perennial gale of creative destruction” (Schumpeter 1942, Chap. 7) is that gains and losses are 
distributed very unevenly across the economy.  
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of innovations passing the market test as supposed solutions for technical or commercial 
problems which later turned out to cause immense social costs are not difficult to find: new 
materials such as asbestos; new pesticides such as DDT; new drugs such as Rofecoxib 
(Vioxx); new techniques such as nuclear power generation or deep sea oil drilling, and so on 
(see also Tenner 1996).  
 
 In these cases, the unexpected negative externalities are a result of innovative 
production techniques or the particular features of new products. Since the epistemic 
bounds prevent an immediate identification of all implications of an innovation the risk that 
innovations develop such negative externalities can never be excluded. All that can be hoped 
for is that by proper arrangements for the innovation process the chances of identifying 
innovations causing serious externalities as early as possible are increased. It is at this 
point that the open vs. closed innovation option comes in as the discussion in the next 
section will show. 
 
 
4. The Role of Opening the Innovation Process  
 
When organizations, particularly commercial firms, consider starting an innovation project, 
the new cognitive concepts that inform the imagined new business are still tentative and 
incomplete. Accordingly, beliefs in whether the project will become a success or failure are 
not yet consolidated. In the team responsible for pursuing the innovation, typically 
consisting of developers, engineers and scientifically trained staff, marketing specialist, and 
managers with entrepreneurial function, not everyone is necessarily convinced of a 
successful outcome. Opinions on this question are formed, pro and con, in an ongoing 
interaction between the involved team members processing newly gained information. 
Proponents and opponents of the project may develop second thoughts and change their 
respective opinion, depending on what argument or evidence is presented in their exchange. 
The discussed epistemic bounds notwithstanding, the credibility of the exchanged 
arguments is not entirely disconnected, of course, from already existing knowledge about 
the properties of the innovative project. However, the uncertainty about whether this 
knowledge is sufficiently representative of the unknown true feasibility and costs, not to 
forget social costs, of the innovation leave room for interpretative differences.  
 
 It is for these reasons that the teams responsible for an innovation project in an 
organization often open up the innovation process. They may mainly wish to consult outside 
expertise in the form of inbound knowledge flows as explained in Section 2. Such external 
opinions and advice are supposed to help improving, and sometimes resulting in 
modifications of, the understanding of the technical feasibility and the benefits and costs of 
the intended innovation. However, even when the consulting of external expertise is mainly 
organized in the form of inbound knowledge flows, some information about the innovation is 
likely to be disclosed in the exchange with the consulted outside actors. The more specific 
the information requested is, the more it may conclusive it may be for guessing what is 
going to be developed. Hence, an outbound information flow can only be prevented 
completely in a closed innovation process. 
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 In effect, the consulting of external expertise adds weight to, and sometimes changes 
the weights of, the arguments exchanged within the innovating team. At the end of the day, 
opening up the innovation processes comes down to strengthening the not yet consolidated 
beliefs in either success or failure of the project within the innovating team. The question is 
whether, in comparison to closed innovation processes, open innovation activities also make 
a difference with respect to the likelihood of an earlier discovery of severe negative 
externalities of the considered innovation. 
 
 The conditions under which this can be expected to be the case can be explored by 
means of a stylized model of the opinion formation process within the team which is 
responsible for the innovation project. The interactions underlying the opinion formation 
can result in a typical feature of a self-organizing process called phase transition in self-
organization theory: An implicit bias in the assessment of the project can accumulate and 
eventually drive the process beyond a tipping point. The pro-innovation beliefs with which 
the project was started then turn into the conviction that the innovation is to be abandoned 
because of lacking success prospects or negative externalities. What has to be discussed 
here is the following. In case of severe negative externalities, is the tipping point more likely 
to be reached – implying a shorter expected waiting time for a transition – in open rather 
than in closed innovation processes?  
  
  For expository convenience let us assume a bi-modal framework in which the 
members of the team responsible in the organization for the innovation project either 
believe in the success of the innovation or in its failure. Hence, if the share of team members 
doubting the success – for brevity let us call them opponents – at time t is denoted by F(t), 
the share of team members believing in the success, the proponents, is 1 – F(t). It can be 
assumed that an innovation project will only be started if (1 − 𝐹(0)) ≫ 𝐹(0). As a result of 
the exchange of arguments within the team, these beliefs can change so that opponent 
become proponents and vice versa.  
 
 In a probabilistic representation of the belief changes, switching from being 
proponent to becoming opponent can occur with probability p(t) and the reverse switching 
from being opponent to becoming proponent with probability q(t). A characteristic feature of 
opinion formation processes is the frequency-dependency of the switching probabilities, 
more specifically a conformism effect: The more opponents there are in the team, i.e. the 
more members do not believe in a success of the innovation, the greater is the probability for 
proponents to become opponents, too. This implies a functional relationship p(t) = φ (F(t)), φ’ 
> 0 , φ’’ > 0. The conformism effect also works in the opposite case. Hence, the functional 
relationship for q(t) = ϕ (1-F(t)), ϕ’ > 0 , ϕ’’ > 0. For the sake of the present argument it is 
sufficient to choose quadratic specifications for these functions with parameters 0 <  𝛼 ≤ 1 
and 0 <  𝛽 ≤ 1 so that 
 
 (1)  p(t) = α F(t)2   
 
and 
 
 (2) q(t) = β (1 - F(t))2 . 
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 As has been said, due to the epistemic bound there is an irreducible ex ante 
uncertainty about the implications of the projected innovation. However, sooner or later 
these implications will gradually be revealed while the organization continues to pursue the 
innovation. The revealed information is likely to feed back on the interactive opinion 
formation process of the innovating team. In the model, the ongoing revelation process can 
therefore be assumed to result in a bias, however small, in the switching probabilities. 
Accordingly, there will be innovations for which the pieces of information revealed over time 
cast doubts on their success, especially when they give rise to fears that the innovation 
might develop severe negative externalities for which the innovating organization may at 
least in part be made liable. In the model this bias is represented by a ratio α/β > 1 for this 
kind of innovations and in the opposite case by α/β < 1.  
 
 If the organization runs an open innovation process, the exchanges within the 
innovating team are complemented by a dialogue with external actors. The knowledge 
inflow from outside affects the opinion formation among the members of the innovating 
team. Hence, according to the motto “more eyes see better than few eyes”, the bias 
expressed by the size of the ratio α/β should be strengthened the more so, the more external 
actors get involved in the open innovation, i.e. the more outside knowledge is obtained over 
time. Following this intuition, the external influence can be depicted by a variable  
 
 (3) 𝑥(𝑡)  =  1 −  𝑒− 𝜅𝜅(𝑡).  
 
It depends on the (cumulative) number n(t) of external actors getting involved in the team’s 
opinion formation up to time t and on a parameter κ > 0 reflecting the average strength of 
their influence. Now suppose the organization runs a completely closed innovation process. 
This means that n(t) = 0 for all t. In that case 𝑥(𝑡) =  0. Put differently, the degree of 
openness of the innovation process is expressed in the model by the number n(t). The more 
n(t) grows over time, the more open the innovation process is and x(t) approaches the value 
+1 more or less rapidly, depending on the parameter κ.  
 
 On the basis of different values for n(t) and, consequently x(t), we can track how in 
the opinion formation process an innovation project – whether open or closed – fares over 
time. The critical variable is the share of opponents (or, conversely, proponents) of the 
project in the innovation team. By assumption, when the innovation project is initiated, F(0) 
< ½. If the revealed information is positive, i.e. in case of α/β < 0, the share F(t) is likely to 
decrease over time and the organization can be expected to continue pursuing the 
innovation. In the opposite case, F(t) is increasing in the interactive opinion formation 
process until a strong majority or all of the innovation team become opponents and the 
project is abandoned.  
 
 Assuming that t only takes integer values, the development of F(t) is in the mean 5 
determined by the first order difference equation 
 

                                                
5  For the relationships between the mean process and the stochastic realization of single 
trajectories around the mean see the discussion in Weidlich (2000). 
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      =  0     for F(t) < 0, 
 
(4)  𝐹(𝑡 + 1) =   𝐹(𝑡) + �1 − 𝐹(𝑡)� 𝑝(𝑡) 𝛾�1 + 𝑥(𝑡)�  − 𝐹(𝑡) 𝑞(𝑡) 𝛾�1 − 𝑥(𝑡)�  for 0 ≤ 𝐹(𝑡) ≤ 1,   
 
      =  1     for F(t)  > 1. 
 
The factor γ is determined by a sign function such that 𝛾 = +1  𝑖𝑖 𝛼

𝛽
> 1 and 𝛾 = −1  𝑖𝑖 𝛼

𝛽
< 1. 

This ensures that the bias in the switching probabilities is strengthened in the right 
direction. For 0 ≤ 𝐹(𝑡) ≤ 1 the second summand on the r.h.s. of eq. (4) represents the mean 
“inflow” into the share of opponents, i.e. the switching from proponent to opponent, 
occurring at time t. The third summand gives the mean “outflow” from the share of 
opponents, i.e. the reverse switching. 6  
 
 The question raised in the previous section was whether, in comparison to closed 
innovations, open innovation activities make a difference with respect to the time at which 
an innovation is stopped in case of severe negative externalities. Is an organization that has 
pushed the innovation the more likely to abandon the project that gradually turns out to be 
a failure or even disaster the more it relies on an open innovation process? To answer this 
question we have to explore the mean trajectory resulting from equation (4) for the 
specification   𝛼

𝛽
> 1 and, hence, 𝛾 = +1. 7 For expository convenience let us choose a simple 

numerical specification α = 1 and β = ½ satisfying this condition. Inserting eqs. (1) to (3) into 
eq. (4) and rearranging yields  
 
 (5)       𝐹(𝑡 + 1) =   1+𝑥(𝑡)

2
 𝐹(𝑡) + 2 (𝐹(𝑡))2 −  3+𝑥(𝑡)

2
 (𝐹(𝑡))3 , 

 
subject to the condition 𝐹(𝑡 + 1) = 0 for 𝐹(𝑡) < 0  and  𝐹(𝑡 + 1) = 1 for 𝐹(𝑡) > 0. 
 
 The cubic difference equation (5) implies a bifurcation by which a tipping point 
emerges in the share of opponents, i.e. a critical mass or frequency 𝐹𝑐𝑐𝑐𝑡(𝑡) of opponents. 
𝐹𝑐𝑐𝑐𝑡(𝑡) represents an unstable equilibrium point. Once 𝐹(𝑡) >  𝐹𝑐𝑐𝑐𝑡(𝑡) the mean process of 
eq. (5) will over time be attracted to 𝐹∗ = 1. This is the all-opponent equilibrium which, by 
assumption, means that the innovation is abandoned. The question to be discussed can 
therefore be translated into whether and how the position of the tipping point varies in the 
interval [0, 1] with the openness of the organization’s innovation activities. The answer can 
be given by analyzing the extreme cases of, on the one side, an entirely closed and, on the 
other side, a very open innovation process. In the former case, n = 0 and, by eq. (3), x(t) = 0 
while in the latter case a growing n drives x(t) close to 1. 
 

                                                
6  The terms 1-F(t) and F(t) in these summands represent the probability that the team member 
making a switch in t with the corresponding biased probability is a proponent or an opponent of the 
innovation project, respectively.  
 
7  The case α/β < 1, i.e. an innovation turning out to be favorable, can be subjected to an 
analogous analysis which, however, is neglected here for space limitations. 
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 Let us start with an entirely closed innovation regime. For x(t) = 0 eq. (5) has three 
equilibrium points in the interval [0, 1] which can be found by setting F(t+1) = F(t) and 
solving: 𝐹∗ = 1 which is stable, the instable equilibrium 𝐹𝑐𝑐𝑐𝑡 =  1 3⁄ , and another stable 
equilibrium in 𝐹∗∗ = 0.  Hence, there is the possibility that in a closed innovation regime, an 
innovating team starting with a share F(0) < 1/3 is in a self-amplifying way attracted to an 
all-proponent equilibrium – despite the bias in the revealed information pointing to an 
impending failure. Only if the innovation project is from the very beginning controversial 
(i.e. F(0) > 1/3) will the revealed information lead the innovating team to quickly refrain 
from continuing the innovation process.  
 
 A very different result obtains in very open innovation regimes. Consider he limiting 
case x(t) = 1. In this case, eq. (5) has two equilibrium points in the interval [0, 1]: 𝐹∗ =
1  and  𝐹𝑐𝑐𝑐𝑡 = 0. This means that F(t) will (in the mean) be attracted to the only stable 
equilibrium 𝐹∗ = 1, in which everyone in the innovating team opposes the project, once the 
instable equilibrium 𝐹𝑐𝑐𝑐𝑡 = 0, in which no one opposes, is left. Put differently, in an entirely 
open innovation process, one single member of the team opposing the innovation suffices to 
set in motion a development in which an innovation suspected of causing severe negative 
externalities is soon abandoned. Even if the bias expressed by the ratio 𝛼

𝛽
> 1 is very small 

F(t) will then grow successively as a result of the conformism pressure building up through 
the external expertise influencing the opinion formation within the innovating team.  
 
 Since 𝐹𝑐𝑐𝑐𝑡 varies parametrically with n(t), a growing openness of the innovation 
process, i.e. n(t) going from 0 to large values and x(t) from 0 to 1, implies a parametric shift 
of the tipping point  𝐹𝑐𝑐𝑐𝑡 from the value 1/3 (associated in the chosen numerical 
specification with n(t) = 0) downwards to zero. Consequently, the share of opponents in the 
innovating team which suffices to drive F(t) beyond  𝐹𝑐𝑐𝑐𝑡 in the direction of  𝐹∗ = 1 becomes 
smaller and smaller and is therefore more likely to be reached. 2 

 
 Thus, under the assumption of this model we obtain a clear result. The openness of 
the innovation process is crucial for reacting early to signs of a failure or even disaster 
threatening to follow from the pursuit of the innovation. The more open the innovation 
activity is, the more likely will an innovation be abandoned when there are hints pointing at 
a failure. In the interest of keeping social costs caused by negative externalities of 
innovations down it would therefore be desirable to have innovation process that are as 
open as possible. As discussed in section 2, such openness may however conflict with the 
motivation of the innovating organization to protect the private knowledge on which its 
innovation is based from being diffused to competitors. To create this private innovative 
knowledge and to implement it in the form of a commercial business requires substantial 
investments. If the knowledge would diffuse, the innovation could easily be imitated by 
competitors and the expected innovation rent be quickly competed away. 
 
                                                
2 In the random realization of the stochastic switching process based on the individual probabilities 
p(t) and q(t) the actual increments of the share of opponents fluctuates around the mean one given by eq. 
(5). Consequently, the closer to 0 the tipping point 𝐹𝑐𝑐𝑐𝑡 gets, the greater the chance that by a cumulation 
of random fluctuations F(t) is pushed beyond 𝐹𝑐𝑐𝑐𝑡 and the process is attracted to F* = 1. For a discussion 
of random realizations of such processes governed by a master equation see Weidlich (2000). 
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 There is thus a conflict of interests here. If openness of the innovation process would 
be made a legal requirement, potential innovators can be expected not to undertake many of 
the innovation projects they would be willing to start as closed activities. If, in contrast, 
choosing the degree of openness is left to the strategic discretion of the innovating 
organization, the choice is in most cases a more or less closed innovation activity. It can 
then happen that even disastrous innovations continue for long until rising social costs 
induce the public or the government to intervene and to force the innovating organization to 
let outside expertise in.  
 
 
5. Conclusions 
 
In a historical perspective, successful innovations have been the main drivers of economic 
growth creating wealth and raising the standard of living of the masses. Innovations are 
therefore often considered in a wholesale manner a desideratum in in politics, in the public, 
and, not least in innovation-related research. Such a view is warranted as long as 
innovations do not cause negative externalities that result in social costs outweighing the 
private gains. However, there are not only countless examples of innovations that failed and 
deprive those who pursued them of the resources they invested. There are also many cases 
in which innovations successfully passed the market test, but later turned out to have 
negative externalities that resulted in heavy social costs for society. Obviously, innovations 
of the latter kind do not secure our future but rather have the potential of threatening it.  
 
 In this paper it has therefore been explored, by what arrangements concerning the 
innovation process in firms and other organizations the risk of an innovation ending up with 
excessive social costs can be kept down. As has been explained, the epistemic bounds on 
anticipating the implications of new novel technical and economic activities prevent an 
immediate solution. However, by means of a simple model exercise it has been shown that 
the internal reaction of firms and organizations in their innovating teams can differ 
dramatically with respect to how quickly an innovation developing signs of failure is 
stopped. The difference rests on how the knowledge flows related to an innovation are 
strategically shaped, namely in the fashion of open or closed innovation processes. Closed 
innovation regimes can fail to draw the right conclusions from the information successively 
revealed about the implications of an innovation. The more open the innovation process is, 
the more likely it is in contrast that an innovation be abandoned when there are hints 
pointing at a failure. 
 
 The answer to the question in the heading, of what kind of innovations we need to 
secure our future, would thus be that open innovations would be the desideratum. Yet, as 
has also been discussed at length in the present paper, an open arrangement of inbound and 
outbound knowledge flows – desirable in respect to an early discovery of negative 
externalities – confronts motivational limitations. Under an open innovation regime 
innovating organizations may often be hindered to protect their investments from being 
imitated. If so, the expectation of earning an innovation rent would be destroyed and the 
motivation to pursue innovations be curbed. This motivational conflict points to a deeper 
issue. Requiring an opening up of innovation processes in order to reduce the risk of 
unanticipated social costs can be expected to result in less innovative activities being 
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undertaken. Hence there is a trade-off between that risk on the one hand and the amount of 
innovative activities on the other. Put differently, society faces a trade-off in making its 
choice: The higher the pace of innovativeness which society wishes to have the higher is also 
the inevitable risk of discovering potentially severe negative externalities too late. Open 
innovation processes with the capacity of resolving this dilemma do not seem to be in sight. 
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   This research provides empirical evidence on how market structures differently affect the 

employment effect of process and product innovations. We use data from 11,369 Korean 

manufacturing firms from 1999 to 2009 to conduct econometric analyses. We measure the market 

structure by the top 3 firm concentration ratio (CR3), and estimate the additional employment effect 

of product and process innovations by market structure. First, we find that the overall employment 

effect of innovations is positive, since process innovations do not have any significant effect but 

product innovations have positive effect on employment. Second, we find that process innovation in 

more monopolistic markets has a greater job displacement effect, while product innovation does not 

have any additional employment effect by market structure. This result suggests that a competitive 

market is important for increasing employment by innovations. 

 

Key words: product innovation, process innovation, employment, market structure, Korean 

manufacturing firms 
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1. Introduction 

 

The impact of innovation on employment has long been a debated issue (Vivarelli, 2012). Even 

though innovation is known to have strong positive relationship with growth, the relationship between 

innovation and employment has not been clearly identified. This is because innovation has two 

distinctive effects on employment (Harrison et al., 2008; Vivarelli, 2012). On the one hand, 

innovation has a displacement effect, which displaces workers by capital. On the other hand, 

innovation also has a compensation effect, which stimulates the sales of innovating firms and creates 

more demand for production and labor. However, the compensation effect occurs through a mixed and 

complex procedure that considers both the internal and external factors of a firm. Thus, the 

compensation effect cannot be determined theoretically and economic theory does not ascribe an 

exact sign. Accordingly, the potential employment effect of innovations is developed by empirical 

analyses.  

Empirical analysis has largely been conducted at firm-level, and normally categorizes the 

innovations as process innovations and product innovations (Entorf and Pohlmeier, 1990; Doms, 

Dunne and Robert, 1994; Van Reenen, 1997; Klette and Forre, 1998, Piva and Vivarelli, 2004, 2005; 

Coad and Rao, 2011). Process innovation is intended for cost-saving and should have negatively 

influence jobs (negative employment effect). However, product innovation, which is for demand 

expansion, is supposed to have positive influence on jobs Harrison et al. (2008, 2014). While there 

exist a large volume of literature that verifies the above reasoning, less studied are the impacts of 

innovation in different market structures, namely whether markets are more or less competitive or 

close to oligopoly or not. This paper is an attempt to fill this gap. 

Some theoretical explanations describe why the employment effect of process innovation varies 

by market structures. According to Vivarelli (2012), the compensation effect is strongly weakened in a 

monopolistic market, since cost savings are not always and entirely translated into decreasing prices if 

an oligopolistic regime is dominant (see Sylos Labini, 1969). Therefore, this paper hypothesizes that 

process innovation in monopolistic market may have a greater job displacement effect than in a non-

monopolistic market if cost savings from process innovation do not decrease sales. However, the 

employment effect of product innovation can differ; Schumpeter (1950) argued that firm size and 

market concentration are critical elements for firm’s innovative activities, and noted about the impact 

of big businesses on innovation. Then, it is worthwhile to test a hypothesis that product innovation in 

a monopolistic market has a greater job creating effect than in a non- monopolistic market. In sum, the 

aim of this paper is to provide empirical evidence for how the employment effect of process and 

product innovations can be changed by the market structure.  

To examine this, we study 11,369 Korean manufacturing firms, and employ the econometric 
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model and estimation strategies as in Harrison et al. (2008, 2014). We take one step forward by adding 

a proxy variable of market structure, namely industry-level concentration ratio (CR3), and compares 

the estimation results of different market structures. From this research, we illustrate that process 

innovation in a monopolistic market has a greater job displacement effect than in a non-monopolistic 

market and product innovation in a monopolistic market has a greater job creating effect than in a 

non-monopolistic market.  

In what follows, section 2 introduces theoretical background and proposes the hypotheses. Section 

3 describes the data and estimation strategies. Section 4 details and explains the empirical results. 

Based on the various regression results, Section 5 concludes the paper. 

 

2. Theoretical Background 

 

Many firm-level studies categorize innovations as either process innovations or product 

innovations and describe their different employment effects (Entorf and Pohlmeier, 1990; Doms, 

Dunne and Robert, 1994; Van Reenen, 1997; Klette and Forre, 1998, Piva and Vivarelli, 2004, 2005; 

Coad and Rao, 2011). Harrison et al. (2008, 2014) argue that the type of innovation should be 

distinguished to better understand the employment effect of innovation because each type of 

innovation has a different purpose for innovation and employment. 

First, process innovations intend to improve the production process; hence, they have a direct 

impact on productivity and unit cost. They directly displace workers and give negatively influence 

jobs. However, the compensation effect of process innovations is not certain since new demand may 

not be created if the price does not decrease. The compensation effect of process innovation occurs 

only when the price is decreased to achieve more market share,
1
 which is more likely to occur in a 

competitive market. On the contrary, product innovations directly increase the product demand and 

positively impact employment. However, the displacement effect of product innovations depends on 

the substitution rate between the old and new products and the productivity differences between the 

old and new product. Table 1 summarizes the employment effect of process and product innovations. 

  

                                           

1 Hence, it is more likely to occur in a more competitive market. Further explanations are provided in Section 

2.2. 
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Table 1.  Employment effect of process and product innovations (Harrison et al., 2008) 

 

 

 

Most firm-level empirical research shows that product innovations have a positive employment 

effect, while process innovations do not exhibit decisive employment effect (See Table 2). Entorf and 

Polhmeir (1990), studying 2,276 German manufacturing firms in 1984, find a positive relationship 

between product innovation and employment, but fail to find a significant effect of process innovation 

on employment. Harrison et al. (2005, 2008, 2014) devise the two-period and two-product model for 

using the sales growth of new products as a proxy for product innovations with evidence from four 

European countries (France, Germany, Spain, and the UK). They find a positive employment effect 

for product innovations but a negative or insignificant effect for process innovations. Hall et al. (2008) 

use the similar econometric model and estimation strategy as Harrison et al. (2008, 2014) for Italian 

firms and find no significant effect of process innovations and a positive effect of product innovations.  

There is some empirical evidence that supports product innovations having a positive relationship 

with employment. Greenan and Guellec (2000) use 15,186 French manufacturing firms from 1986 to 

1990 and found that both product and process innovations have positive employment effect. Further, 

they determined that process innovations have a greater job creating effect than product innovations. 

Lachenmaier and Rottman (2012) found a positive employment effect from both types of innovations 

by studying German manufacturing firms from 1982-2002. Further, they found that process 

innovations have a greater job creating effect than product innovations. 

Firm-level research on the employment effect of different types of innovations has also been 

conducted in Korea. Moon and Juhn (2008) studied Korean manufacturing firms from 1999 to 2001 

and found no significant effect of process innovations on employment, whereas product innovations 

have a positive employment effect. In contrast, Shin et al. (2012) found an opposite regression result 

than Moon and Juhn (2008) when studying Korean manufacturing firms from 2005 to 2007. As such 

process innovations have a positive impact on employment, whereas product innovations have no 

significant effect. Finally, Kwon studied Korean manufacturing firms from 2009 to 2011 and found 

similar estimation results as Moon and Juhn (2008). Although they additionally considered other types 

of innovations, such as organizational innovations and user-centred innovations, they found no 

Displacement effect Compensation effect

Productivity effect: Price effect: cost reduction,

less labor for a given output passed on to price, expands demand

R&D expenditure  =>

Productivity differences Demand enlargement effect

of the new product?

Employment effect of innovation

Process

innnovation

Product

innovation

<= Depends on firm agent's behavior

<= Depends on competition
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significant effect on employment. Given the still varying findings, it is worthwhile to analyze this 

issue with a more rigorous methodology and also considering the impact of market structure. 

 

Table 2. Literatures for firm-level employment effect of innovation 

 

Even though process innovations typically have a negative employment effect, this can vary by 

the size of the compensation effect. Thus, process innovations, which tend to have a negative 

employment effect, can positively influence jobs if the compensation effect exceeds the displacement 

effect. According to the compensation theory of Marx(1867), compensation mechanisms are divided 

into six categories: a) via decrease in prices, b) via new investments, c) via new products, d) via 

decrease in wages, e) via increase in incomes, f) via additional employment in the capital goods sector. 

Marx also argues that these mechanisms are strongly influenced by 1) demand elasticity, 2) the degree 

Authors Data Results

Entorf and Pohlmeier - 2276 West German manufactruring firms - Product innovation: (+) significant effect

(1990) - Cross-section data: 1984

Brower, Kleinknecht and Reijnen - 859 Dutch manufacturing firms - R&D expenditure: (-) significant effect

(1993) - Cross-section data

Doms, Dunne and Robert - US manufacturing firms - Advanced manufacturing technologies: (+)

(1994) - Period: 1987-1997

Klette and Forre  - 4333 Norwegian manufacturing firms - R&D intensity: no siginifant (+) effect

(1998) - Period: 1982-1992

Van Reenen - 598 British manufacturing firms - Innovation : (+) significant effect

(1997) - Period: 1976-1982

Blanchflower and Burgess - British fims: 1990 - Innovation: (+) significant effect

(1998) - Australian firms: 1989

Smonly - West German 2405 manufactruring firms - Product innovation: (+) significant effect

(1998) - Period: 1980-1992

Greenan and Guellec - 15186 French manufacturing firms - process innovation : (+) significant effect at firm-level

(2000) - Period: 1986-1990 - product innovation: (+) significant effect at sector-level

Piva and Vivarelli - 575 Italian manufacturing firms - Innovation: (+) significant effect

(2004 and 2005) - Period: 1992-1997

Harrison, Jaumandreu, Mairesse and Peters - CIS data from 4 European countries - Process innovation: (-) significant effect

(2008) - Germany, France, UK, Spain - Product innovation: (+) significant effect

Hall, Lotti and Mairesse - Italian firms - Process innovation: no signifant effect

(2008) - Period: 1995-2003 - Product innovation: (+) significant effect

Lachenmaier and Rottmann - German manufacturing firms - Process innovation: (+) significant effect

(2011) - Period: 1982-2002 - Product innovation: (+) significant effect

Coad and Rao - US high-tech manufacturing firms - Innovativeness index (R&D, patents): (+) significant effect

(2011) - Period: 1963-2002

Bongliacino, Piva and Vivarelli - 677 European manufacturing & service firms- R&D expenditure: (+) in service & high-tech manufacturing industries

(2011, 2012) - Period: 1990-2008 - R&D expenditure: no significant in traditional industries

Moon and Juhn

(2008)

- 1874 Korean manufacturing firms

- Period: 1999-2001

- process innovation: no significant effect

- product innovation: (+) siginificant effect

Shin, Song and Choi

(2012)

- 841 Korean manufacturing firms

- Period: 2000-2007

- process innovation: (+) significant effect

- product innovation: no significant effect

Kwon et al.

(2015)

- 532 Korean manufacturing firms

- Period: 2009-2011

- process innovation: (-) siginificant effect

- product innovation: (+) significant effect
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of market competition, 3) capital-labor substitution, and 4) demand expectations2. Accordingly, 

‘market structure’ could be one of the most influential factors for determining the relative size of the 

compensation effect, since it relates to 1) demand elasticity, 2) degree of market competition, 3) 

capital-labor substitution, and 4) demand expectations. However, most of firm-level analysis does not 

explicitly consider the role of market structure or provide empirical evidence. 

Vivarelli (2012) argues that the effectiveness of the mechanism “via decrease in prices” depends 

on there being perfect competition. He explains that the whole compensation mechanisms is strongly 

weakened in monopolistic market, since cost savings are not necessarily and entirely translated into 

decreasing prices if an oligopolistic regime is dominant (see Sylos Labini, 1969). Therefore, process 

innovation in a monopolistic market may have a greater job displacement effect than in a non-

monopolistic market, since cost savings from process innovations do not necessarily decrease sales. 

Thus, the compensation effect of process innovation can be weakened. 

Figure 1. Market structure and compensation mechanisms of process innovations 

 

Schumpeter (1950) argues that firm size and market concentration are critical elements for a firm’s 

innovative activities. He explains that firms in a monopolistic market can expect higher returns from 

innovation and have extra funds for investing R&D.
3
 Thus, we expect that firms in a monopolistic 

market can create more innovation than that in a non-monopolistic market. Jung and Lee (2010) 

empirically show that Korean manufacturing firms in a monopolistic market achieve better 

productivity, since they have greater market power to sell and strong incentives for innovation. This is 

                                           

2 For more details, you can refer to Vivarelli (2012). 
3
 There is the opposite view that competition is good for innovation. Arrow and his followers insist that a 

competitive market is better for firms’ innovations. They explained firms in a competitive market have a strong 

incentive to increase their market share through the innovation to attain monopolistic power. Recent studies 

indicate that there is a strong inverted- U shape relationship between competition and innovation. According to 

these findings, innovation increases as a market becomes more competitive, but decreases if a market becomes 

too competitive.  
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more likely for firms that are monopolistic in their domestic market but are exposed to global 

competition since they expect more markets to sell if they succeed in innovation. For the same reason, 

we expect that this high appropriability of innovation in a monopolistic market can lead to more 

employment since these firms have incentive to invest more money in R&D, produce quality products 

that can compete globally, and ultimately achieve more demand for their products and employment. 

However, the sales growth of new products can cannibalize some of the firms’ existing sales. Thus, 

product innovation in a monopolistic market may not create more demand if the new products heavily 

displace the old products.
4
 Thus, the final employment effect of product innovation in a monopolistic 

market is not certain since it depends on the increased demand and the substitution rate between old 

and new products. 

3.  Data and Methodology 

 

To estimate the firm-level employment effect of process and product innovations in different 

market structures, this paper studies 11,369 Korean manufacturing firms from 1999 to 2009 and 

employs a similar econometric model and estimation strategy to Harrison et al. (2008, 2014). We 

generate an additional variable for market structure, which is industry-level CR3, and estimate the 

employment effect of process and product innovations in different market structure. The following 

sections further describe this methodology.  

3.1 Data and variables 

Data from the Korea Innovation Survey (KIS) 2002, 2005, 2008 and 2010 is used for this 

analysis. This dataset is established by Science and Technology Policy Institute (STEPI) to improve 

innovation policies for Korean firms and sectors. Thus, it contains firms’ innovational activities and 

financial and non-financial information. It is conducted every two to three years, and thus seven 

iterations are available (KIS 2002, 2005, 2008, 2010, 2012, 2014)
5
. However, they are not in the form 

of panel datasets, since each period of time is re-sampled. All samples are representative of their 

                                           

4 Here, the biggest competitors of firms in a monopolistic market may not be other firms, but rather the firm 

itself. In this case, new products effectively replace the old products and the compensation effect may be 

cannibalized by decreasing sales of the old products. 

5
 The first survey began in 2002 and the last survey in 2014. The survey was conducted on both manufacturing 

firms and service firms separately; KIS2002, 2005, 2008, 2010, 2012, and 2014 was for manufacturing firms 

and KIS 2003, 2006, 2010, and 2012. 2014 was for service firms. KIS 2002 is the survey performed in 2002, but 

contains information of firms from 1999 to 2001. For the same reasoning, KIS 2005 is for 2002-2004, KIS 2008 

is for 2005-2007, KIS 2010 is for 2007-2009, KIS2012 is for 2009-2011 and KIS2014 is for 2011-2013. 
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industry size strata. From KIS2002 to KIS 2014, we only use KIS2002 to KIS2010, since the data 

from KIS 2012 changed in many ways
6
.  

KIS2002, KIS 2005, KIS2008 and KIS2010 have 3,775, 2,743, 3,081, and 3,925 observations 

respectively. However, we exclude firms that exceed 300% sales growth for two years or 300% 

employment growth for two years (1999-2001, 2002-2004, 2005-2007, 2007-2009). Also, we exclude 

firms with missing dependent and independent variable values. Finally, we use 11,368 sample firms 

from 1999 to 2009. Table 3 shows how the sample firms are distributed according to time and industry. 

Table 3. Sample firms by sector and period 

 

All variables are calculated as growth rates for two years
7
. The dependent variable is an 

employment growth rate, which considers the real sales growth rate of old products
8
, and the 

independent variables are proxies for process innovation, product innovation, market structure, and 

interaction terms between market structure and each type of innovation variables. Industry dummy 

and time dummy variables are included to reflect the industry- and time-specific effects of 

employment growth. 

  

                                           

6 KIS 2012 is excluded because the important question for this research changed this point. 
7
 Each dataset provides the financial information of firms for three years, so we can calculate the growth rates 

of variables for two years.  
8
 The dependent variable is calculated as the employment growth rate minus the real sales growth rate 

Industry

code
Industry name KIS2002 KIS2005 KIS2008 KIS2010 Total

15 Food and Beverages 115 151 157 268 691

17 Textiles 137 138 145 158 578

18 Apparel, Clotheing Accessories and Fur Articles 33 57 126 133 349

19 Leathers, Luggage and Footwear 35 31 94 82 242

20 Wood Products of Wood and Cork 29 43 121 124 317

21 Paper and Paper Products 26 65 129 158 378

22 Printing and Reproduction of Recorded Media 41 63 129 124 357

23 Coke, Hard-coal and Lignite Fuel Briquettes and Refined Petroleum Products 13 31 41 41 126

24 Chemicals and Chemical Products 293 234 238 427 1192

25  Rubber and Plastic Products 148 146 140 212 646

26 Other Non-metallic Mineral Products 134 92 165 205 596

27 Basic Metal Products 187 110 160 200 657

28 Fabricated Metal Products 135 164 161 217 677

29 Machinery and Equipment 296 273 195 250 1014

30 Office Machinery and Equipment 11 34 69 14 128

31 Other Electric Equipment and generators 131 179 136 212 658

32 Electronic Components and Communication Equipment and Apparatuses 326 196 152 185 859

33 Medical, Precision and Optical Instruments, Watches and Clocks 55 58 114 146 373

34 Motor Vehicles, Trailers and Semitrailers 259 170 178 213 820

35 Other Transport Equipment 63 56 79 113 311

36 Furniture and others 67 63 136 134 400

Total 2,534 2,354 2,865 3,616 11,369
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Employment growth rate (l) 

   The employment growth rate is calculated as the rate of change of a firm’s employment for the 

whole period
9
. Harrison et al. (2008, 2014) explain that this is induced by process innovations, and 

product innovations
10

. However, they assume that the increased demand for old products has a one to 

one relationship with the employment growth rate of firms. Thus, they create the new dependent 

variable, ‘pure employment growth rate’ that is only influenced by either process innovations or 

product innovations. Finally, pure employment growth is calculated as: 

Pure employment growth rate= employment growth rate - real sales growth rate of old products 

Sales growth rate (g=g1+ g2) 

The sales growth rate of firms can be divided into the sales growth rate of old products and the 

sales growth rate of new products. Harrison et al. (2008, 2014) suggest using the sales growth rate of 

old product is to calculate the pure employment growth rate, as mentioned above, and the sales 

growth rate of new product as a proxy for product innovations. 

Price growth rate of an industry (𝛑) 

To calculate the real sales growth of old products, Harrison et al. (2008, 2014) suggest using the 

price growth rate of an industry instead of that of old products, which is impossible to detect and 

measure. Thus, we calculate the price growth rate of an industry using a two-digit producer price 

index (PPI) from Bank of Korea and instead of the price growth rate of old products. 

Process innovations (d) 

Process innovation is measured as a dummy variable that equals 1, if a firm implements the 

process innovation only and 0 otherwise
11

. Process innovation should have a negative relationship 

with employment since it is implemented for cost-saving, which reduces the work required for to 

                                           

9 Each dataset provides the financial information of firms for three years, so we can calculate the growth rates 

of employment for two years. 
10

 An increased demand for old products can occur from the process innovation of firms or other macro-

economic conditions. 
11

 Therefore, we include an additional variable for controlling the effect of the process innovations of product 

innovators (d*); d* is a dummy variable that equals 1, if a firm implements both process and product 

innovations and 0 otherwise. More details are provided in Section 3.2. 
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production. However, it can have positive impact on employment if the compensation effect exceeds 

the displacement effect. 

Product innovations (g2) 

Product innovation is measured by the sales growth rate of new products
12

. Product innovation 

should have a positive impact on employment since it is implemented to enlarge the market, which 

can increase employment through market expansion. Harrison et al. (2008, 2014) decompose the sales 

growth rate into the sales growth rate of old and new products, and use the sales growth rate of new 

products as a proxy for product innovations directly. 

Market structure (m) 

As we previously mentioned, the employment effect of innovation can be determined differently 

depending on the market structure. We calculate the industry-level CR3
13

 to measure the market 

structure of industries. The industry-level CR3 is calculated by the sum of the sales of the top three 

firms in an industry divided by the total sales of an industry. Table 4 shows the industry-level CR3 

from 1999 to 2009. We classify the industries as monopolistic industries if the industry-level CR3 is 

over 0.75 and non-monopolistic industries if less than 0.75. Finally, industry numbers 21, 23, 30, and 

35 are classified as monopolistic industries from 1999 to 2001, and only industry numbers 23 and 35 

remain classified as monopolistic industries until 2009. Industry number 17 is newly classified as 

monopolistic industry from 2007 to 2009. 

                                           
12

 It is measured by the nominal sales growth rate of new products because it is impossible to measure the price 

growth of new products. Therefore, this can have endogeneity problem, relating with an omitted variable bias. 

This is considered in Section 3.2. 
13

 The standard tools to measure the market concentration are the Herfindahl index (HHI) and the concentration 

ratios (CR(n)).These tools are the traditional structural measures of market concentration (based on market 

shares) and we use industry-level CR3 as a proxy for market structure.  

https://en.wikipedia.org/wiki/Herfindahl_index
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Table 4. CR3 by industry; Korean manufacturing firms from 1999-2009 

 

In summary, we classify firms as firms as being in a monopolistic industry or a non-monopolistic 

industry and compare the descriptive statistics of variables by different market structures. Among the 

11,369 manufacturing firms, 10,984 firms are classified as firms in a non-monopolistic industry and 

only 385 firms are classified as firms in a monopolistic industry. According to Table 4, the firms in a 

non-monopolistic market innovate more than the firms in a monopolistic market, which is opposed to 

the Schumpeterian hypothesis. In particular, a non-monopolistic market has more product innovators 

than a monopolistic market. Accordingly, the average employment growth rate for innovators is 

greater in a monopolistic market, but the rate for non-innovators does not differ greatly between the 

two types of markets. However, interestingly, the average sales growth rate of process innovators in a 

non-monopolistic market is lower than that in a monopolistic market, even though employment 

growth rate is vice-versa. This indicates that process innovators in a monopolistic market are highly 

efficient and productive and can create more sales with less people than in a non-monopolistic market. 

Therefore, we expect that process innovation in a monopolistic market has a greater job displacement 

effect than in a non-monopolistic market, whereas product innovation in a monopolistic market does 

not have a greater job creation effect than in a non-monopolistic market. 

  

KIS2002 KIS2005 KIS2008 KIS2010

15 Food and Beverages 35.28% 47.24% 25.53% 14.35%

17 Textiles 23.48% 39.06% 78.99% 72.94%

18 Apparel, Clotheing Accessories and Fur Articles 40.49% 41.10% 25.27% 28.85%

19 Leathers, Luggage and Footwear 46.46% 44.32% 43.92% 29.78%

20 Wood Products of Wood and Cork 62.64% 60.40% 61.52% 37.61%

21 Paper and Paper Products 76.86% 50.07% 34.78% 28.49%

22 Printing and Reproduction of Recorded Media 34.78% 38.72% 28.20% 19.54%

23 Coke, Hard-coal and Lignite Fuel Briquettes and Refined Petroleum Products 97.77% 97.05% 95.42% 98.19%

24 Chemicals and Chemical Products 33.88% 35.34% 24.48% 33.55%

25  Rubber and Plastic Products 52.60% 48.54% 56.64% 41.88%

26 Other Non-metallic Mineral Products 48.29% 32.12% 27.06% 21.27%

27 Basic Metal Products 30.84% 58.29% 56.63% 53.57%

28 Fabricated Metal Products 59.20% 11.39% 24.63% 20.47%

29 Machinery and Equipment 34.74% 32.92% 52.07% 41.53%

30 Office Machinery and Equipment 75.72% 54.26% 51.75% 81.17%

31 Other Electric Equipment and generators 34.77% 24.25% 38.47% 40.06%

32 Electronic Components and Communication Equipment and Apparatuses 14.38% 42.18% 35.60% 63.22%

33 Medical, Precision and Optical Instruments, Watches and Clocks 51.54% 39.04% 43.95% 60.89%

34 Motor Vehicles, Trailers and Semitrailers 36.50% 14.69% 66.88% 23.00%

35 Other Transport Equipment 92.88% 73.91% 72.77% 68.84%

36 Furniture and others 36.85% 33.20% 34.80% 35.68%

Total 37.60% 37.52% 43.70% 38.11%

CR3
Industry name

Industry

code
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Table 5. Descriptive statistics for the variables by different market structure 

 

3.2 Econometric model and estimation strategy 

   Harrison et al. (2008, 2014) suggest the two-period and two-good production model to explain 

the effect of different types of innovations on employment. They classify products as either old or new 

products, and decompose the sales growth of the products (g) into the sales growth of old products (g1) 

and the sales growth of new products (g2). Then, they use the sales growth rate of new products (g2) 

as a proxy for product innovations and abstract the sales growth rate of old products (g1) from the 

employment growth rate (l) to create the new dependent variable, pure employment growth rate. Pure 

employment growth rate is only influenced by either type of innovation variable. The sales growth 

rate of old and new products (g1, g2) are the nominal growth rates that need to be transformed into the 

real sales growth rates. Therefore, the price growth rate of an industry is used as a proxy for the price 

growth rate of old products. The dependent variable, pure employment growth rate, is finally 

Non-monopolistic Monopolistic Total

No of firms 10,984 385 11,369

Non-innovators (%) 52.3 62.3 52.6

Process only (%) 6.4 6.8 6.4

Product innovators (%) 41.4 30.9 41.0

[Of which product & process innovators] [25.8] [16.9] [25.5]

Employment growth (%)

All firms 7.1 4.5 7.0

Non-innovators 5.0 4.8 5.0

Process only 10.2 6.3 10.0

Product innovators 9.2 3.5 9.1

Sales growth (%)

All firms 24.1 21.7 24.0

Non-innovators 20.5 20.4 20.5

Process only 28.4 43.0 28.9

Product innovators 28.0 19.7 27.8

  of which:

  Old products -25.2 -28.1 -25.3

  New products 53.2 47.8 53.0

Productivity growth (%)

All firms 17.0 17.2 17.0

Non-innovators 15.5 15.6 15.5

Process only 18.2 36.7 18.9

Product innovators 18.8 16.2 18.7

Price growth (%)

All firms 4.1 7.5 4.2

Non-innovators 4.3 6.5 4.4

Process only 5.6 8.9 5.8

Product innovators 3.5 9.2 3.7

Korean manufacturing firms from 1999-2009
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expressed as π)(gl 1  14
 and is entirely influenced by both types of innovations: a) process (d) 

and b) product innovations (g2)
15

. 

 

 

However, the proxy for product innovations, which is the sales growth rate of new products (g2), 

is not transformed into a real term as the real sales growth rate of new products. Thus, this can induce 

an endogeneity problem relating to omitted variable bias. The sales growth rate of new products can 

be decomposed into the real sales growth of new products (y2) and the price growth rate of new 

products (𝜋2). However, we cannot detect the price information of new products ( 2 ). Thus, we   

cannot consider the price growth rate of new products (π2) in the model could result in biased 

estimates of g2. To solve this endogeneity problem of g2, we additionally consider the instrument 

variables (IVs) for g2, which are correlated with the real sales growth rate of new products (y2) but 

uncorrelated with the price growth rate of new products ( 2 ). Accordingly, the purpose of innovation 

is the replacement of old products 0-5 and the purpose of innovation is increase range of products 0-5 

are used as IVs for g2. We estimate the employment effect of product innovation using two stage least 

square (2SLS) estimation method.  

The proxy for process innovation (d) is measured by the process innovators who only 

implement process innovations. Thus, it would provide biased estimates for d if process innovations 

of product innovators are not considered. Therefore, we add an additional variable (d*) that equals 1 if 

a firm implements both process and product innovations, and 0 otherwise, to estimate the employment 

effect of process and product innovations. Finally, there are three estimation techniques to show how 

market structure differently affects each type of innovation. First, we divide the firms into two groups 

and estimate the employment effect of process and product innovations separately and compare the 

estimation results between the two groups. However, this difference is not statistically significant even 

though there are some differences between the two groups. Therefore, this paper adopts a new 

variable for market structure (m) that equals 1 if a firm belongs to a monopolistic market, and 0 

otherwise (m1) and industry-level CR3 (m2)
16

 to estimate whether these additional employment 

                                           

14 The nominal sales growth rate of old products is g1 and  is the price growth rate of an industry to which a 

firm belongs. 
15

 Process innovation is measured by a dummy variable which equals 1 if a firm implements the process 

innovation or 0 otherwise. Therefore, the dependent variable, which is measured by the employment growth 

minus the sales growth of old products, is influenced by both process and product innovations.  

16 The variable m1 captures the absolute monopoly and m2 captures the relative monopoly of the market to 

vβgdααπ)(gl 2101  

uy-) --(v where, 221  
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effects of process and product innovations by market structure are statistically significant. We create 

interaction terms using this proxy for market structure (m1 , m2) and each type of innovation variables 

(d, g2) and estimate the employment effect of each type of innovations in different market structures. 

Thus, 3γ   and  γ2  capture the additional effect of process and product innovations on employment 

in different market structure respectively. 

 

 

 

 

 

 

 

 

4. Regression results 

To estimate how market structures differently affect the employment effect of process and product 

innovations, this paper generates an industry-level CR3, defines monopolistic industry as being 

greater than 0.75 and a non-monopolistic industry as less than 0.75, and compares these estimation 

results. Table 6 shows the regression results using the model in Harrison et al. (2008, 2014) for 

different market structures. Thus, dependent variable is pure employment growth rate, which is 

employment growth rate taking into account the real sales growth rate of old products, and the 

independent variables are proxies for product and process innovations. The ordinary least squares 

(OLS) and 2SLS methods are used for the estimation and all the estimation results are described in 

Table 6. 

As shown in Table 6, product innovation has a positive effect on employment, while process 

innovation does not have any significant effect on employment. Therefore, we conclude that the 

                                                                                                                                   

which a firm belongs. 

(d*) innovators product of innovation process forproxy    

(g innovation product forproxy     

(d) innovation process forproxy     

 :variables tIndependen (2)

(g-(l rate growth employment pure     

 :variable Dependent (1)

2

1

)

))

vgmγdmγmγ*dαβgdααπ)(gl 232122101   **

g2)(m market icmonopolist in innovation product  

d)(m market icmonopolist in innovation process  

(m)  structuremarket   

 :variables tindependen Added (3)





uy-) --(v where, 221  
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overall employment effect of innovations for Korean manufacturing firms is positive, since process 

innovations do not have any significant effect but product innovations have positive effect on 

employment. More concretely, the pure employment growth rate increases 0.95%p, when sales 

growth rate of new products increases 1%p. This indicates that Korean manufacturing firms produce 

new products more efficiently than old products using less employment for the production
17

. 

Moreover, we find that process innovation in a monopolistic market has a greater job 

displacement effect than in a non-monopolistic market. More specifically, process innovation has no 

significant displacement effect on employment in a non-monopolistic market, but is significant in a 

monopolistic market (-0.02->-0.20*). On the contrary, product innovation in a monopolistic market 

has a greater job creating effect than in a non-monopolistic market (0.95**->0.98**), but the 

differences between the two groups are not statistically significant 

Table 6. Employment effect of innovations; non-monopolistic market vs. monopolistic market 

 

Therefore, we do additional regressions. First, the monopolistic industry dummy variable equals 1 

if the industry-level CR3 of a firm is over 0.75 and 0 otherwise. Second, the industry-level CR3 is 

used directly. Then, we make interaction terms between these proxies for market structure and each 

type of innovation variable. Finally, we estimate the additional employment effect of each type of 

innovation in different market structures using these interaction terms.  

                                           
17

 We assume Constant Returns to Scale (CRS) for the production of old products that calculate the pure 

employment growth rate as employment growth rate minus the real sales growth rate of old products. Thus, the 

production of old products has one to one relationship with employment, which means that employment growth 

rate increases 1%p, when the real sales growth rate of old products increases 1%p. 

Non-monopolistic Monopolistic All Non-monopolistic Monopolistic All

process innovation (d ) -0.03 -0.18 -0.03+ -0.02 -0.20* -0.02

(-1.45) (-1.43) (-1.69) (-0.87)  (-2.16)  (-1.22)  

product innovation (g2 ) 0.71** 0.85** 0.71** 0.95** 0.98** 0.95**

(40.74) (9.89) (41.57) (28.82) (5.81) (29.37)

process and product innovation (d*) 0.10** 0.08 0.10** 0.00 0.04 0.00

(8.52) (1.45) (8.65) (-0.06)  (0.44) (0.02)

year dummy_2005 0.03* 0.00 0.03* 0.03* 0.02 0.03* 

(2.30) (-0.04) (2.14) (2.29) (0.16) (2.24)

year dummy_2008 -0.04** 0.09 -0.04** -0.01 0.13 -0.01

(-2.94) (0.93) (-3.24) (-0.62)  (0.98) (-0.76)  

year dummy_2010 0.09** 0.03 0.08** 0.11** 0.08 0.11**

(6.72) (0.38) (6.65) (8.51) (0.65) (8.57)

_cons -0.06* -0.19+ -0.05* -0.10** -0.24+ -0.10**

(-2.45) (-1.95) (-2.39) (-4.56)  (-1.71)  (-4.53)  

N 10984 385 11369 10984 385 11369

r2_a 0.34 0.38 0.34 0.31 0.37 0.31

rmse 0.46 0.43 0.46 0.47 0.43 0.47

* Industry dummies are included

Dependent Variable: Employment growth due to innovation

OLS 2SLS
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Table 7 shows these estimation results. Model (1) uses the monopolistic industry dummy (m1) and 

model (2) uses the industry-level CR3 variable (m2) directly as a proxy for market structure. The 

results indicate that process innovation in a monopolistic market does not have greater job 

displacement effect and product innovation in a monopolistic market does not have greater job 

creating effect that is statistically significant. Model (1) indicates that both process and product 

innovations in a monopolistic market do not have any additional effects on pure employment growth. 

However, we find that process innovations in more monopolistic market have greater job 

displacement effects than that in a less monopolistic market, while product innovations in a more 

monopolistic market do not have any significant effect on pure employment growth. Model (2) 

indicates that only process innovations in a more monopolistic market have additional effects on pure 

employment growth. Therefore, we conclude that process innovation in a more monopolistic market 

has a greater job displacement effect, while product innovation in a more monopolistic market does 

not have a greater job creating effect. This indicates that the larger job displacement effect of process 

innovation is not based on the absolute monopoly of the market, but based on the relative monopoly 

of the market. 

Table 7. Employment effect of innovation in different market structure 

 

It is important to consider whether this monopolistic market effect is based on the sector-level 

effect. If this effect is not coming from the monopolistic market, but rather from monopolistic firms, 

then this effect may be the result of a scale economy and not from the product market competition. To 

(1) (2) (1) (2)

process innovation (d ) -0.03 0.04 -0.02 0.07

(-1.45) (0.86) (-0.85)  (1.35)

product innovation (g2 ) 0.71** 0.71** 0.95** 0.97**

(40.87) (19.82) (29.45) (14.16)

process and product innovation (d*) 0.10** 0.10** 0.00 0.00

(8.67) (8.64) (0.02) (-0.01)  

Monopolistic Industry (m) -0.02 0.03 -0.01 0.04

(-0.47) (0.71) (-0.28)  (0.78)

MI*process innovation (m*d) -0.14 -0.18 -0.18 -0.22+ 

(-1.19) (-1.64) (-1.54)  (-1.94)  

MI*product innvoation (m*g2) 0.15* 0.01 0.06 -0.04

(2.06) (0.09) (0.60) (-0.26)  

_cons -0.06* -0.06* -0.10** -0.11**

(-2.42) (-2.50) (-4.09)  (-3.81)  

N 11369 11369 11369 11369

r2_a 0.34 0.34 0.34 0.34

rmse 0.46 0.46 0.46 0.46

* Industry and year dummies are included.

Dependent Variable: Pure employment growth

OLS 2SLS

* Model (2): Monopolistic industry (m) is measured by industry-level CR3, the sales share of Top 3 firms in an industry.

* Model (1): Monopolistic industry (m) is measured by dummy varaible = 1, if CR3>0.75 and 0 , otherwise.
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confirm the estimation results, we generate monopolistic firm (MF) variables using a similar 

methodology with monopolistic market (MI) variables and conduct the same econometric approach as 

our previous analysis.  

Table 8 shows the estimation results and indicates that more negative employment effect of 

process innovation in a monopolistic market is not based on the individual firm-level effect, such as a 

scale economy, but is based on the industry-level effect, such as product market competition. This can 

be inferred because the interaction terms between the monopolistic firm variable and either type of 

innovation variables do not provide any significant effect on employment; neither the process nor 

product innovations of monopolistic firms cause any significant effect on employment. These 

estimation results remain the same when we use the monopolistic firm variable as either market share 

of a firm within an industry or the monopolistic firm dummy variable, which is 1 if the market share 

of a firm is greater than 0.25 and 0 otherwise.  

Table 8. Firm-level employment effect of innovation by different firm size 

 

 Furthermore, Table 9 summarizes that the additional employment effect of process innovations is 

not based on the scale economy of monopolistic firms but rather the effect of product market 

competition in a monopolistic market. The pure employment effect of process innovation in 

monopolistic industry is calculated as the sum of employment effect of process innovations and 

additional that in monopolistic industry. Therefore, it is -0.22 since process innovation does not have 

significant effect on employment (0.07 but not significant), but have significant effect on employment 

(1) (2) (1) (2)

process innovation (d ) -0.03+ -0.03 -0.02 -0.02

(-1.70) (-1.62) (-1.20)  (-1.05)  

product innovation (g2 ) 0.71** 0.71** 0.95** 0.96**

(41.44) (40.09) (29.87) (29.34)

process and product innovation (d*) 0.10** 0.10** 0.00 0.00

(8.62) (8.57) (-0.00)  (-0.05)  

Monopolistic Firms (m2 ) -0.02 -0.24 0.12 -0.09

(-0.20) (-1.23) (0.79) (-0.28)  

MF*process innovation (m2*d ) 0.1 -0.02 -0.01 -0.24

(0.96) (-0.04) (-0.08)  (-0.39)  

MF*product innvoation (m2*g2 ) 0.07 0.50+ -0.26 0.2

(0.62) (1.95) (-1.01)  (0.37)

_cons -0.05* -0.05* -0.10** -0.09**

(-2.39) (-2.30) (-4.08)  (-4.05)  

N 11369 11356 11369 11356

r2_a 0.34 0.34 0.34 0.34

rmse 0.46 0.46 0.46 0.46

Dependent variable: Pure employment growth

OLS 2SLS

* Model (2): Monopoly Firms (m2) is measured by market share of a firm= sales of firm/ sales by an industy

* Model (1): Monopoly Firms (m2) is measured by dummy varaible = 1, if marketshare>0.25 and 0 , otherwise.

* Industry and year dummies are included.
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in monopolistic industry (-0.22 and significant). However, the pure employment effect of process 

innovation in monopolistic firms is 0 since neither process innovation (-0.02 but not significant) nor 

that in monopolistic firms (-0.24 but not significant) does not have significant effect on employment. 

On the contrary, product innovation does not have additional employment effect in both monopolistic 

industry (-0.04 and not significant) and firms (0.20 and not significant) that has the same effect on 

employment (0.97 and 0.96 each). 

Table 9. Employment effect of innovations in different market structure 

 

5. Summary and Concluding Remarks 

To estimate and evaluate the employment effect of process and product innovations in different 

market structures, this paper uses data from 11,369 Korean manufacturing firms from 1999 to 2009. 

We use similar econometric model and estimation strategies as Harrison et al. (2008, 2014) by 

classifying the innovation type as either process or product innovations and estimating the 

employment effect of each type of innovation separately. However, this paper additionally considers 

the market structure and estimates the additional employment effect of innovations in different market 

structures using varied estimation methods.  

The main findings are as follows. First, we find that the overall employment effect of innovations 

for Korean manufacturing firms is positive, since process innovations do not have any significant 

effect but product innovations have positive effect on employment. Second, we find that process 

innovation in a more monopolistic market has a greater job displacement effect, while product 

innovation in a more monopolistic market does not have a greater job creating effect. Third, it is 

found that negative employment effect of process innovation in a monopolistic market is not based on 

the individual firm-level effect, such as a scale economy, but is based on the industry-level effect, 

such as product market competition. 

 This research has some limitations that provide opportunities for future research projects. First, 

the industry-level CR3, which is a proxy for product market competition, may not reflect the actual 

Firms Firms

Process innovations (procs) 0.07 Process innovations (procs) -0.02

Product innovations (prods) 0.97** Product innovations (prods) 0.96**

Monopolistic Industry (MI) 0.04 Monopolistic Firms (MF) -0.09

Interaction terms between procs*MI -0.22+ Interaction terms between procs*MF -0.24

Interaction terms between prods*MI -0.04 Interaction terms between prods*MF 0.20

The pure employment effect of process innovations in

monopolistic industy
-0.22+

The pure employment effect of process

innovations in monopolistic firms
0.00

The pure employment effect of product innovations in

monopolistic industy
0.97**

The pure employment effect of product

innovations in monopolistic firms
0.96**

* Monopolistic industy is measured by industry-level CR3

* Monopolistic firm is measured by market share of a firm in an industry
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product market competition of firms. Second, other technological changes of innovations, such as 

technologies changed through intensive capital or labor or those with skilled-bias characteristics are 

not considered. Third, the proxy for employment growth, the growth rate of the number of employees, 

may not recognize the actual changes of employment coming from decrease in labor time. Therefore, 

future research could study to develop the proxy for market structure, which considers both domestic 

and foreign product market competition, to include more diverse explanatory variables which can 

explain the changes of employment in more diverse way, and to use other types of employment for 

considering decrease in labor time. Despite these limitations, this paper shows that market structure 

affects the employment effect of innovations, and that this differs based on the type of innovations.  
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considered. Third, firm-specific features, which can affect the employment growth such as K/L ratio 
and wages, are not reflected. Nonetheless, this paper is the first attempt to explicitly consider the 
role of ‘market structure’ using Korean manufacturing firm data from 1999 to 2009. This paper tries
to explain the reason for the different employment effect of innovation in different environmental 
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We look at a competitive situation in network markets where there is uncertain technological 
development in product/process technologies. Firms ‘price’ compete in those markets to gain market 
share before any of them succeeds in getting an innovation to move ahead of its rival(s). If the firms 
are in a technology race and the probability of innovation success is small, then a firm with a bigger 
network advantage is likely to attract more customers in the absence of innovation. If, however, any 
of those firms expect innovation with a high probability, and none of them have a big advantage, 
then they keep on sharing the market until the innovation occurs. 
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Abstract

In the current wave of globalization, multinational enterprises have distributed their products 
worldwide and technology is transferred from advanced to developing countries. Foreign direct 
investment (FDI) contributes directly by increasing the local country’s technology in production and 
labor, while also assisting industry growth in the home country. There have been a lot of discussions 
from previous scholars on the efficiency and effect of FDI on the home country or on the local 
country, but there hasn’t been much empirical research looking at the situation between Taiwan and 
China. Therefore, the object of this study is Taiwan’s high-tech industry, specifically the maturity of 
the LED industry and the growth period in the communications industry through the investigation of 
leading manufacturers’ investments in China, and how they benefit from and affect the policies made 
on Taiwan industries. In order to develop the variables of major benefits, hypotheses, and the benefit 
model, this study has been conducted through a literature review and in-depth interviews with 
Taiwanese LED and communications industry manufacturers that have invested in China. Using 
surveys and PLS analysis the effectiveness of the model developed in this study is verified. The 
effects of interference due to the Taiwanese government’s implementation of policies that deal with 
investment in China in term of the adjustment variables are also investigated. Lastly, in-depth 
interviews and secondary data were used to arrange the managerial implications and policy 
recommendations. After our analysis, we discovered that although the LED industry had entered the 
China market, the growth in the Chinese market or supply chain downstream investment (channel) is 
not significantly beneficial for the home company. In terms of the worldwide operating capacity of 
the communications industry, there are significant benefits in supply chain upstream (raw materials), 
investment, and process improvement. The Taiwan and China cross-strait policies have significantly 
strengthened manufacturing growth via foreign investment projects and achieved more beneficial 
effects in the interests of the home country, but as the market continues to grow and channel 
management are not significantly effective. These results validate the effectiveness of theories 
proposed in other papers, but also found a number specific benefits and detriments for Taiwan's 
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Abstract 

To ensure successful catching up, it is imperative for latecomer firms to understand the TM mode of 
forerunner firms. This paper investigates the differences in TM practices and the correlations of the 
TM practices and product innovation performance between latecomer firms e.g. Chinese firms and 
forerunner firms e.g. Korean firms. The results show that, first, the emphases of TM practices are 
not identical, for latecomer firms, they put more emphasize on grasping equipment information, 
understanding technology talents required by business, making the development strategy of staff, 
learning form success and failure, and forming complete technology files. For forerunner firms, on 
the other hand, stress on learning on equipment, motivating and training their staff, building working 
team and establishing detailed tech-info management system. Furthermore, the TM modes of 
latecomer firms and forerunner firms are different, comparing with latecomer firms, TM is more 
relevant to product innovation in forerunner firms, and it is a more integrated, and interdependent 
mode. These findings are important for us to know how latecomer firms and forerunner firms 
operate, and also give important hints about how latecomer firms to achieve successful catching up. 
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identical, for latecomer firms, they put more emphasize on grasping equipment information, 
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the other hand, stress on learning on equipment, motivating and training their staff, building working 
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Introduction 

A growing body of research addresses the catching up. This research stream largely focuses on 

innovation (Fan, 2006; Fu et al., 2011; Lee and Lim, 2001), and in particular on product innovation 

(Hobday et al., 2004; Forbes and Wield, 2008). In a broad sense, the literature suggests that firstly, 

product innovation has become critical for the latecomer firms to achieve catching up (Chandy and 

Tellis, 2000), because the core competitive advantage of firms has changed from a traditional 

product factor such as capital, labor to product innovation (Krishnan and Ulrich, 2001). Secondly, 

TM plays a more and more important role for firms to improve product innovation performance and 

quality, reduce time of new product offerings, and thus achieves successful product innovation 

(Rush et al., 2007; Yusr, 2016), and a lot of research has been conducted to investigate the 

relationships between TM and product innovation from many perspectives, including TM process 

(Guglielmi et al., 2010), TM tools (Foden and Berends, 2010), and TM functions (Sahoo et al., 

2011). 

Although current research has indicated that different countries focused on different TM 



practices, and thus have different TM modes (Cetindamar et al., 2009; Choi et al., 2012), there is a 

lack of in-depth studies examining the different TM practices and TM modes between latecomer 

firms and forerunner firms. In light of the rapid pace of globalization, understanding the way TM 

operates in different countries, especially the latecomer and the forerunner, is increasingly important. 

It can provide a useful way for the latecomer to seek more effective TM practices. Through learning 

those TM practices and TM modes, the latecomer firms can manage their existing technology 

resources better and improve production innovation capability (Badawy, 1998; Jin and Zedtwitz, 

2008; Nambisan and Wilemon, 2003).  

This paper addresses this research gap, examines TM and product innovation varying across 

China as a latecomer and Korea as a forerunner, and identifies the different TM practices and TM 

modes of China and Korea. This paper employs a cross- -national, survey-based methodology, and 

the analysis derives from the responses of Chinese and Korean hi-tech firms to questionnaires. This 

paper makes two theoretical contributions: first, this paper integrates the RBV into TM, and 

contends that TM is the management of all key technology resources of product innovation, 

including technology finance management, technology equipment management, technology human 

resource management (THRM), technology information management, and technology achievement 

management. It can establish relationships between TM and other management principles, 

particularly with product innovation. Second, the comparison of the ranking differences and TM 

modes between latecomer firms and forerunner firms is important for us to know how latecomer 

firms and forerunner firms operate, and further give important hints about how latecomer firms to 

achieve successful catching up. 

The rest of this paper is arranged in the following manner. After this introduction, the relevant 

research from the literature is reviewed in the second section. The research design is illustrated in the 

third section, and followed by research sample, measurement and sample characteristics in the fourth 

section. In the fifth section, the data are analyzed and the results are reported. The results are 

discussed in the sixth section, and the final section summarizes the research. 

Theoretical foundation and hypotheses 

Why compare the China and Korea? 

It was recognized that China is a latecomer lagged behind in product innovation and manufacturing. 

Although Chinese firms have invested a lot in R&D, they did not access to know-how and lack of 

R&D competitiveness, and they are still catching up to match the international forerunner firms. 

While Korea has been one of the most successful countries to achieve catching up, and it has 

approached the ranks of the advanced economies (Lee, 2005). The production and manufacturing 

technologies of Korean firms have nearly matched the level of advanced countries (Song and Noh, 

2006), and eventually became independent in designing and manufacturing product. Therefore, 

Korea firms have often been proposed as representative models for other developing countries (Lee, 

2013). Since China and Korea are the representative latecomer and forerunner respectively, and 

product innovation is an important opportunity for the latecomer in the catching up process 

(Archibugi and Pietrobelli, 2003; Jacobs and Notteboom, 2011; Niosi and Reid, 2007), a better 

understanding of the product innovation form the perspective of TM across Chinese and Korean 

firms can help latecomer firms narrow the technological gaps between themselves and forerunner 

http://dict.youdao.com/w/questionnaire/


firms (Fu et al., 2011; Tang and Hussler, 2011). 

There are also some similarities between China and Korea. They all share Confucian culture, 

and are in the same culture cluster (Minkov and Hofstede, 2012). Thus, they share a great number of 

dimensions when measured by the Hofstede model. For example, China and Korea are both a 

hierarchical society, which indicates that people in China and Korea accept a hierarchical order in 

which everybody has a place and which needs no further justification. At the same time, China and 

Korea are two of the most collectivist countries (Hofstede, 2007), and the group harmony based on 

social contracts, company loyalty, and commitment is highly valued (Mooij and Hofstede, 2010). 

Furthermore, China’s and Korea’s values of long-term are relatively high, which reflects the fact that 

Chinese and Korean attach importance to foster virtues oriented towards future rewards (Hofstede 

and Tipton, 2012). Thus the comparison of China and Korea is not affected by culture, which is the 

critical contingency factor influencing management practices (Ahmad and Schroeder, 2003; Song et 

al, 2010). This provides an ideal context for the inter-country comparison of TM and product 

innovation. 

Technology management from the resource based view 

Some countries are more successful than others in catching up with the developed word, and at the 

heart of their success is their growing mastery of TM (Badway, 2009; Cetindamar, 2009; Drejer, 

1997). TM is a practice concerned with understanding and exploring technology as a firm’s resource 

(Badawy, 1998), and creating value by using firm’s technology resources for maximum customer 

satisfaction, firm’s productivity, profitability, and competitiveness (Gaimon, 2008). TM entails in 

operating, improving and modernizing a firm’s technology resources (Nambisan and Wilemon, 

2002), and it is concerned with the effective integration of technology resources into product 

innovation. TM is also a kind of dynamic capability aiming to explain the way in which a firm 

allocates its technology resources, how it generates and deploys its existing technology resources, 

and where it obtains new technology resources (Cetindamar et al., 2009). Therefore, TM can be 

viewed as a practice to exploit, combine, develop, and protect the firm’s technology resource, and it 

attempts to maximize gains from the firm’s technology resources. 

From the resource based view (RBV), the firm’s technology resources can be classified into the 

following strategic resources: financial, human intellectual, physical, and other tangible and 

intangible (Amit and Schoemaker, 1993; Barney, 1991), and these technology resources are stocks 

of available factors that are owned or controlled by the firm, which can be converted into final 

products (Bakar and Ahmad, 2010; Capron and Hulland, 1999). TM comprises the management of 

all critical technology resources, including technology finance management, technology equipment 

management, THRM, technology information management, and technology achievement 

management (Wu et al., 2010; Wu et al., 2012). Since superior product innovation performance is 

usually based on the effective use of the firm’s technology resources (Julienti and Ahmad, 2010), 

and therefore it can be inferred that the higher the TM level is, the better the technology resource can 

be managed, and thus the higher the firm’s product innovation performance will be. 

Technology management and product innovation: latecomer and forerunner 

Technology finance management and product innovation 

Firms, no matter latecomer and forerunner, with severely limited technology finance resources may 



be particularly vulnerable, and access to and costs of finance resources are some of the most 

important factors which affect the ability of firms to product innovation (Giudici and Paleari, 2000). 

The uncertainty of product innovation is very high, for example, new products may be technically 

unfeasible or not tradable (Graner and Mißler-Behr, 2013), and firms must manage the technology 

finance resources effectively while investing great technology finance resources in product 

innovation activities. Besides, the technology finance resource, especially R&D expenditures, can be 

channeled to the initiation of new R&D projects and contribute to the improvement of innovation 

capability (Greve, 2003), which are important for firms to accumulate knowledge and implement 

product innovation continuously. Effective technology finance management can ensure the financial 

support are actually incorporated and transferred into product innovation process, and thus improve 

the efficiency of product innovation process and the effectiveness of product innovation (Verona, 

1999). Therefore, effective technology finance management is important both for latecomer firms 

and forerunner firms (Chen and Li-Hua, 2011; Phaal, 1998). Hence, we propose the following 

hypothesis. 

H1: The operation of technology finance management has no significant differences between 

latecomer firms and forerunner firms. 

Technology equipment management and product innovation 

Technology equipment management is also an important indicator of product innovation capability 

(Wang et al., 2008, Yu et al., 2014). Conventional tradition regards technological development as the 

introduction of sophisticated machinery and equipment. However, acquisition of new machinery and 

equipment does not automatically result in high rates of productivity growth, and it should go hand 

in hand with technology equipment management for achieving successful production innovation. 

Especially, when capital for investment in state-of-the-art machinery and equipment is in short 

supply, technology equipment management should be paid more attention to achieve product 

innovation performance. Technology equipment management tasks differ in different levels of 

innovation capability (Figueiredo, 2003; 2010). The basic innovation capability requires 

identification, planning and control of equipment change following preventive maintenance 

requirement made by specialist firms. In a higher level of innovation capability, the firm is required 

to make minor adaptations in equipment to adjust it to local raw materials production organization, 

and to own breakdown maintenance. The advanced innovation capability calls for project 

management for new products and process creation and new equipment implementation in 

partnership with customer, suppliers and R&D organization, and generation and application of 

mathematical models that support the activities of maintenance. Thus for the latecomer firms, the 

level of innovation capability of which is relatively low, grasping the condition of firms’ equipments, 

regulating the equipments, and modifying the introduced equipments are important for them to 

accumulate technological capability to absorb new technology from forerunners. While the 

forerunner firms with higher innovation capability lay more emphases on learning from other 

competitors on equipment, grasping the information about what and how advanced equipments other 

competitors used, and making effective maintenance decision. These provide an opportunity to set 

new standards in cost and quality of product innovation which later result in considerable 

competitive advantage, and are proved to be the best product innovation practices used in Korean 

firms (Song and Noh, 2006). Thus, we expect that the operation of technology equipment 

management has significant differences between Chinese firms and Korean firms. Hence, we 

propose the following hypothesis. 



H2: The operation of technology equipment management has significant differences between 

latecomer firms and forerunner firms. Latecomer firms put the most emphases on the grasping the 

condition of firms’ equipments, while forerunner firms stress on learning from other competitors on 

equipment most. 

THRM and product innovation 

Product innovation requires technology human resource to produce creative ideas, develop 

innovative approaches, and exert new opportunities (Scarbrough, 2003), notably during the early 

product innovation stages (Wood, 1997). The quality of technology human resource is very crucial 

in product innovation (Chien and Chen, 2008), and the requirements of employees quality are 

increasingly strict (Chien and Wu, 2003). However, for latecomer firms, they often faced constraints 

related to lack of qualified technology human resource (Freel, 2000), and this is the one of the most 

important reasons why the productivity of Chinese R&D employees lagging behind Korea (Gao and 

Jefferson, 2007). Therefore, understanding technology talents required by business and making the 

development strategy of talents are important for Chinese firms to improve the quality of their 

technology human resource. For forunner firms, they often furnish with a large volume of 

technology human resource, but their R&D employees often suffer a more risk, uncertainty and 

ambiguity environment (Madsen and Ulhøi, 2005). Employing some strategic HR practices, such as 

training and motivating, are important for forunner firms to nurture and maintain the creative tension 

work climate, which can spawn high levels of R&D employees’ productivity (Laursen and Foss, 

2003). Korean firms do very well in this respect. The R&D team leaders in Korean firms put more 

efforts on the strategic planning of R&D employee development and team building to motivate R&D 

employees’ commitment and get them involved in creative thinking, and knowledge sharing in the 

firm (Kim et al., 1999), and this is an imporant resaon why Korea firms are more innovative than 

Chinese. Thus, we propose that the operation of THRM has significant differences between Chinese 

firms and Korean firms. Hence, we propose the following hypothesis. 

H3: The operation of THRM has significant differences between latecomer firms and 

forerunner firms. Latecomer firms put the most emphases on understanding technology talents 

required by business, while forerunner firms stress on effective training most. 

Technology information management and product innovation 

Technology information is very important in product innovation for latecomer firms and forerunner 

firms as it relates to decision making of product innovation, such as the appropriate type and the 

appropriate quantities. As indicated by Figueiredo (2010), firms away from innovation frontier 

heavily depend on external R&D arrangement as the source for innovation activity. While firms at 

world innovation frontier always implement active and ambitious innovation strategy to challenge 

industrial standards and establish leadership. Thus, firms with different innovation capability levels 

have different technology information management tasks. For Chinese firms, which are away from 

innovation frontier, completing technology information file and absorbing technology information 

from forerunner firms is important to recognize the value of new technology/product, to assimilate it, 

and apply it into product innovation. It can reduce the level of uncertainty of product innovation 

(Chang et al., 2012; Liao et al., 2007; Yu et al., 2015), and this is one of the reasons why Chinese 

firms can produce competitive products (Yu et al., 2015). While for Korean firms, which are at 

world innovation frontier, need to identify the target market, gather product and market information, 

and understand the market competition, and inability in technology information collection, analysis 

and interpretation will lead to poor product innovation performance in market competition. 



Systematic technology information gathering provides the stimulus for product innovation, and By 

constructing detailed technology information system, Korean firms monitor the environment, 

understand customer requirements, and identify opportunities for product innovation and R&D 

collaborations. These are the important reasons for Korean firms to approach the product innovation 

frontier (Lee and Lim, 2001; Tsai and Wang, 2007). Thus, we argue that the operation of technology 

information management has significant differences between Chinese firms and Korean firms. 

Hence, we propose the following hypothesis. 

H4: The operation of technology information management has significant differences between 

latecomer firms and forerunner firms. Latecomer firms put the most emphases on completing file on 

technology information, while forerunner firms stress on constructing detailed technology 

information management system most. 

Technology achievement management and product innovation 

Successful product innovation also derives from firm’s technology achievement. Product innovation 

is path-dependent, and existing technology achievement serves as a fundamental resource of 

exploring new ideas and developing new knowledge both for latecomer and forerunner (Jang et al., 

2009). Therefore, the creation, recognition and application of the technology achievement are crucial 

both for latecomer firms and forerunner firms (Carrillo, 2015). Through integrating the technology 

achievement management into product innovation, firms can acquire new knowledge and skills, and 

thus enhances its innovation capability and keeps generating new product innovation concepts. 

Moreover, the transition process of latecomer to forerunner is the process of making efforts to move 

from simple to complex technology achievement bases (Gabriela, 2007). It requires identifying and 

leveraging the technology achievement to contribute to this process (Alegre et al., 2013). Effective 

technology achievement management is an important way for latecomer firms and forrunner firms to 

accumulate their new knowledge, and it is also an important source of product innovation capability 

(Rhee, 2010; Yam et al., 2004). Hence, we propose the following hypothesis. 

H5: The operation of technology achievement management has no significant differences 

between latecomer firms and forerunner firms. 

The correlations between TM and product innovation performance 

From the perspective of RBV, latecomer firms tend to lack unique, valuable, rare and inimitable 

technology resources (Barney, 1991). They may not be able to gain competitive advantages needed 

to overcome the entry barriers erected by technologically superior forerunner firms (Li and 

Kozhikode, 2008). In order to catch up successfully in such situations, the more critical issue for 

latecomer firms is to accumulate technology resources (Li and Kozhikode, 2009). Hence, latecomer 

firms must seek out externally to acquire critical technology resources, and such acquisitions are 

likely to be expensive, yet not particularly rare, easily imitable, and highly substitutable (Bowman 

and Gatignon, 1996). While for forerunner firms, they would like to make their technology resources 

more valuable and rare, and make them hard to imitate and difficult to substitute (Barney, 1990). In 

this circumstances, the capacity to deploy technology resources is the key determinant of successful 

product innovation (Evanschitzky et al., 2012). The well-established TM practices and processes can 

lead to a consolidation of the optimization of technology resources, effective product-positioning 

strategies, and efficient product innovation process (Song and Noh, 2006). It needs to be noted that 

one of the most important elements of Korea’s success was the emphases on TM practices and 

processes (Hung and Tang, 2008), and it is a determinant of Korean firms’ product innovation 

performance (Perdomo-Ortiz et al., 2006). Hence, we propose the following hypothesis. 



H6: For forerunner firms, TM aspects are more relevant to product innovation performance. 

Research Design 

This paper was designed around the common premise that TM can influence product innovation 

performance and the object was to test this premise on samples of Chinese and Korean hi-tech firms, 

as a means to learning how latecomer achieve successful catching up from the perspective of TM. 

A four-step design was followed. First, previous TM and product innovation research findings 

were reviewed to define a guiding model postulating relationships. In this paper, we considered five 

categories of TM: technology finance management, technology equipment management, THRM, 

technology information management, and technology achievement management. The resulting 

model is depicted in Figure 1. Second, questionnaires were used to measure TM and product 

innovation performance. Third, statistical analyses were undertaken on the collected data to reveal 

similarities and differences of TM practices and modes between Chinese and Korean hi-tech firms. 

Fourth, information on Chinese and Korean hi-tech firms taken from other sources was consulted to 

help rationalize the results. 



 
Figure 1 Conceptual framework for China and Korea comparison 
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Research Methods 

Sample and data collection 

To accomplish our research objectives, we collected data from Chinese and Korean hi-tech firms. 

Respondents in each firm were asked to complete the questionnaire on TM and product innovation 

performance. The respondents were generally senior managers who had extensive responsibilities for 

TM and product innovation performance, and thus have a more comprehensive understanding of TM 

and product innovation performance in the firm. In order to avoid common method variance (CMV), 

the respondents of the different constructs in this study are different, for example, the responds of 

TM are managers of TM or CEOs, and the responds of product innovation performance are 

managers of R&D departments. 

Completed questionnaires were returned in sealed envelopes or as e-mail file attachments. After 

follow-up letters and sometimes multiple phone calls/faxes, we received responses from 48 from 

Chinese firms and 31 form Korean firms. The response rates (adjusted for returned mail and deletion 

of unusable questionnaires) were 0.68, and 0.44, respectively (some questionnaires were deleted due 

to missing values in an entire section). This sample was sufficient to allow statistical analysis at the 

firm level. An issue commonly raised concerning survey methodology is non-response bias. 

Following recommendations to compare the respondents of different waves for possible 

non-response bias, we split the final sample into two according to the dates they were received, and 

then compared the two groups using the t-tests. The t-tests yielded no statistically significant 

differences suggesting there is no non-response bias problem in our survey. 

Measurement 

A questionnaire was developed over several stages. First, the existing research on TM and product 

innovation performance was reviewed and items designed to measure TM and product innovation 

performance were identified. Based on the literature and background as discussed above, some items 

were adapted and reworded to fit the present context. Second, since all items were originally written 

in English, a double-translation method was used to translate them into Chinese for respondents in 

China and Korean for respondents in Korea. The translations were made by native speakers who 

were bilingual in English and academics experts in management. Third, to assess the quality of the 

measured items, a pilot test was performed. The scale was tested using a sample of four Chinese 

hi-tech firms, and three Korean hi-tech firms. Based on their feedback, a few concerns were raised 

and adjustments were made in terms of wording and format. As a result, the final questionnaire 

contained 36 items that were measured on a 5-point Likert scale with 1 = “strongly disagree”, 3 = 

“neutral”, and 5 = “strongly agree”. 

An instrument developed by Wu et al. (2010, 2012) was adapted to measure TM. We choose 

this instrument because it was comprehensive to measure TM from RBV, including technology 

finance management, technology equipment management, THRM, technology information 

management and technology achievement management. Product innovation performance was 

measured with five items adapted form Alegre et al. (2006), including product innovation cycle and 

cost of product innovation, etc. 

Cronbach reliability analyses and factor analyses were run on the combined database of China 



and Korea questionnaire responses. The alpha coefficients of the degree of TM and product 

innovation were above 0.70 respectively, which indicated acceptable reliability in terms of 

Nunnally’s (1978) standard for research. Factor analysis results for TM turned out to be consistent 

with prior expectation. That is, all the six items for technology finance management integration fitted 

into one factor which explained 18.2% of the variance, all five items for technology equipment 

management fitted into one factor which explained 17.3% of the variance, all eight items for THRM 

fitted into one factor which explained 16.5% of the variance, all six items for technology information 

management fitted into one factor which explained 13.1% of the variance, and all seven items for 

technology achievement management fitted into one factor which explained 12.7% of the variance.  

Sample Characteristics 

The characteristics of sample in terms of size and type of industry are shown in Table 1 and Table 2. 

As is shown in Table 1, there is a similarity in firm size distribution between the Chinese and Korean 

hi-tech firms, even after having applied the criteria for dichotomizing the sample into small, medium 

and large categories. Small firms comprised of 27.08% in Chinese hi-tech firms and 29.03% in 

Korean hi-tech firms, and the medium firms comprised of 33.34% in Chinese hi-tech firms and 

32.26% in Korean hi-tech firms. We had scaled>1000 employees as large for firms, and the large 

firms in Chinese and Korean firms are 39.58% and 38.71% respectively. 

 

Table 1Characteristics of the High-tech sample (size) 

  Frequency % 

  China Korea China Korea 

Small  13 9 27.08 29.03 

Less than 100  4 2 8.33 6.45 

101-200  4 4 8.33 12.90 

201-300  5 3 10.42 9.68 

Medium  16 10 33.34 32.26 

301-500  5 4 10.42 12.90 

501-700  6 4 12.50 12.90 

701-1000  5 2 10.42 6.46 

Large  19 12 39.58 38.71 

1001-3000  6 5 12.50 16.13 

3001-5000  4 3 8.33 9.68 

More than 5001  9 4 18.75 12.90 

 Total 48 31 100 100 

 

We followed the classification of Organization for Economic Co-operation and Development 

(OECD) to separate the sample into high-technology industry (e.g. aircraft and spacecraft, and 

pharmaceuticals) and medium-high-technology industry (e.g. machinery and equipment, and 

electrical machinery and apparatus). There is also a similarity in type of industry distribution 

between the Chinese and Korean hi-tech firms. As is shown in Table 2, in Chinese hi-tech firms, 

there are 52.08% high-technology industry firms and 47.92% medium-high-technology industry 

firms, while in Korean hi-tech firms; there are 48.38% high-technology industry firms and 51.62% 

medium-high-technology industry firms. 



 

Table 2 Characteristics of the High-tech sample (type of industry) 

Type of High-tech Characteristic of firms 

 China  Korea 

 Frequency % Frequency % 

High-technology industries 25 52.08 15 48.38 

Medium-high-technology industries 23 47.92 16 51.62 

Total 48 100 31 100 

Results 

Descriptive results 

Table 3 presents the means, standard deviations and rankings of the emphasis on TM. The results of 

t-test suggest that technology finance management (p=0.029), technology equipment management 

(p=0.033) and technology achievement management (p=0.022) are significantly different. More 

interestingly, the orders of importance given to the aspects of TM are differently between Chinese 

and Korean firms, with most emphasis in Chinese firms being placed on technology equipment 

management (Mean=3.8833, Ranking=1), and in Korean firms on THRM (Mean=3.5242, 

Ranking=1). In Chinese firms, the next aspect in terms of importance is THRM (Mean=3.7630, 

Ranking=2), followed by technology achievement management (Mean=3.6905, Ranking=3), and the 

fourth is technology finance management (Mean=3.5868, Ranking=4). For Korean firms, technology 

equipment management (Mean=3.5032, Ranking=2) comes before technology information 

management (Mean=3.3226, Ranking=3), and the fourth is technology achievement management 

(Mean=3.2442, Ranking=4). Chinese firms place the least importance on technology information 

management (Mean=3.5868, Ranking=5), while Korean firms place the least importance on 

technology finance management (Mean=3.2204, Ranking=5). As latecomer firms, most of Chinese 

firms are behind technologically, lacking in research, development and engineering capability 

(Intarakumnerd and Virasa; 2004), and they seek to upgrade their technological capabilities 

(Mathews, 2002), and technology equipment management is an effective way to access 

complementary assets and absorb technology knowledge from forerunner firms. Technology human 

resource is a rare, inimitable and specific resource, and it has a significant impact on technology 

learning (Hatch and Dyer, 2004). Putting efforts on THRM to learn technology effectively is one of 

the most important reasons for the successful product innovation of Korean firms (Chen and Huang, 

2009). 

 

Table3 Means and standard deviations of Chinese and Korean hi-tech firms 

 China High-tech Firms Korea High-tech Firms T Test 

 Mean Std. 

Deviation 

Rankings N Mean Std. 

Deviation 

Rankings N T P 

Technology finance 

management 
3.6632 0.85710 

4 

48 3.2204 0.87706 

5 

31 

2.222 0.029 

Technology equipment 

management 
3.8833 0.74358 

1 

48 3.5032 0.78972 

2 

31 

2.165 0.033 



THRM 3.7630 0.81019 2 48 3.5242 0.72055 1 31 1.335 0.186 

Technology information 

management 
3.5868 0.91351 

5 

48 3.3226 0.77332 

3 

31 

1.331 0.187 

Technology Achievement 

Management 
3.6905 0.85528 

3 

48 3.2442 0.79299 

4 

31 

2.329 0.022 

 

The details in terms of the means, standard deviations and rankings of TM items are given 

separately for Chinese and Korean firms in Table 4 below. 

 

Table 4 Means and standard deviations of TM items 

 China High-tech Firms Korea High-tech Firms  

 Ranking Mean Std. 

Deviation 

N Ranking Mean Std. 

Deviation 

N Differences 

Technology finance management  
  

  
  

  

Adequacy of Funding for Technology Activities 2 
3.7500 0.93399 

48 1 
3.4839 0.81121 

31 1 

Many Sources for Funding Technology Activities 1 
3.8125 0.93754 

48 3 
3.2903 1.07062 

31 -2 

Accuracy in Estimating Funds for Technology Activities 5 
3.5625 1.02949 

48 6 
2.9355 0.99785 

31 -1 

Appropriate Allocation of Funds to Technology Projects 3 
3.6875 0.92613 

48 2 
3.3548 1.05035 

31 1 

Effective Assessment of Utilization of Funds for Technology Activities 6 
3.5417 1.00970 

48 4 
3.2581 1.06357 

31 2 

Adaptation in Funding of Technology to Changing Circumstances 4 
3.6250 1.08422 

48 5 
3.0000 1.06458 

31 -1 

Technology equipment management  
  

  
  

  

Learning from Other Businesses on Equipment 5 3.7292 0.93943 48 1 3.7742 0.76200 31 4 

Equipments Are Regulated 2 3.9792 0.88701 48 3 3.4516 0.92516 31 -1 

Proper Maintenance of Equipment 4 3.7708 0.8565 48 2 3.4839 1.02862 31 2 

Allocating Of Job Responsibilities Depending upon Types of Equipment 3 3.9167 0.87113 48 4 3.4194 0.99244 31 -1 

Management Ability to Grasp the Condition of an Equipment 1 4.0208 0.75764 48 5 3.3871 0.91933 31 -4 

THRM  
  

  
  

  

Understanding Technology Talents Required by Business 1 4.0833 0.94155 48 5 3.4516 0.85005 31 -4 

Making the Development Strategy of Technical Staff 3 3.7708 0.99444 48 7 3.3871 0.88232 31 -4 

Effective Process of Talent Selection 4 3.7083 0.98841 48 4 3.5484 0.96051 31 0 

Effective Motivating of Technical Staff 8 3.5833 0.87113 48 2 3.6774 0.97936 31 6 

Effective Training 5 3.75 0.86295 48 1 3.7419 0.96498 31 4 

Team Building 5 3.75 1.02105 48 3 3.6129 0.91933 31 2 

Communication Channels 7 3.6667 0.90703 48 5 3.4516 0.76762 31 2 

Learning from Success and Failure 2 3.7917 0.98841 48 8 3.3226 0.90874 31 -6 

Technology information management  
  

  
  

  

Planned Gathering of Tech-info 3 3.6458 1.04147 48 4 3.3226 0.87129 31 -1 

Detailed Tech-info Management System 5 3.4375 1.10908 48 1 3.4516 0.92516 31 4 

Research on Every Technology 6 3.4167 1.02798 48 5 3.1935 0.83344 31 1 

Complete File on Technology 1 3.75 1.08176 48 3 3.3871 1.14535 31 -2 

Strategy Depends on Tech-info 2 3.6875 0.97099 48 2 3.4194 0.76482 31 0 

Effective Tech-info Transfer System 4 3.5833 0.94155 48 6 3.1613 0.96943 31 -2 

Technology achievement management  
  

  
  

  

Timeliness in Gaining Benefits of Technological Achievement 4 3.6667 1.01758 48 3 3.2258 1.02338 31 1 



Management System of Technological Achievement 3 3.8542 0.98908 48 4 3.1613 0.96943 31 -1 

Timely Evaluation of Benefits of Technological Achievement 5 3.6458 0.97827 48 5 3.129 0.95715 31 0 

Rapid Dissemination of Technological Achievement within the Business 6 3.4792 1.14835 48 6 3.0645 1.12355 31 0 

Transfer of Technology to External Parties 7 3.125 1.17826 48 7 3 0.96609 31 0 

Active in Applying for Patents 2 4 0.94531 48 2 3.4194 0.84751 31 0 

Technological Achievements are Reliably Protected 1 4.0625 1.0191 48 1 3.7097 0.97275 31 0 

 

Chinese and Korean firms offer interesting contrasts in TM. As it can be observed in Table 4, 

there is greater variability in respect to technology equipment management, THRM, and technology 

information management. In the aspect of technology equipment management, Chinese firms put 

more emphasis on management ability to grasp the equipment condition (Mean=4.0208, Ranking=1), 

while place the least importance on learning from other businesses on equipment (Mean=3.7292, 

Ranking=5). While Korean firms put more emphasis on learning from other businesses on 

equipment (Mean=3.7742, Ranking=1), and place the least importance on management ability to 

grasp the equipment condition (Mean=3.3871, Ranking=5). Hence, H2 is fully supported. Importing 

advanced equipments form forerunner firms is an important way for Chinese firms to try to catch up 

with forerunner firms’ technology, and grasping the equipment condition is an efficient way to 

absorb and use of imported equipments. While for Korean firms, learning from other businesses on 

equipment can lead to consolidation of the R&D and manufacturing capability, which can promote 

product innovation continuously. 

In the aspect of THRM, Chinese firms give greater weight to the following items, namely, 

understanding technology talents required by business (Mean=4.0833, Ranking=1), learning from 

success and failure (Mean=3.7971, Ranking=2), and making the development strategy of technical 

staff (Mean=3.7708, Ranking=3). While Korean firms give greater weight to the following items, 

namely, effective training (Mean=3.7419, Ranking=1), effective motivating of technical staff 

(Mean=3.6774, Ranking=2), and team building (Mean=3.6129, Ranking=3). Hence, H3 is fully 

supported. This is consistent with the research results of Bowen et al. (2002), comparing with 

Chinese firms, Korean firms emphasize more on the strategic THRM practices, such as training, 

motivating, and team building. While some firms in China, particularly state owned hi-tech firms, 

still maintain aspects of the traditional methods of THRM (Ding et al., 2002), there are more and 

more Chinese hi-tech firms embracing the idea of aligning THRM with firm strategy, and beginning 

to understand technology talents required by business and making the development strategy of 

technical staff (Kim et al., 2010). 

In the aspect of technology information management, the item of completing file on technology 

(Mean=3.7500, Ranking=1) is the most important for Chinese firms, and the items of constructing 

detailed tech-info management system (Mean=3.4375, Ranking=5) and researching on every 

technology (Mean=3.4167, Ranking=6) are at the last two. While for Korean firms, the item of 

constructing detailed tech-info management system (Mean=3.4516, Ranking=1) is the most 

important, and the items of researching on every technology (Mean=3.1935, Ranking=5) and 

constructing effective tech-info transfer system (Mean=3.1613, Ranking=6) are at the last two. 

Hence, H4 is fully supported. Completing file on technology is an important way for Chinese firms 

to make effective use of technology information, and absorb and utilize foreign advance technology 

information (Li, 2011), and the combination can improve Chinese firms product innovation. While 

for Korean firms, constructing detailed techology information management system is important to 



gather information from competitors and consumers, and keep the innovativeness of product 

innovation (Garcia and Calantone, 2002).  

It must also be noticed that there exists no big differences of rankings of technology finance 

management and technology achievement management between Chinese and Korean firms. This is 

in accordance with the analysis in section 2. Technology finance management and technology 

achievement management are both important for the latecomer and the forerunner, and therefore, 

Chinese and Korean firms adopt similar TM practices in these two aspects. Hence, H1 and H5 are 

supported that the operation of technology finance management and technology management has no 

significant differences between Chinese firms and Korean firms. 

Correlation results 

In the real world, firms are likely to seek product innovation performance improvement by using 

more than one approach, technology finance management, technology equipment management, 

THRM, technology information management, and technology achievement management are all 

expected to correlate positively with product innovation performance, and the correlation results are 

presented in Table 5. 

 

Table 5 Correlations of TM and product innovation performance 

Variables Sample 

Technology 

finance 

management 

Technology 

equipment 

management 

THRM 

Technology 

information 

management 

Technology 

achievement 

management 

Product leadership 

China 

(N=48) 
0.495*** 0.593*** 0.732*** 0.661*** 0.715*** 

Korea 

(N=31) 
0.737*** 0.682*** 0.799*** 0.732*** 0.735*** 

Product development 

cycle 

China 

(N=48) 
0.411*** 0.481*** 0.555*** 0.493*** 0.586*** 

Korea 

(N=31) 
0.778*** 0.781*** 0.760*** 0.749*** 0.842*** 

Cost of product 

China 

(N=48) 
0.497*** 0.480*** 0.496*** 0.558*** 0.564*** 

Korea 

(N=31) 
0.779*** 0.761*** 0.699*** 0.753*** 0.751*** 

Product success rate 

China 

(N=48) 
0.613*** 0.696*** 0.793*** 0.606*** 0.779*** 

Korea 

(N=31) 
0.868*** 0.868*** 0.774*** 0.849*** 0.831*** 

Product innovation 

performance 

China 

(N=48) 

0.603*** 0.673*** 0.771*** 0.692*** 0.791*** 

Korea 

(N=31) 

0.908*** 0.885*** 0.877*** 0.886*** 0.909*** 

Note: ***.p<0.01 

 

Considering the correlations between TM and product innovation performance, there are 



distinctly different modes between the Chinese and Korean firms. Within Korean firms, it can be 

observed that technology achievement management (β=0.909, p<0.01), technology finance 

management (β=0.908, p<0.01), technology equipment management (β=0.885, p<0.01), technology 

information management (β=0.886, p<0.01), and THRM (β=0.877, p<0.01) all highly correlate with 

product innovation performance (β>0.700, p<0.01). While within Chinese firms, only technology 

achievement management (β=0.791, p<0.01) and THRM (β=0.771, p<0.01) highly correlate with 

product innovation performance (β>0.700, p<0.01). Hence, H6 is fully supported. It is found that 

technology achievement management and THRM are important factors relevant to production 

innovation performance in both Korean and Chinese firms. This is consistent with previous studies 

which argue that the link between THRM and innovation performance is quite positive (Deng et al, 

2003), and in hi-tech firms, product innovation is mainly based on the development of technology 

achievement (Artz et al., 2010; Bäck and Kohtamäki, 2015; Stuart, 2000). 

Furthermore, Table 5 shows that, for Korean firms, almost all TM aspects highly correlate with 

product development cycle and product success rate (β>0.700, p<0.05), while equipment (β=0.682, 

p<0.01) does not highly correlate with product leadership, and THRM (β=0.699, p<0.01) does not 

highly correlate with cost of product. While for Chinese firms, only some TM aspects highly 

correlate with product innovation performance. In Chinese firms, THRM (β=0.732, p<0.01) and 

technology achievement (β=0.715, p<0.01) highly correlate with product leadership, and THRM 

(β=0.793, p<0.01) and technology achievement (β=0.779, p<0.01) highly correlate with product 

success rate. As indicated by previous research (Lee and Kelley, 2008; Song and Noh, 2006), 

Korean firms tend to employ various management practices to realize product innovation success, 

and these management practices are interdependent on each other. However, Chinese firms are still 

endeavoring to utilize fully their own technology resources (Yam et al., 2004), such as technology 

human resource and technology achievement. 

Discussion 

Technology resources can influence product innovation performance only to the extent that a firm 

can adequately leverage them (Sirmon and Hitt, 2009), thus managing technology resources is a 

necessary condition for superior product innovation performance. Mathews (2006) presented a 

model of catching up from a firm’s technology resources perspective, and argue that managing 

existing technology resources is a vital component of a good catching up strategy. Consistent with 

the hypotheses, we found that the emphases on technology equipment management, THRM, and 

technology information management of Chinese firms and Korean firms are different. In order to 

improve innovation capability, Chinese firms accumulate technology knowledge (Hu, 2008), and 

thus, they put more emphases on grasping equipment condition, learning from success and failure, 

and completing file on technology. They also emphasize understanding talents required by business 

and making the strategy of staff in order to capture technology resources and then be internalized 

(Mathews, 2002). While the most important thing for Korean firms is producing their own 

technology knowledge, and devoting all of their technology resources to their own product 

innovation efforts so as to strive to achieve the dominant design and gain first mover advantage, 

(Hobday et al., 2004). Thus, Korean firms stress on learning on equipment, motivating and training 

their staff, team building, and constructing tech-info management system. The TM practices of 

forerunner firms can provide reference for latecomer firms to manage their technology resources 



effectively. 

Moreover, Table 5 shows that, within Korean firms, technology finance management, 

technology equipment management, THRM, technology information management, and technology 

achievement management all highly correlate with product innovation performance. While for 

Chinese firms, only THRM and technology achievement management highly correlate with product 

innovation performance. Therefore, as an abstraction, and an organic, the dynamic “molecular” 

structure of the relationship between TM and product innovation performance is developed here (see 

Figure 2). The configuration suggests that there exist basic differences in the molecular (structural) 

interrelationships of TM between Chinese and Korean firms, and the bolder lines mean technology 

finance management and technology achievement management are more relevant to product 

innovation performance in Korean firms. It indicates that, at the beginning of catching up, latecomer 

firms do not from an integral TM to manage firm technology resources, and this lead to the firms’ 

existing available resources could not be fully utilized. While the forerunner firms stress the 

importance of TM as an integral tool, and apply the TM synthetically into product innovation. 

Latecomer firms can improve their TM level, manage and accumulate technology resources by 

following the TM mode of forerunner firms, and it is an effective way to achieve successful catching 

up. However, it is important for latecomer firms to note that catching up does not mean cloning 

(Malerba and Nelson, 2011). The TM mode of the forerunner can serve as an important tool. But the 

exact copying is almost impossible. The organizational, managerial, and institutional aspects of TM 

practices often are the most difficult to replicate, and the most in need of adaptation to latecomers’ 

conditions, norms, and values. Latecomer firms must make some modifications required to tailor 

practice to local circumstances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Molecular perspective of TM 
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Conclusion 

Product innovation and TM have long been regarded as a central force for successful catching up. 

This paper explores product innovation and TM practices between latecomer firms and forerunner 

firms. The key aspects of TM are examined to reveal the characteristics of TM between latecomer 

firms and forerunner firms, details in terms of the means, standard deviations and rankings of items 

are compared separately, and then the correlations between TM and product innovation performance 

are also compared. The results show that, for latecomer firms put more emphasize on grasping 

equipment information, understanding technology talents required by business, making the 

development strategy of staff, learning form success and failure, and forming complete technology 

files, for forerunner firms, on the other hand, stress on learning on equipment, motivating and 

training their staff, building working team and constructing detailed tech-info management system. 

Furthermore, the TM modes of latecomer firms and forerunner firms are different, comparing with 

latecomer firms, TM is more relevant to product innovation performance in forerunner firms, and it 

is a more integrated, and interdependent mode. 

As far as practical implications are concerned, firstly, this paper reveals the similarities and 

differences of TM practices between latecomer firms and forerunner firms, which can help latecomer 

firms to learn how forerunner firms manage their technology resource. The TM practices of 

forerunner firms can give more insight for latecomer firms, as being resource-poor to start with, to 

exploit, extend and broaden their technology resource effectively. Furthermore, the TM mode of 

forerunner firms can also serve as an example for latecomer firms to follow, and helps latecomer 

firms create a way to catch up with forerunner firms. Besides, the TM framework in this paper, on 

one hand, can help firms to develop a core set of generic TM activities and processes to exploit and 

accumulate their technology resource effectively, and thus improve product innovation performance. 

On the other hand, the TM framework can also be used as a useful tool to evaluate and improve 

firms’ TM level. 

This research is not without its limitations. Though the samples are found to be rather similar in 

respect of size as well as type of industry, other controls (where sub-sample size still permits 

meaningful statistical analysis) may need to be instituted to ensure a better match. Further, 

refinement to the survey instrument could be made to allow paying attention to the most significant 

differences between latecomer firms and forerunner firms. 

 

References 

Ahmad S, Schroeder R G. (2003). The impact of human resource management practices on 

operational performance: recognizing country and industry differences, Journal of Operations 

Management, 21(1), 19-43. 

Alegre J, Lapiedra R, Chiva R. (2006). A measurement scale for product innovation performance. 

European Journal of Innovation Management, 9(4), 333-346. 

Alegre, J., Sengupta, K., & Lapiedra, R. 2013. Knowledge management and innovation performance 

in a high-tech SMEs industry. International Small Business Journal, 31(4), 454-470. 

Archibugi, D. Pietrobelli, C. (2003). The globalization of technology and its implications for 

developing countries, windows of opportunity or further burden?. Technological Forecasting & 

Social Change, 70(9), 861-883. 

Artz K W, Norman P M, Hatfield D E, Cardinal L B. (2010). A longitudinal study of the impact of 



R&D, patents, and product innovation on firm performance. Journal of Product Innovation 

Management, 27(5), 725-740. 

Bäck I, Kohtamäki M. (2015). Boundaries of R&D collaboration. Technovation, 45-46(60), 15-28. 

Badawy, M.K., (1998), Technology management: alternative models. California Management 

Review. 40 (4), 94–115. 

Badawy A M. (2009). Technology management simply defined: A tweet plus two characters. Journal 

of Engineering and Technology Management. 26(4), 219-224. 

Bakar L J A, Ahmad H. (2010). Assessing the relationship between firm resources and product 

innovation performance: A resource-based view, Business Process Management Journal, 16(30, 

420-435. 

Barney, J. B. (1990). The debate between traditional management theory and organizational 

economics: Substantive differences or intergroup conflict? Academy of Management Review, 15: 

382–393. 

Barney J. (1991), Firm resources and sustained competitive advantage, Journal of Management, 

17(1), 99-120. 

Bowen D E, Galang C, Pillai R. (2002). The role of human resource management: an exploratory 

study of cross‐country variance. Human Resource Management, 41(1), 103-122. 

Bowman, D., Gatignon, H. (1996). Order of entry as a moderator of the effect of the marketing mix 

on market share. Marketing Science, 15(3): 222–242. 

Capron, L. Hulland, J. (1999). Redeployment of brands, sales forces and general marketing 

management expertise following horizontal acquisitions: a resource based view. Journal of 

Marketing. 63(4), 41-54. 

Carrillo, F. J. (2015). Knowledge-based development as a new economic culture. Journal of Open 

Innovation: Technology, Market, and Complexity, 1(1), 1-17. 

Cetindamar, D., Phaal, R. Probert, D. (2009). Understanding technology management as a dynamic 

capability: a framework for technology management activities. Technovation. 9(4), 237-46. 

Cetindamar D, Wastib SN, Ansalc H, Beyhan B. (2009). Does technology management research 

diverge or converge in developing and developed countries?. Technovation. 29(1), 45–58. 

Chandy R K, Tellis G J. (2000). The incumbent’s curse? Incumbency, size, and radical product 

innovation. Journal of Marketing. 64(3), 1-17. 

Chang Y Y, Gong Y, and Peng M W. (2012). Expatriate knowledge transfer, subsidiary absorptive 

capacity, and subsidiary performance, Academy of Management Journal, 55(4), 927-948. 

Chen C J, Huang J W. (2009). Strategic human resource practices and innovation performance—The 

mediating role of knowledge management capacity. Journal of Business Research. 62(1), 

104-114. 

Chen D, and Li-Hua R. (2011). Modes of technological leapfrogging: Five case studies from China, 

Journal of Engineering and Technology Management, 28(1), 93-108. 

Chien, C. F., Wu, J. (2003). Analyzing repair decisions in the site imbalance problem of 

semiconductor test achiness. IEEE Transactions on Semiconductor Manufacturing. 16(4), 704–

711. 

Choi D G, Lee Y, Jung M, Lee H. (2012). National characteristics and competitiveness in MOT 

research: A comparative analysis of ten specialty journals, 2000–2009. Technovation. 32(1), 

9-18. 

De Mooij M, Hofstede G. (2010). The Hofstede model: Applications to global branding and 



advertising strategy and research. International Journal of Advertising. 29(1), 85-110. 

Deng J, Menguc B, Benson J. (2003). The impact of human resource management on export 

performance of Chinese manufacturing enterprises. Thunderbird International Business Review. 

45(4), 409-429. 

Ding, D.Z., K. Goodall, and M.Warner. (2002). The impact of economic reform on the role of trade 

unions in Chinese enterprises. International Journal of Human Resource Management. 13(30), 

431–449. 

Drejer A. (1997). The discipline of management of technology, based on considerations related to 

technology. Technovation. 17(5), 253-265. 

Evanschitzky H, Eisend M, Calantone R J, Jiang Y Y. (2012). Success factors of product innovation: 

An updated meta-analysis. Journal of Product Innovation Management, 29(S1), 21-37. 

Fan P. (2006). Catching up through developing innovation capability: Evidence from China’s 

telecom-equipment industry. Technovation. 26(3), 359-368. 

Figueiredo P N. (2003). Learning, capability accumulation and firms differences: evidence from 

latecomer steel. Industrial and Corporate Change. 12(30), 607-643. 

Figueiredo P N. (2010). Discontinuous innovation capability accumulation in latecomer natural 

resource-processing firms. Technological Forecasting and Social Change. 77(7), 1090-1108. 

Foden J, Berends H. (2010). Technology management at Rolls-Royce. Research-Technology 

Management. 53(2), 33-42. 

Forbes N, Wield D. (2008). Innovation Dynamics in Catch‐Up Firms: Process, Product and 

Proprietary Capabilities for Development. Industry and Innovation. 15(1), 69-92. 

Fu X, Pietrobelli C, Soete L. (2011). The role of foreign technology and indigenous innovation in the 

emerging economies: technological change and catching-up. World Development, 39(7), 

1204-1212. 

Gabriela Dutrénit. (2007). The transition from building‐up innovative technological capabilities to 

leadership by latecomer firms. Asian Journal of Technology Innovation, 15(2), 125-149. 

Gaimon C. (2008). The management of technology: A production and operations management 

perspective, Production and Operations Management, 17(1), 1-11. 

Gao J, Jefferson G H. (2007). Science and technology take-off in China? Sources of rising R&D 

intensity. Asia Pacific Business Review. 13(3), 357-371. 

Garcia R, Calantone R. A. (2002). Critical look at technological innovation typology and 

innovativeness terminology: a literature review. Journal of Product Innovation Management. 

19(2), 110-132. 

Giudici G, Paleari S. (2000). The Provision of Finance to Innovation: A Survey Conducted among 

Italian Technology-Based Small Firms. Small Business Economics. 14(1), 37-53. 

Graner M, and Mißler-Behr M. (2013). Key determinants of the successful adoption of new product 

development methods, European Journal of Innovation Management, 16(3), 301-316. 

Greve H R. (2003). A behavioral theory of R&D expenditures and innovations: Evidence from 

shipbuilding. Academy of Management Journal. 46(6), 685-702. 

Guglielmi M, Williams E, Groepper P, Lascar S. (2010). The technology management process at the 

European space agency. Acta Astronautica. 66(5), 883-889. 

Hatch N W, Dyer J H. (2004). Human capital and learning as a source of sustainable competitive 

advantage. Strategic Management Journal. 25(12), 1155-1178. 

Hobday M, Rush H, Bessant J. (2004). Approaching the innovation frontier in Korea: the transition 



phase to leadership. Research Policy. 33(10), 1433-1457. 

Hofstede G J. (2007). Asian management in the 21st century. Asia Pacific Journal of Management. 

24(4), 411-420. 

Hofstede G J, (2012). Tipton Murff E J. Repurposing an Old Game for an International World. 

Simulation and Gaming, 43(1), 34-50. 

Hu M C. (2008). Knowledge flows and innovation capability: The patenting trajectory of Taiwan's 

thin film transistor-liquid crystal display industry. Technological Forecasting & Social Change. 

75(9), 1423-1438. 

Hung S W, and Tang R H. (2008). Factors affecting the choice of technology acquisition mode: An 

empirical analysis of the electronic firms of Japan, Korea and Taiwan, Technovation, 28(9), 

551-563. 

Intarakumnerd P, Virasa T. (2004). Government policies and measures in supporting technological 

capability development of latecomer firms: A tentative taxonomy, Asian Journal of Technology 

Innovation, 12(2), 1-19. 

Jacobs, W. Notteboom, T. (2011). An evolutionary perspective on regional port systems: the role of 

windows of opportunity in shaping seaport competition. Environment and Planning. 43(7), 

1674-1692. 

Jang S L, Lo S, Chang W H. (2009). How do latecomers catch up with forerunners? Analysis of 

patents and patent citations in the field of flat panel display technologies. Scientometrics. 79(3), 

563-591. 

Jin J, Von Zedtwitz M. (2008). Technological capability development in China’s mobile phone 

industry. Technovation. 28(6), 327-334. 

Julienti Abu Bakar L, Ahmad H. (2010). Assessing the relationship between firm resources and 

product innovation performance: A resource-based view. Business Process Management Journal. 

16(3), 420-435. 

Kim S, Wright P M, Su Z. (2010). Human resource management and firm performance in China: A 

critical review. Asia Pacific Journal of Human Resources. 48(1), 58-85. 

Kim Y, Min B, Cha J. (1999). The roles of R&D team leaders in Korea: a contingent approach. 

R&D Management. 29(2), 153-166. 

Krishnan V, Ulrich K T. (2001). Product development decisions: A review of the literature. 

Management Science. 47(1): 1-21. 

Laursen K, Foss N J. (2003). New human resource management practices, complementarities and 

the impact on innovation performance. Cambridge Journal of Economics. 27(2), 243-263. 

Lee H, Kelley D. (2008). Building dynamic capabilities for innovation: an exploratory study of key 

management practices. R&D Management. 38(2), 155-168. 

Lee, K. (2005). Making a technological catch‐up: barriers and opportunities. Asian Journal of 

Technology Innovation. 13(2), 97-131. 

Lee, K. (2013). How can Korea be a role model for catch-up development? A “Capability-based” 

View. In A. Fosu (ed.), Achieving Development Success: Strategies and Lessons from the 

Developing World. Oxford: Oxford University Press. 

Lee K, Lim C. (2001). Technological regimes, catching-up and leapfrogging: findings from the 

Korean industries. Research Policy, 30(3), 459-483. 

Li, J.T., Kozhikode, R.K., (2008). Knowledge management and innovation strategy: the challenge 

for latecomers in emerging economies. Asia Pacific Journal of Management, 25(3), 429–450. 



Li J, Kozhikode R K. (2009). Developing new innovation models: Shifts in the innovation 

landscapes in emerging economies and implications for global R&D management. Journal of 

International Management. 15(3), 328-339. 

Li X. (2011). Sources of external technology, absorptive capacity, and innovation capability in 

Chinese state-owned high-tech enterprises. World Development. 39(7), 1240-1248. 

Liao S H, Fei W C, Chen C C. (2007). Knowledge sharing, absorptive capacity, and innovation 

capability: an empirical study of Taiwan’s knowledge-intensive industries. Journal of 

Information Science. 33(3), 340-359. 

Malerba F, Nelson R. (2011). Learning and catching up in different sectoral systems: evidence from 

six industries. Industrial and Corporate Change. 20(6), 1645-1675. 

Mathews J A. (2002). Competitive advantages of the latecomer firm: A resource-based account of 

industrial catch-up strategies. Asia Pacific Journal of Management. 19(4), 467-488. 

Mathews, J., (2006). Dragon multinationals: new players in 21st century globalization. Asia Pacific 

Journal of Management. 23(1), 139–141. 

Minkov M, Hofstede G. (2012). Is National Culture a Meaningful Concept? Cultural Values 

Delineate Homogeneous National Clusters of In-Country Regions. Cross-cultural Research. 

46(2), 133-159. 

Nambisan S, Wilemon D. (2002). Graduate management of technology education: a global survey, 

critical issues and emerging trends. International Journal of Technology Management. 24(1), 

106-120. 

Nambisan S, Wilemon D. (2003). A global study of graduate management of technology programs. 

Technovation. 23(12), 949-962. 

Niosi, J. and Reid, S.E. (2007). Biotechnology and Nanotechnology: science-based enabling 

technologies as windows of opportunity for LDCs?. World Development. 35(3), 426-438. 

Nunnally, J.C., (1978). Psychometric Theory. McGraw-Hill, New York. 

Perdomo-Ortiz J, González-Benito J, Galende J. (2006). Total quality management as a forerunner 

of business innovation capability. Technovation. 26(10), 1170-1185. 

Phaal R, Paterson C J, Probert D R. (1998). Technology management in manufacturing business: 

process and practical assessment. Technovation. 18(8), 541-589. 

Rhee J, Park T, Lee D H. (2010). Drivers of innovativeness and performance for innovative SMEs in 

South Korea: Mediation of learning orientation. Technovation. 30(1), 65-75. 

Rush, H., Bessant, J., Hobday, M., (2007). Assessing the technological capabilities of firms: 

developing a policy tool. R&D Management. 37(3), 221–236. 

Sahoo T, Banwet D K, Momaya K. (2011). Strategic technology management in the auto component 

industry in India: A case study of select organizations. Journal of Advances in Management 

Research. 8(1), 9-29. 

Scarbrough H. (2003). Knowledge management, HRM and the innovation process. International 

Journal of Manpower. 24(5), 501-516. 

Sirmon DG, Hitt MA. (2009). Contingencies within dynamic managerial capabilities: interdependent 

effects of resource investment and deployment on firm performance. Strategic Management 

Journal. 30(13), 1375–1394. 

Song M, Kawakami T, and Stringfellow A. (2010). A Cross‐National Comparative Study of Senior 

Management Policy, Marketing–Manufacturing Involvement, and Innovation Performance, 

Journal of Product Innovation Management, 27(2), 179-200. 



Song M, Noh J. (2006). Best new product development and management practices in the Korean 

high-tech industry. Industrial Marketing Management. 35(3), 262-278. 

Stjernholm Madsen A, Ulhøi J P. (2005). Technology innovation, human resources and dysfunctional 

integration. International Journal of Manpower. 26(6), 488-501. 

Tang M, Hussler C. (2011). Betting on indigenous innovation or relying on FDI: The Chinese 

strategy for catching-up, Technology in Society, 33(1), 23-35. 

Tsai, K. H., Wang, J. C. (2008). External technology acquisition and firm performance: A 

longitudinal study. Journal of Business Venturing. 23(1), 91-112. 

Verona G. (1999). A resource-based view of product development. Academy of Management 

Review. 24(1), 132-142. 

Wang C, Lu I, Chen C. (2008). Evaluating firm technological innovation capability under 

uncertainty. Technovation. 28(6), 349-363. 

Wu W W, Liang D, Yu B, Yang Y. (2010). Strategic planning for management of technology of 

China’s high technology enterprises. Journal of Technology Management in China. 5(1), 6-25. 

Wu W W, Yu B, Wu C. (2012). How China’s equipment manufacturing firms achieve successful 

independent innovation: The double helix mode of technological capability and technology 

management. Chinese Management Studies. 6(1), 160-183. 

Yam R C M, Guan J C, Pun K F, et al. (2004). An audit of technological innovation capabilities in 

Chinese firms: some empirical findings in Beijing, China. Research Policy. 33(8), 1123-1140. 

Yu X, Yan J, Assimakopoulos D. (2015). Case analysis of imitative innovation in Chinese 

manufacturing SMEs: Products, features, barriers and competences for transition. International 

Journal of Information Management. 35(40), 520-525. 

Yusr, M. M. (2016). Innovation capability and its role in enhancing the relationship between TQM 

practices and innovation performance. Journal of Open Innovation Technology Market & 

Complexity, 2(1), 1-15. 



1 
 

Does technology transfer help small and medium companies? 

Empirical evidence from Korea 

 

Dae-Hwan Kim*, Matarr O. Sambou** and Moo-Sup Jung*** 

 

 

 

Abstract 

We challenge the view that technology transfer from big companies to small and medium 

(SM) companies helps SM companies to prosper. With a large dataset of SM companies in 

Korea, using the stochastic production frontier (SPF) model to examine the productivity of 

inputs and the generalized linear model (GLM) for comparing business performance between 

the two groups of SM companies: SM companies which receive and do not receive 

technology transfer from big companies, the empirical results demonstrate that the transfer of 

technology from big companies help SM companies to enjoy productivity of capital. 

Nonetheless, SM companies receiving technology transfer were found to underperform in 

terms of labor productivity and profit margin compared to their counterparts. We further 

investigate the reasons why SM companies receiving technology transfer from big companies 

underperform SM companies which are not receiving it and our findings shows that, the 

former do not export much of their product and faces more difficulties such as lower price for 

their products imposed by big companies than the latter. By identifying the negative rather 

than conventionally assumed positive effect of technology transfer, this paper contributes to 

the literature on the relationship between technology transfer and the wellbeing of SM 

companies in the case of Korea. Our findings have important implications for how SM 

companies should strategize and rethink about the clauses embedded in the transfer of 

technology they receive from big companies because technology transfer plays as a shackle 

to these companies. 
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1. Introduction 

 

The creation or absorption of new technology has become a vital component for 

companies to improve or maintain their competitive position in the market place, especially 

in an environment where technology, competitive position, and customer demands can 

change frequently (Yusr, 2016; Copeland and Shapiro, 2010; Bresnahan and Greenstein, 

1999). This is not surprising as the need for new technologies has grown in the last years due 

to the trend of increased global competition and fast structural changes in the markets. 

Companies operating in sectors where competition takes place on the basis of price alone, 

may rely on new technologies to improve efficiency in their productive processes (Gerardi 

and Shapiro, 2009). Technological innovation, therefore, plays an important role in the 

growth of firms (Yusr, 2016; Kim et al., 2016; Yun, 2015) and helps determining the success 

and long-run sustainable growth of firms (Aghion et al., 2001). 

South Korea (henceforth Korea) has shown a miraculous economic growth with rapid 

changes of its technology strategy such as Technology Transfer and Technology 

Commercialization, over the past 30 years. One of the most important driving forces of this 

growth is investment in large-scale facilities, development of infrastructure, and aggressive 

acquisition of the most advanced technology in the global market. Activities in technology 

transfer and commercialization became robust in the country when parliament enacted the 

Technology Transfer Promotion Act in 2000.  Through government support programs, the 

Act is passed in order to encourage the transfer and commercialization of Research and 

Development (R&D), with the intention of bolstering growth, particularly at the service 

sector (Kim et al., 2016). In other sectors, where the market evolves incessantly as new 

products with new functions or designs appear on a regular basis, companies are forced to 

innovate by acquiring or developing new technologies. Technological innovation is therefore 
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a crucial element of the competitive strategy of any company, big or small, high-tech or low-

tech (Dasgupta and Stiglitz, 1980). 

The on-going integration of domestic and international markets through continuing 

deregulation and liberalization of markets has enhanced competitive pressure for all firms. 

Thus, increased the technological needs of small companies worldwide while also improving 

their access to new technologies and capital goods. Small and medium (SM) companies have 

to decide whether to develop technology in-house or to obtain it from others. While investing 

in technology creation may be expensive and risky, as there are many uncertainties linked to 

the innovation process, SM companies has the advantage to gain access to cutting-edge 

innovations by depending on big companies through technology transfer (TT). However, 

there are some constraints faced by SM companies which benefit from the transfer of 

technology from big companies to bolster their production processes, particularly in Korea. 

This has make the whole technology transfer phenomenon more complicated and 

disadvantageous to many SM companies which are receiving TT from big companies. 

According to the database system1, operated by the Small and Medium Business 

Administration (SMBA) which is a Korean government organization, the economic and 

social roles of SM companies are essential for national economic stability. Since around 

87.9% of workers in the labour market are working in SM companies and the proportion of 

SM companies among all is 99.9% in 2015. Due to this increasing trend of labour market 

participants in this sector, there is increasing demand and interest in innovation. This shows 

that, innovation capacity is determining competitive advantage and the continuing existence 

of companies in the market (Yusr, 2016; Cainelli et al., 2004; Elche and González, 2008). 

However, SM companies face various limits to rely entirely on their own R&Ds and 

technology for sound and stable growth. Therefore, it is important for companies of different 

                                                           
1 http://sminfo.smba.go.kr/ 
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sizes to share knowledge among themselves in a more accord way in order to enhance stable 

and sustainable growth. Though companies benefit from knowledge spillovers (Vivarelli, 

2012), there are some challenges involved when companies of various sizes share knowledge 

among themselves. Depending on the nature of the technology and capacity of the recipient, 

the process of technology transfer may be simple and straightforward but usually is fairly 

complex.  

Thus, the issue we want to tackle in this article is to investigate what impact the 

transfer of technology from big companies to SM companies has on the overall well-being of 

SM companies in the case of Korea. We employed stochastic production frontier (SPF) 

model first introduced by Aigner et al. (1977) and Meeusen and Broeck (1977) to trace what 

effect technology transfer has on productivity, particularly to SM companies who are 

receiving it. We also employed the generalized linear model (GLM) to compare between SM 

companies receiving TT from big companies and those which are not receiving it in terms of 

their performance. Using a sample of 32,084 SM companies in Korea, we found out that SM 

companies receiving technology transfer have higher productivity than SM companies which 

are not receiving it based on their level of capital. This is due to fact that, SM companies with 

TT have larger capital stock than those without it because, technology is part of the capital 

firms used to produce their goods and services. However, the results from the GLM shows 

that SM companies without TT were found to have higher labour productivity and profit 

margin than those with TT. Finally, our findings shows the reasons why SM companies with 

TT perform poorly because, they are less likely to export and more likely to face various 

difficulties imposed by big companies.  

The remainder of the paper is organized into three additional sections. The second 

section presents the data used followed by the empirical analysis of our investigation on the 

impact technology transfer from big companies has on SM companies. The section after that 



6 
 

presents the empirical results of our findings using the SPF and GLM models. The paper ends 

with some concluding remarks. 

 

2. Data and Empirical Analysis 

 

2.1. Data  

 

For the empirical analysis, we use pooled data from most current 5 years Survey for 

Small and Medium Businesses (SMB) from 2009 to 2013. The SMB surveys about 7,000 or 

8,000 SM businesses every year based on the Minor Enterprises Act and Statistics Act in 

Korea. From 2009 to 2013, SMB of 39,000 were surveyed. We limit our samples into purely 

SM companies which deliver their products to big companies because the main purpose of 

this study is to compare two different groups of SM companies (i.e. SM companies which 

received TT from big companies and those which do not). In this study, 32,084 SM 

companies were employed for the empirical analysis after further deleting observations with 

missing information. 

We first compare the productivity between two groups: SM companies with TT and 

SM companies without TT. We hypothesized that SM companies with TT enjoy higher 

productivity of capital than their counterparts since it would not be necessary for them to 

invest a lot in developing technology. Following Zellner and Revanar (1969) and Greene 

(2005) for the comparison of capital and labour productivity, added values which is defined 

as quantity multiplied by the gap between price of the product and cost of producing the 

product are utilized. Using observations of the transportation-equipment manufacturing 

industry, Zellner and Revanar (1969) analysed a Cobb-Douglas production function using 
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log-transformed values added as the dependent variable and log-transformed values of labor 

and capital. 

Second, we compare the performance of both companies using two different 

indicators as proxies for business performance: sales margin which is defined as net profit 

divided by amount of sales and amount of exports. The reason why we didn’t use the amount 

of net profit is because the amount of net profit would simply reflects the amount of sales or 

firm size. It would be reasonable to think that SM companies which received TT from big 

companies outperform their counterparts. It is also possible, however, that SM companies 

which do not receive technology transfer outperform SM companies which received it, if they 

face irrational coercions imposed by big companies which offer them with technology. That 

is, technology transfer could play as shackles for SM companies benefiting from it. Using 

descriptive statistics, we compare whether they experienced irrational coercions or 

difficulties imposed by big companies. We hypothesize that big companies which offer SM 

companies with technology transfer would require compensation in requital for the transfer.  

Table 1 contains the list of explanatory variables and their definitions. The main 

independent variable is the binary variable of Technology Transfer which is equal to 1 if an 

SM company received technology transfer from big companies and 0 otherwise. Other 

explanatory variables which can affect the dependent variable are controlled and they are: 

size of the company which is defined as the number of workers, amount of capital and export, 

years of business period, a binary variable which is equal to 1 if the company is managed by 

a chief executive officer (CEO) and 0 otherwise, location of factory, types of business, 

location of company, and year dummies which can reflect the unobserved factors in the 

specific year (Greene, 2003). 
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2.2. Stochastic Production Frontier 

                

To investigate the productivity disparity between two groups, we employ the SPF 

model. The SPF model has been heavily used to fit stochastic production or cost function 

after it was introduced by Aigner et al. (1977) and Meeusen and Broeck (1977).  

Following the notation by Kumbhakar and Lovell (2000), a company 𝑖  produce 𝑞𝑖 

with production function 𝑞𝑖 = 𝑓(𝑧𝑖, 𝛽). Because of the degree of inefficiency, the SPF model 

assumes that a company 𝑖  produce less than the optimal level of output.  

𝑞𝑖 = 𝑓(𝑧𝑖, 𝛽)𝜏𝑖                                               (1) 

where 𝜏𝑖 is greater than 0 because the output level is assumed to be positive and equal to 1 if 

the firm produces the optimal level. In general, 𝜏𝑖 is smaller than 1 because a firm is not 

making the most of the inputs 𝑧𝑖 given the technology embodies in the production function. 

The SPF model, also, assumes that output is subject to random shocks and it can be written as 

follows. 

𝑞𝑖 = 𝑓(𝑧𝑖, 𝛽)𝜏𝑖exp (𝑣𝑖)                                           (2) 

 After taking the natural log of both sides and replacing −ln (𝜏𝑖) with 𝑢𝑖 , the above 

equation with 𝑘 inputs can be rewritten as  

ln(𝑞𝑖) = 𝛽0 + ∑ 𝛽𝑗ln (𝑧𝑗𝑖) +

𝑘

𝑗=1

𝑣𝑖 + 𝑢𝑖                                            (3) 

The model depends on different specification of the inefficiency term 𝑢𝑖. If the  𝑢𝑖 are 

independently exponentially distributed with variance 𝜎𝑢
2, exponential SPF is proper. Half-

normal SPF, however, is an alternative approach if 𝑢𝑖  are independently half-normally 

distributed with 𝑁+(0, 𝜎𝑢
2). If 𝜎𝑢

2 is equal to 0, SPF reduces to ordinary least squares (OLS). 

The null hypnosis of 𝐻0: 𝜎𝑢
2 = 0 can be tested by Likelihood-ratio test.  
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Following Zellner and Revanar (1969) and Greene (2005), we use value added as 𝑞𝑖 

and log-transformed number of workers, log-transformed amount of capital and other firm 

characteristics that can affect productivity.  

 

2.3. Generalized Linear Model  

 

We employ the GLM model to compare the performance of SM companies. After the 

theory of GLM was developed by Nelder and Wedderburn (1972), GLM models have been 

widely used in various applications (Cameron and Trivedi, 2005). The model has single 

response (dependent) variable which it explains and is hypothesized to follow a number of 

single parameter exponential families of probability distributions. The backbone of 

exponential families is usually written as: 

𝑓𝑦(𝑦; 𝜃, 𝜑) = exp {
𝑦𝜃 − 𝑏(𝜃)

𝛼(𝜑)
+ 𝑐(𝑦, 𝜑)}                                                    (4) 

where 𝑦 represents the response variable, 𝑓(∙) is the generic form of the density function 𝑦, θ 

is the canonical parameter and 𝜑 is the scale required to produce standard errors following a 

distribution in the exponential families, 𝑏(𝜃)  is the cumulant which describes moments, 

𝑐(𝑦, 𝜑)  is a normalization function, 𝛼(𝜑)  is the scale parameter. Exponential families 

include Gaussian, binomial, Poisson, gamma, inverse Gaussian, geometric, negative binomial 

and others.  

Various GLM models can be divided into two categories in terms of continuity of the 

response variable. For count variables such as {1, 2, 3…}, Poisson, negative binomial family, 

zero-inflated models, and hurdle models are employed. On the other hand, for continuous 

variables, Gaussian family including log-normal model, gamma family including log-gamma 

model, and inverse Gaussian family are employed (Hardin and Hilbe, 2007).  
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The purpose of using GLM models is to investigate the effect of technology transfer 

on business performance such as amount of profit margin and export. Since profit margin and 

export are continuous response variables, we used Gaussian, gamma, and inverse Gaussian 

families. As criteria for model selection among the various GLM models, Akaike Information 

Criterion (AIC) (Akaike, 1973) and Bayesian Information Criterion (BIC) (Schwarz, 1978) 

are utilized.  

𝐴𝐼𝐶 =  −2𝑙𝑛𝐿 + 2𝑞                                              (2) 

𝐵𝐼𝐶 =  −2𝑙𝑛𝐿 + (𝑙𝑛𝑁)𝑞                                      (3) 

where 𝑙𝑛𝐿 is the values of log-likelihood and 𝑞 is the number of parameters. Both criteria 

propose that a model with lowest value is preferred and thus BIC impose harder penalty as 

log values of sample size is in general greater than 2 (Cameron and Trivedi, 2005). 

According to both AIC and BIC, log-normal model is preferred to other GLM models for 

technology transfer effects on business performance. The log-likelihood function for log-

normal model can be written after simply substituting exp (𝑥𝛽) for each instance of 𝑥𝛽 in the 

log-likelihood function of Gaussian model which is well known.  

𝐿(𝜇; 𝑦, 𝜎2) = ∑ {
𝑦𝑖 exp(𝑥𝑖𝛽) − {exp(𝑥𝑖𝛽)}2/2

𝜎2
−

𝑦𝑖
2

2𝜎2
−

1

2
ln (2𝜋𝜎2)}

𝑛

𝑖=1

           (4) 

where 𝑥  represents the vector of explanatory variables and 𝛽  is the vector of estimated 

coefficients.  
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3. Empirical Results 

 

3.1. Descriptive Statistics 

 

We distinct the distributive statistics for all sample of SM companies in our analysis, 

that is, samples with technology transfer and samples without technology transfer and this is 

highlighted in Table 2. On average, 9.6% of SM companies have technology transfer. The 

proportion of workers in SM companies with TT from big companies is higher than those 

without TT. Hence, the number of workers in the labour market working in SM companies 

which receive technology transfer from big companies is, on average, 13.291 higher than SM 

companies without technology transfer. 

Since technology is one of the components of capital used by companies in their 

production processes (Cainelli et al. 2004; Van Riel et al. 2004; Elche and González, 2008), 

SM companies which receive TT from big companies have some comparative advantage over 

SM companies which do not receive TT in terms of the amount of capital used in their 

production processes. Thus, SM companies with TT are found to have, on average, a capital 

worth of 369,101 won higher than SM companies without TT. 

However, the proportion of the profit margin and export is greater among SM 

companies without technology transfer than those with technology transfer. The average 

business age is 13.412 for all samples and it is obvious that the average business age among 

samples without TT is much higher which is consistent with previous literature (Kim et al., 

2016). Also, the proportion of value added on the products is much higher among SM 

companies without technology transfer than those with technology transfer and the different, 

on average, amounted to 56,682 won.  
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The average number of SM companies operated by CEOs are found to be higher 

among SM companies without TT. This may be true because, SM companies which are not 

benefiting from the technology transfer would need the service of CEOs to help run the 

affairs of the business, particularly in terms of proper management of company resources. In 

order words, SM companies without TT needs to invest in R&D and thus the job of a CEO is 

necessary in allocating their limited resources more effectively and efficiently in order for 

them to be able to use cutting-edge technology in their production processes. Although to the 

best of our knowledge, there are few, if any, related studies which investigates the transfer of 

technology between companies of different sizes, prior studies have confirmed that 

technology is positively correlated with the output level of companies (Cainelli et al. 2004; 

Elche and González, 2008). 

 

3.2. Productivity 

 

Table 3 presents the results of the productivity analysis using SPF for SM companies 

with and without technology transfer from big companies, respectively. The empirical results 

presented in table 3 are obtained from an exponential SPF, however, the results are little 

different from a half-normal SPF. Furthermore, as shown in table 3, the test for the null 

hypothesis that 𝐻0: 𝜎𝑢
2 = 0 is rejected at the 1% level of significant for both SM companies. 

Thus, the test result suggests that SPF is preferred to OLS.  

According to the estimated coefficients for SM companies which do not receive the 

transfer of technology from big companies, as the number of workers and amount of capital 

increase by 1%, productivity (measured using added values) increases by 0.574% and 

0.426%, respectively. On the other hand, for SM companies with technology transfer from 

big companies, as the number of worker and amount of capital increase by 1%, productivity 



13 
 

increases by 0.404% and 0.479%, respectively. The estimated results confirmed that SM 

companies receiving TT outperforms SM companies which do not receive it in terms of 

capital productivity. This is because, SM companies which receive TT from big companies 

have a comparative advantage in terms of new technologies and the amount of capitals use in 

their production processes. Therefore, they have more room to increase the value of their 

products relative to the products of SM companies which do not benefit from the transfer of 

technology from big companies. Interestingly, however, SM companies receiving TT 

underperforms SM companies which are not receiving it based on the number of labour 

productivity. This is breath-taking, despite the fact that SM companies which are receiving 

technology transfer have more workers than SM companies which are not receiving it. 

For both groups, it is convincing to say that as the amount of export increases, 

productivity also increases and the estimated coefficients are both statistically significant at 

the 1% level of confidentiality. Though the sizes of the estimated coefficients are found to be 

pretty small, the expected signs and the magnitude of the estimated coefficients has some 

interesting statistical analysis and are in line with our a prior results. That is, when export 

increases by 1%, productivity increases by 0.006% for SM companies without technology 

transfer and 0.008% for SM companies with technology transfer, respectively. This implies 

that, export has a more robust effect on the productivity level of SM companies with TT than 

those without TT, however, with a small margin.  

The length of time companies have been into business is found to have more robust 

and adverse effect on the productivity level of SM companies without technology transfer. 

The estimated coefficient on business age is -0.048 and it is statistically different from zero. 

The result shows that, 1% increase in the length of time an SM company without TT has in 

business, its value added on productivity would fall by 4.8%, holding fixed all other variables. 

It is shown that SM companies which are operated by CEOs are more productive than SM 
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companies which are operated by their owners. Notwithstanding, SM companies without TT 

and are operated by CEOs are found be more productive than their counterparts. The 

estimates suggest that they have higher level of productivity than SM companies which are 

receiving TT and are run by CEOs.  

From Table 3, overall, the size of inefficiency is found to be greater for SM 

companies which are receiving technology transfer from big companies than SM companies 

which are not receiving it. That is, an estimated inefficiency size of 0.432 for SM companies 

without TT and 0.456 for SM companies with TT, respectively shows that SM companies 

without TT are less inefficient than their counterparts. 

 

3.3. Effect of Technology Transfer on Performance and Globalization   

 

The long-run survival of firms and companies and their competitiveness in the global 

market depends on their level of innovation and adaptability to new technologies (Yusr, 2016; 

Elche and González, 2008). However, Deng et al (2014) challenge the traditional view that 

innovations always help exporters prosper in competitive international market, by developing 

and testing the premise that the relationship between innovation and export performance is 

contingent on some important firm-specific idiosyncrasies. With a large dataset of Chinese 

firms, their empirical results demonstrate that innovation could be detrimental to exporter 

survival. Nonetheless, they also observe a positive relationship between innovation and 

survival in highly profitable exporters.  

Using a log-normal model of GLM models, we investigate the effect of technology 

transfer on business performance such as profit margin and amount of export and the 

empirical results are presented in Table 4. According to the estimated coefficients, 

technology transfer reduces profit margin by 7.3%. This finding is consistent with previous 
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literatures on the relationship between innovations and exports (Deng et al., 2014). However, 

it is confirmed that the greater the amount of export, the greater the profit margin. According 

to the estimated coefficient of export, holding everything else fixed, 1% increase in export 

increases profit margin by 0.006% and the estimated effect is statistically significant at the 1% 

level of significance. 

In economics rationale, it is not reasonable to accept the empirical results that 

technology transfer reduces productivity and profit margins. Thus, we investigate the reasons 

as to why productivity and profit margin of SM companies which are receiving technology 

transfer from big companies are worse off compared to their counterparts. According to the 

empirical results, the amount of export is found to be an important determinant both for 

productivity and profit margin and we hypothesize that technology transfer plays as a barrier 

for exporting products of firms receiving it from big companies.  

Result of testing the hypothesis is present at the left column of Table 4. It is found that 

technology transfer reduces the amount of exports a lot. According to the estimated 

coefficients, technology transfer reduces the amount of export by 45.3%. Considering this 

huge negative effect of technology transfer on export, it is convincing to say that technology 

transfer reduces productivity and profit margin through export performance. Empirical results 

are little different even after replacing the dependent variable of log-transformed amount of 

exports with log-transformed amount of exports divided by total amount of sales. 

It is reasonable to think that technology transfer itself does not reduce export. The 

possible reasons would be various. First, big companies which transferred their technology to 

SM companies would require SM companies to sell their products only or mainly to them. 

Second, SM companies which can sell their products to companies which transfer technology 

to them would be less likely to find clients overseas. 
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Number of workers the company have, the length of time it has been into business, 

and if it is operated by CEOs were found to have an adverse effect on the profit margin of 

SM companies. This is not surprising because, companies’ CEOs and workers though 

contribute immensely towards the success and profitability of companies (Kim and Jung, 

2015; Mackey, 2008), they are also a cost burden to companies which hire them. Nonetheless, 

this variables were found to have a robust and statistically significant effect on the export 

level of SM companies. 

 

3.4. Technology Transfer as Shackles (Difficulties faced by SM companies) 

 

Again, in economics rationale, it is reasonable to think that technology transfer plays 

positive roles in the performance of business. However, our empirical investigations present 

the opposite consequences of technology transfer. In order to find out the more detailed 

reasons for the consequences faced by SM companies which received technology transfer 

from big companies, we compare the types and levels of difficulties experienced by SM 

companies between the two groups. 

The results of our findings are shown in Table 5 and it presents surprisingly 

unacceptable unfair relationships between SM companies which received technology transfer 

and big companies which transferred their technology to them. Looking at the results 

presented in Table 5, which is based on a survey conducted by SMBA. SMBA asks SM 

companies to choose one of the difficulties listed in Table 5 which they experienced when it 

comes to doing business with big companies. 

From the results presented below, base on high quality requirements, the number of 

SM companies without TT which are required to provide high quality products in the market 

are less than that of their counterparts with lower proportion. Since 29,013  of SM companies 



17 
 

without TT and 3,071 of SM companies with TT took part in the survey conducted by SMBA, 

the proportion of companies or firms facing such a difficulty impose by big companies is 

higher for SM companies with TT than those without TT. However, in terms of reflecting the 

increasing cost of raw materials, reducing prices, paying for product on time and 

irregularities, SM companies without TT have higher number of firms that response to such 

questions than their counterparts and again with lower proportion. This shows that, SM 

companies without TT are more transparent and bold enough to present the kind of 

difficulties imposed by big companies they are facing and what is happening in their 

businesses than their counterparts. 

Finally, looking at the overall satisfaction level of SM companies with regards to the 

difficulties they encounter, SM companies which are receiving technology transfer from big 

companies were found to be less satisfied than their counterparts. Comparing the two separate 

SM companies based on the difficulties each faces, SM companies which are not receiving 

technology transfer from big companies were found to answer more in the affirmative that 

they are facing less difficulties than SM companies which are receiving technology transfer. 

This findings augment our argument that SM companies which are receiving technology 

transfer from big companies are left with no choices but to play by the rules of big companies 

in order for them to continue benefiting from the innovations provided by the big companies. 

 

4. Conclusion 

 

Combining firms or companies which are either receiving or not receiving technology 

transfer from big companies, we employ a large dataset of SM companies in Korea to 

investigate the relationship between technology transfer and firm’s wellbeing by asking: 

Does technology transfer from big companies to SM companies helps SM companies? The 
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results suggest that technology transfer though good for SM companies which do not have to 

worry about investing on R&D to bolster production and growth, but reduce their labor 

productivity, profit margin and export share. This shows that, technology transfer has a 

negative rather than a positive effect on SM companies overall well-being. Because SM 

companies which are receiving the transfer of technology from big companies are faced with 

some constraints to compete both in the local and international market for their products.  

However, we also find that technology transfer does not have a uniform negative 

effect across all firms which are receiving the transfer of technology from big companies in 

all specification. Rather, it shows some positive and statistically significant effects on capital 

which in turn increase the productivity of SM companies which are benefiting from 

technology transfer more than their counterparts. 

Our findings have several implications for future research on the relationship between 

technology transfer and the well-being of SM companies. First, our study highlights the 

academic value of distinguishing the three different types of outcomes of technology transfer 

on the well-being of SM companies, that is, productivity, export, and profit margin. Merely 

focusing on the productivity of SM companies which are receiving technology transfer from 

big companies, prior research has neglected the important of such transfer on export and 

profit margin of SM companies which are benefiting from the transfer.  

We demonstrate that while technology transfer to SM companies may enhance 

productivity through capital, this does not necessarily mean that it is a good thing for SM 

companies to continue receiving technology transfer from big companies. While research on 

innovation, particularly technology transfer remains important for theoretical and practical 

reasons, future research should extend to examination of the survival of SM companies which 

are receiving technology transfer. Second, our findings challenge the view that technology 
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transfer has only a positive value for SM companies receiving it. We show that technology 

transfer can be a liability for SM companies which want to compete in the global market.  

Though we are not concluding that technology transfer may drive SM companies 

which have export ambitions out of the global market, the limiting opportunities given to SM 

companies which are receiving technology transfer from big companies will hinder their 

aspirations for competition in the international market. This is particularly true for SM 

companies in Korea as their ability of both developing innovative products to suit the needs 

of their customers (locally and internationally) and of achieving profitability from exports 

depends on the hands of big companies which are transferring their technologies to them. 

Thus, this can drive some of the SM companies out of business because of the limited avenue 

given to them to exercise their marketing powers. Therefore, this study adds to the existing 

literatures, if any, on the value of technology transfer on the well-being of SM companies, 

particularly those in emerging markets. 
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Appendix 

 

Table 1. Variable names and definition 

Variables Definition 

Technology Transfer =1 if received technology transfer from big companies, 0 otherwise 

Log(Added Value) 
Log(Added values which are sales amount minus production costs except for 

wages)  

Log(Profit Margin) Log(profits divided by amount of sales) 

Log(Export) Log(amount of export) 

Log(Workers) Log(number of workers) 

Log(Capital) Log(capital) 

Log(Business Age) Log(years of business period) 

CEO =1 if operated by CEO and 0 if operated by owner 

Location1 =1 if factory is located in domestic, 0 otherwise 

Location2 =1 if factory is located in overseas, 0 otherwise  

Location3 =1 if factory is located in domestic and in overseas, 0 otherwise 

Location4 =1 if does not have a factory, 0 otherwise 

Type1 =1 if business type is technological innovation, 0 otherwise 

Type2 =1 if business type is venture, 0 otherwise 

Type3 =1 if business type is management innovation, 0 otherwise 

Type4 =1 if business type is general, 0 otherwise 

Year 2009 =1 if samples are from 2009, 0 otherwise 

Year 2010 =1 if samples are from 2010, 0 otherwise 

Year 2011 =1 if samples are from 2011, 0 otherwise 

Year 2012 =1 if samples are from 2012, 0 otherwise 

Year 2013 =1 if samples are from 2013, 0 otherwise 

Region1 =1 if business is located in region1, 0 otherwise 

Region2 =1 if business is located in region2, 0 otherwise 

Region3 =1 if business is located in region3, 0 otherwise 

Region4 =1 if business is located in region4, 0 otherwise 

Region5 =1 if business is located in region5, 0 otherwise 

Region6 =1 if business is located in region6, 0 otherwise 

Region7 =1 if business is located in region7, 0 otherwise 

Region8 =1 if business is located in region8, 0 otherwise 

Region9 =1 if business is located in region9, 0 otherwise 

Region10 =1 if business is located in region10, 0 otherwise 

Region11 =1 if business is located in region11, 0 otherwise 

Region12 =1 if business is located in region12, 0 otherwise 

Region13 =1 if business is located in region13, 0 otherwise 

Region14 =1 if business is located in region14, 0 otherwise 

Region15 =1 if business is located in region15, 0 otherwise 

Region16 =1 if business is located in region16, 0 otherwise 

Notes: 1) reference groups for dummy variables are Location1, Type1, Year 2009, and Region1. 
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Table 2. Descriptive statistics 

Variables 
Whole Samples 

Samples without 

Technology Transfer 

Samples with 

Technology Transfer 

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

Technology Transfer 0.096 0.294 0 0 1 1 

Log(Added Value) 13.506 1.381 13.490 1.391 13.645 1.274 

Log(Profit Margin) -3.332 0.982 -3.323 0.977 -3.409 1.022 

Log(Export) 3.249 6.081 3.248 6.075 3.256 6.140 

Log(Workers) 3.180 0.997 3.148 0.992 3.487 0.994 

Log(Capital) 14.035 1.559 14.022 1.560 14.153 1.544 

Log(Business Age) 2.376 0.693 2.380 0.692 2.331 0.703 

CEO 0.803 0.398 0.804 0.397 0.788 0.409 

Location1 0.911 0.285 0.912 0.284 0.901 0.298 

Location2 0.007 0.081 0.007 0.082 0.007 0.080 

Location3 0.012 0.108 0.011 0.106 0.018 0.131 

Location4 0.071 0.257 0.071 0.256 0.075 0.263 

Type1 0.283 0.451 0.280 0.449 0.317 0.465 

Type2 0.035 0.184 0.035 0.184 0.035 0.183 

Type3 0.006 0.075 0.005 0.072 0.009 0.093 

Type4 0.676 0.468 0.680 0.466 0.639 0.480 

Year 2009 0.217 0.412 0.218 0.413 0.211 0.408 

Year 2010 0.224 0.417 0.226 0.419 0.198 0.399 

Year 2011 0.155 0.362 0.157 0.364 0.140 0.347 

Year 2012 0.220 0.414 0.222 0.416 0.199 0.399 

Year 2013 0.184 0.388 0.177 0.382 0.252 0.434 

Region1 0.092 0.288 0.093 0.291 0.076 0.264 

Region2 0.083 0.275 0.084 0.277 0.070 0.256 

Region3 0.062 0.240 0.060 0.238 0.074 0.262 

Region4 0.075 0.263 0.075 0.264 0.073 0.260 

Region5 0.032 0.176 0.031 0.173 0.046 0.209 

Region6 0.034 0.181 0.035 0.183 0.026 0.160 

Region7 0.036 0.187 0.032 0.177 0.074 0.262 

Region8 0.179 0.383 0.181 0.385 0.156 0.363 

Region9 0.032 0.175 0.033 0.178 0.018 0.134 

Region10 0.055 0.228 0.056 0.230 0.045 0.208 

Region11 0.062 0.242 0.062 0.240 0.068 0.252 

Region12 0.046 0.209 0.047 0.212 0.034 0.182 

Region13 0.040 0.196 0.040 0.197 0.038 0.192 

Region14 0.075 0.264 0.075 0.263 0.077 0.267 

Region15 0.088 0.284 0.085 0.279 0.121 0.326 

Region16 0.010 0.099 0.011 0.102 0.003 0.057 

Number of Samples 32,084 29,013 3,071 

Notes: 1) reference groups for dummy variables are Location1, Type1, Year 2009, and Region1. 

   2) Unit for added values, profit margins, export are 1,000 Korean won which is similar with 1 

US dollar (actual currency exchange rate is $1=1,150won). 
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Table 3. Productivity analysis using SPF 

Variables 
Samples without Technology Transfer Samples with Technology Transfer 

Coef. Std. Err. Coef. Std. Err. 

Log(Workers) 0.574 0.006*** 0.404 0.015*** 

Log(Capital) 0.426 0.004*** 0.479 0.011*** 

Log(Export) 0.006 0.001*** 0.008 0.002*** 

Log(Business Age) -0.048 0.006*** -0.031 0.018* 

CEO 0.179 0.011*** 0.094 0.031*** 

Location2 0.277 0.049*** 0.256 0.131* 

Location3 0.020 0.036 0.020 0.086 

Location4 0.090 0.017*** -0.035 0.044 

Type2 -0.044 0.023* 0.020 0.066 

Type3 0.008 0.053 -0.029 0.115 

Type4 -0.092 0.009*** -0.096 0.025*** 

Year 2010 0.039 0.012*** 0.044 0.036 

Year 2011 0.042 0.013*** 0.035 0.039 

Year 2012 0.013 0.012 0.000 0.036 

Year 2013 0.094 0.012*** 0.054 0.034 

Region2 -0.291 0.020*** -0.194 0.061*** 

Region3 -0.387 0.021*** -0.365 0.060*** 

Region4 -0.323 0.020*** -0.274 0.060*** 

Region5 -0.375 0.026*** -0.275 0.067*** 

Region6 -0.291 0.025*** -0.349 0.081*** 

Region7 -0.281 0.026*** -0.243 0.061*** 

Region8 -0.253 0.017*** -0.237 0.052*** 

Region9 -0.352 0.026*** -0.330 0.095*** 

Region10 -0.313 0.022*** -0.273 0.068*** 

Region11 -0.289 0.021*** -0.295 0.062*** 

Region12 -0.372 0.023*** -0.268 0.075*** 

Region13 -0.353 0.024*** -0.409 0.071*** 

Region14 -0.367 0.020*** -0.320 0.060*** 

Region15 -0.319 0.020*** -0.299 0.055*** 

Region16 -0.336 0.041*** 0.035 0.200*** 

_cons 6.418 0.046*** 6.170 0.128*** 

𝜎𝑢 0.432 0.006*** 0.424 0.017*** 

𝜎𝑣 0.511 0.004*** 0.459 0.011*** 

Inefficiency 0.432 0.456 

Notes: 1) Figures in parentheses are robust standard errors. 

           2)  *, **, and *** indicate statistically significant at 10%, 5%, and 1% level, respectively. 
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Table 4. Business performance analysis using GLM 

Variables 
Log(Profit Margin) Log(Export) 

Coef. Std. Err. Coef. Std. Err. 

Technology Transfer -0.073 0.020*** -0.453 0.109*** 

Log(Export) 0.006 0.001***   

Log(Worker) -0.067 0.007*** 0.746 0.057*** 

Log(Business Age) -0.034 0.009*** 0.577 0.050*** 

CEO -0.380 0.015*** 0.481 0.089*** 

Location2 -0.193 0.073*** 3.234 0.401*** 

Location3 0.041 0.054 5.250 0.295*** 

Location4 0.020 0.024 0.112 0.132 

Type2 -0.039 0.034 -0.255 0.189 

Type3 -0.216 0.077*** -0.595 0.432 

Type4 -0.102 0.014*** -1.495 0.075*** 

Year 2010 0.147 0.018*** -0.989 0.102*** 

Year 2011 0.070 0.019*** 0.661 0.109*** 

Year 2012 0.036 0.018** 0.039 0.100 

Year 2013 0.022 0.018 0.503 0.103*** 

Region2 0.184 0.030*** -1.164 0.168*** 

Region3 0.087 0.032*** -1.479 0.177*** 

Region4 0.066 0.030** -0.334 0.169** 

Region5 0.076 0.038** -1.614 0.215*** 

Region6 0.264 0.038*** -0.845 0.211*** 

Region7 0.198 0.037*** -2.437 0.206*** 

Region8 0.081 0.026*** -0.256 0.144* 

Region9 0.157 0.039*** -0.963 0.216*** 

Region10 0.080 0.033** -0.999 0.182*** 

Region11 0.027 0.032 -1.306 0.177*** 

Region12 0.060 0.034* -1.601 0.192*** 

Region13 0.072 0.036** -1.749 0.200*** 

Region14 0.039 0.030 -1.466 0.169*** 

Region15 0.055 0.029* -1.300 0.163*** 

Region16 0.179 0.061*** -2.035 0.341*** 

_cons -2.821 0.039*** -8.605 0.509*** 

Notes: 1) Figures in parentheses are robust standard errors. 

           2)  *, **, and *** indicate statistically significant at 10%, 5%, and 1% level, respectively. 

            3) Prob > F = 0.000 for both profit margin and export estimations. 
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Table 5. Difficulties imposed by big companies 

Difficulties imposed by big companies 

(Shackles from big companies) 

Samples without 

Technology Transfer 

Samples with 

Technology Transfer 

Number 

of Firms 

Proportio

n 

Number 

of Firms 

Proportio

n 

Requires too much high quality 897 0.031 1005 0.327 

Does not reflect increased costs of raw materials 1861 0.064 823 0.268 

Reduce prices 817 0.028 441 0.144 

Does not pay for products received on time 242 0.008 82 0.027 

Irregular order 182 0.006 162 0.053 

Rush delivery and reduce delivery period 93 0.003 99 0.032 

Change subcontractor unilaterally  19 0.001 8 0.003 

Requires patent technology and information 4 0.000 1 0.000 

Conflict with calculating production costs 42 0.001 47 0.015 

Does not pay for bill discount 18 0.001 2 0.001 

Other difficulties 0 0.000 84 0.027 

No answer 0 0.000 2 0.001 

No difficulties 24,838 0.856 315 0.103 

Number of Samples 29,013 3,071 
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Abstract 

The peer to peer (P2P) systems, in which individuals can share electricity with others, have recently 
developed into pilot programs in the countries with deregulated electricity markets. A Dutch firm, 
Vandebron, has enabled consumers to buy electricity directly from the independent producers on its 
webpage since 2014. A British company, Open Utility, has, since October 2015, launched a pilot 
transaction program in which, through the P2P energy platform, commercial electricity consumers 
could firsthand make transactions with renewable energy producers without contacting electricity 
providers. Also Yeloha, a firm based in Massachusettes, US, has begun its operation under a slogan 
of “world's Solar Sharing Network” since 2015. 
Although the P2P electricity transactions are their nascent stage, one can project that the scope of 
them would expand, thanks to the increased awareness of the “sharing economy” and growing 
microgrid businesses. In countries which regulate their electricity markets, e.g. Korea, various 
institutional barriers would hamper the development of the energy P2P systems. Nevertheless, the 
need for electricity transactions or sharing among individuals would surge as the distributed energy 
and Information and Communications Technology (ICT) widen their realms. Consequently, this 
would drive societies to demand the corresponding policies.
This study observes the procedure in which the conventional systems-a power company sells 
consumers its electricity-evolve into the P2P regime-an individual conducts direct transactions with 
others-in a regulated market, especially Korea. And with the observation, the author evaluates the 
possibility and challenges of the conjecture that consumers could act as energy prosumers. 
There have been not many previous studies in terms of social and regulatory aspects on P2P 
electricity trading until now. Rogers and Wang (2012) distinguished the existing electricity grid and 
P2P grid and suggested the P2P electricity trading will expand naturally. According to their study, 
the main difference between our existing grid and a new P2P grid is the interaction among the end 
users. In the existing electric grid, we need to communicate with the central power utility, while a 
P2P system is direct among the producers and consumers. Also, P2P electricity trading is a natural 
evolution from the system we have now. The phone system went from centralized 
telecommunications company in the 1970s to a very decentralized and inexpensive system around 
the world. People can communicate real time through mobile Internet. The phone systems still need 
large cables and infrastructure, but most of the innovation has been in decentralized and P2P systems 

 

on the internet.
Crosby (2014) emphasized that there would be regulatory challenges and opportunities in 
accordance with the spread of P2P electricity trading. According to him, along with grid use 
improvements, the increased market adoption of decentralized energy resources creates new markets 
for democratized and transactive trading of power and information. In turn, the opportunity for trade 
creates opportunities for new business models to disrupt the current utility monopoly around power 
delivery. The regulatory challenge and opportunity is to determine the best path forward to support 
innovation through markets, maintain gains in clean energy programs and uphold regulatory 
compacts to provide reliable service at reasonable rates. Existing regulatory paradigms and utility 
systems are insufficient to enable the same type of information, payment and market disruption that 
spawned the sharing economy. New distribution system platforms are under development in several 
jurisdictions, either leading — or being led by — the explosive growth of DERs.
Giotitsas et al. (2015) proposed an alternative model, inspired by the commons-oriented practices, 
currently observed in the production of information, that utilizes microgrids in order to create a P2P 
energy grid and then discussed the conditions necessary for the energy commons to emerge.
These studies all reached a consensus on the prospects that the P2P electricity trading will be 
proliferated after all and the social and regulatory system should respond to the change. However, 
they all have limitations on giving more practical suggestions about the social and regulatory 
response.
The sources of information for this study include interviews with experts on the field; academic 
literature; exemplary cases that support our theoretical claim; and press and other media sources. 
The research strategy of choice in this project is literature review, enriched with interviews and data 
from relevant practices. It would be important to emphasize that there is a lack of extensive research 
and literature on the subject, since it is an emerging phenomenon-structure. What should be expected 
from such a study is to develop our partial answers to our questions, which would be input to the 
ongoing social dialogue about the prospects of P2P electricity trading in regulated electricity market. 
Therefore, significant contribution to the formation of the proposed model is provided by semi-
structured interviews.
The author’s efforts help the interested parties infer how the energy P2P transactions would emerge 
in the regulated electricity market. Futhermore, the study would hopefully be a good reference point 
for policy community how to react to the paradigm shift in which a convergence of the electricity 
sector and the ICT, e.g. smart grids, has matured. In addition, the conditions and environments for a 
platform development which makes the electricity industry achieve its open innovation will be 
discussed.

Keywords: peer to peer electricity; electricity market; regulation
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Abstract 

Information and Communications Technology (ICT) accelerates the creation of new products and 
services throughout convergence. As the boundary between ICT and non-ICT has disappeared, the 
capabilities of ICT convergence is considered as one of core factors to secure competitiveness in the 
future. As the competitiveness of energy industries has been shifted from natural resources to 
technical capacities, it is expected that ICT convergence will be increasingly common phenomenon 
in the energy industries.
The efficiency, safety, and environment-friendly features of energy systems can be improved 
throughout ICT convergence by energy sources (power, gas, oil, renewable energy, etc.) and life 
cycle (from production to delivery, and to consumption). According to Booz & Company(2008), 
utilizing smart oilfield technology can improve the net present value by up to 25%, approximately. 
The technologies in the smart oilfield enable businesses to identify optimal conditions for human 
resource management more quickly and reduce operational resources by expanding the collaborative 
environment, while allowing existing resources to be utilized more effectively. As an example, an 
oil-gas company reaped benefits of $20 million a year in productivity by implementing smart 
oilfield technology.
ICT convergence in the energy sector has led huge changes in policies related to energy industries. 
To actively respond to changes in new environments, it is necessary to systematically understand the 
structure and influences of ICT convergence in the energy sector.
This paper aims to systematically suggest the structure and influences of energy-ICT convergence, 
and more specifically identify relationships among the spreading effects. Prior studies related to this 
issue, such as Andreopoulou (2012), Markovic et al. (2012), Lee et al. (2013) have mostly examined 
the areas where ICT is utilized in the energy sector in terms of technology, or focused on economic 
benefits that ICT convergence could bring to specific fields. For example, Andreopoulou (2012) 
describes Green Informatics can contribute to the reduction of energy consumption through 
inventing innovative energy saver systems, technologies and ’’smart’’ devices, using ’’smart energy 
management. Markovic et al. (2012) presents an overview of the ICT benefiting from development 
in nanotechnology with respect to sustainability and energy efficiency. 
In the energy resource development sector, it was determined that projects that enhance the 

 

productivity of resource development explorations and drilling through the use of sensors, network, 
data processing, visualization, and pattern recognition centred on the efforts made by large-scale 
resource development and ICT companies. Since resource reserves are limited and the supply of 
easy oil has been exhausted, resource development costs are rapidly increasing and the development 
of new resources and improvements in productivity are imperative for meeting the increasing 
demands for resources. ICT is elevating the accessibility to new resources. Utilization of oil sands, 
shale gas, and deep sea resources have become possible through improvements in the existing 
resource development technologies. Moreover, by making it possible to collect and process a wide 
range of data for exploration and drilling, it facilitates decision-making and improves productivity 
(Kisker, 2012).
The need for information and data that enable the optimization of equipment installation is also 
rising for solar energy. University of California (San Diego) is conducting a study on how to 
accurately forecast the amount of electricity that can be generated from solar energy. This study 
intends to improve the solar energy map of California to provide regular homes, solar panel 
installation companies, and public organizations with more accurate information through Google 
Earth. They are upgrading the map that displays which location has the highest potential for 
harnessing solar energy and forecasts how much electricity can be produced (Siedsma, 2011; KISTI 
MiriAn, 2011).
The National Information Society (NIA; 2013.12) of Korea has proposed five mid- to long-term 
business trends of its own, after conducting in-depth analyses on cases and trends presented by 
major global institutions, such as Gartner and McKinsey. In their study, the NIA compiled and 
integrated all of the trends presented by Gartner and McKinsey and categorized those cases by types 
to derive the major trends with common elements. The five trends are the expansion of the Internet 
of Things (IoT), the sophistication of big data analysis to replace specialized knowledge work, the 
expansion of free service models, the utilization of social network service (SNS) as a business tool, 
the expansion of Everything-as-a-Service (EaaS) method. 
This study, however, comprehensively reviews the appearance of energy-ICT convergence, 
development process, spreading influences, and prospects. 
This study is based on the system-dynamics approach, a methodology to frame, understand, and 
discuss complex issues and problems. Especially this study draw causal-loop diagram, which 
explains the behavior of a system by showing a collection of connected nodes and the feedback 
loops created by the connections, to specify the development direction of energy-ICT convergence.
Expected finding in this study is the direction of ICT convergence in energy sector by using causal-
loop diagram, 1) interaction between IoT and big data analysis, 2) risks associated with IoT and big 
data analysis, 3) expansion of ICT-based business models. Moreover, this study suggest policy 
implication to promote the creation of new values in the energy sectors throughout ICT convergence.
This study would be helpful to define the intellectualization of energy services, and to specify the 
development direction of energy-ICT convergence. While only a very few studies have conducted on 
smart energy services, this study introducing a casual map will be inspiring to relevant fields.
Keywords: ICT convergence, causal-loop diagram, future growth engine
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Monitoring pattern of open innovation using the patent-based 

brokerage analysis 

 

 

As the paradigm of open innovation is proliferating in both academia and practice during a decade, 

many studies have attempted to investigate the pattern of open innovation. However, empirical and 

quantitative approach to monitoring the pattern of open innovation is less conducted due to the 

difficulty in collecting the data and the lack of methods. it is difficult to identify the fact that how 

many patterns of open innovation have been achieved in the technology areas as well. In this respect, 

this paper aims to monitor the pattern of open innovation using the patent-based brokerage analysis in 

the case of mobile communications technology. Using patent citation information, we identify the 

knowledge flow between technology fields and firms of mobile communications. Then, the patent-

based brokerage analysis based on citation network is proposed to explore brokerage patents that 

present the pattern of open innovation: inbound and outbound innovation. Also, the brokerage firms 

are extracted to identify patterns of partnerships in open innovation network. According to results, it is 

expected that open innovation strategy is systematically formulated based on the linkage patents and 

global partners in various technology areas. 

 

Keywords: open innovation, patent, brokerage analysis, mobile communications 
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1. Introduction 

 

During the past decade, many studies that focus on the characteristics of open innovation in 

innovation research areas have been undertaken. Along with the trends of these open innovation 

studies in the academia, open innovation has become one of the emerging issues in practice. Moreover, 

its concept, type, pattern, and effect have so far been substantially highlighted (Chesbrough, 2003). 

Introduced by Chesbrough in the 2000s, many practical and theoretical articles have been published, 

and case studies of successful open innovation have also been reported (Huizingh, 2011; Jeon et al., 

2012; Wang et al., 2012; Mazzola et al., 2016). The collaboration with and within groups is facilitated 

to achieve a common mission and to help others perform their own goals. With this, open innovation 

is making a concerted effort to exploit the knowledge and solutions required for both inside and 

outside. Such types or patterns of open innovation are called the inbound and the outbound types of 

innovation (Chesbrough and Crowther, 2006). For both R & D and commercialization, many 

collaboration types of open innovation are proposed: technology acquisition, outsourcing, R & D 

partnership, joint-venture, and networking (Lee et al. 2010; Jeon et al., 2011; Suh and Kim, 2012). As 

particularly related to outbound innovation, focus has also been given on innovation studies on 

constructing partnerships. 

 

However, systematic research on the monitoring patterns of open innovation in the technology level 

has been less focused so far. To monitor the patterns of open innovation, two questions have been 

raised: “Which patterns of open innovation are mostly conducted?” and “How can open innovation 

cases be identified?” To answer these questions, a patent analysis provides a possible solution. 

Although the M&A or joint venture data can represent the open innovation patterns, the data sample is 

minuscule (Basole, 2009; Suh and Kim, 2012). In addition, it is difficult to identify detailed 

information on a common problem and solution. On the other hand, the patent provides a large 

database with various factors such as technology classification, firms (assignee), and contents. In open 

innovation, there is an immediate demand for empirical studies with larger samples (West et al, 2014). 

The patent citation network results give an opportunity to systematically explore the relationships 

between interacting technology areas and partners because the knowledge flow between inside and 

outside firms can be traced through patent citation information (Jeon et al., 2011). It is an 

understandable source that shows the knowledge flow; also, the concept of open innovation is 

included in terms of knowledge inflow (backward citation) and outflow (forward citation) (Choi and 

Park, 2009). This citation information is not directly related to formal collaboration among firms, but 

it is significantly helpful in identifying knowledge sharing among the firms (No and Park, 2010). Thus, 
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patent citation is an ample resource to explore open innovation in the perspective of knowledge flow 

and sharing. 

 

However, there is another problem with patent citation analysis as it is difficult to directly explore and 

formulate the pattern of open innovation. Previous studies are limited in conducting a simple network 

analysis to take into consideration all linkages as collaborations in open innovations (Jeon et al., 2011; 

Shin and Kim, 2013; Mazzola et al., 2015). This simple network linkage rarely reflects the open 

innovation strategy, without any differentiation between inbound and outbound collaborations. The 

research case that only considers network indexes, such as density or betweenness, shows a lack in 

exploring the network roles of positions in open innovation (Lee and Lee, 2013; Park et al., 2013). 

Thus, a more significant connection in the view of open innovation should be identified to provide 

managerial implications for the open innovation strategy. 

 

In this respect, this paper proposes the patent-based brokerage analysis to monitor the patterns of open 

innovation and the R & D partnerships for open innovation. As a means to an end, the patent analysis 

procedure is divided into two: first, the patent citation network analysis is used to identify the whole 

structure of mobile communications technology; and second, brokerage analysis is applied and 

modified to match brokerage patents with patterns of open innovations during the growth of patent 

citation network. Using a brokerage network analysis, the types and patterns of open innovation are 

extracted based on the brokerage patents. Through a brokerage analysis, five types of brokerage can 

be extracted. These can include coordinator, gatekeeper, representative, consultant, and liaison. 

Moreover, these types match with the patterns of open innovation such as inbound and outbound 

innovation. The brokerage patents, which represent relationships between technological areas, help 

engineers and managers identify the pattern of open innovation by focusing on the characteristics of 

the technology and the partner. In particular, researchers can identify which patterns of open 

innovation are mostly dominated based on the types of the brokerage patents. Moreover, partnerships 

among international firms are monitored based on brokerage patents through a trend of international 

collaborations. By exploiting the brokerage patent network for each type of open innovation 

collaborations, the open innovation strategy is effectively formulated, with a focus on the respective 

purpose and process of each type of open innovation. It is expected that the technology policy for 

future open innovation can also be planned in terms of brokerage technology and partnerships. 

 

In this paper, this approach is applied to the special case of mobile communications technology such 

as WCDMA (Wideband Code Division Multiple Access) and LTE (Long-Term Evolution) technology. 

By evolving the generation of mobile telecommunications, the international standard of technology 
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specifications is formulated through an international coordination among many global and powerful 

firms as well as international organizations or conferences. Thus, the mobile communications industry 

is a representative technology field in which open innovation is activated. In fact, many influential 

firms, such as Google, Nokia, Qualcomm, Samsung, and Huawei, are collaborating to develop a 

reference model of mobile communications technology and system under the control of international 

organizations such as ITU and 3GPP. Through the patent-based brokerage analysis, the dominant 

patterns of open innovation are easily investigated. Furthermore, linkage patents among the fields of 

mobile communications technology are explored, and these patents provide useful information on 

collaborative technologies and partnerships. 

 

 

2. Patterns of open innovation 

 

There are fewer economies of scale in R & D than there were a generation ago as a consequence of 

increasing R & D costs and shorter product life cycles (Chesbrough, 2006). As these problems of 

increasing costs and shorter life cycles have made an impact on various industries, closed innovation 

has no longer been sustainable. In this respect, the concept of open innovation model is emerging as 

the antidissertation of the closed innovation model. Open innovation is defined as “the use of 

purposive inflows and outflows of knowledge to accelerate internal innovation and expand the 

markets for external use of innovation, respectively” (Chesbrough, 2003). He assumes that external 

ideas, as well as internal ideas, should be used within or with various areas such as technology fields, 

firms, industries, and societies. Also, open innovation is defined as systematically encouraging and 

exploring a wide range of internal and external sources for innovation opportunities, consciously 

integrating that exploration with firm capabilities and resources, and broadly exploiting those 

opportunities through multiple channels (West and Gallagher, 2006). Open innovation now focuses 

more on utilizing external sources of innovation such as customers, rivals, and universities. Many 

practicing managers also consider open innovation useful because it motivates the exploration of 

entirely new ways of innovating with partner organizations and individual experts (von Krogh, 2011). 

In the end, the open model has taken on greater attention in light of the recent industries (Chesbrough, 

2006; Jeon et al., 2015). 

 

A central tenet of open innovation is the recognition that today, competitive advantage often comes 

from open innovation practices. The model of open innovation shows internal and external ideas 

flowing into the R & D process. Also, it shows the outputs of that process going to the market through 
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internal and external paths, as shown in Figure 1 (Chesbrough, 2003). Ideas can still originate from 

inside the firm’s or industry’s R & D, but some of those ideas may seep out of the firm or industry.  

 

 

Figure 1. Concept of open innovation 

 

Furthermore, as described in Table 1, two patterns of open innovation are defined as the direction of 

innovation (Chesbrough and Crowther, 2006): inbound innovation and outbound innovation. Inbound 

innovation refers to inward technology transfer from other technology fields, firms, or industries. This 

pattern describes the practice of leveraging the discoveries of others because firms need not 

exclusively rely on their own R & D. Technologies developed by these activities did not originate in 

internal research but nonetheless are useful for the business. Some examples of inbound innovation 

are in-licensing and outsourcing. Outbound innovation, on the other hand, refers to outward 

technology transfer toward other technology fields, firms, or industries. This pattern suggests that 

firms can look for external organizations with business models that are suited for the exclusive 

commercialization of a technology or in addition to its internal application. In this case, technologies 

developed by these activities originate in internal research but are nonetheless beneficial for the 

business to commercialize outside. Some examples of outbound innovation include out-licensing and 

venturing (Lee et al., 2010; Suh and Kim, 2012). 

 

 

Table 1. Types and methods of open innovation 

Type Method Concept Cases 

Inbound In-sourcing Exploring external technology or knowledge “C&D” strategy of P&G 

R & D 

collaboration 

R & D collaboration with external organization 

(e.g., university) 

“Lablet” of Intel 

Acquisition Acquisition of a company or product M&As of Cisco 

Outbound Technology 

licensing 

Licensing internal technology outside MIPV of MS 

Spin-off Spinning off an internal organization “New venture group” of 

Lucent 
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Joint 

venturing 

Investing venture with venture capital (VC) Venturing between HP Lab 

and VC 

Opening 

project 

Opening project or source to the public Linux 

 

 

3. Proposed approach 

 

3.1. Patent citation network analysis 

 

The patent network analysis is one of the main patent analysis techniques (Meyer, 2000). This 

network analysis is usually conducted to find the relationships between patents using key words or 

citation information. In particular, the patent citation network is used by the citation information, 

which is a direct proxy of relationships between patents (No and Park, 2010). In particular, the 

dynamic citation network consists of two relations: backward citation and forward citation (Choi and 

Park, 2009). Backward citation stands for a relationship between a current patent and patents that are 

cited by the current patent. On the other hand, forward citation stands for a relationship between a 

current patent and patents that cite current patents. These relationships can be clearly understood by 

referring to Figure 2. As the open innovation network is greatly similar to these relationships between 

patents, the patent citation network is useful for identifying the open innovation network.  

 

However, it is difficult to investigate the patterns of open innovation network by only using a citation 

network analysis. The advanced approach to finding the roles of nodes and patterns of network 

relationships is required for understanding open innovation. In this respect, the brokerage analysis to 

analyze the network characteristics will be described in the next section. 

 

 

Figure 2. Citation relationships in dynamic citation network 
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3.2. Brokerage analysis 

 

Among the network analysis techniques, the brokerage model is one of the ego networks that consist 

of a focal actor as a set of alters that have ties with ego (which is particularly located in the center as a 

target), as well as measurements on the ties among these alters (Wasserman and Faust, 1994). When 

the actor—as “ego”—is located in the center, other alters are related around this ego. In the brokerage 

model, the ego is considered the broker, and the ego is the internal source related to other internal or 

external sources in the view of open innovation (Suh and Kim, 2015). The brokerage analysis aims to 

find such relationships between groups or fields based on the broker. As shown in Table 2, five types 

of brokers are suggested and widely accepted as the representative brokerage model (Gould and 

Fernandez, 1989). In this study, this is a vital “metaphor” for patterns of open innovation such as 

inbound and outbound innovation. Through brokerage analysis, the patterns of open innovation are 

quantitatively and automatically detected. In the following part, this study focuses on how brokerage 

analysis is applied to open innovation patterns.  

 

 

Table 2. Five types of brokerage and their pattern in network 

Broker type Brokerage pattern  

(“A” in the middle is the broker) 

Description 

Coordinator {A → “A” → A} 

 

All nodes belong to the same group. 

Gatekeeper {B} → {“A”→ A} 

 

Based on the broker in group A, the giver belongs to 

a different group B, while the recipient belongs to 

the same group A. 

Representative {A → “A”} → {B} 

 

Based on the broker in group A, the recipient 

belongs to a different group B, while the giver 

belongs to the same group A. 

Consultant {B} → {“A”} → {B} 

 

Based on the broker in group A, both giver and 

recipient belong to the different group B. 

Liaison {B} → {“A”} → {C} 

 

All nodes belong to different groups. 

 

 

3.3. Patent-based brokerage analysis in open innovation 
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This study proposed the patent-based brokerage analysis to find the patents of open innovation roles. 

Previous research has focused on the patent network in open innovation, but this research has 

concentrated on brokerage patents, with corresponding types of open innovation. By identifying the 

brokerage patents, the open innovation strategy is effectively formulated through the purpose and 

process of each type of open innovation. Previously, it was difficult to find demand–supply 

relationships in open innovation, but using a brokerage analysis indicated that those relationships 

could be identified. As previously pointed out, in the concept of open innovation, the broker is the 

internal source, mediating other internal or external sources. The external sources can be defined in 

various ways such as technology, product, firm and industry. With respect to patent-based brokerage 

roles, the open innovation strategy has similar patterns of collaboration in technology level as shown 

in Figure 3. The detailed description of brokerage types, innovation types, and related open innovation 

strategy are summarized in Table 3. 

 

 

 

Figure 3. Brokerage analysis for open innovation 

 

 

Table 3. Application of brokerage patents for open innovation 

Brokerage types Innovation types Open innovation strategy 

Coordinator Internal innovation Finding closeness in broker patents to enhance the network 

Gatekeeper Inbound innovation Finding a solution from other technological fields 

Representative Outbound innovation Finding other application fields to extend technological areas 

Consultant Two-way innovation Finding a solution and application field in other technological 

fields Liaison 

 

 

First, the internal innovation (closed innovation) is represented by a coordinator broker. This type of 
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innovation is a traditional type for collaborating with actors in the same field. In other words, similar 

technologies are converged and applied in a homogeneous field. Second, the inbound and outbound 

innovation types are matched with a gatekeeper and a representative, respectively. These types of 

brokerage are also considered as technology convergence. The gatekeeper in field A plays a role in 

borrowing another field’s technology to improve the technology of field A. This inbound innovation 

helps actors in field A to solve problems using technology that is not applied in their own fields. In 

contrast, the representative in field A is related to outbound innovation that a patent in field A is used 

by technologies of other fields. By finding the representative, the researchers can find a path that 

would link with the outside of one’s own field. Finally, there are consultation and liaison between 

brokerages, which are related to two-way innovation. The consultation patents are interacting patents 

between two fields. This type of patents in field A is using another technology of field B to improve 

their technology, and this improved part of a patent in field A can be sequentially used by field B’s 

technology again. On the other hand, the liaison is a bridging patent between other fields. This liaison 

can be related to the concept of heterogeneous convergence. This is a case wherein a patent in field A 

is granted by applying a patent in field B and applied by a patent in field C. The convergence among 

the three fields happens in the center of the liaison. Thus, this type can be seen as the strongest type of 

open innovation.  

 

Through the patent-based brokerage analysis, patents classified into each type of open innovation are 

used to find linking technologies and partners for the open innovation strategy. Also, different 

strategies are formulated to promote innovation relationships by classifying the fields based on the 

inbound and outbound innovation. Based on gatekeepers, the researchers found similar patents in the 

same field using the citation network to seek a solution from other fields. More insight to the solution 

can be obtained from the technologies of other fields. On the other hand, based on representatives, the 

application fields are derived through the relations of an outbound innovation network. The 

technology fields can be extended by using the representatives. The final two brokers of consultant 

and liaison are considered to find both solutions and applications from other technological fields. In 

other words, these two types of brokers have stronger convergence relationships than the prior three 

brokers. The consultant attempts to find the solution and application field in a same area, but the 

liaison tries to do the solution and application field in a different area. Such a broker can have various 

features of various technology fields. To sum up, by using the brokers, the open innovation strategy in 

the technology level can be supported. 
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4. Open innovation in mobile communications technology 

 

Recently, ICT innovation is mainly introduced along with the revolution of mobile communications 

technology. The evolution of mobile communications generation has now reached fourth generation 

(4G) and is IMT-advanced. Through the rapid innovation of mobile communications technology, the 

specification of hardware and software has radically improved. The hardware and software for the 

network server, transceiver, and terminal unit have evolved, along with the fundamental mobile 

technology. The market of this mobile technology has explosively increased. It is possible to refer to 

many clues to the global economy growth, which dominated the global mobile communications firms. 

The market size of mobile communications made by global firms, such as Nokia, Ericsson, and 

Huawei, was expected to be USD 2 trillion in 2015. The smartphone, one of the main terminal units, 

is also a major market in recent global economy including firms such as Apple and Samsung.  

 

With the current mobile revolution, one of the main phenomena is the international coordination for R 

& D and the commercialization of mobile communications technology. For the global use of mobile 

communications services, countries and global firms are coordinated with each other, depending on 

the global standards of mobile communications technology. If one country applies a different format 

of mobile access technology, a foreigner will find it impossible to use the other country’s mobile 

communications because of the different spectrum band or hardware/software specification. Thus, 

recent mobile communications technology has been developed through a collaboration with global 

firms. Also, the unified standard of this technology has been set through an international agenda and 

acts under the international organizations or conferences such as the International 

Telecommunications Union (ITU), the Third Generation Partnership Project (3GPP), and the World 

Radio Conference (WRC). For the next generation of mobile communications technologies, many 

multinational firms, such as Qualcomm, Google, and Nokia, are now collaborating to develop the 

most relevant technology, which would match the international standard with technology 

specifications. Naturally, open innovation is facilitating the field of mobile communications as the 

generation of mobile communications technology has converged and evolved. Open innovation comes 

to the fore as the essential strategy in mobile communications sectors. 

 

As shown in Figure 4, the basic mobile communications technology was developed in the 1980s. 

Many types of technology were used without any consensus on global uses. In this age, the firms were 

completely disconnected. With regard to this fundamental mobile communications technology, the 

second generation (2G) has been started, with a focus on the voice call. These days, many individual 
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specifications of mobile communications have been published—GSM (Global Systems for Mobile 

communications), D-AMPS (Digital-Advanced Mobile Phone System), CDMA (Code Division 

Multiple Access), and PHS (Personal Handyphone Service)—having no international coordination or 

collaboration. In other words, the mobile communications technology was individually developed 

through internal or closed innovation. Although individual development continued in the third 

generation (3G), the need for coordinating the technology specification has been discussed from the 

3G, known as IMT-2000, based on ITU-R’s first
 
release. The number of technology specifications was 

reduced through the international coordination under international organizations or conferences such 

as ITU, 3GPP, and WRC. As a result, few kinds of technologies were developed such as WCDMA, 

CDMA2000, UWC-136 (Universal Wireless Consortium), and WiMAX (World Interoperability for 

Microwave Access). The international coordination began in earnest from 3.5G, such as HSDPA 

(High-Speed Downlink Packet Access) and WiBro (Wireless Broadband Internet), and fourth 

generation (4G) as the importance of global roaming and data service continues to increase. In the 4G, 

mobile communications technology has been dramatically changed based on the LTE with respect to 

speed, coverage, and spectrum efficiency.  

 

From 4G, multinational companies have been starting collaborations because the level of technology 

to increasing the data speed and coverage is too advanced. Focusing on development capital, they 

share the mobile communications technologies. Thus, the mobile communications technology has 

been codeveloped through open innovation among several multinational corporates of manufacturers, 

network developers, and service providers. In the next generation of the fifth generation (5G), it is 

highly possible to use completely unified specification mobile communications technologies. During 

this 5G, open innovation among corporations, institutes, and even nations is more important to 

identify and develop the core technologies. 

 

 

 

Figure 4. International coordination in each generation of mobile communications technology 
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In this context of open innovation, patent and M&A information has been widely applied to monitor 

the evolution of mobile communications technologies. Through a patent network analysis or firm 

network analysis, the evolution paths of technology are analyzed. However, when only a network 

analysis is used, it becomes difficult to explore and formulate the open innovation strategy. In the 

open innovation strategy, various types of collaborations are suggested, divided into inbound and 

outbound collaborations. Previous studies were limited in conducting simple network analyses to 

consider all linkages as collaborations in open innovations. This simple network linkage rarely reflects 

the open innovation strategy, differentiating between inbound and outbound collaborations. Thus, a 

more significant connection from the view of open innovation should be identified to provide 

managerial implications for the open innovation strategy. Furthermore, analyzing the meaningful 

network in open innovation is more important in the field of mobile communications because many 

collaborations are required to develop a technology that satisfies global standards. 

 

 

5. Patent-based brokerage analysis for open innovation 

 

5.1. Collection of patent data 

 

First, the data of patents granted from 2006 and 2015 were collected, along with the planning of ITU. 

From the stage of IMT-2000 deployment, the patents are focused on WCDMA, HSDPA, LTE, and 

LTE-A granted in the international patent class of H04. By using the key word of these main 

generation terms, the researchers collected 1,281 patents. Among these patents, outperformed patents, 

which are at a level of S and A rated by a patent examiner, were selected as core patents. As a result, 

138 core patents were gathered. To be specific, for each generation of mobile telecommunications, the 

data consist of 28 patents searched by key word “WCDMA” for 3G, 28 patents searched by key word 

“HSDPA” for 3.5G, 66 patents searched by key word “LTE” for 4G, and 16 patents searched by key 

word “LTE-Advanced” for 4G. Based on these patents, the researchers collected 98 backward citation 

patents, patents cited by core patents, and 56 forward citation patents, which are patents citing core 

patents. Also, the backward citation patents are considered as fundamental mobile technology, while 

the forward citation patents are monitored as candidates for IMT-2020. Among these 292 patents, the 

patents that have the number of backward and forward citations below 5 were removed because these 

patents lack significance in patent citation networks. Consequently, 138 patents are used for 
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constructing the patent citation network. 

 

5.2. Technology areas in patent citation network 

 

Using the citation information on highly rated patents related to WCDMA, HSDPA, LTE and LTE-A, 

Figure 5 shows how the snapshot of the patent citation network from 2011 to 2015 is constructed. The 

dynamic snapshot shows the growth and change pattern of the patent citation network. The patent 

citation network is divided into seven technology clusters, from T1 to T7. Through multidimensional 

scaling (MDS) methods based on the citation matrix, the technology areas were classified as described 

in Table 4. The technology area is defined using the key words extracted by applying a text-mining 

algorithm into patents in each area. 
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Figure 5. Growth of patent citation from 2011 to 2015: WCDMA, HSDPA, and LTE 

 

 

Table 4. Clusters of mobile communications technology 

Clusters Main generation Year Number 

of patents 

Key word Description 

T1 WCDMA 2011.3 10 

(7.2%) 

HARQ / CA / Signal control Spectrum 

efficiency 

T2 WCDMA/HSPA 2010.8 19 

(13.8%) 

OFDMA / Spatial 

multiplexing / MIMO / Single 

channel, weight antenna 

Technology for 

increasing data 

rate 

T3 WCDMA/HSPA/ 

LTE 

2010.1 23 

(16.7%) 

Packet / MAC / WCDMA / 

HS-SCCH / Recovery / Relay 

Network 

operations 

T4 LTE, LTE-A 2012.9 18 

(13.0%) 

Uplink / Downlink / Random 

access / Transmission 

Radio access 

T5 WCDMA / LTE 2012 8 

(5.8%) 

Data processing / Broadband / 

Mobile traffic / Optimization 

Broadband 

network 

operations 

T6 LTE, LTE-A 2013.5 8 

(5.8%) 

Precoding MIMO / MU-

MIMO / CoMP / Beam 

forming 

Technology for 

increasing data 

rate 

T7 LTE-A 2015 11 

(7.8%) 

LTE-TDD / Agile beam-

forming techniques / all-

purpose broadband / sensor 

data network 

Technology for 

increasing data 

rate / 

connectivity 

Isolation LTE 2012.8 41 

(29.7%) 

Sensor / Shared channel / 

Front end / D2D 

Spectrum 

efficiency / 

connectivity 
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Note: HARQ (Hybrid Automatic Repeat Request), CA (Carrier Aggregation), OFDMA (Orthogonal Frequency 

Division Multiple Access), MIMO (Multi-Input Multi-Output), HS-SCCH (High-Speed Shared Control 

Channel), CoMP (Coordinated Multipoint Access), TDD (Time Division Duplex), and D2D (Device-to-Device) 

 

 

First, T1 is a technology area that includes HARQ, CA, and signal control. These three main key 

words commonly indicate the spectrum efficiency, and T1 is mostly constructed with patents related 

to WCDMA. The average granted year is 2011, and, thus, patent network was mostly constructed in 

2011. Second, T2 is a technology area that can increase data rate based on the WCDMA and HSDPA. 

There are many fundamental technology key words related to modulation/demodulation and antenna 

technology such as OFDMA, MIMO, and weight antenna. The average granted year is 2010, and this 

technological area comes to an old area compared to the other seven clusters. Third, T3 and T4 areas 

are related to fundamental mobile communications technologies for network operations and radio 

technology. The key words of T3 are packet, MAC, HS-SCCH, recovery, and relay. All technology 

generations are included in this T3, which consists of many patents that were granted in 2010 on 

average. T4 has basic technologies related to radio technologies and includes key words such as 

uplink, downlink, random access, and transmission. Contrary to T3 patents, the target generation of 

patents in T4, which were granted in 2012 on average, are LTE and LTE-A.  

 

Fourth, T5 is a significant technology area in recent mobile communications technology that focuses 

on mobile broadband. As mobile broadband services are essential in the era of mobile data, 

technology has been advanced to data transmission based on mobile broadband spectrum. Key words 

like management of mobile broadband data processing, mobile traffic, and optimization have thus 

emerged. Since the development of smartphones, it has been important to provide high-quality mobile 

data traffic by optimizing the cell structure.  

 

Finally, T6 and T7 areas, which dominated 2014 and 2015, are the most recent technologies to reach 

the goal of high-speed mobile data service and hyper connectivity. There are three critical 

technologies for increasing the data speed: MIMO, CoMP, and beam forming. First, MIMO is a vital 

technology for enhancing the speed and the spectrum capacity. Prior to the 4G era, the dominating 

technology is single-user MIMO. However, as high-speed mobile transmission is continuously 

required, multiuser MIMO that uses antenna grouping has been developed. Second, CoMP is used to 

control the cell-edge traffic to balance the mobile traffic in the cell. Finally, beam forming is a 

technology that transmits the radio frequency to the specific direction. The meaningful patents related 

to beam forming were recognized as the “agile” beam-forming techniques in 2015. It is highly 

possible to be used for 5G mobile communications. In addition, a type of TDD is extracted as a new 
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key word beyond the FDD (Frequency Division Duplex) technologies. In fact, based on China, a trial 

to promote TDD as a dominating duplex technology has been going rampant since 2014. In this 

respect, LTE-TDD is derived as one of the meaningful key words. Furthermore, sensor data and all-

purpose broadband indicate the importance of hyper connectivity. These patents were granted as 

preparation for the era of Internet of Things (IoT). 

 

Furthermore, there are patents that are isolated from clusters. The average age is 2012, and 41 patents 

were derived to present the disconnected technologies such as sensor, shared channel, and D2D. 

However, these partial technologies are highly plausible to connect to other clusters in the future 

because the sensor and D2D patents are highly related to IoT technologies. In the future, there is a 

critical need to find this missing link to monitor the pattern of open innovation. 

 

5.3. Patent-based brokerage analysis and open innovation 

 

5.3.1. Patterns of technology development in open innovation 

 

Although the patent citation network is constructed, in this complex structure, it is difficult to identify 

the patterns of open innovation. Thus, based on the patent citation network, the researchers propose 

the patent-based brokerage analysis to monitor the patterns of open innovation. In general, a patent, 

which is citing other patents, tends to find a solution from the citing patents. The cited patents have a 

high possibility of representing a good solution. In this respect, the brokers between technological 

fields in the network are the useful measures to identify the problems and the solutions in the context 

of open innovation. Table 5 presents the patents of brokers in the patent network according to the 

types of open innovation. 

 

Among the total of 138 patents, a total of brokerage patents is 30 (21.7%), and the number of internal, 

inbound, outbound, and two-way (coupled) innovation is 15 (10.9%), 10 (7.2%), 4 (2.9%), and 1 

(0.7%), respectively. From 2011 to 2015, there have been few patterns of inbound and outbound 

innovation related to the gatekeeper and the representative. A case of the consultant, which means 

two-way open innovation, is also extracted, but only one case is found. From 2011 and 2013, the 

number of internal innovation is reduced as time passes, but the number of inbound innovation 

(gatekeeper patents) is increased. In contrast, in 2014 and 2015, the patents through internal 

innovation increased again as T7 emerges as a new technological area for 5G mobile communications. 

Currently, the number of outbound innovation (representative patents) is also on the rise. This means 



18 

 

that closed and open innovations have been recently achieved simultaneously. 

 

Table 5. Brokerage analysis and open innovation types 

Year Closed innovation One-way open innovation Two-way (coupled) open 

innovation Inbound innovation Outbound innovation 

Coordinator Gatekeeper Representative Consultant Liaison 

2011 US7283508(3) 

US7483675(2) 

US7505539(2) 

US7894507(2) 

    

2012 US7286563(3) 

US7986959(4) 
US7286563(4-3-3), 

US7898948(4-3-3), 

US8238371(4-3-3) 

 US8126021(3-4-3)  

2013 US8351388(4) US6831943(2-3-3), 

US7412212(2-3-3), 

US8437792(3-4-4) 

   

2014 US8243931(5) 

US8532110(5) 

US8761096(4) 

 

US8391392(4-6-6) 

US7593407(4-3-3) 

US7593407(3-3-4)   

2015 US8243667(5) 

US8958306(5) 

US9107094(7) 

US9125123(7) 

US9131385(7) 

US8243931(3-4-4) 

US8351388(3-4-4) 

US8126021(4-4-3) 

US8238371(4-4-3) 

US8634312(4-4-3) 

  

Total 15(10.9%) 10(7.2%) 4(2.9%) 1(0.7%)  

Note: A-B-C in the parenthesis means a path among fields A, B (ego), and C. 

 

Furthermore, the characteristics of clusters can be identified from the distribution of brokerage patents 

as described in Table 6. The brokerage patents are mainly included in T3 (30.0%) and T4 (33.3%) 

among the total of 138 patents as these clusters are representatives of the fundamental mobile 

communications technologies for network operations and radio technology. However, in more detail, 

the brokerage patents in T3 and T4 are applied less to other advanced technologies. Rather, T3 and T4 

often interact, except in three cases of inbound innovation (US6831943 and US7412212 in T2, and 

US8391392 in T6). Here, it was found that open innovation has not yet been promoted toward the 

applications area in mobile communication technologies such as increasing the data rate and 

broadband network operations. Despite this result, the researchers highlight one more critical trend 

that the patent citation network has been growing toward the LTE application areas of T5, T6, and T7 

as time advanced. As the individual technology for increasing the LTE data rate has been developed, 

network operations and radio access technologies can be applied to LTE technologies. Thus, the open 

innovation network will be structured through the link between a fundamental technology area and an 

application technology area. Through a foresight in future technology, the insight for open innovation 

in mobile communications technology can be obtained in more detail. 
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Table 6. Distribution of brokerage patents in each cluster 

Clusters Main 

generation 

Closed 

innovation 

One-way open innovation Two-way (coupled) 

open innovation 

Total 

Inbound 

innovation 

Outbound 

innovation 

Coordinator Gatekeeper Representative Consultant Liaison 

T1 WCDMA None 0 

T2 WCDMA/

HSPA 

3 (10.0%) - - - - 3 (10.0%) 

T3 WCDMA/

HSPA/LTE 

2 (6.7%) 6 (20.0%) 1 (3.3%) - - 9 (30.0%) 

T4 LTE,  

LTE-A 

3 (10.0%) 3 (10.0%) 3 (10.0%) 1 (3.3%) - 10 (33.3%) 

T5 WCDMA / 

LTE 

4 (13.3%) - - - - 4 (13.3%) 

T6 LTE,  

LTE-A 

- 1 (3.3%) - - - 1 (3.3%) 

T7 LTE-A 3 (10.0%) - - - - 3 (10.0%) 

 

 

5.3.2. Patterns of partnerships in open innovation 

 

From the information on assignees contained in patent document, the pattern of partnerships has been 

identified. In particular, through brokerage analysis, the dominant players with and within technology 

clusters are extracted. As shown in Table 7, the brokerage partners who have brokerage patents in 

Table 5 are listed from 2011 to 2015. The main brokerage partners are involved in various fields such 

as consumer electronics, semiconductor producers, communication equipment, and computer 

equipment. Here, the researchers note that most firms, such as Samsung Electronics, Qualcomm, 

Nokia, and Marvell World Trade (a subsidiary of Marvell Technology Group), focus on the inbound 

innovation strategy in which the solutions are applied from other firms. In fact, this result is trivial as 

many studies have already suggested that firms should try to find more solutions from external 

sources and not look for application areas of the technology they developed. In-licensing or R & D 

collaboration is one of the representative strategies in open innovation. In contrast, some companies 

have simultaneously conducted outbound innovation. For example, LG Electronics focuses on both 

inbound and outbound innovation. Bringing the technology from other technology fields and applying 

the technology to other technology fields, LG Electronics has, so far, conducted a greater variety of R 

& D projects than other firms. InterDigital Technology is a case of coupled innovation. This firm 

refers patents from other fields and develops new technology from the patents and vice versa. Then, 

the new technology is applied into the fields where the firm referred the patents. In other words, 

InterDigital Technology focused on both inbound and outbound innovation with respect to this patent 

(US8126021).  
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Table 7. Brokerage partners in mobile communications 

Year Closed innovation One-way open innovation Two-way (coupled) open 

innovation Inbound innovation Outbound innovation 

Coordinator Gatekeeper Representative Consultant Liaison 

2011 Samsung Electronics 

Broadcom 

    

2012 Samsung Electronics 

Qualcomm 
Samsung Electronics 

InterDigital 

Technology 

LG Electronics 

 InterDigital 

Technology 

 

2013 LG Electronics Texas Instruments 

Nokia 

Qualcomm 

   

2014 LG Electronics 

Tekelec 

 

Marvell World Trade 

LG Electronics 

LG Electronics   

2015 LG Electronics 

Tekelec 

All Purpose Networks 

 

LG Electronics InterDigital 

Technology 

LG Electronics 

  

 

 

Next, the researchers explore the distribution of brokerage partners in each cluster from T1 to T7 as 

described in Table 8. Most firms, such as Samsung Electronics, InterDigital Technology, LG 

Electronics, and Nokia, are brokerage partners in T3 and T4. They have positioned main roles for 

inbound and outbound innovation, but T3 and T4 are the basic area, not the promising area. Recently, 

broadband network and high-speed data rate in T5, T6, and T7 have become a critical issue in the 

telecommunications industry, and patents in these areas will be prioritized higher in the next 

generation of mobile communications technologies. Marvell World Trade is a pioneer who focuses on 

the application of external sources to achieve high-speed data rate for the next generation of mobile 

communications
1
. Although LG Electronics, Tekelec, and All Purpose Networks focus on new 

technology areas of T5, T6, and T7, they have only attempted to combine technologies in a single 

field. Thus, these firms should focus on the external sources to develop more valuable technologies. 

 

Table 8. Distribution of brokerage partners in each cluster 

Clusters Main 

generation 

Closed 

innovation 

One-way open innovation Two-way (coupled) 

open innovation Inbound Outbound 

                                           

1 In fact, Marvell World Trade, which is located in the tax haven of Barbados, is also operating activities of nonpracticing 

entities (NPEs) referred to as Patent Troll. The main activity of these NPEs is to find valuable patents that contain next-

generation technology. 
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innovation innovation 

Coordinator Gatekeeper Representative Consultant Liaison 

T1 WCDMA None 

T2 WCDMA/

HSPA 

Broadcom     

T3 WCDMA/

HSPA/LTE 

Samsung Samsung 

InterDigital 

Technology 

LG 

Nokia 

LG 

 

  

T4 LTE, 

LTE-A 

Qualcomm Qualcomm 

LG 

LG 

InterDigital 

Technology 

InterDigital 

Technology 

 

T5 WCDMA / 

LTE 

LG, Tekelec,     

T6 LTE, 

LTE-A 

 Marvell World 

Trade 

   

T7 LTE-A All Purpose 

Networks 

    

 

 

6. Implications for open innovation of 5G technology 

 

As previously pointed out, the generation of mobile telecommunications has reached IMT-2000 (4G), 

and now it will be transformed into IMT-2020, the fifth generation (5G). In early 2016, ITU published 

the key requirements for 5G technology standard such as speed, capacity, and coverage. Thus, many 

global firms and research institutes will struggle to satisfy the technology requirement of 5G mobile 

communications by collaborating with each other to develop a new mobile communications 

technology. Thus, it should be important to explore the key technology patents and partners. The 

patterns of open innovation can be applied to take into account this exploration. 

 

The key requirement of 5G technology is described in Figure 6 (ITU-R, 2015), and the relationships 

between the key requirements are represented through the help of experts in the telecommunications 

research institute of Korea. As Table 9 shows, the technology clusters derived by this research are 

related to five technology requirements: data rate, spectrum efficiency, mobility, latency, and 

connectivity. The broker patents can be considered as the core patents because they are highly 

intermediated with other patents. These core broker patents are extracted based on the betweenness, 

which is an index that indicates the degree of relationships. In general, the longer the length of a 

network path is, the higher the value of the betweeneess index is. Betweenness is one of the 

appropriate measures to find the core patents because connectivity in a network is vital. 
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Figure 6. Technology relationships between key capabilities (adapted from ITU-R (2015)) 

 

As a result, the core broker patents are extracted with respect to the key requirements and their 

features, which are described in Table 9. Some patents are involved in the cases of the coordinator 

(closed innovation), but the high betweenness index indicates a high possibility to relate with others. 

Thus, the coordinator is considered as part of the core patents for forecasting the 5G research areas for 

open innovation. Finally, the technology links and partnerships between patents, in terms of 

relationships between key requirements and broker firms, can be predicted. For example, to increase 

the data rate, the related technology requirements are spectrum efficiency and latency. To connect the 

data rate technology and the spectrum efficiency technology, the related clusters are derived as T2, T5, 

T6, and T7. Thus, broker patents in T2, T5, T6, and T7 can be applied first and then studied as a 

candidate to develop new technology. Also, as presented in Figure 7, open innovation partnership can 

be constructed based on Broadcom, Marvell World Trade, All Purpose Networks, and Tekelec 

Incorporation. Moreover, to connect the latency, the related clusters should be T3 and T4, which 

involve the brokerage of LG Electronics. Thus, an open innovation partnership can be structured with 

Broadcom, Marvell World Trade, All Purpose Networks, and LG Electronics. Similar to this approach, 

future collaboration links and open innovation partnerships can be forecasted using patent-based 

brokerage analysis. 

 

 

Table 9. Key capabilities for 5G technology standard and related global firms 

Key capability Related 

clusters 

Core broker patents Normalized 

betweenness 

Broker firms 
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Data rate T2 US7483675(2C) 

US8391392 (6G)  

US9131385(7C) 

0.016 Broadcom 

T6 0.023 Marvell World Trade 

T7 0.015 All Purpose Networks 

Spectrum efficiency T1 - - - 

 T5 US8958306(5C) 0.010 Tekelec Incorporation 

Mobility T3 US7898948(3G) 

US7593407(3GR)  

0.071 InterDigital Technology 

0.065 LG Electronics 

Latency T3 US8238371(3GR) 

US8634312(4R) 

0.010 
LG Electronics 

T4 0.079 

Connectivity T7 US9131385(7C) 0.015 All Purpose Networks 

Note: C (Coordinator), G (Gatekeeper), R (Representative) 

 

 

 

Figure 7. Open innovation partnership for increasing data rate in relation to spectrum efficiency 

 

7. Conclusions and future research 

 

As part of the efficiency and effectiveness of R & D management, open innovation has been 

highlighted in both the academia and in practice. The first concept of open innovation is to introduce 

the importance of external sources and external collaboration among the players. After that, open 

innovation types were suggested, and practical studies on the effectiveness of open innovation were 

reported. The coverage of open innovation studies is expanding from technology to business, and new 

research attempts to incorporate internal and external sources are proposed. However, previous studies 

lack systematic and concrete methods to find cases of open innovation. It is difficult to explore the 
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M&A or collaborations among the firms because of a lack of data samples and quantitative methods 

to identify the patterns of open innovation have not been addressed yet.  

 

In this respect, this study has two critical contributions in terms of data source and method. First, the 

researchers use patent information to construct citation network. Citation is an understandable source 

to show the knowledge flow, and the concept of open innovation is included in terms of knowledge 

inflow (backward citation) and outflow (forward citation). This citation information is not directly 

related to formal collaboration, but it is highly helpful in identifying the knowledge sharing among the 

firms. Thus, patent citation is an ample resource to explore the open innovation of knowledge sharing. 

Inbound innovation and outbound innovation are identified using backward and forward citation 

information. Second, a brokerage analysis is used to directly identify the patterns of open innovation 

such as inbound and outbound innovation. Based on the relationships between groups or fields 

derived from the brokerage analysis, patterns that were mostly achieved and partners that were located 

in the bridge in the open innovation network were found. To sum up, this study investigated the 

brokers in the technology clusters of open innovation network by using patent citation information. 

Also, the change of brokers and relationships from 2011 to 2015 was explored. 

 

With regard to contributions, this research provides opportunities for future studies. First, although 

this study presents the knowledge flow between firms, this is not a real collaboration. It might be 

difficult to indicate direct collaboration. Thus, the real case of open innovation should support the 

result of this study’s approach. Second, a brokerage analysis is a useful technique for directly 

identifying the patterns of open innovation, but there is a lack in the reasons of collaboration. In other 

words, it should be noted that there is a need for in-depth analysis of the common problems and 

solutions during the process of open innovation. The contents analysis or semantic analysis of patents 

documents can be helpful for understanding the detail information on open innovation. This current 

study focuses more on an exploratory approach to the monitoring patterns of open innovation using 

the mathematical technique, but a more advanced approach to understanding the context of open 

innovation is an inevitable work for future studies. 
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Abstract 

 

Radical innovations impact the transformation of industrial landscapes. However, incumbent 

firms have focused on survival rather than destroying the usefulness of existing capabilities, by 

taking time to advance them. Firm knowledge is the important for innovation output. This paper 

demonstrates that architectural knowledge leads potentially either incremental or radical 

innovation. Paradoxically, firm accumulates the knowledge on the pace of dominant design. In 

new development of production with a short life cycle, when firm destroy their accumulate 

knowledge, innovation could be success. After architecture technology is already emerged, 

utilization of architectural knowledge is critical innovation strategy. Based on findings, 

architectural changing from sequential rotation flip into simultaneous vibration feeding flip in 

Pick and Place is a result of destroy the usefulness of existing knowledge. In other words, in the 

case of the manufacturing industry—which undergoes gradual innovations— presented in this 

study, the terms of using discontinuous technology or accumulate knowledge has an important 

role in the success of an innovation success. Thus, this study contributes to the study in 

innovation type activities. 

 

 

Keywords: Architectural innovation, Architectural Knowledge, Radical innovation 

Incremental innovation, Pick-and Place machines, OSAT. 



 

 

 

1. Introduction 

 

What on earth happens within a firm during the era of incremental innovation?  

Architectural innovation is the one of the top themes of innovation research (Henderson and 

Clark, 1990; Christensen, 1992; Teece et al.,1997; Tushman and O’reilly, 2002; O’Reilly and 

Tushman, 2008). There is numerous evidences that technical innovations involve modest 

changes to the existing technology, but have dramatically competitive consequences (Clark, 

1987). In this paper, we deal with architecture innovation through the concept of architectural 

knowledge in terms of innovation process in OSAT (outsourcing semiconductor assembly and 

test, hereafter OSAT). For most companies, being the market dominator is the end goal of 

innovation. In particular, manufacturing companies (e.g., Semiconductors, key component of 

Information Technology and communication (hereafter, ICT)) produce the goods through 

numerous manufacturing processes. Innovation is intensive and focused action that can allow 

firms to generate new knowledge and to apply it to new productions (Fagerberg et al., 2005). 

Newness is not always innovation. In particular, the semiconductor industry tends to innovate 

persistently in the high-tech industry (Jelinek and Schoonhoven, 1990).  

 Our research questions are geared to discover how architectural knowledge is managed, and 

brings about product innovation. Typically after dominant designs emerge, existing firms are 

likely to set up incremental innovation (Anderson and Tushman, 1990). For incremental change, 

product architecture remain stable (Henderson and Clark, 1990).What take places for firms after 

a dominant design (Tushman and Murmann, 1998) emerges, at least until the next technological 

disruption, is the main concern in this paper. To achieve these research goals, we take the case 

of the Pick-and Place Machine (semiconductor packaging machines) that is used as to protect 

chips and core electron elements (e.g. computer, mobile phone, camera, etc.) 

Semiconductors are sophisticated and embody the complicated characteristics of the 

manufacturing process, which is further disseminated into a subdivided production process. The 



 

 

characteristics of this process have necessitated the division of the manufacturing into two parts, 

the front-end and back-end processes. In this case study, we deal with an innovation case in the 

aforementioned back-end process. The back-end process manufacturer OSAT has become a 

fierce market competitor because of the expansion of semiconductor packaging technology. 

Thus, OSATs have packaged chips from wafer being used as a component in numerous 

electronics products (e.g., Smart phones, mobile phones, appliances, computer, and etc.).  

In this study, we analyse successful product innovation at Amkor Technology (hereafter, 

Amkor), one of the leading provider of semiconductor assembly and test service to 

semiconductor companies and electronics OEMs in Korea. The reason we choose this case 

study that Amkor invented a new concept called as the vibration feeding Flip with copper pillar 

flip chip which is key component in the Pick and Place machine. Until vibration feeding flip 

with copper pillar flip chip was invented, rotational flip chip mechanism had been regarded as 

principle operation mechanism. Newness, from rotational flip chip into vibration feeding flip 

with copper pillar can be regarded as radical change result from destroying the architectural 

knowledge unlike Jelinek and Schoonhoven (1990)’ assertion because this newness comes  

from sequential process to simultaneous. As such, Amkor could regain predominant fame, and 

recover its market competitiveness. After radical innovation, the firm leading in the specific 

industry met the technical limits to keep its role as the market dominant player. When meeting 

difficulties, the firm recognized the necessity of architectural innovation and related numerous 

problems (Henderson and Clark, 1990; Senge, 1990; Schilling, 2008). 

There many hurdles from adapting a new concept to diffusing it. Much of what the firm knows 

is useful and needs to be applied to the new product, but some of what is knows is not only 

lacks usability, but may actually handicap firm (Henderson and Clark, 1990). 

The contributions of this study are that how a firm acquires and uses an architectural 

knowledge strategy required for radical innovation. Second, even though in general product 

innovation in equipment industry is regarded as not radical innovation but incremental 



 

 

innovation, the procedure had associated with architectural knowledge. This finding offers 

significant knowledge to innovation type study. Also this paper firstly demonstrates the 

dominant design of equipments (e.g., Pick and Places) in OSAT 

To achieve such research purposes, this study researched relevant literature and case studies. 

Over 12 interviews were conducted with Amkor’s technology development engineers, for 

research purposes. In addition, internal documents of the technology development have also 

been utilised. 

 

2. Theoretical background 

 

Study of Innovation patterns have been ignited since Abernathy and Utterback's (1978) Pattern 

of Industrial Innovation was released (Freeman, 1982; Nelson and winter, 1982; Dewar and 

Dutton, 1986; Tushman and Anderson, 1986; Henderson and Clark, 1990; Christensen, 1992; 

Teece et al.,1997; Tushman and O’reilly, 2002; O’Reilly and Tushman, 2008). Innovation 

patterns deal primarily with existing technology (i.e., design, component) and new concepts that 

depart in significant ways from previous technology. Innovation is traditionally divided into two 

types: radical and incremental. Radical innovation is based on different set of engineering 

principles. As a result it is much more uncertain and risky and therefore more difficult to 

manage (Hommels et al., 2007).  This form of innovation often creates difficulties for existing 

firms (Tushman and Anderson, 1986; Anderson and Tushman, 1990). 

Radical innovation brings a technological push, or technology push innovation, by introducing 

radical changes in technology that do not alter the meaning of product. For instance, the 

invention of color television is an example of this form of innovation. Technology push 

innovation does not come from users (Chirstensen, 1997; Dosi, 1982).  

In contrast incremental innovation is minor change, enhancing the efficiency and effectiveness 

of the existing products (Thushman and Anderson, 1986). Thus, incremental innovations are 



 

 

those which result from new developments or the refinement of existing technologies. Typically, 

most innovations are incremental in nature and, if implemented successfully lead to 

enhancements in existing productions. Less frequently, breakthroughs can create new markets 

and industries. After a dominant design, which is a single architecture, establishes dominance in 

a product a new category emerges (Anderson and Tushman, 1990).  During an era of 

incremental change, product architecture remains stable. Existing firms are mainly interested in 

innovation associated with manufacturing, cost reductions, component improvement (Abernathy 

and Utterback, 1978; Anderson and Thushman, 1990; Henderson and Clark, 1990). 

Dominant design is a stabilized operational principle or product architecture that gains a 

majority of the market (Murmann and Frenkenm 2006).  As mentioned above, an era of 

incremental change brings the chance for innovation. These innovations include; product to 

process innovation (Abernathy and Utterback, 1978), a general reduction of innovativeness, 

such as: cost reduction, minor component and subsystem innovation. These activities can be 

accompanied by product customization for differentiated market segments. The reason that 

existing firm  is inclined to focus on product innovation as opposed to innovating the 

architecture because  an era of incremental change is marked by organizational, social and 

political stabilization (Thushman and Rosenkopf, 1992). Namely, firms have a propensity for 

lower level problem solving (Funk, 2003).  

 As mentioned, we believed that in an era of incremental innovation, there are numerous 

technical innovations that involve seemingly modest changes to the existing technology, but 

have quite dramatic competitive consequences (Clark, 1987). 

 

2.1 Innovation type and Architectural innovation  

 

Henderson and Clark (1990) noted that the distinction between radical and incremental 

innovation has produced important insights, but it is fundamentally incomplete. They suggested 



 

 

that the concept of architectural innovation does not happen when improvement of efficiency of 

components is not fully enough to bring system total efficiency. Architectural innovation 

changes the way in which the components of a product are linked together, while leaving the 

core design concepts and thus the basic knowledge underlying the components, untouched 

(Henderson and Clark, 1990). Also, architectural innovation destroys the usefulness of a firm’s 

architectural knowledge but preserves the usefulness of its product’s component knowledge. 

Henderson and Clark (1990) also defined a component as a physically distinct portion of the 

product that embodies a core design concept and performs a well-defined function. Considering 

that the definition of architectural innovation (Henderson and Clark, 1990; Christensen, 1997), 

is the distinction between incremental innovation and radical innovation, Radical innovation 

establishes a new dominant design and, hence, a new set of core design concepts embodied in 

components that are linked together in a new architecture. Incremental innovation refined and 

extends and established design. Actually, the debate about innovation types comes from types of 

technological change. Successful product development requires types of knowledge: component 

knowledge and architectural knowledge. The former is the knowledge about each of the core 

design concepts and the way in which they are implemented in a particular component. The 

latter is the knowledge about the ways in which the components are integrated and linked 

together into a coherent whole. The essence of an architectural innovation is the reconfiguration 

of an established system to link together existing components in a new way (Henderson and 

Clark, 1990). They also note that architectural innovation is often triggered by a change in 

component design- perhaps size or some other subsidiary parts of its design. Architectural 

innovation presents established firms with a more subtle challenge. Subtle challenge comes 

from aggregated knowledge in existing firms. 

 

2.2 Innovation type and Firm Knowledge 

 



 

 

As innovation consists of a new idea and its implementation into a new product, process or 

service, innovation is not a one-time phenomenon. Rather, innovation is a long time cumulative 

process of a great number of organizational decision-making process, ranging from the phase of 

generation of a new idea to its implementation phase. It is not surprising that the study on 

knowledge and the relation between knowledge and innovation has become key topic for 

innovation studies. Because it is the dominant and perhaps even the only source of comparative 

advantage, firms try to enhance their firm's knowledge, knowledge availability, and further it's 

application (Nonaka and Takeuchi, 1995; Lin, 2007; Plessia, 2007). Afuah (1998) refers to 

innovation as new knowledge incorporated in product, processes, and services. Many authors 

asserted a relation between innovation and knowledge. In the study, three perspectives on the 

development of theoretical models of innovation by Abernathy and Clark (1985), Henderson 

and Clark (1990), Tushman, Anderson, And O’Reilly (1997) are reviewed. 

Firstly, Abernathy and Clark (1985) explained relationship between innovation and knowledge 

in terms of market knowledge and technologies. The important concept is that even if a firm’s 

technological capabilities were obsolete, their market capabilities could remain relevant. 

Architectural innovation take places if both the technological and market capabilities all become 

obsolete. According to Henderson and Clark (1990)’s note about architectural innovation and 

knowledge, architectural innovation destroys the usefulness of a firm’s architectural knowledge 

but preserves the usefulness of its knowledge about the product’s components.  In case of 

radical innovation, as mentioned above, the firm uses totally different knowledge. Namely it 

creates new challenges for established firms, since it destroys the usefulness of their existing 

capabilities (Henderson and Clark, 1990). 

Thirdly, it is Tushman and O’Reilly (1997)’s classification. They also discussed between 

technology cycles and innovation streams according to impact on market knowledge and 

technology. Market knowledge is considered as new, or existing which are not so different from 

the two levels proposed by Abernathy and Clark. Using incremental or radical, four kinds of 



 

 

innovation are identified: (1) Architectural innovation- new markets are created but with an 

incremental improvement in technology; (2) Incremental products, service or process 

innovation- the markets are the same, based on incremental improvement in technology; (3) 

Major product or service innovation- a radical change in technology and creation of new 

markets; (4) Major process innovation- a radical change in technology but the market remains 

the same. Dominant design means technical evolution which is usually characterized by periods 

of great experimentation followed by the acceptance of dominant technology comes from them. 

Existing firms should confront the market environment or technology in order to pioneer the 

markets. In the same context, firms should build knowledge and capabilities around the 

recurrent tasks they perform that are shaped by the intra-experience with an evolving 

technology. Architectural knowledge is critical for keeping innovation capabilities and to cope 

with emerging complexities. 

 

3.  Analysis of semiconductor packaging industry 

 

3.1 study methodology 

 

In order to achieve our research aims, this study analyses an example of innovative activity 

through Amkor a global semiconductor packaging firm in South Korea. Innovation process at 

the firm level takes a long time to reach the market, therefore qualitative cast study 

methodology is more appropriate (Baxter and Jack, 2008). According to Yin (2003)’s study 

regarding when to use a case study, it should be considered when: (1) the focus of the study is to 

answer “how” and “why” questions; (b) you can’t manipulate the behaviour of those involved in 

the study;(c) you want to cover contextual conditions because you believe they are relevant to 

the phenomenon under study; (d) the boundaries are not clear between phenomenon and context.  



 

 

Since this paper deals with the why and how Amkor should implements innovation, and we 

can’t manipulate the data, case study methodology is appropriate. In addition, because one of 

authors of this paper works at Amkor as a researcher, we can participate in the events. That is 

the participant and observable case study (Yin, 2003). When taking into consideration the 

prudent context of innovation process a single case study is adaptable. 

To collect the data we utilized previous literature, periodicals, and semiconductor related 

professional materials including paper covering opinion leaders. Furthermore, in order to learn 

about the decision making process and professional working levels, four interviews were 

conducted from April to December of 2015.  

 

3.2. Overview of Amkor Technology Korea and Packaging Technology 

 

Market structure always changes due to both the evolution of technology and market demand. 

As mentioned above, a semiconductor is a product with the typical manufacturing 

characteristics that also undergoes a subdivided manufacturing process. The manufacturing 

process is divided into front-end and back-end process to produce the final product. In other 

words, there is a basic process for manufacturing a semiconductor and a back-end process that 

provides protection (packaging) to allow consumers to easily use the semiconductor that has 

been produced. As an back-end process firm, Amkor Technology Korea (hereafter, Amkor) is 

the one of the largest firms globally. Founded in 1968, as one of the world’s largest suppliers of 

outsourced semiconductor advanced packaging design, Amkor has been implemented to make 

these innovations a reality. Amkor was at the frontier of the semiconductor industry in Korea, in 

spite of numerous difficulties and the bad environment in manufacturing at the time.  

Jim Kim, the founder of Amkor, came to the United States in 1955 at the age of 19. He spent a 

year learning English and then enrolled at Wharton. His father was the founder of Anam 

semiconductors in Korea. But by the late of 1960’s, Kim’s father had run into trouble with a 



 

 

electronics factory in Seoul. He asked for help from his eldest son. With clients such as Texas 

Instrument Inc., Amkor and his father’s company, Anam Semiconductor Inc., grew rapidly 

through the 1980s and 1990s supported by economic-development policies in South Korea. The 

companies had a symbiotic relationship with Amkor in the United States selling the products 

that were produced by Anam in Korea. After the IMF era of Korea, Anam in Korea and Amkor 

in Unites States had combined as Amkor. 

 

3.2.1 Back-end process of semiconductor (packaging)  

 

It is necessary to protect the semiconductor chip from the external environment. For this 

reason, packaging (post-process) is an important part in semiconductor manufacturing. 

Electronic packaging provides the interconnection from the IC the printed circuit board (PCB) 

as well as desired mechanical and environment protection to ensure reliability and performance. 

 To perform such back-end processes, many types of equipment are required, as well as 

various raw and subsidiary materials. Information related to Machine, Material, Man, and 

Method of Process costs are classified as 4M (Machine, Material, Man, and Method) factors. In 

addition, the packaging assembly process requires expensive equipment and technology, as well 

as strict quality control for each process. The packaging industry must have equipment that can 

perform ultra precision work and knowledge to the industry standards. Also, the equipment 

needs continuous improvement because of the rapid technological development of 

semiconductor manufacturing (front-end process). In addition, there is also a need to manage 

ultra precision(50 ㎛) technology because of the product’s characteristics. As a result, it requires 

ceaseless cutting-edge technology. The emergence of a new concept or technology is usually a 

period of considerable confusion. The Pick and Place machine is has a key role in packaging the 

die from the wafer. Careful die (or chip) handling is extreme to maintain quality and good die 

yields from the wafer once it has been sawn. Using a Pick and Place machine, workers to apply 



 

 

the absolute minimum contact and relative force require to remove die from the foil ring frame 

after sawing. Even though there are circumstances where a degree of manual removal is 

necessary, it is preferable to opt for an automated process as the possibilities of mechanical 

damage to the die are greatly reduced. The reason that Pick and Place machine automation is 

important for packaging is to deal with high volumes and enable faster output turn-around 

which is simply not possible otherwise. A good example to use would be a small transistor.   

According to the interviews even the most dexterous and experienced clean room operative 

could not hope to manually remove 1,750 die in an hour. The architectural knowledge of the 

Pick and Place automation is that the operator manually adjusts the X and Y coordinates to the 

centre on a die by viewing it on a magnified screen. The actual die are removed from the foil 

through the use of single or multiple ejector pins which push up from under the foil and release 

the die by applying pressure to the backside. To collect the raised die, a vacuum powered 

mechanical arm sweeps across, pick up the die and releases it into the carrier. The Pick and 

Place machine requires expert calibration to set-up, operation speed is the important 

competitiveness aspect. 

The packaging industry, with the diversification in the package form of recent mobile devices 

and information equipment market, is more compact, composite and diversified. Currently, 

technology has been progressed in the form of CSP (Chip Scale Package), MCP (Multi Chip 

Package), and SIP (System In Package). In other words, the packaging industry is changing 

around the high value-added products. 

 

3.2.2. The Evolution of Component and Architectural knowledge 

 

Two concepts are critical to understanding the ways in which component and architectural 

knowledge are managed inside an firm. Technical evolution is usually characterized by periods 

of great experimentation followed by the acceptance of dominant design (Handerson and Clark, 



 

 

1990). The second concept is that organizations build knowledge and capabilities around the 

recurrent tasks they perform (Nelson and winter, 1982).  

In 1940s, a printed circuit board (PCB) was created. It reduced the increasing complexity of 

attempting to wire circuits manually. However, as PCBs became more prevalent and advanced, 

it also became difficult to quickly and accurately produce circuit boards in large quantities. To 

solve these difficulties, the Pick and Place method, with it's ability to place a large quantity of 

components on board extremely quickly arrived. Pick and Place machines all function by 

picking up a component in one place and putting it in another, instead of using fingers or 

tweezers like a human operator would use. The variety of situations in which the Pick and 

Place is used has created in interesting smorgasbord of styles for the picking and placing 

concept, though all operate according to a set of basic principles. 

In the beginning of 2000s, the semiconductor utilisation field rapidly developed in the IT 

industry, and it have been deployed further in the fabrication process field through 

diversification. These led to the growth of a huge foundry and back-end process. In accordance 

with the development trend of electronic products, technology development has been carried 

out in the miniaturisation and highly integrated semiconductor packaging. As such, the 

semiconductor packaging technology has become increasingly important. 

To overcome limitation of fabrication process technology, Semiconductor industry is 

researched from various angles. Above all, it is focused on the development of packaging 

technology represented by SIP. The example of specific SIP implementation is TSV, FOWLP. 

Past packaging is to simply protect circuit but newest package is develop to meet ambivalent 

needs of low power, high performance and compact. 

As mentioned above, at the beginning of 2000s, Single Head architectural technology was 

adapted for use in the Pick and Place machine. Single Head is the general acceptance of 

particular product architecture and is characteristic of technical evolution in a Pick and Place 

machines. Single Head architectural technology actually dominated the Pick and Place machine 



 

 

market. A dominant design often emerges in response to the opportunity to obtain economies of 

scale or to take advantage of externalities (Arthur, 1988). Amkor as a front runner of OSAT, 

adapted it in spite of having plenty of it's own technologies because customers such as Samsung 

has strongly required it. Figure 1 presents the operation principle of Single Head Pick and Place 

Module. By utilizing the single head, Pick and Place machines pick the die from on wafer and 

placing them in the holes. Single Head technology is principle operation method, thus 

architecture technology. Amkor having accumulated knowledge about the operation principle of 

the Pick and Place machine began the innovation, because single Head component had a time 

lag during the process from picking the die to placing it the hole. Also the time required to move 

the die hindered quality control. Real time product inspection is much more important for 

OSATs.  

Insert Figure 1 about here 

The innovation team at Amkor tried to shorten the times, from picking to placing. Originally, 

Amkor was not a firm that manufactured these machines rather only one of the users of it. At 

that time, Amkor's biggest risk was losing the frontier’s advantage due to chasing the latecomers, 

by using the Pick and Place machines equipped with Single Head technology. In addition, 

according to the IC chip’s minimization propensity, Amkor strongly felt that it could create the 

new Pick and Place machines with its accumulated architectural knowledge through the 

strategic alliance with a firm that only manufactured the production machines. The main 

component was transferred from Single Head to Double Head. But, despite several tries and a 

large amount of R&D expenditure, new machines were delayed due to the weak infrastructure 

of the domestic firms that produced the machines. Figure 2 shows how Pick and Place operates 

with the Double Head component. Unlike a Single Head component technology, one head used 

for picking the wafer and the other used moving it from a placement to Real box. Double head 

offers variety benefits compared to Single Head components: (1) shorten the product times; (2) 

decrease the ratio of fraction defective. In order to produce one single semiconductor customer 



 

 

can utilize, numerous production process is necessary. It is more important for OSAT firms to 

find the fraction defective during the production process than any others. Double head 

component enable to inspect the chip unlike single Head. Moreover, there are two pick and 

place heads on machine, the production efficiency is improved up to more 60% than with one 

head as well as this is suitable for high volume LED production according to interview data. 

 

Insert Figure 2 about here 

In spite of the innovative input, Amkor failed because their competitor already developed a 

similar product. 

At the end of 2010s, competition was more heated up for OSAT due to Double Head 

component. Amkor established a new organization to implement the innovation beyond the 

double head component. This led to the the dual Flipper Module in the Double Pick and Place 

machine. With the ongoing expansion of the smart phones, digital cameras and other 

electronic based products, the flip chip revolution is in full swing. Time to market and volume 

production are more important than ever. This flip chip technology drives the need for 

production equipment including flip chip bonders and under fill depensers. A key advantage of 

flip chip is size. Flip chip does not require peripheral space for the wire bond. They can be 

made smaller than wire bond packages with a similar Input and Output count. For die with 

Input and Output count, flip chip technology offers large space savings because the I/O can be 

arranged in an array on both die and substrate. This eliminates the need for traces to the chip 

edge form internal interconnect points. Figure 3 depicts flip chip assembly process. A key 

advantage of dual Flipper is improved performance because it provides improved number of 

I/Os, plus the concentration of more signal, ground and power connections in smaller area, in 

terms of rotating the double Pick and Places. This process eliminated die attach wire bonding. 

Assembly time, the total number of process steps, overall capital equipment cost, the number 



 

 

of pieces of equipment as well as other factors effected by flip chip technology resulted in a 

reduced cost. 

Insert Figure3 about here 

At the end of 2015s, Amkor had gathered a great deal of architectural knowledge. Using this 

architectural knowledge, Pick and Place operation principle was changed from a rotation flip 

into a vibrated feeding flip. Vibrated feeding flip module was created at first by using the 

accumulated component knowledge. It was possible due to Amkor’s architectural knowledge. 

Special organization team aiming at the development new equipments had traced the 

architectural knowledge beginning from knowledge at the 2000s. Finally the research team 

reached the conclusion that the creation of this new component would bring about time savings 

in dual pick and Place machines.  The research team destroyed the existing concepts. If die flip 

could be picked up and moved simultaneous to the real box by the sliding through vibrator’s 

power, it could not only overcome the time limitation of rotating concept, but brings new 

architectural knowledge. Key problem Amkor confronted is to innovate new technology that 

can protect chipping of the chip in the sliding process because of friction. This difficulty could 

be solved by adapting the cooper plating. In this process, innovation team decided to destroy the 

accumulated knowledge about the component way of the Pick and Place (i.g., operational 

mechanism- from consecutive way into vibration-Simultaneous way). Consequently, this 

architectural knowledge enables Amkor to regain the competitiveness in OSAT. 

 

Insert Figure 4 about here 

3.3. Summary 

Different types of innovation require other types of knowledge (Schilling 2008). Technology 

innovation is the knowledge of component, and links between components, methods, process, 

and techniques that go into a product (Popadiuk and Choo, 2006).  



 

 

A company needs innovation for its sustained growth through the company’s performance 

(Cohen and Levinthal 1989; Han 2014). As innovation outcome leads the performance of 

companies, such achievements need to be part of the creation of the companies’ technical 

capabilities (Geroski and Toker 1996). In the process of innovation, Afuah (1998)’s 

argumentation regarding to the utilization of knowledge, knowledge of component, linkages 

between component, methods, process and techniques is critical to innovation.  

Judging from innovation pattern of Amkor, even though the technical life span of a packaging 

instrument is 3–5 years, it has accumulated architectural knowledge. According to the interview 

data, Amkor has been pursued the knowledge under the motto that 'knowledge is a construction 

of reality'. Knowledge can be accumulated by joint activities, shared experiences, spending time 

in the same environment, apprenticeship, observing how the practice works, etc. It involves 

capturing knowledge through direct interactions with suppliers and customers. In particular, 

dialogue with customers such as Apple, Samsung or interaction with external experts, and the 

creation of a work environment that allows camaraderie with external partners. Before Amkor 

meted difficulty at the late of 1990s, Amkor tried to maximize their architectural knowledge. In 

order to internalize the knowledge, a variety of activities were  utilized: technology training 

programs, cross functional development team for the purpose of obtaining the knowledge by 

search and sharing of new values and thoughts, and the facilitation of prototyping and 

benchmarking. 

From the findings, we can see that once dominant design, Pick and Place had been accepted, 

engineers did not re-evaluate the radical innovation (e.g. from PCB to Pick and place way). 

Engineers tried to refine the initial set of components and tried to shape component 

improvements in the component within the framework of a stable architecture by using 

architectural knowledge. Amkor have kept the incremental innovation by internalized 

knowledge. From the analysis for development of Pick and Place machine, we can depict the 

progress of dominant design over time as Figure 6. Also, incremental innovation pattern could 



 

 

be described as figure 5. Figure 5 presents the S curve configuration with regard to evolution of 

technology of Pick and Place machine. Amkor have been implemented incremental innovation 

each 3-5 years. In order words, Amkor have kept up with discontinuous technology in terms of 

new component knowledge in the same architecture. 

Insert Figure 5 about here 

 

According to Henderson and Clark (1990), new component knowledge become more valuable 

to a firm than new architectural knowledge because completion between designs revolves 

around refinements in particular components.  

 Amkor have strongly focused on development of customised equipment to fit the needs of 

a customer since in an industry characterized by a dominant design (Pick and place) 

architectural knowledge is stable (Henderson and Clark, 1990; Christensen, 1997). Incremental 

innovation are designed to meet existing customer\ needs (O’Reilly and Tushman, 2008) while 

radical innovations are designed to meet the needs of emergent customers (Benner and Tushman, 

2003).  

The concept of competency enhancing innovation versus competency destroying innovation 

was effective way to explaining the innovation success of firms in the face of breakthrough 

innovation (Tushman and Anderson, 1986). If innovations are competence destroying, they 

change the basic performance metrics rendering established technologies obsolete and 

destroying the value of incumbent links to existing customers (Danneel, 2004). By taking into 

consideration Danneel's (2004) argument, Amkor’s innovation is the competency enhancing 

innovation.  

By considering the ability to leverage architectural knowledge embedded in structure and 

information processing procedures (Handerson and Clark, 1990), Armkor’s product innovation, 

namely from rotation flip chip chanced into vibration feeding flip.  



 

 

We have a competitive edge in our existing equipment fixed design such as Die Size, UPH 

(Unit Per Hour), Bumped Wafer Capability, Flipper Accuracy, and Machine Size (in 

semiconductor packaging equipment operation).  Figure 6 presents the change of dominant 

design of the semiconductor packaging equipment of OSAT through the accumulated-

architectural knowledge about Pick and Place Machines.  

 

Insert Figure 6 about here 

 Dominant design (Tushman and Murmann, 1998) was changed according to the methods 

removing die from wafer. Until vibration feeding flip was invented, the operation mechanism 

was sequential. But vibration feeding flip enable to work simultaneously. We can regard that 

this innovation is one of the architectural innovations. 

The following innovative Die Flip Design is for the Die Flip Operation as the Feeding Type 

that uses vibration. It is an innovative improvement over the Flip Operation of an existing 

Rotary Operation, as it overcomes the limitation of Tact Time through the mechanical Flip 

Operation of existing equipment. Moreover, it improves the UPH, which is the core of the pick-

and-place equipment by up to 150%. Thus, it expects a very large effect in terms of 

strengthening the quality in accordance with declining the Tact Time. In addition, it reduces the 

error rate generated during the operation of the equipment by more than 90%. 

 

4. Conclusions and Implications 

 

Changing from Rotation Method to Vibration Feeding flip in the Pick and Place machines is 

the not only an incremental innovation but also a modular innovation, using architectural 

knowledge in an internal firm. Since architectural knowledge is stable once a dominant design 

has been accepted, it can easily be embedded in these forms and thus becomes implicit 

(Henderson and Clark, 1990). Firms that are actively engaged in incremental innovation, which 



 

 

occurs within the context of stable architectural knowledge are thus likely to manage much of 

their architectural knowledge. By considering the classification of innovation from Henderson 

and Clark (1990), Amkor’s innovation can be classified as modular innovation. By internalizing 

architectural knowledge, engineers use strategies to find problem-solving within components. 

Problem solving strategies also reflect architectural knowledge about the component linkages 

that are crucial to the solution of routine problem (Henderson and Clark, 1990).  

From the case analysis, architectural knowledge is the important role to innovation, even 

though it has not been used for radical innovation. Amkor had changed particularly the way in 

which the Pick and Place system was integrated with the rest of the aligner. These changes dealt 

with component interactions. As a result, Pick and Place machines, particularly the second-

generation (i.e., Double Head) machines, were incremental innovation. 

However, the gap between the rotational and vibration method must be radically different 

approach. Thus, the successful design new ways even though it could not be classified as radical 

innovation (Freeman, 1982), requires both the acquisition of some new architectural knowledge 

on how to build a more sophisticated stable gap-setting mechanism. Actually, Amkor is not a 

firm that makes an production equipment rather a customer of the firm that produces factory 

machines. By considering that architectural innovation is often trigged by existing components 

–perhaps size or some other subsidiary parameter of its design (Handerson and Clark, 1990), 

Amkor’s innovation also could be classified as radical innovation rather modular innovation.  

Based on analysis, this study suggested the following implications: (1) managing architectural 

knowledge by accumulating component knowledge; (2) sharing the knowledge intra firm. 

Radical innovations impact industrial landscapes. But, incumbent firm has focused on survive 

and prosper rather destroy the usefulness of existing capabilities. However, in order to survive, 

firm have willingness to destroy their usefulness capabilities. Architectural knowledge is the 

way in which the components are integrated and linked together into a coherent whole 



 

 

(Handerson and Clark, 1990). Amkor, OSAT has been accumulated knowledge, and 

implemented incremental innovation by using architectural knowledge.  

This paper has several limitations. This type of single case study was limited to generalize 

results. In fact, identifying the case and the specific type of case study is unclear. In order to 

avoid this limitation, we should collect multi-data and multi cases in OSAT. One of the 

common pitfalls associated with using a single case study is that there is a tendency for 

researcher to attempt to answer a question that is too broad or narrow. 

In spite of limitations, this study is fruitful s in showing the importance of knowledge 

accumulation and utilization for innovation.  

 . 
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<Figure 1> Single Head Pick and Place Module 

 

<Figure 2> Double Pick and Place Module 

 

<Figure 3> Dual Flipper Module in Double Pick and Place 

 

 

<Figure 4>Multi Pick Up and Vibration Flipper Module in Double Pick and Place Module 



 

 

 

<Figure 5> S-curve of the Pick-and-place Technology Development 

 

Source: Utterback and Abernathy (1975) 

<Figure 6> A Timeline of the dominant design of packaging equipment of OSAT 
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Abstract

 

The government of Republic of Korea developed a Marine-cluster complex in Busan that is 
consisting of 15 institutions to promote synergistic effect among the ocean-related science, 
technology and industry sectors. As part of this development, the Korea Institute of Ocean Science 
and Technology (KIOST) which is one and only comprehensive R&D institution for ocean science 
and technology in Korea will be relocated to Busan at the end of 2017 to fulfill the goals and 
policies set forth by central government. 
In this study, two questions are being analyzed: First, what kind of conditions should be prepared to 
maximize the open innovation environment with relocation of KIOST to Busan?; second, what 
strategies are required to motivate open innovations among KIOST, businesses, industries, academia 
and other organizations including government and local NGOs in Busan?
The analyses for the current study used following methods. First, in-depth interviews will be 
conducted with relevant stakeholders in KIOST, businesses, industries, local governments, etc. 
Second, we will conduct a survey to analyze external drivers and lastly, analyze a case study to 
elevate open innovation effects for KIOST relocation to Busan. 
The expected research results will be used to suggest invigorating open innovation environment for 
KIOST for its facilities, functions, and its relations with local entities, especially among 
organizations within the marine cluster complex for enhancement of creative open business model. 
The results may also contribute in the development of strategies to facilitate impact of open 
innovation for KIOST relocation to Busan.

Keywords: KIOST, open innovation, open business model, marine cluster
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Abstract  The discussion of open innovation has always been centred on the organisation 

where innovation occurs. The focus would be on the inflow and outflow of knowledge into the 

organisation; several studies and cases published have addressed the concept around business (or 

government) organisations and their research and development (R&D) activities. The open 

innovation framework is based on a focal organisation, which is usually a business organisation 

that provides a platform for other organisations to collaborate - either helping the focal 

organisation to commercialise its knowledge and gain economic benefits or vice versa. This 

notion, we argue, is where an open innovation platform is “supplier-driven” i.e. “supplier” 

indicating the focal organisation where innovation occurs.  In this paper, however, we propose an 

alternate framework for open innovation i.e. one that is “customer-driven” where the customer 

organisation or demand-creating organisation provides a platform for open innovation. This 

alternate notion is derived from the case of the flagship applications of Malaysia’s Multimedia 

Super Corridor (MSC Malaysia). The MSC Malaysia flagships can be seen as open innovation 

type platforms established by the customer i.e. the Malaysian Government – which provides the 

demand pull for creating an open-innovation platform.  This framework of a “customer-driven” 

open innovation platform could provide lessons for other emerging economies to understand how 

their governments can play a more active role, as policymaker and demand-generating entity, to 

create a platform for open innovation. 

 

Keywords Open innovation, customer-driven, MSC Malaysia, government, emerging 

economies  

 

 

I. Introduction 
 

Open innovation is where an organisation seeks external ideas and technologies to use in its 

own business and share internal ideas and technologies, that have not been or are not used insofar, 

with other individuals for them to use in their businesses (Chesbrough, 2003). Chesbrough 

(2006:1) furthers open innovation to be “the use of purposive inflows and outflows of knowledge 

to accelerate internal innovation, and expand the markets for external use of innovation 

respectively”. Lichtenthaler & Lichtenthaler’s (2009) paper introduces open innovation where 

different knowledge management -based methods are built into a singular framework for 

“knowledge exploration, retention, and exploitation inside and outside a firm’s boundaries” 

(Passi, Lappalainen, Rantala & Pikkarainen, 2014:5). Contemporary literature on open 

innovation, on the other hand, features the inflow and outflow of knowledge towards a greater 

customer-provider collaboration of innovation activities (Chesbrough, 2011). 
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“Customer involvement is a corner stone of innovation in any firm that targets to create 

products and services that really fits to specific market needs” (Paasi et al, 2014:2). That said, 

customers play a variety of roles across the open innovation process – idea generator, prototype 

evaluator, product tester, etc. (Öberg, 2010). Kaulio (1998) aptly presents customer involvement 

in the innovation process where he identifies three types of involvement: design for customers, 

design with customers and design by customers. Specifically, “design by” occurs when customers 

themselves are active participants in the product development process of their own product or 

service. This represents the initial resemblance to the notion of a “customer-driven” open 

innovation process. 

The discussion of open innovation has always been centred on the organisation where 

innovation occurs. The focus would be on the inflow and outflow of knowledge into the 

organisation; several studies and cases published have addressed the concept around business (or 

government) organisations and their research and development (R&D) activities. The basic 

premise for open innovation is that organisations benefit through collaboration and openness 

(Westergren & Holmström, 2012). The open innovation framework is based on a focal 

organisation, which is usually a business organisation that provides a platform for other 

organisations to collaborate - either helping the focal organisation to commercialise its knowledge 

and gain economic benefits or vice versa. This notion, we argue, is where an open innovation 

platform is “supplier-driven” i.e. “supplier” indicating the focal organisation where innovation 

occurs.   

In this paper, however, we propose an alternate framework for open innovation i.e. one that 

is “customer-driven” where the customer organisation or demand-creating organisation provides a 

platform for open innovation. This alternate notion is derived from the case of the flagship 

applications of Malaysia’s Multimedia Super Corridor (MSC Malaysia). The MSC Malaysia 

flagship applications can be seen as open innovation platforms established by the customer i.e. 

the Malaysian Government, to kickstart the Cyberjaya cluster.  This framework of a “customer-

driven” open innovation platform can be seen to provide lessons for other emerging economies to 

understand how their governments can play a more active role, as policymaker and demand 

generating entity, to create platforms for open innovation and kickstart the development of 

industrial clusters. 

In the next section, the paper begins with some background literature, after which the 

context of the study follows. A section on the methodology proceeds with a subsequent 

description of the flagship applications. A framework that establishes the role of the Malaysian 

Government as the customer in creating the open innovation platforms is presented as this paper’s 

findings. It ends with a set of conclusions. 

 

 

 

II. Discussions in Open Innovation Literature 
 

In this section, pertinent literature is selected towards understanding the concept of open 

innovation and what it means to small and medium enterprises (SMEs) and large firms. This will 

provide the foundation for this paper’s discourse. Aspects of open innovation being customer-
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driven, where the customer provides the platform for the innovation process to take place, are 

further discussed.  

 

1. Open Innovation 
 

Organisations have long begun to acquire external technologies to complement their internal 

knowledge bases, usually via strategic alliances (Teece, 1986). Also, they have actively sought to 

commercialise their internal technologies, either exclusively or by allowing external parties to use 

some of them (Grindley & Teece, 1997). Chesbrough acknowledged these activities and deduced 

them with the term “open innovation” (Chesbrough, 2003).   

Open innovation is where an organisation seeks external ideas and technologies to use in its 

own business and share internal ideas and technologies, that have not been or are not used insofar, 

with other individuals for them to use in their businesses (Chesbrough, 2003). Chesbrough 

(2006:1) furthers open innovation to be “the use of purposive inflows and outflows of knowledge 

to accelerate internal innovation, and expand the markets for external use of innovation 

respectively”. Inbound open innovation occurs as an outside-in innovation process i.e. knowledge 

exploration taking place when knowledge is acquired from external sources; outbound open 

innovation occurs as an inside-out innovation process i.e. knowledge exploitation taking place 

when internal knowledge is commercialised (Lichtenthaler, 2011). 

On that note, Lichtenthaler (2011) offers an extended perspective to open innovation: it 

involves “systematically performing knowledge exploration, retention and exploitation inside and 

outside an organisation’s boundaries throughout the innovation process” [p.77]. This indicates 

that open innovation can occur in three ways: (1) a simultaneous integration of both inbound and 

outbound processes, (2) the systemic use of one or both processes, and (3) maintaining 

knowledge in an organisation’s interorganisational relationships. This further emphasises the 

importance of value capture in open innovation i.e. profiting from the process. Because open 

innovation entails collaboration, it must be understood that, while successful in an 

interorganisational perspective i.e. value creation, an organisation may not necessarily be able to 

mirror the success in its own financial performance as a focal firm i.e. value capture. Open 

innovation would not have fully occurred (Lichtenthaler, 2011). 

To be in open innovation, an organisation must participate in interorganisational 

relationships. To participate in interorganisational relationships, an organisation is assumed to 

have relevant firm competences for others to want access. Cohen & Levinthal (1990) assert that 

while an organisation must possess some amount of prior knowledge in the acquisition of new 

knowledge, part of that prior knowledge must be fairly wide-ranging to allow for the creative 

utilisation of the new knowledge. This can be especially hard for small and medium-sized 

organisations (SMEs) as they are likely to be restricted in keeping up with current technologies 

(Quaddus & Hofmeyer, 2007). “Not all SMEs are, or will be, significantly innovative to an extent 

that will generate economic growth” (Gibson et al, 2008:7). 

 

2. Open Innovation: from Large Firms to SMEs 
 

Large multinationals have been usually the key players in open innovation, as described in 

early literature, by relying on their own research and development (R&D) to create new products 
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(Teece, 1986). This has been suggested by Chesbrough (2003) to be closed innovation, where 

these large organisations “discover, develop and commercialise technologies internally” (van de 

Vrande et al, 2009:424).  Nonetheless, recent works have indicated that SMEs are beginning to 

realise the opportunities to collaborating with others for innovation, thereby allowing themselves 

to overcome their “size” issues (Gassmann, Enkel & Chesbrough, 2010). SMEs make up the 

largest number of organisations in any economy, while large multinationals are usually seen as 

the catalyst for interorganisational relations. Innovation is unsettling for the large and established; 

on the other hand, innovation is necessary for the small and entrepreneurial (Jensen & Goldberg, 

2014). Nonetheless, SMEs are becoming rapidly active at a global scale, indicating that they have 

a competitive advantage in their specialist knowledge or intellectual property (Gassmann, Enkel 

& Chesbrough, 2010), an element for which multinationals seek collaborations. For emerging 

economies, it helps when their governments initiate and advocate contact between multinationals 

and SMEs for collaboration as this ultimately means a contribution to national growth.  

The globalisation of organisations and markets indicates universal integration and diffusion 

of economic activities (Aliza A. O., 2008). Since innovation is widely recognised as a major 

contributor to a nation’s economic growth, it is encouraged that “public research institutes, 

government agencies, academic institutions and individual researchers participate with firms to 

create and further knowledge and innovation” (Thompson, 2004:6). As a result, governments 

develop national policies that aim at promoting to organisations to collaborate in innovation 

activities. Hämäläinen & Schienstock (2000) say that governments are able to encourage the 

building on shared understanding and trust by providing the organisations ample incentives to 

want to collaborate for innovation. National policies can focus on creating the right institutional 

conditions to facilitate innovation activities among governments, industry parties, customers and 

other stakeholders (Aliza A. O., 2008). 

 

3. Customer Driven Open Innovation 
 

“What the customer buys and considers value is never a product. It is always utility – that is, 

what a product does for him” (Drucker, 1999:57). Customers are no longer playing the traditional 

role as “passive buyers with a predetermined role of consumption” (Prahalad & Ramaswamy, 

2000:80). Organisations are now more likely to get their customers involved in product 

development to seek wider product differentiation, greater customer satisfaction and/or larger 

market share (Chesbrough & Appleyard, 2007). Customers have become “a new source of 

competence … [that is] a function of the knowledge and skills they possess, their willingness to 

learn and experiment and their ability to engage in an active dialogue” (Prahalad & 

Ramaswamy, 2000:80). This signifies the importance of the role of the customer. 

This also reiterates the ongoing trend of innovation that reflects “probe-and-learn” processes 

– more iterative and collaborative processes are taking place among the customers, suppliers and 

research & development (R&D) organisations (Lynn et al, 1997). Organisations nowadays are 

unlikely to develop a new product alone, simply because current technology has made product 

development expensive – further substantiating the need for partnerships and alliances 

(Hagedoorn & Duyster, 2002).  

The adoption of an open innovation model is grounded in the development of an 

interorganisational network that can offer an environment conducive to innovation. While, 
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Lichtenthaler & Lichtenthaler’s (2009) paper on open innovation features different knowledge 

management -based methods are built into a singular framework for “knowledge exploration, 

retention, and exploitation inside and outside a firm’s boundaries” (Passi et al, 2014:5), 

contemporary literature is tending towards the inflow and outflow of knowledge towards a greater 

customer-provider collaboration of innovation activities (Chesbrough, 2011).  

 Nonetheless, it would be interesting to consider open innovation where a nation’s 

government becomes the customer with a demand, and singularly establishes an open innovation 

platform and invites other organisations as collaborators, in order to respond to the demand 

towards enabling a new market for the innovation.  Large scale private sector R&D investment 

can be largely influenced by government demand on innovation where public procurement is able 

to guarantee an initial market for products and services e.g. semiconductors, the Internet and 

passenger jets (Slavtchev & Wiederhold, 2012). Slavtchev & Wiederhold (2012) further identify 

in Dalpé, DeBresson & Xiaoping (1992) where “a government has been a main customer of 

technology-intensive products and a major driver of the development of industries in which it is 

an important customer” [2].  

  

4. In Summary 
 

From the above discussion, literature appears to suggest that the innovating organisation 

drives innovation by establishing a platform for its partners to interact and collaborate in 

innovation activities i.e. open innovation that is “supplier-driven”. As discussed in the preceding 

subsection, this paper attempts to provide anecdotal evidence to introduce an alternate perspective 

to open innovation i.e. one that is “customer-driven”. The next sections provide the context and 

methodology of the study followed by a description of the flagship applications suggested, in this 

paper, to be open innovation platforms created by a significant customer, the Malaysian 

Government.  

   

III. Context of the Study 
 

The recent Eleventh Malaysia Plan (11MP), 2016-2020, emphasises on “game-changing 

strategies to spur economic growth such as intensifying innovation activities and developing 

competitive cities and regional economic corridors” (Government of Malaysia, 2015:237). It is 

the last phase towards realising the nation’s Vision 2020, where Malaysia stands as a fully 

developed country along all dimensions - economically, politically, socially, spiritually, 

psychologically, and culturally - by the year 2020. 

MSC Malaysia was launched in 1996 to help achieve Vision 2020. “This was to be in line 

with the Government’s conviction that the future economic prosperity of Malaysia not only rested 

on the export of primary products but also on the fruits of high technology” (Andaya & Andaya, 

2001:318). “MSC Malaysia is meant to encourage innovation among organisations (both local 

and foreign) where supporting policies and infrastructure are provided to enable the 

organisations to thrive in their industries and create opportunities for all” (A. Omar & Mohan, 

2013:241). 

The MSC flagships consist of organisations working in identified primary areas of 

multimedia applications within an integrated environment – MSC Malaysia – comprising of 



Aliza A., O. & Mohan, A. V. 

 

6 

 

elements and attributes of a global multimedia climate for the development of an information and 

communication technology (ICT) industry and society (A. A. Omar, 2008). The flagship 

applications enable MSC Malaysia “to make it a global test bed, increase productivity and 

competitiveness by fast-tracking the infrastructure for electronic business and help overcome the 

digital divide” (Aliza O. & Mohan, 2010:247). The flagships are indicative of platforms for 

organisations to interact and collaborate towards a shared objective (K. Aziz, A. Omar & Mohan, 

2002). This provides the platform to study customer-driven open innovation where the Malaysian 

Government, as customer, creates and collaborates in the innovation process.  

 

IV. Research Methodology 
 

The research setting chosen, viz. the MSC flagships, involved a highly dynamic environment 

and warranted for such a design that entailed an exploratory approach; hence the research design 

was based on case study methodology. The study was guided by “the identification of data 

patterns for subsequent cross-referencing with literature for conceptual clarification” (Human & 

Provan, 1997:372) towards enabling a recommendation of findings. 

Both secondary data and primary data have been used to collect the information for 

developing the cases of the selected flagship applications. Primary data was collected from 

interviews of nominated respondents, recorded and conducted via face to face. The interviews 

went on between 30 and 150 minutes and were conducted between July 2005 and December 

2006. The primary researcher held sole responsibility over the data collection. The selection of 

interviewees was founded based on that they were key employees working in the organisations 

participating in the three selected MSC Malaysia flagship applications. 

Four classes of respondents, totalling to forty (40) individuals, i.e. top management, 

managers, operational personnel and external parties (e.g. consultants, financiers, advisers, etc.) 

made up the study. There were 17 respondents from the GMPC Application, 11 from the 

ePerolehan Application and 12 from the Telehealth Application. The cases were analysed 

independently. 

 

V. Cases from MSC Malaysia 
 

The selected three MSC Malaysia flagship applications were the Government Multi Purpose 

Card (GMPC) Application (under the Smart Card Flagship), the Telehealth Application (under 

the Telehealth Flagship) and the Electronic Procurement (ePerolehan) Application (under the 

eGovernment Flagship). The above flagship applications were selected due to that they were 

revelatory and of general public interest.  

Multimedia Development Corporation Sdn Bhd (MDeC) is the facilitator cum moderating 

agency for all MSC Malaysia flagships. It is owned and funded by the Government of Malaysia – 

an entrepreneurial tool to advise the Government on issues of legislation and policies, practices 

and standards pertaining to MSC Malaysia towards making it “the preferred location for ICT and 

multimedia innovations, services and operations
3
”. More importantly, it is dedicated to promoting 

MSC Malaysia locally and globally and support the companies located in the hub. MDeC enables 

                                                           
3 “Getting More Bang for 9MP’s ICT bucks”, Business Times (New Straits Times) published on 20 July 2006 
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smart partnerships to be forged between Malaysian and international companies by catalysing and 

nurturing flagship applications. According to Dato’ Badlisham Ghazali, former CEO of MDeC, 

he identified MDeC’s role to be that of a “facilitator and advisor to the various agencies and 

ministries tasked with implementing the flagships … [and] for the flagships to succeed, there has 

to be a mindset shift and this takes time because it involves people and change management 

programmes that are undertaken on a continuous basis
4
”. 

An important component of MSC Malaysia is the MSC Implementation Council, which 

oversees the overall implementation of MSC Malaysia. This council is chaired by the Prime 

Minister and meets every quarterly. In addition, the Chief Secretary to the Government and the 

Chairman of MDeC jointly chairs the MSC Flagship Coordination Committee, of which its 

meetings are held monthly. Each MSC flagship is represented by a Steering Committee. Lastly, at 

the operational level, lead agencies are responsible for planning, implementing and monitoring 

each of the flagship applications. In this case, the GMPC, ePerolehan and Telehealth applications 

were led respectively by the National Registration Department (under the Ministry of Home 

Affairs), Treasury (under the Ministry of Finance) and the Ministry of Health. 

 

1. The GMPC Application 
 

The Government Multi Purpose Card (GMPC) Application focused on the development of 

the MyKad – Malaysia’s national identification card. The MyKad possesses an embedded 

computer chip that enables applications like data processing and storage, and file management. 

In May 1999, a group of organisations was awarded the contract to develop and deploy the 

smart card by the Malaysian Government. GMPC Corporation Sdn. Bhd., or the GMPC 

Consortium, was subsequently created, made up of five (5) national and international 

organisations: UNISYS MSC Sdn. Bhd, CSA MSC Sdn. Bhd., EPNCR (M) Sdn. Bhd., IRIS 

Technologies Sdn. Bhd. and Dibena Enterprise Sdn. Bhd. 

Other private organisations collaborating in the development and implementation at various 

stages included Digicert Sdn Bhd and MSC Trustgate.com Sdn Bhd (licensed certification 

authorities) and iVest – a business unit within MIMOS Berhad, Malaysia’s national R&D centre 

in ICT – that offered the Public Key Infrastructure (PKI) technology for secure online 

communications and transactions. 

The Ministry of Home Affairs was the lead implementing agency and established a core 

government team comprised of the National Registration Department (as the lead implementation 

agency), the Road Transport Department, the Immigration Department, the Ministry of Health 

and the Royal Malaysian Police and was supported by other government agencies. MSC 

Technology Centre Sdn Bhd (MSCTC), in collaboration with IBM Business Consulting Services 

Sdn Bhd (IBM), and subsidiary of Multimedia Development Corporation Sdn Bhd (MDeC), was 

the appointed government consultant for the GMPC project. MDeC was the monitoring agency 

for the Government. The open innovation platform for the GMPC application is seen in Figure 1. 

                                                           
4 ibid. 
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Figure 1: The Open Innovation Platform for the GMPC Application 

 

2. The ePerolehan Application  
 

The Electronic Government (eGovernment) MSC Flagship, launched by the Malaysian 

Government, was aimed at employing multimedia technologies as means to improve the way the 

Government worked. Government procurement activities were to be streamlined along with the 

improvement in the quality of service under the flagship’s electronic procurement, or ePerolehan, 

application. Traditional manual procurement processes were to become electronic procurement 

processes on the Internet. 

In 1999, Commerce Dot Com Sdn. Bhd became the appointed ePerolehan vendor. The 

Malaysian Administrative and Management Planning Unit (MAMPU) was the flagship lead 

agency and the ePerolehan Unit, under Treasury, became the lead implementing agency. MDeC 

was the monitoring agency for the Government. The open innovation platform for the ePerolehan 

application is seen in Figure 2. 
 

 
Figure 2: The Open Innovation Platform for the ePerolehan Application 
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3. The Telehealth Application 
 

The Telehealth Flagship was launched in 1997. The lead agency for the Telehealth Flagship 

had been the Ministry of Health (MOH). “The primary objective of the flagship had been to 

enable the establishment of a healthcare system that leveraged on advanced information and 

multimedia technologies to deliver previously unattainable healthcare services at the levels of 

individual, family and community” (Syed, Goh & Zaharin, 1998: no page). The flagship 

application encompassed four key sub-applications i.e. (1) Customised/Personalised Health 

Information and Education (MCPHIE), (2) Continuing Medical Education (CME), (3) Lifetime 

Health Plan (LHP) and (4) Teleconsultation. 

The first two were to be essentially informational and educational services respectively 

targeted at the general public and the healthcare community, with major advancements 

anticipated in terms of services/information delivery system technology. The LHP was meant to 

keep a person’s comprehensive medical records in databases. Teleconsultation was to cover 

multimedia connectivity between healthcare service providers with the objective of enhancing 

and extending basic work processes. 

The Telehealth application commenced for open tender in early 1998. Three of the sub-

applications, namely the MCPHIE, the CME and the LHP had been awarded to one organisation 

– Medical Online Sdn. Bhd – which has since gone into receivership due to problems incurred 

while on the project. The fourth sub-application – Teleconsultation – was awarded to Worldcare 

Health (M) Sdn. Bhd. MSCTC, as it had been with the GMPC network, was the appointed 

government consultant, with MDeC as the monitoring agency. The Ministry of Health was the 

lead implementing agency for the application. The open innovation platform for the Telehealth 

application is seen in Figure 3. 

 

 
Figure 3: The Open Innovation Platform for the Telehealth Application 

 

4. A Framework for a Customer-Driven Open Innovation Platform 
 

 Gleaning from the cases presented above, it can be seen that a customer can be both 

policymaker and co-collaborator when it comes to open innovation. The Malaysian Government 
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is presented as the customer with a demand, and singularly establishes an open innovation 

platform and invites other organisations as collaborators, in order to respond to the demand 

towards enabling a new market for the innovation.  

   

Discussion on open innovation literature can be extended to include one that involves the 

customer as creator of a platform for multiple organisations, including itself, to interact and 

innovate. The platform can be reflected as a customer-driven open innovation platform, as seen in 

Figure 4 below. 

 
Figure 4: The Organisation as Customer, Policymaker and Co-Collaborator  

in a Customer-Driven Open Innovation Platform 

 

VI. Conclusions  
Collaborating with customers to develop innovative products and services has long been 

recognised as important by organisations (Greer & Lei, 2011). This paper offers an alternative 

perspective to open innovation where the customer creates the platform to drive the innovation 

process. This becomes especially significant when the customer is a government i.e. the 

innovation process is customer-driven as well as policy-driven. The platforms in focus are the 

flagship applications of Malaysia’s Multimedia Super Corridor (MSC Malaysia) initiative.  

A customer-driven open innovation platform is likely to be beneficial to an emerging 

economy. Further discussions can explore the role of the customer as being multidimensional, 

where, in the case of the Malaysian Government, it enables the following: 

1. the essential role as co-collaborator in the innovation process 

2. the development of relevant and appropriate policies and infrastructure to establish 

and support open innovation platforms 

3. the right demand for potential innovations  

4. a kickstart of new markets/industries/clusters for the innovations 

5. the availability of new collaborative opportunities for organisations in innovation 

activities 
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There have been demands for governments to be more “information age” i.e. Government 

2.0 – where “government contributes proactively to a culture of innovation, transformation and 

accountability within a network of interrelationships comprised of citizens and commercial, 

academic, civil society and other government organisations” (Harrison, Pardo & Cook, 2012: 

901). Much of this is inspired by sentiments that have thrived since the evolution of the Internet. 

A government is expected to cultivate interactive and collaborative relationships with citizens and 

organisations to accomplish a country’s goals. As seen in the above cases of the MSC Malaysia 

flagship applications, it is clear that a government that actively seeks to create dedicated 

environments for innovation is likely to see a transformation in its bureaucratic ways towards 

being more “information-age” networked and interdependent, and more significantly, relevant. 
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Abstract 

Purpose/ Research Question: Nanomedicine, an application of nanotechnology in healthcare is 
growing at an unprecedented rate. In last five years India has funded nanomedicine research to meet 
specific healthcare needs of the society.  Impact assessment of such funding solicits scientometric 
analysis. However, a comprehensive landscape of nanomedicine innovation in India at present is 
inadequate. This paper attempts to trace research and development activities going on in India in the 
field of nanomedicine. Authors have analyzed the key drivers of socio-economic development and 
evaluated nanomedicine innovation on basis of four research and development indicators that are 
financial, technology source, lifecycle support and regulation. The patent filing trend in the field of 
nanomedicine in India has also been illustrated in the present paper. The study aims to contribute to 
policy making by providing information on nanomedicine innovation. 
Key Literature Reviews: There have been endeavors to understand the landscape of nanomedicine 
or nanotechnology in health care in India. However, these studies are neither comprehensive nor 
quantitative. Kumar and Desai (2014) have illustrated the initiatives taken by Indian government in 
promoting nanobiotechnology and have conducted a SWOT analysis to identify the strengths and 
weaknesses [1-3]. The assessment has however, not considered various parameters and is thus, 
inadequate. Moreover, the focus of the SWOT analysis is on nanobiotechnology, while 
nanomedicine is multidisciplinary.  Thereby, the study does not elucidate an accurate picture of 
development of nanomedicine in India. Another study examines output of nanobiotechnology in 
terms of publications and patent applications.  However, a detailed assessment of the patent 
applications and other research indicators is lacking [4]. Ali and Sinha (2014) have analyzed 
nanotechnology application in healthcare sector in India and tried to identify various stakeholders 
[5-6]. But they have not included all the stakeholders involved in the development of nanomedicine. 
Thus, the authors have mapped nanomedicine innovation based on four parameters that are financial, 
technology source, lifecycle support and regulation. The present paper aims to provide a 
comprehensive nanomedicine innovation and development landscape. 
Design/ Methodology/ Approach: A scientometric analysis has been carried out to assess 
nanomedicine innovation in India. Keyword based primary and secondary searches were conducted 

 

to identify different stakeholders, trend in market and patent filing.  The methodology is illustrated 
in Figure 1.

Figure1: Methodology adopted for mapping nanomedicine innovation landscape in India
Findings/Results:
The key findings of the scientometric analysis are as follows:
1. Nanomedicine is remarkably progressing in India and it is anticipated that in another five years 

more products would be released in the Indian market.
2. Nanomedicine is being funded by both governmental and non-governmental sources. Department 

of Science & Technology, Department of Biotechnology and Indian Council of Medical Research 
are the major source of funding besides Council of Scientific Industrial Research and Defence 
Research and Development organization.

3. Central universities (such as University of Delhi, University of Madras) Institutes (IITs, Indian 
Institute of Chemical Technology) and Colleges are involved in the generation of the technology, 
while companies such as Dabur, Lifecare Innovation are technology generators, users and 
disseminators. 

4. Contract Research Organization and Contract research and manufacturing organization acts as an 
interface agency between academic and companies. They bridge the gap from laboratory scale to 
market, thereby increasing rate of commercialization. In India there are few such organizations. 

5. Technology entrepreneurship is an important research and development as well as innovation 
indicator. There are more than 20 entrepreneurial ventures in nanomedicine domain in India.

6. A number of products are available in the Indian market. The products can be divided into 
different categories such as pain management, antimicrobials, cancer treatment, ayurvedic 
nanoformulations and biomaterials. Currently a number of products are also in different phases of 
clinical trials in India.

Research limitations/ Implications: The assessment has been conducted on basis of the 
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information available in the databases. Due to lag of up to eighteen months in the publication of 
patent data by various patent offices and also unavailability of records on Indian patents, some of the 
information is not available. Despite the limitations, the present study would be useful for framing 
necessary policies for promotion of nanomedicine in India.
Keywords: Mapping, Investments, Research indicators, Patents, Entrepreneurship and Innovation 
quotient
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Abstract 
Yellowstone	wolves	that	fantastic	story,	we	examine	the	dynamics	of	a	keystone	
species	like	wolves	in	the	Yellowstone,	as	the	wolf	population	dwindled	(1900)	and	
eventually	disappeared	(1929),	the	moose	and	elk	population	increased,	this	
continued	over	foraging	caused	the	tree	densities	of	Willows	and	Aspens	around	
rivers	and	waterways	diminished.	However,	several	other	things	began	to	happen	as	
well,	the	drop	in	tree	density	per	habitat	unit	began	to	change	the	environment	for	
other	animals:	Birds,	scavengers	&	beaver	populations	within	the	park	decreased,	
with	no	food	source	or	material	to	build	their	dams,	the	absence	of	remains,	nesting	
locations	provided	by	trees	were	now	scarce,	they	began	to	migrate	out	of	the	area	to	
find	better	hábitats,	finally	the	overall	health	of	the	rivers	&	ecosystem	also	began	to	
decline.	In	1995,	almost	65	years	after	the	last	wolf	was	killed,	a	small	population	was	
reintroduced	to	Yellowstone,	over	the	next	10	years,	a	dramatic	change	took	place	in	
Yellowstone,	before	long	the	balance	of	the	ecosystem	is	restored	completely.	
 
Keywords: system dynamics, Yellowstone, wolves, ecosystem, environment, and public policy.	 	
																																																								
1	This	article	is	adapted	and	extended	from:	

a. Wolves	of	Yellowstone	from	isee	Systems	
b. How	Wolves	Change	Rivers	from	Sustainable	Man,	Narrated	by	George	Monbiot	
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Introduction	
 
One	of	the	most	exciting	scientific	findings	of	the	past	half	century	has	been	the	
Discovery	of	widespread	trophic	cascade.	A	trophic	cascade	is	an	ecological	process	
which	starts	at	the	top	of	the	food	chain,	and	tumbles	all	the	way	down	to	the	bottom,	
and	the	classic	example	is	what	happened	in	the	Yellowstone	National	park,	in	the	
United	States	when	wolves	were	reintroduced	in	1995.	
	
Prior	to	the	1900s,	there	was	a	healthy	wolf	population,	during	this	time,	there	was	
also	a	balanced	population	of	moose	and	elk,	the	wolves	were	mainly	sustained	by	
their	large	prey,	as	the	area	became	settled	with	ranches	and	farms,	wolves	were	
viewed	as	a	menace	for	killing	the	livestock	and	it	was	feared	that	they	would	harm	or	
kill	people,	a	vast	wolf	extermination	effort	began	in	North	America,	the	last	wolf	in	
Yellowstone	was	killed	in	1929.	
	

	
Figure	1:	Yellowstone	Wolves	

	
With	no	predator	pressure	from	the	wolves,	the	behavior	of	the	moose	and	elk	
changed,		they	began	to	migrate	from	the	highlands	in	to	lower	areas	and	freely	
wandered	in	rivers,	the	riverbanks	were	lush	with	Willows	and	Aspens,	the	moose	
and	elk	began	eating	the	saplings	and	low	hanging	vegetation	lining	the	river	Banks,	
this	continued	over	foraging	caused	the	tree	densities	around	the	waterways	to	drop,	
the	drop	in	tree	density	per	habitat	unit	began	to	change	the	environment	for	other	
animals.	
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The	population	of	beavers	began	to	be	affected,	with	no	food	source	or	material	to	
build	their	dams,	beavers	began	to	migrate	out	of	the	area	to	find	better	hábitats.	
Populations	of	birds	were	also	affected,	birds	disappeared	from	the	area	as	food	and	
nesting	locations	provided	by	trees	were	now	scarce,	the	overall	health	of	the	rivers	
began	to	fall.	
	
As	the	total	number	of	trees	dwindled	due	to	over	foraging	from	moose	and	elk,	the	
riverbanks	lost	stability	from	the	absence	of	roots,	the	lack	of	tall	trees	along	the	
riverbanks	caused	little	to	no	shade	to	be	cast	on	the	wáter,	these	areas	of	shade	
created	the	cool	water	needed	for	many	fish	to	inhabit,	the	continuous	movement	
within	the	river	by	the	moose	and	elk	cause	the	riverbanks	to	erode	quickly,	this	
erosion	changed	the	water	flow	and	pattern	of	the	rivers.	
	
With	the	population	of	beaver	low	in	the	area,	no	dams	were	being	built	or	
maintained,	beaver	dams	create	environments	of	slow	moving	water	or	pools	that	are	
used	by	many	other	animals	such	as	waterfowl,	fish,	otters,	and	muskrats.		These	
areas	of	slow	moving	water	also	promote	insect	populations	which	are	a	food	source	
for	many	birds	and	animals.	
	
In	1995,	almost	65	years	after	the	last	wolf	was	killed,	a	small	population	was	
reintroduced	to	Yellowstone,	over	the	next	10	years,	a	dramatic	change	took	place	in	
Yellowstone.	The	reintroduced	population	of	wolves	(as	soon	as	the	wolves	arrived)	
began	to	hunt	and	kill	the	moose	and	elk,	even	though	they	were	few	in	number	they	
started	to	have	the	most	remarkable	effects.	
	
First,	of	course,	they	killed	some	of	the	moose	&	elk,	but	that	wasn’t	the	major	thing,	
much	more	sifnificantly,	they	radically	changed	the	behavior	of	the	moose.	This	
predator	pressure	caused	the	moose	and	elk	populations	to	avoid	the	river	areas	of	
easy	capture	-the	places	where	they	could	be	trapped	most	easily-	and	migrate	back	to	
the	higher	mountainous	areas	they	once	inhabited,	particulary	the	valleys	and	the	
gorges	immediately	those	places	started	to	regenerate,	in	some	áreas,	the	height	of	the	
trees	quintupled	in	just	six	years.		
	
Bare	valley	sides	quickly	became	forests	of	aspen	and	willow	and	Cottonwood,	and	as	
soon	as	thet	happened,	the	birds	started	moving	in.	The	number	of	songbirds	and	
migratory	birds	started	to	increase	greatly.	The	number	of	beavers	started	to	increase	
because	beavers	like	to	eat	the	trees,	and	beavers,	like	wolves,	are	ecosystem	
engineers,	they	create	niches	for	other	species	and	the	dams	they	built	in	the	rivers	
provided	habitats	for	otters	and	muscrats	and	ducks	and	fish	and	reptiles	and	
amphibians.	
	
The	wolves	killed	coyotes	and	as	a	result	of	that,	the	number	rabbits	and	mice	began	
to	rise	wich	meant	more	hawks,	more	weasels,	more	foxes,	more	badgers,	ravens	and	
bald	eagles	came	down	to	feed	on	the	carrion	that	the	wolves	had	left,	bears	feed	on	it,	
too,	and	their	population	began	to	rise	as	well,	partly	also	because	there	were	more	
berries	growing	on	the	regenerating	shrubs,	and	the	bears	reinforced	the	impact	of	
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the	wolves	by	killing	some	of	the	calves	of	the	deer.	
	
But	here’s	where	it	gets	really	interesting,	The	wolves	change	the	behavior	of	the	
rivers.	They	began	to	meander	less,	there	was	less	erosion,	the	channels	narrowed,	
more	pools	formed,	more	riffle	sections,	all	of	which	were	great	for	wildlife	habitats.	
The	rivers	changed	in	response	to	the	wolves,	and	the	reason	was	that	the	
regenerating	forests	stabilized	the	banks	so	that	they	collapsed	less	often,	so	the	
rivers	became	more	fixed	in	their	course.		
	
Similarly,	by	driving	the	moose	&	elk	or	deer	out	of	some	places,	and	the	vegetation	
recovering	on	the	valley	side,	there	was	less	soil	erosion	because	the	vegetation	
stabilized	that	as	well,	so	the	wolves,	small	in	number,	transformed	not	just	the	
ecosystem	of	the	Yellowstone	National	Park	–this	huge	area	of	land-	but	also,	its	
physical	geography.	
	
 

Hypothesis.		

	
Figure	2:	Feedback	loops	(Yellowstone	wolves)	
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Reference	mode	diagram	
	

	
Figure	3:	Reference	mode	diagram	(Yellowstone	wolves).	

Wolves	are	keystone	species	for	ecosystem.	
	
Given	the	above	statement,	we	could	examine	the	dynamics	of	a	keystone	species	like	wolves,	
as	carnivores,	it	is	easy	to	understand	the	relationship	between	wolves	and	their	large	animal	
prey	such	as	moose	and	elk:	As	the	wolf	population	dwindled	(1900)	and	eventually	
disappeared	(1929),	the	moose	and	elk	population	increased,	this	continued	over	foraging	
caused	the	tree	densities	of	Willows	and	Aspens	around	rivers	and	waterways	diminished.	

However,	several	other	things	began	to	happen	as	well,	the	drop	in	tree	density	per	habitat	
unit	began	to	change	the	environment	for	other	animals:	Beaver	populations	within	the	park	
decreased,	with	no	food	source	or	material	to	build	their	dams,	beavers	began	to	migrate	out	
of	the	area	to	find	better	habitats.	In	the	absence	of	remains,	scavengers	begin	to	emigrate	to	
other	places.	Birds	disappeared	from	the	area	as	food	and	nesting	locations	provided	by	trees	
were	now	scarce.	The	overall	health	of	the	rivers	also	began	to	decline.	
	
In	1995,	almost	65	years	after	the	last	wolf	was	killed,	a	small	population	was	reintroduced	to	
Yellowstone.,	over	the	next	10	years,	a	dramatic	change	took	place	in	Yellowstone,	Beavers,	
birds,	scavengers	and	trees,	follow	the	same	behavior	of	the	keyatone		specie,		after	a	while,	a	
new	equilibrium	is	reached,	although	moose	&	elk	have	the	role	of	prey,	at	the	end	they	also	
reach	a	new	equilibrium,	before	long	the	balance	of	the	ecosystem	is	restored	completely.	
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Storytelling	-	Modeling	step	by	step.	

Model	-	Main	sectors,	basic	population	dynamics.	
	

	
Figure	4:	The	basic	structures	for	each	sector.	
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Population	dynamics	in	detail.	
	

	
Figure	5:	Population	dynamics	for	each	sector	individually.	

Important	comments:	

It	is	important	to	highlight	how	the	density	per	unit	of	habitat,	affects	a	decreasing	life	
expectancy	of	the	populations	of	beavers,	birds,	scavengers	and	moose,	this	means	
that	with	an	increase	in	the	population	density	of	these	species,	their	flow	deaths	will	
be	higher,	so	the	size	of	its	population	decrease.	The	trees	are	also	affected	by	its	
density	,	expressed	in	the	variable	(Trees	per	habitat	unit),	while	still	growing,	they	do	
it	more	slowly.	

The	population	density	operates	as	a	constraint	for	each	species	of	animal,	the	word	
restriction	relates	to	biological	questions,	lack	of	food	or	little	space	to	live	and	
procreate,	these	issues	impose	conditions	and	stop	the	population	growth	of	the	
species.	
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Food	available	for	wolves.	
	

	
Figure	6:	Food	available	for	wolves.	

Now,	we	all	know	that	wolves	kill	various	species	of	animals,	such	as	coyotes,	foxes,	
etc.,	their	main	food	source	consists	of	deer,	moose	and	elk	(Grazers).		
	
Dynamic	behavior	between	the	two	species	of	animals,	It	is	shown	below:	
	

1. An	increase	in	the	moose	&	elk	population,	it	leads	to	an	increase	in	food	
available	for	wolves,	therefore	increases	the	rate	of	births	to	wolves,	and	raises	
life	expectancy,	leading	to	results,	a	net	increase	in	number	of	wolves.	

2. An	increase	in	the	wolf	population,	it	leads	to	an	increase	in	the	number	of	
moose	&	elk	killed	by	wolves,	so	this	leads	to	a	decline	in	the	moose	&	elk		
population.	

3. The	predator	pressure	cause	the	moose	and	elk	populations	avoid	the	river	
areas	of	easy	capture,	this	also	affects	moose	&	elk	hunting	by	wolves.		
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Food	available	for	scavengers.	
	

	
Figure	7:	Wolf	kill	remains,	food	available	for	scavengers	and	birds	of	prey.	

A	fraction	of	moose	&	elk	killed	by	wolves	are	left	as	remains,	when	still	in	the	area,	
wolves	would	leave	behind	much	of	the	remains	of	their	kill,	these	remains	would	feed	
a	host	of	scavenging	animals	such	as	coyotes,	foxes,	bears,	weasels,	skunks,	and	small	
rodents,	as	well	as	many	songbirds	and	birds	of	prey	such	as	bald	eagles.	
	
Ravens	and	bald	eagles	came	down	to	feed	on	the	carrion	that	the	wolves	had	left.	
Bears	feed	on	it,	too,	and	their	population	began	to	rise	as	well,	partly	also	because	
there	were	more	berries	growing	on	the	regenerating	shrubs,	and	the	bears	
reinforced	the	impact	of	the	wolves	by	killing	some	of	the	calves	of	the	moose.	
	
Without	the	kill	remains	a	major	food	resource	was	missing	for	many	of	these	animals	
causing	them	to	also	migrate	out	of	the	area.	
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Connections	between	sectors	of	trees,	beavers,	birds	and	moose	&	elk.	

	
Figure	8:	Connections	between	sectors	of		trees,	beavers,	birds	and	moose	&	elk.	

Connecting	tree	density	(Trees	per	habitar	unit):	
1. Beavers	–	an	increase	in	trees	per	habital	unit,	causes	an	increase	in	the	birth	and	

immigration	beaver,	thereby	increasing	the	beaver	population.	
2. Birds	–	an	increase	in	trees	per	habital	unit,	causes	an	increase	in	the	birth	and	

immigration	birds,	thereby	increasing	the	birds	population.	
3. Moose	&	Elk	–	an	increase	in	trees	per	habital	unit,	causes	an	increase	in	the	birth	of	

moose	&	elk,	thereby	increasing	the	moose	&	elk	population.	
	
Closing	loops:	

1. Beavers	–	an	increase	in	the	beavers	density,	causes	a	decrease	in	the	total	trees.	
2. Birds	–	an	increase	in	the	birds	density,	causes	an	increase	in	the	Willow	&	aspen	saplings,	

hence	there	is	an	increase	in	total	trees	of	the	ecosystem.	
3. Moose	&	Elk	–	an	increase	in	the	Moose	&	elk	by	river	density,	causes	a	increase	in	the	

flow	of	Saplings	dying,	therefore	decreases	the	population	of	willow	&	aspen	saplings,	
hence	there	is	an	decrease	in	total	trees	of	the	ecosystem.		
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River	Land	Health	sector	

	
Figure	9:	Assessment	of	River	Health	Index.	

Four	factors	with	the	same	weight,	make	up	the	average	the	river	health	index.	
1. Beavers	density	–	an	increase	in	the	beavers	density,	causes	an	increase	in	the	

Beavers	river	health	effect.	
2. Trees	per	habitat	unit	(tree	density)	–	an	increase	in	the	trees	per	habital	unit,	

causes	an	increase	in	the	Total	trees	river	health	effect.		
3. Moose	&	elk	by	river	density	–	an	increase	in	the	Moose	elk	by	river	density,	causes	

a	decrease	in	the	Moose	&	elk	by	river	health	effect.	
4. Scavengers	density	–	an	increase	in	the	Scavengers	density,	causes	an	increase	in	the	

Moose	&	elk	by	river	health	effect.	An	increase	in	the	density	of	scavengers,	causes	an	
increases,	in	the	cleaning	the	remains	of	moose	&	elk	killed	by	wolves,	therefore	
causes	an	increase	in	the		ecosystem	health,	preventing	diseases	transmitted	by	
viruses	and	bacteria,	avoiding	pandemic	infections	.	

	
Finally	an	increase	in	the	River	Health	Index,	causes	an	increase	in	the	Normal	sapling	growth	
rate,	and	therefore	causes	an	increase	in	Trees	per	habitat	unit.	(Tree	density)	
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Policies	design	

	
Figure	10:	Policy	design.	

We	have	designed	four	possible	scenarios	which	are	shown	below:	
	

	
	

1. Standarization,	equilibrium,	initial	balance.	(Results	shown	in	Figure	12)	
2. Hunting	wolves	by	10%	from	1900.	(Results	shown	in	Figure	13)	
3. Extermination	of	wolves	occurred	between	1900	and	1929.	(Results	shown	in	

Figure	14)	
4. Reintroduction	of	wolves	from	1995.	(Results	shown	in	Figure	15)	
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Complete	model.	
	
	

	
Figure	11:	Full	model.	

	
Observation:	
	
You	can	check	the	equations	and	units	of	measurement	of	the	variables,	which	are	
presented	in	Appendix	A	
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Graphical	results.	

Standarization,	equilibrium,	initial	balance.	
	

	
Figure	12:	Equilibrium,	initial	balance.	

The	model	structure	determines	the	behavior:	
1. The	structure	of	a	model	is	composed	of	the	stocks	&	flow	diagram	and	compliance	

with	all	feedback	loops	displayed	in	the	causal	diagram.	
2. This	structure	is	what	determines,	or	cause,	the	model	behavior.	
3. Therefore,	the	important	thing	is	the	design	of	the	structure	of	a	model,	if	this	is	

solidly	designed,	the	model	can	be	tested	with	estimated	data,	no	actual	data	is	
required	to	test	its	operation.	What	matters	is	the	structure	and	not	its	data.	

	
Design	Considerations	model:	

1. The	model	is	designed	to	result	in	steady	state	when	no	policy	has	been	applied,	this	is	
known	as	standardization	or	initial	balance	or	initial	equilibrium	in	their	behavior.	

2. All	stocks	remain	constant	over	time	when	modeling,	this	is	an	important	design	
consideration.	

3. Fulfilling	the	above	requirement,	the	model	is	ready	to	respond	to	any	kind	of	
disturbance	in	their	variables.	

4. We	have	designed	three	policies	to	test	the	hypothesis,	the	results	are	discussed	in	the	
following	three	graphs.	
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Hunting	wolves	(10%).	
	

	
Figure	13:	Hunting	wolves	by	10%	from	1900.	

Wolves	are	keystone	species	for	ecosystem.	
Given	the	above	statement,	we	could	examine	the	dynamics	of	a	keystone	species	like	wolves,	as	
carnivores,	it	is	easy	to	understand	the	relationship	between	wolves	and	their	large	animal	prey	
such	as	moose	and	elk:	
	

1. As	the	wolf	population	dwindled	(hunting	wolves	10%),	the	moose	and	elk	population	
increased.		

2. This	continued	over	foraging	caused	the	tree	densities	of	Willows	and	Aspens	around	
rivers	and	waterways	diminished.	

	
However,	several	other	things	began	to	happen	as	well,	the	drop	in	tree	density	per	habitat	unit	
began	to	change	the	environment	for	other	animals:		
	

1. Beaver	populations	within	the	park	decreased.	With	no	food	source	or	material	to	build	
their	dams,	beavers	began	to	migrate	out	of	the	area	to	find	better	habitats.	

2. In	the	absence	of	remains,	scavengers	begin	to	emigrate	to	other	places.	
3. Birds	disappeared	from	the	area	as	food	and	nesting	locations	provided	by	trees	were	now	

scarce.	
4. The	overall	health	of	the	rivers	began	to	decline.	

	
Beavers,	birds,	scavengers	and	trees,	follow	the	same	oscillatory	behavior	of	the	keystone		specie	
(the	wolves),	after	a	while,	a	new	equilibrium	is	reached,	although	moose	&	elk	have	the	role	of	
prey,	at	the	end	they	also	reach	a	new	equilibrium.	 	
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Extermination	of	wolves.	
	

	
Figure	14:	Extermination	of	wolves	occurred	between	1900	and	1929.	

Events	during	the	years	of	extermination.	
	

1. Prior	to	the	1900s,	there	was	a	healthy	wolf	population	in	and	around	
Yellowstone	National	Park.	During	this	time,	there	was	also	a	balanced	
population	of	moose	and	elk,	beavers,	birds	and	scavengers,	in	general	it	can	be	
said	that	wildlife	was	in	balance.	

2. During	the	years	1900-1929:	As	the	area	became	settled	with	ranches	and	
farms,	wolves	were	viewed	as	a	menace	for	killing	the	livestock	and	it	was	
feared	that	they	would	harm	or	kill	people,	as	resulting,	a	vast	wolf	
extermination	effort	began	in	North	America.	

3. The	last	wolf	in	Yellowstone	was	killed	in	1929.	
4. As	carnivores,	it	is	easy	to	understand	the	relationship	between	wolves	and	

their	large	animal	prey	such	as	moose	and	elk	(and	other	grazers).	As	the	wolf	
population	dwindled	and	eventually	disappeared,	the	moose	and	elk	
population	increases	to	a	maximum,	this	maximum	is	reached	due	for	the	
space,	bilogical	and	food	restrictions	imposed	by	growth	its	density	per	habitat	
unit.	The	continuous	movement	within	the	river	by	the	moose	and	elk	cause	
the	riverbanks	to	erode	quickly,	this	erosion	changed	the	water	flow	and	
pattern	of	the	rivers.	

5. However,	several	other	things	began	to	happen	as	well:	the	tree	densities	of	
Willows	and	Aspens	around	rivers	and	waterways	diminished	due	to	
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overgrazing.	The	drop	in	tree	density	per	habitat	unit	began	to	change	the	
environment	for	other	animals.	As	the	total	number	of	trees	dwindled	due	to	
over	foraging	from	moose	and	elk,	the	riverbanks	lost	stability	from	the	
absence	of	roots.	The	lack	of	tall	trees	along	the	riverbanks	caused	little	to	no	
shade	to	be	cast	on	the	water.	These	areas	of	shade	created	the	cool	water	
needed	for	many	fish	to	inhabt	

6. The	Beaver	populations	within	the	park	decreased,	with	no	food	source	or	
material	to	build	their	dams,	beavers	began	to	migrate	out	of	the	area	to	find	
better	habitats.	

7. Populations	of	birds	were	also	affected,	birds	disappeared	from	the	area	as	
food	and	nesting	locations	provided	by	trees	were	now	scarce.		

8. Similar	behavior	occurs	with	the	population	of	scavengers,	as	well	as	many	
songbirds	and	birds	of	prey	such	as	bald	eagles,	given	the	shortage	of	food,	
they	migrate	to	other	places.		

9. The	overall	health	of	the	rivers	began	to	decline.	

Reintroduction	of	wolves.	
	

	
Figure	15:	Reintroduction	of	wolves	from	1995.	

In	1995,	almost	65	years	after	the	last	wolf	was	killed,	a	small	population	was	
reintroduced	to	Yellowstone.,	over	the	next	10	years,	a	dramatic	change	took	place	in	
Yellowstone,	Naturalists	and	Wildlife	biologists	began	to	realize	the	importance	of	the	
wolves	for	the	ecosystem,	The	simulation	results	show	that	in	25-45	years	the	balance	
of	the	ecosystem	will	be	restored	completely.		 	
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Conclusion	
	
Naturalists	and	Wildlife	biologists	began	to	realize	the	importance	of	the	wolves	for	
the	ecosystem,	in	1995,	almost	65	years	after	the	last	wolf	was	killed,	a	small	
population	was	reintroduced	to	Yellowstone.,	over	the	next	10	years,	a	dramatic	
change	took	place	in	Yellowstone.	The	reintroduced	population	of	wolves	began	to	
hunt	and	kill	the	moose	and	elk,	this	predator	pressure	caused	the	moose	and	elk	
populations	to	avoid	the	river	areas	of	easy	capture	and	migrate	back	to	the	higher	
mountainous	areas	they	once	inhabited.	
	
With	the	moose	and	elk	out	of	the	rivers,	erosion	was	reduced	and	the	trees	and	
underlying	vegetation	began	to	swiftly	grow	again,	further	slowing	the	rate	of	erosion,	
With	the	continued	tree	growth,	beavers	migrated	back	into	the	area,	creating	water	
eddies	from	their	dams	that	supported	fish,	insects,	and	other	wildlife.	
	
As	the	tree	density	and	beaver	population	increased,	the	health	of	the	rivers	also	
increased.		Riverbanks	became	sturdy	from	the	tree	and	vegetation	roots.		With	
stronger	banks,	the	rivers	meandered	less	and	became	deeper,	creating	more	pools	
for	fish	and	other	wildlife.	
	
Birds	migrated	back	into	the	trees	and	aided	in	the	growth	rate	of	new	trees	by	
spreading	berries	and	seeds.	Scavengers	migrated	back	to	Yellowstone	as	kill	remains	
increased	with	the	wolf	population.	Finally	birth	rates	for	many	of	these	animals	
increased	as	their	habitat	and	food	sources	increased.	
	
In	summary,	wolves	offer	a	great	look	into	the	dynamics	of	a	keystone	species.		
Without	the	wolves,	the	ecosystem	they	once	inhabited	could	not	maintain	a	balanced	
state	and	the	consequences	of	their	absence	affected	plants,	animals,	and	even	the	
geography	of	the	area.	
	
But	here’s	where	it	gets	really	interesting.	The	wolves	change	the	behavior	of	the	
rivers.	They	began	to	meander	less.	There	was	less	erosion.	The	channels	narrowed.	
More	pools	formed.	More	riffle	sections.	All	of	which	were	great	for	wildlife	hábitats.	
The	rivers	changed	in	response	to	the	wolves.	And	the	reason	was	that	the	
regenerating	forests	stabilized	the	Banks	so	that	they	collapsed	Less	often	So	the	
rivers	became	more	fixed	in	their	course.	Similarly,	by	driving	the	moose	&	elk	out	of	
some	places,	And	the	vegetation	recovering	on	the	valley	side,	there	was	less	soil	
erosion	because	the	vegetation	stabilized	that	as	well.	So	the	wolves,	small	in	number,	
transformed	not	just	the	ecosystem	of	the	Yellowstone	National	park	–this	huge	área	
of	land..	but	also,	its	physical	geography.	
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Appendix	A:	Model	equations	and	units	of	measurement	of	the	
variables.	
Beavers	sector	
Beavers(t)	=	Beavers(t	-	dt)	+	(beavers_Immigration	+	beavers_being_born	-	beavers_dying)	*	dt	
INIT	Beavers	=	200	
UNITS:	beavers	
INFLOWS:	
beavers_Immigration	=	(Indicated_Beavers-Beavers)/2	
UNITS:	beavers/yr	
beavers_being_born	=	Beavers*Actual_beawers_bith_rate	
UNITS:	beavers/yr	
OUTFLOWS:	
beavers_dying	=	Beavers/actual_beawers_lifespan	
UNITS:	beavers/yr	
Actual_beawers_bith_rate	=	Normal_beawers_birth_rate*	
Beavers_Trees_per_HU_effect	
UNITS:	1/year	
actual_beawers_lifespan	=	Normal_beawers_lifespan*	
Breavers_debsity_effect	
UNITS:	years	(yr)	
Beavers_density	=	Beavers/Habitat_unit	
UNITS:	beavers/square	miles	
Beavers_density_ratio	=	Beavers_density/init(Beavers_density)	
UNITS:	Unitless	
Indicated_Beavers	=	Beavers*	
Beavers_Trees_per_HU_effect	
UNITS:	beavers	
Normal_beawers_birth_rate	=	0.1	
UNITS:	1/year	
Normal_beawers_lifespan	=	10	
UNITS:	years	(yr)	
Beavers_Trees_per_HU_effect	=	GRAPH(Trees_per_habitat_unit/init(Trees_per_habitat_unit))	
(0.00,	0.598),	(0.2,	0.624),	(0.4,	0.65),	(0.6,	0.72),	(0.8,	0.881),	(1.00,	1.00),	(1.20,	1.24),	(1.40,	1.32),	
(1.60,	1.41),	(1.80,	1.41),	(2.00,	1.41)	
UNITS:	Unitless	
Breavers_debsity_effect	=	GRAPH(Beavers_density_ratio)	
(0.00,	1.56),	(0.2,	1.55),	(0.4,	1.52),	(0.6,	1.50),	(0.8,	1.40),	(1.00,	1.00),	(1.20,	0.482),	(1.40,	0.392),	
(1.60,	0.386),	(1.80,	0.386),	(2.00,	0.386)	
UNITS:	Unitless	
	

Birds	sector	
Birds(t)	=	Birds(t	-	dt)	+	(Bird_Immigration	+	birds_being_born	-	birds_dying)	*	dt	
INIT	Birds	=	50000	
UNITS:	birds	
INFLOWS:	
Bird_Immigration	=	(Indicated__Birds-Birds)/2	
UNITS:	birds/yr	
birds_being_born	=	Birds*Actual_birds_bitrh_rate	
UNITS:	birds/yr	
OUTFLOWS:	
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birds_dying	=	Birds/Actual_birds_lifespan	
UNITS:	birds/yr	
Actual_birds_bitrh_rate	=	Normal_birds_birth_rate*Birds_Tress_per_HU_effect	
UNITS:	1/year	
Actual_birds_lifespan	=	Normal_birds_lifespan*Birds_density_effect	
UNITS:	years	(yr)		
Birds_density	=	Birds/Habitat_unit	
UNITS:	birds/square	miles	
Birds_density_ratio	=	Birds_density/init(Birds_density)	
UNITS:	Unitless	
Indicated__Birds	=	Birds*	
Birds_Tress_per_HU_effect	
UNITS:	birds	
Normal_birds_birth_rate	=	0.2	
UNITS:	1/year	
Normal_birds_lifespan	=	5	
UNITS:	year	
Birds_density_effect	=	GRAPH(Birds_density_ratio)	
(0.00,	1.86),	(0.2,	1.86),	(0.4,	1.81),	(0.6,	1.72),	(0.8,	1.56),	(1.00,	1.00),	(1.20,	0.875),	(1.40,	0.804),	
(1.60,	0.797),	(1.80,	0.797),	(2.00,	0.797)	
UNITS:	Unitless	
Birds_Tress_per_HU_effect	=	GRAPH(Trees_per_habitat_unit/init(Trees_per_habitat_unit))	
(0.00,	0.392),	(0.2,	0.424),	(0.4,	0.482),	(0.6,	0.598),	(0.8,	0.74),	(1.00,	1.00),	(1.20,	1.25),	(1.40,	
1.41),	(1.60,	1.59),	(1.80,	1.65),	(2.00,	1.66)	
UNITS:	Unitless	
	

Moose	&	Elk	sector	
Moose_&_Elk(t)	=	Moose_&_Elk(t	-	dt)	+	(Moose_&_elk_being_born	-	Moose_&_Elk_being_killed	-	
Moose_&_elk_dying)	*	dt	
INIT	Moose_&_Elk	=	1000	
UNITS:	moose	&	elk	
INFLOWS:	
Moose_&_elk_being_born	=	Moose_&_Elk*Actual_Moose_&_Elk_birth_rate	
UNITS:	moose	&	elk/yr	
OUTFLOWS:	
Moose_&_Elk_being_killed	=	Wolf*Normal_consumption_of_food_per_wolf*	
Moose_&_elk_by_river_being_killed_effect	
UNITS:	moose	&	elk/yr	
Moose_&_elk_dying	=	Moose_&_Elk/Actual_moose_&_elk_lifespan	
UNITS:	moose	&	elk/yr	
Actual_moose_&_elk_birth_rate	=	Normal_moose_&_elk_birth_rate*	
Trees_per_habitat_unit	
UNITS:	1/year	
Actual_moose_&_elk_lifespan	=	Normal_moose_&_elk_lifespan*Moose_&_elk_density_effect	
UNITS:	years	(yr)	
Moose_&_elk_density	=	Moose_&_Elk/Habitat_unit	
UNITS:	moose	&	elk/square	miles	
Moose_&_elk_density_ratio	=	Moose_&_elk_density/	init(Moose_&_elk_density)	
UNITS:	Unitless	
Normal_moose_&_elk_birth_rate	=	0.1	
UNITS:	per	year	(1/yr)	
Normal_moose_&_elk_lifespan	=	20	
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UNITS:	years	(yr)	
Moose_&_elk_density_effect	=	GRAPH(Moose_&_elk_density_ratio)	
(0.00,	1.86),	(0.2,	1.80),	(0.4,	1.70),	(0.6,	1.54),	(0.8,	1.45),	(1.00,	1.00),	(1.20,	0.669),	(1.40,	0.476),	
(1.60,	0.469),	(1.80,	0.469),	(2.00,	0.469)	
UNITS:	Unitless	
	

River	Land	Health	sector	
River_Health_Index	=	(Total_trees_river_health_effect+	
Beavers__river__health_effect+	
Moose_&_elk_by_river_health_effect+	
Scavengers__river__health_effect)/4	
UNITS:	Unitless	
Beavers__river__health_effect	=	GRAPH(Beavers_density_ratio)	
(0.00,	0.399),	(0.2,	0.424),	(0.4,	0.482),	(0.6,	0.521),	(0.8,	0.772),	(1.00,	1.00),	(1.20,	1.43),	(1.40,	
1.54),	(1.60,	1.64),	(1.80,	1.71),	(2.00,	1.72)	
UNITS:	Unitless	
Moose_&_elk_by_river_health_effect	=	
GRAPH(Moose_&_elk_by_river_density/init(Moose_&_elk_by_river_density))	
(0.00,	1.11),	(0.2,	1.11),	(0.4,	1.09),	(0.6,	1.06),	(0.8,	1.07),	(1.00,	1.00),	(1.20,	0.862),	(1.40,	0.875),	
(1.60,	0.862),	(1.80,	0.849),	(2.00,	0.836)	
UNITS:	Unitless	
Total_trees_river_health_effect	=	GRAPH(Trees_per_habitat_unit/init(Trees_per_habitat_unit))	
(0.00,	0.225),	(0.2,	0.27),	(0.4,	0.334),	(0.6,	0.418),	(0.8,	0.797),	(1.00,	1.00),	(1.20,	1.49),	(1.40,	
1.81),	(1.60,	1.94),	(1.80,	1.98),	(2.00,	1.99)	
UNITS:	Unitless	
	

Scavengers	sector	
Scavengers(t)	=	Scavengers(t	-	dt)	+	(scavengers_being_born	+	scavengers_Immigration	-	
scavengers_dying)	*	dt	
INIT	Scavengers	=	40	
UNITS:	scavangers		
INFLOWS:	
scavengers_being_born	=	Scavengers*Actuall_scavengers_birfh_rate	
UNITS:	scavangers/yr	
scavengers_Immigration	=	(Indicated_Scavengers-Scavengers)/2	
UNITS:	scavangers/yr	
OUTFLOWS:	
scavengers_dying	=	Scavengers/Actual_scavengers_lifespan	
UNITS:	scavangers/yr	
Actual_scavengers_lifespan	=	Normal_scavengers_lifespan*	
Fodd_av_for_scavengers_effect*	
Scavengers_density_effect	
UNITS:	years	(yr)	
Actuall_scavengers_birfh_rate	=	Normal_Scavengers_birth_rate*Fodd_av_for_scavengers_effect	
UNITS:	1/year	
Food_available_for_scavengers	=	(Food_for_scavengers/Scavengers)	
UNITS:	wolf	kill	remains/scavangers	
Food_av_per_scavengers_ratio	=	Food_available_for_scavengers/	
Normal_consumption_of_food_per_scavengers	
UNITS:	Unitless	
Indicated_Scavengers	=	Scavengers*	
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Scavengers_growth_potential_because_of_available_of_food	
UNITS:	scavangers	
Normal_scavengers_birth_rate	=	0.1	
UNITS:	1/year	
Normal_scavengers_lifespan	=	10	
UNITS:	years	(yr)	
Scavangers_density	=	Scavengers/Habitat_unit	
UNITS:	scavangers/square	miles	
Scavengers_density_ratio	=	Scavangers_density/init(Scavangers_density)	
UNITS:	Unitless	
Fodd_av_for_scavengers_effect	=	GRAPH(Food_av_per_scavengers_ratio)	
(0.00,	0.476),	(0.2,	0.489),	(0.4,	0.521),	(0.6,	0.624),	(0.8,	0.849),	(1.00,	1.00),	(1.20,	1.38),	(1.40,	
1.56),	(1.60,	1.62),	(1.80,	1.65),	(2.00,	1.65)	
UNITS:	Unitless	
Scavengers_density_effect	=	GRAPH(Scavengers_density_ratio)	
(0.00,	1.86),	(0.2,	1.86),	(0.4,	1.81),	(0.6,	1.72),	(0.8,	1.56),	(1.00,	1.00),	(1.20,	0.875),	(1.40,	0.804),	
(1.60,	0.797),	(1.80,	0.797),	(2.00,	0.797)	
UNITS:	Unitless	
Scavengers__river__health_effect	=	GRAPH(Scavengers_density_ratio)	
(0.00,	0.399),	(0.2,	0.424),	(0.4,	0.482),	(0.6,	0.521),	(0.8,	0.772),	(1.00,	1.00),	(1.20,	1.43),	(1.40,	
1.54),	(1.60,	1.64),	(1.80,	1.71),	(2.00,	1.72)	
UNITS:	Unitless	

Willow	&	Aspen	tree	sector	
Willow_&_Aspen_Adult_Trees(t)	=	Willow_&_Aspen_Adult_Trees(t	-	dt)	+	(maturing	-	
adult_trees_dying)	*	dt	
INIT	Willow_&_Aspen_Adult_Trees	=	20000	
UNITS:	trees	
INFLOWS:	
maturing	=	Willow_&__Aspen__Saplings	/	
Time_to_mature	
UNITS:	trees/yr	
OUTFLOWS:	
adult_trees_dying	=	Willow_&_Aspen_Adult_Trees/Actual_W_&_Aspen_lifespan	
UNITS:	trees/yr	
Willow_&__Aspen__Saplings(t)	=	Willow_&__Aspen__Saplings(t	-	dt)	+	(new_growth	-	maturing	-	
saplings_dying)	*	dt	
INIT	Willow_&__Aspen__Saplings	=	Willow_&_Aspen_Adult_Trees*Normal_Sapling_growth_rate	
UNITS:	trees	
INFLOWS:	
new_growth	=	Willow_&_Aspen_Adult_Trees*	
Actual_sapling_growth_rate	
UNITS:	trees/yr	
OUTFLOWS:	
maturing	=	Willow_&__Aspen__Saplings	/	
Time_to_mature	
UNITS:	trees/yr	
saplings_dying	=	Willow_&__Aspen__Saplings*Actual_Sapling_dying_rate	
UNITS:	trees/yr	
Actual_sapling_growth_rate	=	Normal_Sapling_growth_rate*	
Birds_density_effect_on_sapplings*	
Trees_density_effect*	
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River_Health_Index	
UNITS:	1/year		
Actual_W_&_Aspen_lifespan	=	Normal__W_&_Aspen_lifespan*	
Breavers_density_effect_on_trees	
UNITS:	years	(yr)	
Actual_Sapling_dying_rate	=	Normal__Sapling_dying_rate*M_&_elk_by_river_sapling_effect	
UNITS:	1/year	
Habitat_unit	=	24000	
UNITS:	square	miles	(mi^2)	
Moose_&_elk_by_river_density	=	Moose_&_elk__by_river/Habitat_unit	
UNITS:	moose	&	elk/square	miles	
Moose_&_elk__by_river	=	Moose_&_Elk*Predator_pressure	
UNITS:	moose	&	elk	
Normal_Sapling_growth_rate	=	0.2	
UNITS:	1/year	
Normal__W_&_Aspen_lifespan	=	10	
UNITS:	years	(yr)	
Normal__Sapling_dying_rate	=	0.5	
UNITS:	1/year	
Time_to_mature	=	2	
UNITS:	years	(yr)	
Total_trees	=	Willow_&__Aspen__Saplings+Willow_&_Aspen_Adult_Trees	
UNITS:	trees	
Trees_per_habitat_unit	=	(Total_trees/Habitat_unit)	
UNITS:	trees/square	miles	
Birds_density_effect_on_sapplings	=	GRAPH(Birds_density_ratio)	
(0.00,	1.86),	(0.2,	1.86),	(0.4,	1.81),	(0.6,	1.72),	(0.8,	1.56),	(1.00,	1.00),	(1.20,	0.875),	(1.40,	0.804),	
(1.60,	0.797),	(1.80,	0.797),	(2.00,	0.797)	
UNITS:	Unitless	
Breavers_density_effect_on_trees	=	GRAPH(Beavers_density_ratio)	
(0.00,	1.57),	(0.2,	1.57),	(0.4,	1.51),	(0.6,	1.41),	(0.8,	1.31),	(1.00,	1.00),	(1.20,	0.65),	(1.40,	0.463),	
(1.60,	0.347),	(1.80,	0.347),	(2.00,	0.354)	
UNITS:	Unitless	
Moose_&_elk_by_river_being_killed_effect	=	
GRAPH(Moose_&_elk__by_river/init(Moose_&_elk__by_river))	
(0.00,	1.67),	(0.2,	1.58),	(0.4,	1.47),	(0.6,	1.34),	(0.8,	1.20),	(1.00,	1.00),	(1.20,	0.482),	(1.40,	0.322),	
(1.60,	0.193),	(1.80,	0.161),	(2.00,	0.141)	
M_&_elk_by_river_sapling_effect	=	
GRAPH(Moose_&_elk_by_river_density/init(Moose_&_elk_by_river_density))	
(0.00,	0.868),	(0.2,	0.868),	(0.4,	0.868),	(0.6,	0.875),	(0.8,	0.875),	(1.00,	1.00),	(1.20,	1.16),	(1.40,	
1.20),	(1.60,	1.20),	(1.80,	1.20),	(2.00,	1.20)	
UNITS:	Unitless	
Predator_pressure	=	GRAPH(Wolf/init(Wolf))	
(0.00,	1.00),	(0.2,	1.00),	(0.4,	1.00),	(0.6,	1.00),	(0.8,	1.00),	(1.00,	1.00),	(1.20,	0.341),	(1.40,	0.129),	
(1.60,	0.0772),	(1.80,	0.0772),	(2.00,	0.0643)	
UNITS:	Unitless	
Trees_density_effect	=	GRAPH(Trees_per_habitat_unit/init(Trees_per_habitat_unit))	
(0.00,	1.68),	(0.2,	1.65),	(0.4,	1.57),	(0.6,	1.45),	(0.8,	1.34),	(1.00,	1.00),	(1.20,	0.585),	(1.40,	0.399),	
(1.60,	0.328),	(1.80,	0.277),	(2.00,	0.289)	
UNITS:	Unitless	
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Wolf	kill	remains	sector	
Wolf_Kill_Remains(t)	=	Wolf_Kill_Remains(t	-	dt)	+	(Wolf_kill_remains_flow_in	-	
Digesting_kill_for_scavengers)	*	dt	
INIT	Wolf_Kill_Remains	=	Moose_&_Elk_being_killed*Fraction_of_kill_remains	
UNITS:	wolf	kill	remains	
INFLOWS:	
Wolf_kill_remains_flow_in	=	(Moose_&_Elk_being_killed*Fraction_of_kill_remains)	
UNITS:	wolf	kill	remains/yr	
OUTFLOWS:	
Digesting_kill_for_scavengers	=	Scavengers*	
Normal_consumption_of_food_per_scavengers	
UNITS:	wolf	kill	remains/yr	
Food_for_scavengers	=	Wolf_Kill_Remains	
UNITS:	wolf	kill	remains	
Fraction_of_kill_remains	=	0.4	
UNITS:	wolf	kill	remains/moose	&	elk	
Normal_consumption_of_food_per_scavengers	=	0.5	
UNITS:	wolf	kill	remains/scavangers	
Scavengers_growth_potential_because_of_available_of_food	=	(Food_for_scavengers/	
Normal_consumption_of_food_per_scavengers)/	
Scavengers	
UNITS:	Unitless	

Wolves	sector	
Wolf(t)	=	Wolf(t	-	dt)	+	(Reintroduction	+	Wolves_being_born	-	wolves_dying)	*	dt	
INIT	Wolf	=	50	
UNITS:	Wolves	
INFLOWS:	
Reintroduction	=	p3*PULSE(Reintroduction_of_wolves,t2,500)	
UNITS:	wolves/yr	
Wolves_being_born	=	Wolf*Actual_wolves_birth_rate	
UNITS:	wolves/yr	
OUTFLOWS:	
wolves_dying	=	Wolf/Actual_wolves_lifespan	
UNITS:	wolves/yr	
Actual_wolves_birth_rate	=	Normal_wolves_birth_rate*Food_available_for_wolves_effect	
UNITS:	1/year	
Actual_wolves_lifespan	=	Normal_wolves_lifespan*	
Food_available_for_wolves_effect	
UNITS:	years	(yr)	
Food_available_for_wolves	=	(Moose_&_Elk/Wolf)*	
(1/(init(Moose_&_Elk)/init(Wolf)))	
UNITS:	moose	&	elk/wolves	
Food_available_per_wolf_ratio	=	
Food_available_for_wolves/Normal_consumption_of_food_per_wolf	
UNITS:	Unitless	
Normal_consumption_of_food_per_wolf	=	1	
UNITS:	moose	&	elk/wolves	
Normal_wolves_birth_rate	=	0.1	
UNITS:	1/year	
Normal_wolves_lifespan	=	10+(if	P0=1	then	0	else	1)*	
((if	P1=1	then	1	else	0)*step(-V1,T1)+	
	(if	P2=1	then	1	else	0)*step(-V2,T1)+	
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	(if	P3=1	then	1	else	0)*(step(-V2,T1)+step(V2,T2)))	
UNITS:	years	(yr)	
P0	=	0	
UNITS:	Unitless	
P1	=	0	
UNITS:	Unitless	
P2	=	0	
UNITS:	Unitless	
P3	=	0	
UNITS:	Unitless	
Reintroduction_of_wolves	=	50	
UNITS:	wolves/yr	
T1	=	1900	
UNITS:	years	(yr)	
T2	=	1995	
UNITS:	years	(yr)	
V1	=	1	
UNITS:	years	(yr)	
V2	=	7	
UNITS:	years	(yr)	
Food_available_for_wolves_effect	=	GRAPH(Food_available_per_wolf_ratio)	
(0.00,	0.765),	(0.2,	0.772),	(0.4,	0.797),	(0.6,	0.817),	(0.8,	0.849),	(1.00,	1.00),	(1.20,	1.19),	(1.40,	
1.26),	(1.60,	1.29),	(1.80,	1.29),	(2.00,	1.29)	
UNITS:	Unitless	
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Abstract

Yellowstone wolves that fantastic story, we examine the dynamics of a keystone species like wolves 
in the Yellowstone, as the wolf population dwindled (1900) and eventually disappeared (1929), the 
moose and elk population increased, this continued over foraging caused the tree densities of 
Willows and Aspens around rivers and waterways diminished. However, several other things began 
to happen as well, the drop in tree density per habitat unit began to change the environment for other 
animals: Birds, scavengers & beaver populations within the park decreased, with no food source or 
material to build their dams, the absence of remains, nesting locations provided by trees were now 
scarce, they began to migrate out of the area to find better hábitats, finally the overall health of the 
rivers & ecosystem also began to decline. In 1995, almost 65 years after the last wolf was killed, a 
small population was reintroduced to Yellowstone, over the next 10 years, a dramatic change took 
place in Yellowstone, before long the balance of the ecosystem is restored completely.
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Abstract

A supply network represents a relational structure that is derived from the interaction and the 
relationship between firms. Beyond the traditional dyadic and linear perspectives, recent researches 
in the supply chain studies have shown interest in the network structure of supply network as a 
complex system that captures interactions, relationships and flows between the individual firms, and 
how structural characteristics influence the outcome. this study purposes to reveal distinctive 
structural characteristics between industries by comparing Korean high-tech and low-and-medium-
tech industry’s supply networks, and to provide evidence in order to answering how structural 
characteristics of network level and individual firm influences organizational outcomes in supply 
network. Understanding network effect on such structural construction by proper methodological 
approach is important in order to reveal complexity and structural influence on individual firms’ 
behavior and performance.
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Abstract  

Despite the growing importance of identifying new business ideas for SMEs, most previous 

studies remain conceptual and theoretical. The paucity of empirical studies has led to limited real-

life applications. Hence, this study proposes a systematic approach to find new business ideas 

(NBI) that help the prospective SMEs to develop, evaluate and select viable business ideas to 

survive the competitive environment. The proposed approach comprises of two stages; (1) 

identification of business ideas and (2) screening and categorization. During the first stage, a set 

of alternative business ideas are derived by combining the results of portfolio analysis and 

benchmarking analysis. In the second stage, market and technology-driven matrix analysis is 

utilized to screen suitable business ideas. Next, Bruce Merrifield-Ohe (BMO) method is used to 

categorize and identify prospective items based on market attractiveness and internal capability. 

To illustrate the applicability of the proposed approach, several case studies are presented. 
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1. Introduction 

Though most of the Small and Medium enterprises (SMEs) in Korea know that the business they 

operate are not promising field, they have little plan for their future. According to survey of Korea 

Chamber of Commerce and Industry (KICC) as shown <table 1>, 81.8% of SMEs in Korea 

responded that they are not in the promising business.  

 

Table 1. Survey of Firm's future promising industry outlook and task 

 
Promising Industry Not Promising Industry 

Conglomerates 47.6% 52.4% 

SMEs 18.2% 81.8% 

*Note: 「Korea Chamber of Commerce and Industry, “Firm's future promising industry outlook and task”, 2007」 

 

As demand for new promising business and fields has increases, many domestic and international 

organizations have suggested models or processes for identifying new promising ideas and 

applied to businesses of their models. Many models, however, can only be applied to 

conglomerates not suitable for SMEs. Since the process of identifying new promising ideas that 

previously suggested require much resources and time consuming most of SMEs cannot afford. 

Conglomerates have enough capitals and resources for changing their business into new 

promising fields and for developing and finding new promising items through M&A and R&D. 

But, it is SMEs which have doubt on their items' future growth and profitability that need help 

identifying new promising businesses. Given that existing processes or models for identifying new 

promising items are designed for firms regardless of their capabilities, they need for developing a 

model or process for identifying new promising ideas suitable for SMEs. Thus, this study proposes 

a process for identifying new promising ideas specified for SMEs and shows application processes 

which can cover a various types of SMEs based on different kinds of diversification strategies. The 

rest of the paper proceeds as follows. Section II discusses background literature. Section III 

describes existing processes and generalizes them. Section IV shows survey design and results. 

Section V proposes our process. Section VI concludes. 

 

 

  



2. Theoretical Background 

2.1. Literature Reviews 

 

2.1.1. Literatures of Business Diversification 

 

Diversification is an effective way for firms to identify new promising fields. Many existing 

processes are based on the concept of diversification. Thus, it is important to note the definition 

of diversification and various types of diversification. 

Diversification refers to business activities that increase diversity by expanding products or 

markets. Generally, existing studies divided diversification into concentric diversification and 

horizontal diversification. Concentric diversification refers to expanding into new products or 

markets by using existing technology or know-how. Horizontal diversification refers to entering 

into new products or markets unrelated to existing business. Literatures on diversification are 

shown on Table 2.  

 

Table 2. Literatures on the various definitions of Diversification 

 Studies Contents 

International 

Studies 

Gort(1962) Defines diversification as increasing heterogeneity of markets supplied by firms 

Ansoff(1965) 

Defines diversification as developing new products entering into new markets. 

Define market expansion as existing products into new markets. Define product 

development as new products entering into existing markets 

Steiner(1969) 
Defines diversification very broadly as entering into new lines of products, 

processes, markets 

Rumelt(1974) 
Defines diversification into four categories, single business firm, dominant 

business firm, related business firm, unrelated business firm 

Porter(1980) 

Defines diversification as strategy by utilizing firm's core competence and 

resources - Portfolio Management, Restructuring, Entering into other business 

fields 

Scherer&Ross(1990) 
Defines diversification as moving into new fields by disengaging past production 

kinds 

Korean 

Studies 

Jung(1987) 

Defines diversification as business activities moving into unrelated field with 

existing products and markets as well as activities to obtain new technology and 

pioneer marketing channels 

Shin(1993) 
Defines diversification as moving into new divisions from existing divisions by 

producing new products and entering into new markets 

Lee & Park(1993) 
Defines diversification as business activities that separating human and natural 

resources as well as capitals from an independent firm 

 

  



Dundas & Richardson(1980) argue different kinds of market failures lead to different kinds of 

diversification. Incompleteness of product and technological markets result in related 

diversification and incompleteness of capital markets leads to unrelated diversification. Depending 

on relationship between existing business and new business, types of diversification can be 

divided into related diversification and unrelated diversification shown on <Table 3>. 

 

Table 3. Various Types of Diversification 

 
Related Diversification Unrelated Diversification 

Basic 

Characteristics 

diversification related to existing businesses (Similar 

Market in terms of marketing, distribution, 

production technology) 

diversification into new business unrelated to 

existing business 

Method 
Use of existing brand name, equipments, 

technology, marketing ability, etc. 
M&A and/or R&D 

Transferable 

Resources 

Operational Skill, Distribution System, Production 

Equipments, etc. 
General management skill, capital resources 

Expected Result 

(Object) 

Economy of Scale, Specialty, Synergy, Operational 

efficiency, market power, stable revenues and profits 

Risk reduction, Growth Opportunity, Cost 

reduction, Efficient capital and resource 

management, lower cost of capital, stable 

revenues and profits 

Possibility of 

Earing Potential 

Profit 

Difficulty of integrating new business into existing 

business thus more difficult 

Relatively easier due to no issues of integration 

and control 

*Note: 「Korea Chamber of Commerce and Industry, “Firm's future promising industry outlook and task”, 2007」 

 

Because of value chain activities that firms undertake (Porter, 1980), managers' corporate 

control(Prahalad and Bettis, 1986), and available extra resources, firms expand existing business 

through related diversification and improve productivity of business resources in specific functions, 

minimize volatility of profitability, and increase market power by becoming bigger firm. For 

reducing financial risks by forming portfolios, unrelated diversification, on the other hand, enters 

into new business unrelated with existing business. It allows firms to manage financial resources 

efficiently by using free cash flow and to maximize profits for long-term, and to improve 

information system (Cho & Lee, 1987). A Firm's related diversification, generally, is a strategic 

choice taken when a firm's core competence has competitive edge and there is a synergy effect 

anticipated. In the field of strategic management, related diversification is mainly discussed in 

terms of resource based view or 'core competence' (Chatterjee, 1990). The potential benefit of 

related diversification is an operation synergy effect through sharing resources and transferring 

technologies among divisions in specific functions or competitive products (Bettis and Hall, 1982). 

For a successful related diversification, headquarter undertakes an important role. A headquarter 

undertakes a role of controlling of divisional activities and centralizing decision making process to 

create synergy through cooperative relation among divisions. Therefore, a headquarter attempts 

to make favorable and cooperative environments among divisions.  

The potential benefit of unrelated diversification lies with financial synergy rather than operational 



synergy through sharing financial and general management resources. It is rare for divisions to 

exchange their functional strength. Unlike related diversification, the decision process is 

decentralized and controlled individually to get financial synergy through competition among 

divisions. The main goal of unrelated diversification is to reduce the risk of external capital market 

by effectively using internal capital market through competition among divisions. 

According to Khanna, Song & Lee(2011), in addition to related and unrelated diversification, there 

is a ‘Samsung’s Hybrid System’ which refers to Samsung's successes from combination of 

western's best practice and Japanese business system. In strategic management, one of hybrid 

system is to combine related and unrelated diversification strategy to set up unrelated 

diversification strategy with more concentrated businesses. Based on Raynor (2000), Michael (2003) 

and Miller(2004) indicate that hybrid diversification has more economic effects by combing of 

related, unrelated, and vertical aspects of businesses. 

According to the Ansoff(1965), the diversification can be divided by horizontal, intensive and 

conglomerate diversification. Horizontal diversification is a case that develops and acquires a new 

product appealing to existing customers although it is not related to previous product line 

technologically.  

Intensive diversification is a case that develops a new product having a technical and marketing 

synergy with existing product line when attracting to new customer groups.  

Lastly, conglomerate diversification is a case that explores a new business that is not related with 

current technology, product, and market when big firm generally seeks a way to maintain the balance 

with cyclical and non-cyclical portfolio.  

Diversification generally occurs with M&A. According to the FTC(Federal Trade Commission), 

diversification by M&A can be classified into horizontal, vertical, and conglomerate integration 

through economic relation between acquiring and target firms.  

Here, horizontal integration means merger between firms which produce identical products. 

Vertical integration, however, refers to merger between firms with relationship of demand and 

supply. In addition, Conglomerate integration includes product, market expansion, and others. 

Product expansion is defined as a merger between firms which are not rivalries but produce and 

distribute similar products. Market expansion refers to a merger between firms which produce the 

same product but in a different market. Others include all other mergers between unrelated firms.  

Scherer & Ross (1990) classify diversification as horizontal merger, related merger, and pure 

conglomerate merger depending on industrial categories of acquiring and target firms. Horizontal 

merger is a case when an acquiring firm has the same sub-sub industry category with a target firm. 

Related merger refers to a merger with the same sub-categorical industrial code but not sub-sub 

category. Puure conglomerate merger is a case when acquiring and target firm do not share a sub-

category of industrial code. 

 

  



2.1.2. Literatures on technological diversification 

 

After Scott & Pascoe(1987)'s pioneer work technical diversification has drawn more attention. They 

argue firms execute technological diversification intentionally not randomly. Because of differences 

in transferability among industries, calculated technological diversification attempted. In other words, 

industry with high transferability invests more in R&D. In addition, by sharing R&D facility, they can 

reduce cost and R&D in different sectors can be complementary. 

Since technology has recently been an important factor for firms to have edge over it becomes 

crucial how to form portfolio of technologies. Thus, lots of studies has been presented whether and 

how much technological diversification have an impact on the value of firm. 

Gambardella and Torrisi(1998) examine a panel data of electronic firms of 32 U.S. and Europe 

countries and analyze economic impact of technological diversification empirically. They divide 

technological diversification into 5 technological areas and use Herfindahl index to measure the 

success of diversification based on the number of patents of that technology. In a similar way, 

business diversification is analyzed. The empirical results of the paper show that as a firm decrease the 

degree of business diversification and increase that of technological diversification a firm gets more 

profit. Granstrand(1994) also analyze 21 Swedish technology-based companies. He measures 

technological diversification as the number of engineers employed in various areas. The results show 

that revenue growth rate and technological diversification has positive relationship and growth rate of 

R&D expenditure has close relationship with technological diversification. Overall, he argues 

technological diversification is an important explanatory variable on the growth of firms.  

But, studies that mentioned so far focus on specific industries and firms and do not consider 

technological systems, which different industries can have different types of technological 

innovations. Technological system can be divided into two patterns based on technological 

opportunity, the condition of transferability, etc. (Breschi et al., 2000). One is called as creative 

destruction or Schumpeter Mark I. It refers to activities of technological innovations of new areas 

which has no technological innovation. It is a pattern when a firm expands its technological areas. 

It emerges mainly from technological system of an industry with more technological opportunities, 

lower transferability and knowledge accumulation property. The other is called as creative 

accumulation or Schumpeter Mark II. It refers to additional activities of technological innovations 

of areas with history of technological innovation activities. It is a pattern when a firm deepen its 

core technology through innovations. It emerges mainly from technological system of an industry 

with lower technological opportunities, more transferability and knowledge accumulation property. 

The degree of technological diversification can vary whether a technological system is Schumpeter 

Mark I (Expansion) or Schumpeter Mark II (In-depth).  

As the uncertainty of investment increases and size of investment becomes bigger due to the quick 

changing environments of market and technology, a firm need to find information of a variety of 

technological innovations efficiently and use it wise when a firm makes an investment decision on 

R&D (Dosi, 1988). Cohen and Levinthal(1989) also point out the importance of external knowledge 



in a process of technological innovation and argue a ability of evaluating and applying external 

knowledge depends on the amount of accumulated knowledge. Therefore, a firm not only invests 

on R&D to create new knowledge, but needs to absorb external knowledge more efficiently in R&D 

activities. They emphasize the ambivalence of R&D activity. In terms of technological diversification 

with conjecture of external knowledge, it is more beneficial to absorb external knowledge by 

researching various fields rather than focusing a specific field.  

In this line of research, Henderson and Cockburn(1996) studies the relationship between 

technological diversification and R&D productivity. They point out accumulated knowledge in an 

activity of R&D can be used other R&D activities. Thus, by running more than 2 projects 

simultaneously a firm can reduce cost rather than researching individually. In other words, there 

are economy of scale and score in R&D activities at the same time. Therefore, a more 

technologically diversified firm has an advantage of expanding internal technology and absorbing 

external technology. Nakamura(1999) argue R&D productivity has positive relationship with 

technological diversification by using knowledge generating function based on samples of 

Japanese pharmaceutical companies. Through technological diversification a firm can improve 

R&D productivity by internal and external effect of technological expansion. But, he argues if a 

firm can earn external knowledge with lower cost by importing it rather than internally developing 

a firm chooses to import it. Based on results of these studies, if a firm recognizes the importance 

of external knowledge in technological innovations, a firm decides to do technological 

diversification to absorb externally expanded knowledge well. 

 

 

3. Review of Existing Processes and Generalized Process 

Based on the studies of diversification, lots of organization, typically consulting firms, propose a 

variety of processes and use them. The followings are the summary of processes of various 

organizations use. 

 

3.1. LG Economic Institute 

 

The process of identifying new promising business ideas as shown in Figure 1. It can be divided 

into a step of Boundary-less Search and a step of Evaluation/Filtering. A step of Boundary-less 

Search is a step of identifying new promising ideas and has 4 approaches, namely, Demand-pull 

Approach, Tech-push Approach, Industry Dynamics Approach, and Benchmarking of 

internationally successful businesses. A step of Evaluation/Filtering goes through 1st screening to 

4th screening to get final ideas by evaluating feasibility of the ideas, possibility of big business, 

empirical and intuitive assessment, and analysis of business feasibility. 

 



 

Figure 1. Identification Process of LG Economic Institute 

 

  

3.2. OpenTide Korea 

 

 

Figure 2. Identification Process of OpenTide Korea 

 

OpenTide Korea, generally, starts with identification process by defining what new businesses 

areas shown in <Figure 2>. After defining, the iterative process of searching new business 

candidates and evaluating them are followed. Lastly, strategy of commercialization and action 

plans for commercialization is discusses.  

Identification process of OpenTide Korea has three approaches. Inside-Out Approach is to identify 

the candidates in terms of new distribution network, customer, product, and enhancement of 

value chain when firm’s core capability in industrial leader group 

Outside-In Approach is identification through intermediate & long-term trend analysis when the 

expectation to generate future profit from that industry is low. Benchmarking is to identify new 



business ideas through the analysis of the business portfolio of the leading company in the 

business field and success factors of business diversification of the leading company. 

 

 

3.3. SBP Strategic Management Institute 

 

 
Figure 3. Identification process of SBP Strategic Management Institute 

 

SBP Strategic Management Institute divides firms into two groups. The first group is the firm 

which wants to obtain core competences based on the analysis of changing direction elements of 

future business environments. The second group is for the firm that wants to develop new 

business/new products based on its core competences. The process has six steps shown as 

<Figure 3>. 

 The first step is internal financial analysis. In this step, it reviews whether either existing business 

concentration or new business development are valid 

The second step is analysis of future environment analysis. It is comprehensive analysis of 

changing direction of business and business items. The third step is to identify products and 

technology opportunities. It is materialization of technology required by new business. The fourth 

step is to select products and technology of new business. It ranks items and technologies based 

on internal capability and market attractiveness. The fifth step is to set direction of new business. 

It is a step of identifying direction of promising items based on technology and market 

comprehension of company. The last step is to identify and select promising ideas through 

focused group interview (FGI). 

 

3.4. Frost and Sullivan  

 

The identification process of Frost and Sullivan has 6 steps similar to SBP Strategic 

Management Institute. The first step is to understand what a customer wants, which 

directions they want go. After an interview with a customer, they target the business by 

following customer’s need and select benchmarking companies. After going through 

analyzing products and business portfolios of benching marking companies, they 

undertake feasibility tests of business products and technologies deducted from 



benchmarking companies and forecast future of that products and technologies. After 

test of feasibility, they compare and evaluate business items. Finally, they choose and 

present best items and their future trend among candidates. 

 

 

Figure 4. Identification Process of Frost and Sullivan 

 

 

3.5. Generalized Process of Existing Models 

 

By comparing identification process of new promising items of existing models, we factor out 

commonality of them and generalize it as shown in <Figure 5>. 

The generalized process can be broadly divided into two, identification and evaluation process. 

The detailed of the process described as follows.  

The searching process of promising business ideas is divided by identification of promising 

business ideas and an evaluation and selection of derived items. The step of ideas excavation 

carries out the internal capability analysis that includes management capability analysis and 

business portfolio analysis within the firm. To target the industrial sectors that a firm is shown 

interests, this stage carries out market and technology trend analysis of targeted industry. Also, 

this step lists up the emerging business ideas of a requested firm through the benchmarking 

analysis targeting international similar firms that examine the new business sectors and their sales 

and R&D analysis, their main business portfolio sectors. In the evaluation and selection stage, we 

select the final promising business ideas from ideas listed up through prior stage by doing 

technology and market analysis, screening procedure for evaluating the promise of ideas, and in-

depth analysis for business value of ideas.  

 

 



 

Figure 5. Generalized Process of Existing Models 

 

The desired outcome to gain from this process is to search promising business ideas that is 

suitable to a firm requested.  Such ideas are provided for a firm and a firm chooses all but some 

items through an internal review.  

First, the detailed steps for excavating of promising business ideas are as follows;  

 

Step 1. Firm’s internal capability analysis 

The capability analysis derives the key success factors by business sectors through firm’s internal 

capability and strengths, and competitive advantages. For that, we analyze a requested firm in 

terms of four aspects; customer, human resource, business and performance perspective.  

 

Step 2. Industrial trend analysis 

Based on industrial sectors that a firm is shown interests, the industrial trend analysis is done. 

Trend analysis contains an overview of target industry, recent trend and characteristics, demand 

for the future technology related with industry, the formal market and technology trends. In 

addition, this step provides fodder for alternative promising business ideas by comparison with a 

few domestic and international competing companies.   

 

Step 3. Benchmarking from a similar foreign companies 

Targeting similar companies within industry sectors that a firm is shown interests, the 

benchmarking analysis is done by examining business diversification, key success factors, current 

business status, and future business plan and direction of similar firms as well as their business 

segments and R&D status, portfolios analysis of major business sector.  

 

Step 4. The list-up of promising business ideas 

In step of internal capacity analysis, promising ideas are generated based on insights and key 



success factors through internal analysis of firm such as existing customers’ status, market 

environment and size of related sectors, human resources and fulfillment results of R&D, financial 

performance, intellectual property rights, and market share by business sectors, as well as firm’s 

internal interests. Meanwhile, in step of industry trend analysis, promising ideas are excavated 

based on fodder for business ideas derived from industry trend analysis and view of a 

professional about it. In benchmarking analysis step, ideas list up based on successful business 

ideas of similar companies through business diversification. The ideas derived from such steps are 

provided to a requested firm.  

 

Second, the detailed steps for evaluation and selection of promising ideas are as follows; This step 

works on the process that best few ideas are selected among all of candidate ideas derived from 

the previous steps through the following evaluation procedures; first and second screening and 

BMO analysis.  

 

Step 5. 1st Screening 

All of the candidate ideas are prioritized through matrix analysis of market size and growth 

potential, technology accessibility and technology development cycle, domestic and international 

competition. The results are provided to a requested firm and a few ideas are selected through 

the internal review of firm about results.  

 

Step 6. 2nd Screening 

The technical requirement, application areas, related market trend and growth cycle, recent trend 

of related companies, future perspective of related products and R&D development of each of 

selected ideas are analyzed. Based on quantitative evaluation and matrix analysis between 

technology-push and demand-pull based on such results, only a few among candidate ideas are 

selected.  

 

Step 7. In-depth analysis for business potential 

The reduced ideas from 2nd screening are evaluated in terms of market attractiveness and firm’s 

internal capability through BMO analysis. Market attractiveness screens a business out of many 

candidate ideas by asking the question “Is the business attractive enough?” by evaluation the 

following factors; market size, market growth rate, risk aversion, degree of competition, creation of 

new market, uncertainty in demand pull, and trend of change in external environment. Meanwhile, 

the firm’s internal capability measures how capable a firm is in an industry by evaluating the 

following factors; fund responsiveness, market ability, manufacturing & operation ability, 

possession of fundamental technology, customer service ability, the ability to secure information 

for exist companies from up-stream to down-stream, and management support ability. Through 

scoring process using the analyzed results, BMO method classified withdrawal, conditional, and 

prospective business area.  



The biggest issue of the generalized process we have discussed so far is that it requires lots of 

resources which typical SMEs cannot afford to given that current fast changing and competitive 

business environments, effective time management is an important factor for success. In the 

generalized process, specially, the first step of identification requires lots of time. Considering 

testing and implementing new promising business ideas need more time, the complex process is 

not always a right answer. For SMEs, they don’t need to know what a various business field and 

ideas are. What they want is to know how their existing market and technology can be applied 

into new fields and markets because even though they know a various fields are promising they 

typically don’t have resources (capital and human resources in addition to time) for them. 

 

 

4. Analysis of Characteristics of SMEs’ diversification 

 

4.1. Summary of Survey 

 

This study is to present an identification process of new promising ideas for SMEs. For that, it is 

crucial to know what exactly SMEs want in the identification process. Thus, we surveyed SMEs 

what kind of information they need in the identification process. The SMEs surveyed are divided 

into two groups based on the experience of identification of new promising business ideas. 

The targets of the survey are the SMEs registered as a member in ASTI (Association in Science 

and Technology Information Korea). They are divided into firms with previous experience of 

identification process, firms with no experience, and firms that have gotten help from third parties 

(consulting firms or quasi-governmental agencies) in identification processes. The survey are sent 

to CEOs, Division Managers, and(or) heads of department via email or fax and the period of 

survey is between June 2nd 2016 and June 14th 2016. The total of 300 surveys is sent and received 

53 of samples are collected. 

The contents of the survey are described as Table 4. 70% of firms responded that they have 

previous self-development experience of new promising ideas which implies that they know 

searching the new promising ideas is crucial for their future. But, 80% of respondents say that 

they don’t have new promising ideas. Furthermore, more than 40% of respondents answer that 

their core products are in mature stage. 

 

4.2. Classification of Diversification for SMEs 

 

To characterize what kind of diversification SMEs want we ask whether firms want related 

diversification or unrelated diversification and whether expand their business or entering into new 

markets. The most of SMEs respond that they want to apply their own technology and expand 

their existing business into front and rear end markets. Some of them want to enter into a new 

market based on their core technology. The rest of them want to modify their core technology 



and then expand existing business into front and rear end markets or entering into new markets. 

A few of them responded that they need completely new technology and new markets.  Based 

on the results of the survey, we classify firms into five categories as shown in Figure 6.  

 

Table 4. Survey Design and Contents 

Index Items Questionnaires 

General Basic Information 

Name/year establishment 

3 year’s sales 

Industry fields 

Core products 

Growth stage of core products 

Major customers 

Number of patents 

Number of promising items held 

Resources 

needed 

for 

identifying 

new ideas 

Types of Resources 
Types of information 

Information that hard to obtain 

Types of Resources needed by stages 

Ways to develop new business 

Current 

Status of 

SMES in 

Identifying 

new ideas 

No Experience of 

identifying new ideas 

The reason that does not try to find new promising ideas 

Need for future business ideas 

Choice of self-development or help from the third parties 

Reason of self-development 

Resources for self-development 

Role of third parties 

Experience of 

identifying new ideas 

by itself 

Reason of self-development 

Process of identifying new biz. Ideas 

Main department and number of workforce that leads project 

Ways to get information 

Commercialization of promising ideas 

Problems and Issues of self-development 

Additional Information that needed 

Ways to get additional information 

Experience of 

identifying new ideas 

with help of third 

parties 

Reason to get help from third parties 

Types of third parties 

Types of information that third parties provide 

Satisfaction level of service provided by third parties 

Commercialization of promising ideas 

Problems and Issues when to get help from third parties 

 

The first case is combination of ‘core technology and value chain enhancement’. This is the case 

most of SMEs want for diversification. Based on existing core technology, they want to expand 

existing market. The second case is combination of ‘core technology and new business frontier’. 

This is similar to the first one but different in terms of the market they are entering into. The 

market is field with high growth potential but applicable with core technology they possess. 

Third case is different from the previous two cases. They want to modify their core technology to 

satisfy customers’ needs and improve existing products which. The fourth case is to modify core 

technology and then expand front and rear end market of existing market.  

 



 

Figure 6. Business Diversification based on SMEs’ Characteristics 

 

The last case is to develop new disruptive technology and enter into new market which has high 

growth potential. Based on types of diversification that SMEs want, we further analyzed what kind 

of information SMEs want in the process of identification, we present various information that 

they may want. Based on five cases that we present, information that they need in process of 

identification is different from each other as shown in Table 5. 

 

Table 5. The analysis of required core information by type of business diversification 

Core Tech. + Value 

Chain Enhancement 

Core Tech. + New 

Biz. Frontier 

Core Tech. Evolution 

+ Core Product 

Enhancement 

Core Tech. 

0Evolution+Value 

chain Enhancement 

New Tech. 

Development + New 

Biz. Frontier 

Necessary 

Information 
Rate 

Necessary 

Information 
rate 

Necessary 

Information 
rate 

Necessary 

Information 
rate 

Necessary 

Information 
rate 

Applicability 

of existing 

tech 

36% 

Applicability 

of existing 

tech 

45.% 

Applicability 

of existing 

tech 

35% 

Applicability 

of existing 

tech 

33.% 

future trend 

of promising 

field 

41. % 

Internal 

capability 
24.% 

future trend 

of promising 

field 

25% 

Value chain 

of core 

products 

26 % Benchmarking 30.% 

Applicability 

of existing 

tech 
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In the first case of ‘Core Tech.+Value chain enhancement’, although deemed important by the 

company, based on the type of diversification, Value chain of core products and Benchmarking is 

chosen instead in addition to applicability of existing core technology and internal capabilities of 

the firm. 

In the second case of ‘Core Tech. + New Biz. Frontier’, internal capability is added in addition to 

the top two information, applicability of existing technology and future trend of promising field. 

In the third case of ‘Core Tech. Evolution + Core Product Enhancement’ Benchmarking is also 

included for model construction in addition to applicability of existing technology and value chain 

of core products. In the fourth case of ‘Core Tech. Evolution + Value chain Enhancement’, Value 

chain of core products is also chosen for consideration in addition to applicability of existing 

technology and benching marking. Lastly, in the case of ‘New Tech. Development + New Biz. 

Frontier’, internal capability is another factor that also required in addition to applicability of 

existing technology and future trend of promising field. 

 

 

5. Identification process of promising ideas by SMEs  

 

In this section, based on the five cases that we classify, we present a simplified and customized 

identification process by comparing with generalized identification process. 

 

5.1. The process of “Core Tech. + Value chain enhancement” type SMEs  

 

SMEs with the type of “Core Tech. +Value chain enhancement” diversification need information 

of value chain enhancement and possibility of business expansion through benchmarking. 

Compared to generalized process, we exclude industrial trend analysis since SMEs just want to 

expand their technology and markets which implies that they don’t have to waste time in 

searching for new promising fields. We also simplified the process of ideas screening by excluding 

red flag check step because, in the BMO analysis, it can be evaluated by internal capabilities. Also, 

by using expert’s focused group interview (FGI), we simplified 1st and 2nd screening. Figure 7 

shows the simplified process of “Core tech. + Value chain enhancement” type SMEs.  

 

5.2. The process of “Core Tech. + New Biz. Frontier” type SMEs 

 

SMEs with the type of “Core Tech. + New Biz. Frontier” diversification need information of future 

trend of promising field for entering into a new market as well as applicability of core technology 

and capabilities of the firm. But, by excluding the step of benchmarking, we simplify ideas 

searching process. In the stage of screening, we change orders of generalized models. In the RFC 

step, firms typically exclude candidates based on the familiarity with them. For entering into a 

new market, it is important to notice other promising field other than their own businesses. Thus, 



by changing orders of screening, we prevent firms excluding new ideas. After 1st screening by 

expert’s FGI, we do a RFC and cluster similar ideas instead of 2nd screening to simplify the process. 

Figure 8 shows “Core Tech. + New Biz. Frontier” type SMEs.  

 

 

Figure 7. The process of “Core Tech. + Value chain enhancement” type SMEs 

 

 

Figure 8. The process of “Core Tech. + New Biz. Frontier” type SMEs 

 

 



5.3. The process of “Core Tech. Evolution + Core Product Enhancement” type SMEs 

 

SMEs with the type of “Core Tech. Evolution + Core Product Enhancement” need information of 

future trend of promising field and demand of customers’ and product diversification of leading 

company through benchmarking. This case it to present differentiated products which satisfy 

existing customer’s needs. Thus, by excluding analysis of internal capabilities, we simplified ideas 

searching stage. Also, in the screening stage, it is important to note that insight of top 

management of the firm who understand their own business well. Thus, there is no need for 

expert’s opinions. By skipping 1st and 2nd screening, we simplify the process. Instead, by doing 

technology based RFC and clustering similar ideas, we evaluate candidates. Figure 9 shows 

simplified process of “Core Tech. evolution + Core product Enhancement” type SMEs.  

 

 

Figure 9. The process of “Core Tech. Evolution + Core product Enhancement” type SMEs 

 

5.4. The process of “Core Tech. Evolution + Value chain Enhancement” type SMEs 

 

As shown in Figure 10, SMEs with the type of “Core Tech. Evolution + Value chain Enhancement” 

need information of chain of core business, applicability of existing technology, and market 

expansion through benchmarking. Compared to generalized process, we simplified searching 

process by excluding industrial trend analysis. In the screening stage, we also exclude 2nd 

screening because, in this case of diversification, it is not for developing new technology or 



entering into a new market. Thus, by doing RFC based on technology and market and clustering 

ideas, we first screen the candidate then proceeding with expert’s FGI. 

 

 

Figure 10. The process of “Core Tech. Evolution + Value chain Enhancement” type SMEs  

 

Figure 11. The process of “New Tech. Development + New Biz. Frontier” type SMEs 

5.5. The process of “New Tech. Development + New Biz. Frontier” type SMEs 



  

SMEs with type of “New Tech. Development + New Biz. Frontier” needs all of information that 

the generalized process present since it completely new to firm in terms of technology and 

market. But, there is a difference in screening stage. Unlike the generalized process, we exclude 

RFC preventing the firm excluding new business ideas unfamiliar with their own business. Even 

though we exclude RFC, by doing expert’s FGI for 1st screening and 2nd screening internal 

management’s FGI, we minimize risks of missing important candidates. 

 

 

6. Conclusion and Discussion 

 

This study presents a process of identification of new promising ideas for SMEs based on types of 

diversification of SMEs. We emphasize that existing studies on diversification and processes are 

hard to apply to SMEs even though they are needed the most. 

To compare our process with existing processes, we review identification process of other 

institution and studies of diversification and we take out some common factors among processes 

and generalize them. 

Through survey, we analyze types of diversification suitable for SMEs and information needed for 

identification of new business ideas. Based on the results of survey, we classify types of 

diversification into five, ‘Core Tech.+Value chain enhancement’, ‘Core Tech. + New Biz. Frontier’, 

‘Core Tech. Evolution + Core Product Enhancement’ , ‘Core Tech. Evolution + Value chain 

Enhancement’, ‘New Tech. Development + New Biz. Frontier’. based 

Based on the results of the survey, we propose simplified and applicable version of identification 

process for SMEs. The process that this study proposes is expected to have impact on identifying 

new promising ideas for SME in that it can be more practical and useful in application. 

By applying the process, we expect SMEs to have an internal idea searching and evaluation 

process themselves and maximize the value of the business by applying it. Of course, this study 

has a limit in that this process is yet to be tested which may lead to adjustments to the proposed 

process. 
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Abstract  
 

The primary objective of the traditional arms industry was to strengthen the military 

power of its own country. Accordingly, most of the relevant research focused on 

development and evaluation of core weapons technologies. The rapid growth of the 

global arms trade, however, urgently require additional studies that will evaluate the 

feasibility of weapon systems export and identify promising markets. This paper presents 

a four-step analytical procedure; (1) categorization and evaluation of both feasible 

countries and competing weapons systems, (2) initial market screening based on 

quantitative analysis, (3) in-depth screening through the use of qualitative and 

quantitative indices, (4) selection of target markets by utilizing the Bruce Merrifield-Ohe 

(BMO) method. The proposed research is evaluated by applying the proposed procedure 

to a successful export case and a failed export case. 

 

 

Keywords: Weapon system, Export Feasibility, Market Screening, Bruce Merrifield-Ohe (BMO)  

 

1. Introduction 

 

The defense industry is a capital-intensive industry that requires large scale facility 

investment and maintenance cost. Hence, it is crucial to ensure economic scales by 

securing both domestic and foreign demand. Furthermore, supply and demand is 

mutually exclusive in the defense market. Therefore, it is imperative to augment foreign 

demand through weapons export to ensure and increase competitiveness. However, the 
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defense market is notorious for its high entry barrier and limited accessibility to the 

customer ’s weapon purchase information. And because the decision to purchase 

weaponry is usually made by the government with its own political views, it is vital for 

both the government and the industry to identify promising export countries and 

develop early response strategy to guarantee successful weapons trade. To secure export 

competitiveness and to hold a lead, strategic, market oriented research analysis must be 

performed from the early planning stage and clear identification of the target market 

must be made from marketing point of view. 

In Korea, multilateral analysis of economic feasibility, technology and military force 

improvement is being performed to construct strategies for efficient weapon system 

research and development. However, strategic approach to acquire export 

competitiveness through market analysis of potential customers’ demands and market 

environment is lacking. 

It is important to improve related policies and systems and to possess innovative 

weapons manufacturing technologies for the defense industry and the government. But 

to vitalize weapon system export, it is critical to take managerial view of the defense 

industry into consideration and conduct marketing approach to analyzing weapon market 

oriented market analysis. This paper proposes a new decision process to screen and 

select promising market for the Korean weapon system to export. The validity and 

applicability of the proposed methodology with the application to T-50, the advanced 

trainer jet, export cases. 

 

 

2. Literature Review 

 

2.1 Weapons Market status 

 

Global military expenditure of the last 25 years is depicted in figure 2. It continued to 

grow from late 1990’s to 2011 with the heavy influence of 9/11 and the war in 

Afghanistan and Iraq. With global financial crisis and American military budget cuts, it’s 

been slowly declining since 2011. 

To take a closer look, North America displayed a drastic cut from 741 billion dollars in 

2010 to 596 billion in 2014. In western and central Europe, there has been 8.3% decrease 

in the last decade. Leading countries such as United Kingdom, France and Italy are 

limiting military expenditure owing to financial crisis. Since 2008, expenditure cut in 



western and central Europe is close to 10%. In 2014, the military expenditure in Asia and 

Australia has increased 5% from the previous year to 423 billion dollars and has 

increased 62% since 2005. The military expenditure of central/southern America in 2014 

was increased 0.3% from the previous year. In contrast to a huge cut in North America, 

there’s been a 9% increase in Central America. In 2014, the military expenditure in the 

Middle East has increased 5.2% from the previous year to 181 billion dollars and has 

increased 57% since 2005. Compared to previous year, there’s been a 17% increase in 

Saudi Arabia and 15% increase in Iraq and Lebanon in 2014. 

 

 
Figure 1. Global Military Expenditure 

 

Table 1. Korean weapon system exports 

Unit: $ million 

 
2010 2011 2012 2013 2014 

Total 1,187.9 2,381.9 2,352.8 3,415.9 3,612.0 

Middle East 116.3 109.5 220.4 1,280.1 311.0 

North America 487.1 640.6 663.8 1,054.5 1,011.0 

Asia 483.5 1,565.7 214.4 570.5 1,930.0 

Central/South America 14.3 15.3 335.9 176.4 5.0 

Africa 50.8 19.6 47.7 20.5 14.0 

Europe 35.9 29.8 870.5 313.9 340.0 

Russia/ CIS 0.0 1.4 0.1 0.0 1.0 

Source: Defense Acquisition Program Administration, “statistics annual report of defense acquisition system”, 2015 

  



Although global weapons sales had increased in large scale since 2003, it has come to a 

standstill since 2010. This is mainly due to huge military budget cuts in the world’s 

leading countries. 

The weapons export of Korea in recent years by region is depicted in Table 1. Overall 

sales show that Asia is the largest market followed by USA. In addition to traditional 

export partners (Asia, North America, Europe), Korea is seeking to expand to new 

markets such as Central/South America, Middle East and Africa 

 

2.2 Research on weapons systems export 

 

There has been much research on identifying factors that have influence on weapon 

systems export. Although it is apparent that the prices of similar and competing weapons 

system and possession of technology competitiveness are important, the existence of the 

market for the weapons system under consideration and the competition level of said 

market must also be considered. In addition, marketing ability and A/S capability of both 

the government and the weapons firm that wish to export are also important. 

Furthermore, when evaluating the possibility of weapons export to a potential exportable 

country, the support capacity of the exporting country, diplomatic relationship between 

the two countries, and compatibility of the weapons system are also important factors. 

In Han and Won (2012), the attractiveness of a weapons system exporting market was 

evaluated. The following six indices were selected to evaluate the marketability: (1) 

market size, (2) market growth rate, (3) threat of competitors, (4) threat of substitutes, (5) 

promoting factors, and (6) hindering factors.  

Korea Institute for Defense Analysis (KIDA) (2014) conducted a macro environment 

analysis research to identify the characteristics of the weapons market by region through 

regionalizing the global weapons market into several regions. From this research, it was 

noted that (1) diplomatic relations with Korea, (2) economic & limitary level, (3) 

possibility of dispute, (4) level of science & technology of the military must be 

considered when evaluating weapon systems export. And to vitalize weapons export, 

political assistance through (1) construction of weapons export support organization, (2) 

establish trans-national weapons export cooperation network, and (3) improve financial 

support system for weapons export were suggested. 

In a 2014 study, Korea Institute for Industrial Economics & Trade (KIET) proposed using 

the following six factors to identify 10 promising weapons export countries:  (1) size of 

GDP, (2) relation with neighboring countries, (3) possibility of disputes, (4) relation with 



Korea, (5) defense budget of target country, and (6) compatibility with Korean weapons 

systems. And to expand the scale of weapons export, establishing government policies to 

(1) development of weapon systems with export in consideration, (2) strengthen 

relationship between weapons export and official development assistance, (3) strengthen 

analytic function of weapons export market for individual country/weapon system were 

proposed. 

Security Management Institute considered (1) competitiveness of the weapons system, (2) 

environment of weapons market, and (3) government support as the deciding factors of 

weapon export. The competitiveness of the weapons system were subdivided into price, 

performance and quality competitiveness. The environment of weapons market was 

categorized as (1) foreign market demand forecast, (2) competitiveness in comparison to 

competing systems, and (3) stature of the exporting firm in the weapons market. And the 

government support was subdivided into (1) capability of government support for 

weapons export and (2) development level of foundation of export for the target market. 

Previous researches were limited to finding weapons export related factors and 

emphasizing their importance. As previously mentioned in the introduction, to 

successfully export weapon systems, not only do these factors need to be identified but 

the overall decision process that includes the identification of promising target market 

needs to be established. Therefore, a three-phased systematic analytic process that can 

be used to identify exportable countries, extract promising exportable countries and 

finally select target countries for export. 

 

 

3. Proposed methodology 

 

The proposed methodology of strategic market selection for weapon systems export 

consists of three major stages and 6 minor steps. 

First, Countries with the possibility of new weapons purchase and countries that possess 

weapon systems that are due for replacement owing to deterioration are identified. Next, 

identify promising countries based on individual purchase power indices and the actual 

export possibility to respective countries. Third, judging from market attractiveness and 

export competitiveness, divide the candidate countries into promising, conditionally 

promising, and inferior promising countries. 

The overall procedure of strategic market selection for weapon systems export, detailed 

in figure 2, is conducted in the following 6 steps. (1) Identification and selection of 



purchase power indices, (2) analysis of competing and similar weapons system, (3) 

grouping countries with export potentials, (4) 1st screening to obtain exportable 

countries, (5) 2nd screening to select export promising countries, and (6) finalizing 

counties for export. 

 

 
Figure 2. Overall procedure of strategic market selection for weapon systems export 

 

Purchase power indices are selected from factors such as GDP, GDP per capita, economic 

growth rate, military expenditure, the size of military, the size of weapons export and 

import, military science & technology level, execution of MOU with Korea, possibility of 

dispute and a database was constructed for 165 countries. 

For the analysis of competing & similar weapon systems, the manufacturing country, 

model name, operating country, year of acquisition, expected year of deterioration based 

on life cycle, and export price were investigated for weapon systems similar to Korean 

weapon systems. Based on the core technologies deduced from a survey of 

military/export experts, AHP analysis on the core technologies of Korean and similar 

weapons systems was performed. Using price-performance ratio, competing weapon 

system were selected from similar weapon systems. 

Out of 165 countries, countries with above average dispute potential and military 

expenditure were grouped (G1) as countries with the possibility of new purchase. And 

from countries that possess similar weapon systems, countries that possess weapon 

systems that are on the verge of deterioration and need to replace them soon were 

grouped (G2) as countries that need replacement due to deterioration. From both group 

1 & 2, countries that are currently manufacturing and operating similar weapon systems 

were reasoned to believe that they would not purchase Korean weapon systems and 



therefore excluded. In addition, countries that are banned from export by the Ministry of 

Foreign Affairs were also excluded. In conclusion, all the remaining countries in both 

group 1 and 2 are ‘countries with export potentials’. 

‘Exportable countries’ were selected from ‘countries with export potentials’ (G1 and G2) 

based on 5 main categories of purchase power indices; economic, military power, military 

science & technology, friendly relation with Korea, and possibility of disputes. This step is 

labeled ‘1st screening’. During 1st screening, the five main purchase power indices are 

converted to T-scores through normalization. Next, quartiles are established for all five 

indices. Countries with two or more indices that fall in lower quartile (or Q1) are removed 

from candidacy.  

The remaining countries are called ‘exportable countries’. ‘Candidates of promising 

countries’ are integrated results of overall scores of purchase power indices and 

qualitative evaluation results of the experts. Quantitative overall scores are calculated 

from the countries that passed 1st screening by multiplying the five purchase power 

indices with relative weights of the indices obtained from AHP analysis. In addition, 

military export experts were surveyed on the qualitative factors to consider when 

exporting target weapon systems to respective countries using 10 point interval scale.  

To normalize both the quantitative and qualitative scores, they were transformed to Z-

scores. Based on the Z-score transformation, countries that scored above average (which 

is 0) are chosen as ‘candidates of promising countries’. This step is labeled 2nd screening. 

The final stage is selecting ‘target countries for export’. This is done by evaluating export 

possibilities of the ‘candidates of promising countries’. Two evaluations criteria, market 

attractiveness and export competitiveness in comparison to competing weapon systems 

manufacturing countries, are used to finalize the target country selection. 

 

4. Detailed procedure 

 

4.1 Identification of target countries 

 

Identification of target countries stage is shown in figure 3. First, experts are consulted to 

identify the factors that can be used to evaluate the weapon systems purchasing power 

for each country. Next, survey was conducted to obtain the level of impact each factor 

has on purchasing power. Based on the survey results, factors are grouped into five main 

categories and the data for 165 countries were collected. Next, AHP analysis was 

performed to obtain relative weights within the five main categories and relative weights 



within each sub categories (or indices).  

 

 
Figure 3. Identification of target countries stage 

 

Database of weapon systems similar to Korean weapon systems was constructed and 

through expert consultation core technologies were selected. Using AHP method, 

pairwise comparison was performed between Korean weapon system and similar weapon 

system and the results were used to evaluate the technology levels of each weapon 

systems. Lastly, price-performance ratio was used to finally select the competing weapon 

systems. 

 

4.1.1 Purchase power index 

Expert Delphi analysis was performed to identify the purchase power indices. In the first 

round of Delphi analysis, 15 experts from Defense Acquisition Program Administration 

(DAPA), Korea Institute for Defense Analysis (KIDA), Korea Institute for Industrial 

Economics & Trade (KIET), Korea Trade-Investment Promotion Agency (KOTRA) and Korea 

Defense Industry Trade Support Center (KODITS) were consulted to identify specific 

factors that can be used to evaluate the target countries’ purchase power in Korean 

weapon export. 

In the second round of Delphi analysis, 61 experts from KOTRA, DAPA, export managers 

in various defense industries and defense experts in related research centers were 

consulted to evaluate the level of impact the 29 indices from the first Delphi analysis 

have on weapon system purchase power. The survey was performed using 7 point Likert 

scale. Of the 47 replies, 4 were excluded due to omitted response and the number of 

valid response was 43. 

All of the CV values were less than 0.5. Therefore, additional survey was not performed. 

To evaluate content validity, minimum CVR value of 0.4 was used. Military expenditure to 

defense power improvement budget ratio and acquisition plan to purchase new weapon 



systems had less than 0.4 CVR values and hence removed from the final list. Table 2 

shows the results of Delphi.  

 

Table 2. Results of Delphi 

Indicator Avg. Std. CV CVR 

GDP 3.909 0.817 0.215 0.52 

GDP per capita 3.727 1.082 0.214 0.59 

National growth rate 3.545 0.844 0.268 0.71 

Foreign aid 2.978 0.729 0.290 0.84 

Import over military budget 2.910 0.931 0.268 0.42 

Military R&D size 3.364 1.161 0.275 0.48 

Budget of new WS acquisition 3.273 0.977 0.265 0.51 

Alternative payment source other than cash 3.091 1.064 0.264 0.72 

Military expenditure 2.955 0.684 0.241 0.64 

Increasing rate of military expenditure 3.364 0.64 0.272 0.73 

Military budget per capita 3.173 0.933 0.286 0.55 

Military budget over GDP 3.264 0.931 0.249 0.45 

Military force 2.718 0.957 0.152 0.64 

Import of WS 3.355 0.957 0.179 0.45 

Export of WS 3.036 0.689 0.273 0.55 

WS requirement 3.764 0.969 0.244 0.56 

WS possession 4.091 1.205 0.249 0.82 

Manufacturing capability of WS  3.864 1.031 0.152 0.91 

National Science & Technology level 3.727 0.926 0.179 0.55 

Diplomatic relation with Korea 3.682 0.847 0.273 0.64 

Purchasing history of Korean WS 3.591 0.963 0.244 0.55 

Military related MOU agreement with Korea 3.545 0.889 0.295 0.64 

Government Support 3.455 1.091 0.250 0.55 

Military aid equipment from Korea 3.455 1.199 0.272 0.73 

Export & Import trade in private sectors 3.000 0.864 0.286 0.55 

Territorial disputes  3.318 1.024 0.160 0.43 

Possibility of disputes with neighboring countries 2.818 0.614 0.268 0.57 

Military enhancement budget over military budget 2.335 1.502 0.295 0.23 

Plan for new WS acquisition 2.135 0.950 0.250 0.18 

 

Correlation coefficient matrix was obtained for the purchase power indices. And KMO 

and Bartlett’s test of sphericity was performed to test the suitability of factor analysis. 

Using anti-image correlation and measure of sampling adequacy (MSA), variable group 

was obtained from factor analysis. 

Traditionally, factors with eigenvalues greater than 1 are chosen for analysis. However, the 

experts and previous research asserted that the possibility of disputes is one of the key 

factors that have influence on weapon system purchase. Therefore, it was concluded that 



in addition to the four factors chosen from PCA, ‘the possibility of disputes’ was also 

included. Table 3 shows the classification of indicators by factor analysis.  

 

Table 3. Classification of indicators by factor analysis 

Index Indicator Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Score 

“Economic” 

Index 

GDP 0.81185 -0.11484 0.20528 0.09063 0.01254 0.27457 

GDP per capita 0.79913 0.07773 -0.17291 0.04998 0.12586 0.31129 

National growth rate 0.74200 0.13387 0.39973 0.05841 -0.12596 0.20496 

“Military 

power” Index 

Military expenditure -0.02557 0.67176 0.26273 0.01985 0.15564 0.34352 

Increasing rate of military 

expenditure 
0.10814 0.65654 0.20950 0.07412 0.32556 0.32579 

Military budget per capita 0.16837 0.62637 0.03844 0.34483 0.12588 0.28969 

Military budget over GDP 0.32804 0.61713 0.10400 -0.12303 -0.05956 0.34204 

Military force -0.09614 0.58337 0.09745 0.48252 -0.12336 0.2885 

Import of WS 0.14465 0.6332 -0.09512 0.23364 0.12333 0.31245 

Export of WS 0.07478 0.6997 -0.03698 0.32221 0.23865 0.47782 

“Military 

Science & 

Technology” 

index 

Manufacturing capability of 

WS 
0.08205 0.25110 0.69146 0.13025 0.14765 0.45628 

Military R&D size 0.10070 0.51599 0.66172 -0.05242 0.23698 0.16684 

National Science & 

Technology level 
0.12913 0.25063 0.68362 0.13051 0.36145 0.44368 

“Friendly 

relation with 

Korea” index 

Diplomatic relation with 

Korea 
0.08205 0.25110 0.12336 0.69146 0.13025 0.45628 

Purchasing history of 

Korean WS 
0.00192 0.11363 0.05884 0.58325 0.14777 0.19948 

Military related MOU 

agreement with Korea 
0.12913 0.25063 -0.12563 0.68362 0.13051 0.44368 

“Possibility of 

Disputes” 

index 

Territorial disputes 0.07706 -0.06945 0.34028 0.08205 0.81451 0.65474 

Possibility of disputes with 

neighboring countries 
0.41058 0.32569 -0.16169 0.00192 0.54616 0.39608 

 

AHP analysis was performed to obtain relative weights within the five main categories 

and relative weights within each sub categories (or indices). 20 weapon systems export 

experts from DAPA, Defense Agency for Technology and Quality (DTaQ) and defense 

industries were surveyed. The weights for each indices and the source of data are shown 

in table 4.  

  



Table 4. The results of AHP 

 

Priority results 

Index Weight Indicator Weight Rank 

Relative 

Weight 

“Economic” Index 0.171 

GDP 0.448 3 

GDP per capita 0.221 12 

National growth rate 0.331 7 

“Military power” 

Index 
0.265 

Military expenditure 0.192 13 

Increasing rate of military 

expenditure 
0.128 16 

Military budget per capita 0.057 18 

Military budget over GDP 0.169 14 

Military force 0.141 15 

Import of WS 0.080 17 

Export of WS 0.233 10 

“Military Science  

& Technology” 

index 

0.136 

Manufacturing capability of WS 0.420 5 

Military R&D size 0.352 6 

National Science & Technology 

level 
0.228 11 

“Friendly relation 

with Korea” 

index 

0.227 

Diplomatic relation with Korea 0.296 8 

Purchasing history of Korean 

WS 
0.440 4 

Military related MOU 

agreement with Korea 
0.264 9 

“Possibility of 

Disputes” index 
0.201 

Territorial disputes 0.467 2 

Possibility of disputes with 

neighboring countries 
0.533 1 

Total 1.0000 
 

1.0000 
 

 

4.1.2 Analysis of competing and similar weapon systems 

When entering target market for weapon export, it is very important to ascertain the 

competitiveness of competing and substitute weapon system. If there are many 

competing weapon system in the global market, it indicates that the competition is fierce 

and that it is that much more difficult to export weapon systems to foreign countries. 

Another factor that needs to be considered is that when the life cycle of an existing 

weapon system is nearing its end, it opens the possibility of export to that country. 

Therefore, when considering weapon systems export, it is very important to identify the 

competing & substitute weapon systems, countries that are currently manufacturing the 

competing & substitute weapons and countries that are currently using the weapon 

system.  

 



4.2 Identification of promising countries 

 

Identification of promising countries stage is composed of three steps. In the first, 

countries with the possibility of new purchase and countries that need replacement due 

to deterioration are identified as groups of export potential. In the second, exportable 

countries are selected through 1st screening. In the third step, candidates of promising 

countries are identified using 2nd screening. Figure 4 shows the detail procedure of 

stage 2.  

 

 
Figure 4. Identification of target countries stage 

 

4.2.1 Identification of groups of export potential  

Countries with the possibility (G1) are chosen from countries that currently do not 

possess competing & substitute weapon systems and have both high possibility of 

dispute and high military expenditure. Countries that need replacement due to 

deterioration are chosen from countries that currently possess competing or similar 

weapon systems that are nearing their end of life cycle due to deterioration. From the 

two groups of countries, the countries that manufacture competing or similar weapon 

systems or countries that are banned from export are excluded. 

 

4.2.2 Identification of exportable countries 

In the 1st screening, the five main purchase power indices are converted to T-scores and 

countries with two or more indices that lie in the lower quartile are removed from 

candidacy.  

 

4.2.3 Selection of candidates of promising countries 

From the groups of countries with export potentials, candidates of promising countries 



are chosen through 2nd screening. The selection procedure is as follows. 

The 2nd screening is processed using the quantitative scores obtained from the 

quantitative scores of individual countries and qualitative scores gathered from the 

survey of experts. 

First, the quantitative scores of target countries are calculated as follows. The overall 

score of purchase indices are obtained by multiplying the scores of five main purchase 

power indices (economic, military power, military science & technology, friendly relation 

with Korea, and possibility of disputes) with the relative weights of each index. This is 

defined as the overall quantitative score. 

Next, the qualitative scores are calculated as follows. First, the qualitative factors when 

evaluating the possibility of export are extracted from the survey of experts. The factors 

that were identified from experts’ opinions, although very difficult to quantify must be 

considered. 

Countries with export potentials were introduced to the experts and they were asked to 

assign points from 5 point interval scale on 8 factors. Based on the survey, overall 

qualitative evaluation scores were obtained for all countries with expert potentials. 

To normalize the quantitative and qualitative scores for each country, they were 

transformed to Z-scores. The transformed scores depict the level of distance (in standard 

deviation unit) from mean. 

The matrix graph with the X-axis denoting the overall Z-transformed quantitative scores 

and the Y-axis denoting the overall Z-transformed qualitative scores is shown. The 

countries in the 1st quadrant, the countries with both positive X and Y values, are chosen 

as candidates of promising countries. 

 

4.3 Selection of target countries for export 

 

 
Figure 5. Selection of target countries 

 

As shown in Figure 5, to select target countries for export from the candidates of 

promising countries, Bruce Merrifield-Ohe method (BMO) is used. Traditionally, BMO 

method is used to evaluate the validity of a new business field in a firm by classifying a 



new business as promising when the business attractiveness score is above 35 and 

business feasibility (business attractiveness + business fitness) score is above 80. 

Modifications are made to the BMO method for our paper. First, market attractiveness is 

evaluated for each candidate countries through expert survey. Next, export 

competitiveness with respect to countries that manufacture competing weapon systems 

are obtained. Using these two criteria, target countries for export are finally chosen. 15 

experts underwent focus group interviews to obtain the factor to consider when 

evaluating market attractiveness and export competitiveness. Using the extracted 

evaluation criteria for market attractiveness and export competitiveness, 15 experts were 

provided with the information regarding competing weapon systems and they were 

asked to score each candidate countries’ evaluation criteria using 10 point interval scale. 

The scores were totaled and the overall market attractiveness and export competitiveness 

was calculated for all candidate countries. 

Once all the scores were obtained, the countries with the total sum of market 

attractiveness and export competitiveness over 60 were labeled ‘promising’ countries, 

countries with total sum between 50 and 60 were labeled ‘conditional promising’, and the 

countries with total sum of 50 or less were labeled ‘inferior promising’ countries. 

Although the countries in the final category were labeled ‘inferior promising’, those 

countries still passed the two screening steps and therefore they were not completely 

removed from possible candidacy. 

The countries in the ‘promising’ countries category are chosen as target countries for 

Korean weapon systems export. 

 

5. Validation of proposed methodology through T-50 weapon system export 

case 

 

5.1 stepwise application of proposed methodology 

 

T-50 advanced jet trainer is a weapon system developed in Korea for advanced training 

of Korean air force jet pilots. Initial production period was between December of 2003 

and March of 2008. Follow-up production was between September of 2006 and 

December of 2012. T-50 is an advanced jet trainer with super-sonic flight capability and 

T-50 (advanced jet trainer), T-50B (aerial acrobatics), TA-50 (basic tactical trainer), FA-50 

(light attacker) were developed and manufactured. Using formation standards, T-50 can 

operate in an advanced training flight squadron. 



Based on Jane’s DSF data, weapon systems manufactured as advanced jet trainer were 

investigated and M-346, Hawk, Yak-130, L-159 and FTC-2000 were chosen as similar 

weapon systems. Table 5 shows the information regarding the competing weapon 

systems.  

 

Table 5. Similar and competing weapon systems 

WS 

name 

Manufacturing 

Country 

Company 

Name 

Main performance 

Market 

Price 

($10K) 

Time of 

force 

integration 

Empty 

weight 

(kg) 

Max. 

takeoff 

weight 

(kg) 

Max. 

speed 

(km/h) 

Max. 

g 

limit 

(G) 

Min. 

g 

limit 

(G) 

Rate of 

Climb 

(ft/min) 

M-346 Italy 
Alenia 

Aermacchi 
4,900 7,100 1,093 8 -3 21,000 2,200 2011~ 

Hawk UK BAE 4,400 9,100 1,000 8 -4 11,800 2,062 1992~ 

Yak-

130 
Russia Yakovlev 5,390 7,250 1,059 8 -3 9,840 1,870 2010~ 

L-159 Czech 
Aero 

Vodochody 
4,350 8,000 935 8 -4 12,220 1,389 1999~ 

FTC-

2000 
China GAI - 9,800 1,100 8 -3 31,496 - 2013~ 

  

To extract the core technologies of an advanced jet trainer, experts were provided with a 

database containing information regarding T-50 and the five similar weapon systems. 11 

experts from weapon industry and DTaQ were surveyed through e-mail and phone 

interviews and they were asked to freely describe the core technologies to evaluate the 

technology level of advanced jet trainer. Based on the response, three core technologies 

were obtained and they were mobility, convenience/safety, and accessibility. Mobility is 

the maximum speed and maximum rate of climb, convenience/safety is the internal 

cockpit design with respect to operational convenience and safety, and the accessibility is 

the possibility of flight just after completion of flight training. These three factors are also 

the key factors of technology competitiveness. 

The experts were again surveyed to evaluate the relative importance of the three 

identified factors and rate the relative superiority of T-50 in comparison to five similar 

weapon systems. Market price of T-50 and competing weapon systems were obtained 

from weapon systems data base. Overall technology scores of each weapon systems were 

obtained from the AHP analysis of previous survey. It can be seen that the price of T-50 

alone is far higher than its competitors. However, the overall technology score is far 

superior. As shown in Table 6, price-performance ratio of T-50 is still superior compared 



to competing weapon systems. But the difference is not too significant and therefore, all 

five weapon systems were selected as competing weapon systems. 

 

Table 6. Comparison among T-50 and competing weapon systems 

WS 
Mobility 

(0.455) 

Convenience/ 

Safety 

(0.091) 

Accessibility 

(0.454) 

Total 

Tech. 

Score 

Market 

Price 

$US 

Price-

performance 

ratio 

T-50 0.58 0.35 0.45 0.50 3,500 0.16 

M-346 0.10 0.28 0.22 0.17 1,800 0.15 

Hawk 0.10 0.16 0.08 0.10 2,538 0.06 

Yak-130 0.10 0.07 0.08 0.09 1,900 0.08 

L-159 0.04 0.07 0.08 0.06 1,389 0.07 

FTC-2000 0.10 0.07 0.08 0.09 1,620 0.09 

 

Countries with export potentials for T-50 weapon system is shown in table 7. The 

number of countries with possible new purchase (G1) is 11 and the number of countries 

that need replacement due to deterioration (G2) is 28. Therefore, the total number of 

countries with export potentials is 29. 

 

Table 7. Countries with export potential 

Country Group 

Iraq, Egypt, Ukraine, Mexico, Philippines, Thailand, South Africa, Venezuela, 

Peru, Algeria, Colombia 

G1 group 

(11 countries) 

Finland, Qatar, Vietnam, Oman, Saudi Arabia, Poland, Singapore, UAE, 

Sweden, Austria, Belgium, Brazil, USA, Brunei, Canada, Chile, France, 

Germany, Greece, Malaysia, Pakistan, Portugal, Spain, Turkey, Bangladesh, 

Libya, Indonesia, India 

G2 group 

(28 countries) 

 

The exportable countries that are obtained after the 1st screening step is shown in table 

8. For all exportable countries, T-scores are calculated for 18 sub purchase power indices 

and the scores of five main purchase power indices are calculated by using the relative 

weights of sub indices. Based on the five main purchase indices, countries in the lower 

quartile are identified. It can be seen from table 8 that cutoff points for each index are 

economic index with 32.36 points, military power index with 39.66, military science & 

technology index with 30.79, friendly relation with Korea with 49.44, and possibility of 

disputes with 22.49 points. Countries with scores less than the cutoff points are located 

in the lower quartile for each index. For each index, the countries in the lower quartile 

are shadowed in the table. Of the five purchase power indices, the countries with two or 



more indices in the lower quartile are removed in the 1st screening. 

 

Table 8. The five purchase power indices for exportable countries 

Country 
Economic 

Index 

Military power 

Index 

Military Sci. & 

Tech. Index 

Friendly 

Relation with 

Korea 

Possibility of 

disputes Index 

Brazil 37.62 39.99 32.49 51.99 27.09 

Chile 33.38 39.77 34.01 51.42 22.94 

Colombia 32.77 41.55 35.03 54.77 28.19 

Egypt 32.48 41.12 35.54 51.38 31.38 

Greece 34.12 41.06 32.74 54.96 26.91 

India 37.87 56.83 30.92 56.47 31.38 

Indonesia 33.65 45.55 34.90 58.35 27.52 

Iraq 32.47 43.06 35.54 53.45 38.32 

Oman 32.46 51.43 35.54 51.05 25.50 

Philippines 32.47 39.66 35.28 60.99 30.39 

Saudi Arabia 34.99 60.86 35.54 49.54 26.49 

Turkey 34.07 48.29 32.05 57.60 29.92 

UAE 36.62 49.11 33.76 55.15 25.15 

USA 80.57 71.40 24.04 60.99 27.64 

First Quartile 

(Cutoff point) 
32.36 39.66 30.79 49.44 22.49 

 

The overall quantified scores and the overall qualified scores from expert survey for the 

selection of candidates of promising countries is shown in figure 6. 

 

Figure 6. The overall scores and the matrix graph 

  



Matrix graph is used for the final selection of target countries for export. The X-axis 

represents the overall Z-transformed quantitative scores and the Y-axis represents the 

overall Z-transformed qualitative scores. The countries in the 1st quadrant, the countries 

with both positive X and Y values, are chosen as the final candidates of promising 

countries. The six final candidate countries are Indonesia, Iraq, Philippines, UAE and USA. 

 

Table 9. Market attractiveness of six countries 

Market attractiveness Indonesia Iraq Philippines UAE Saudi Arabia USA 

WS demand of Targeting 

country 
8 6 6 7 6 8 

Accessibility of market entry 

into Targeting country 
8 4 8 5 4 6 

Expected amount of WS of 

Targeting country 
4 5 4 5 5 6 

Credit Risk of targeting 

country 
5 4 4 5 5 8 

Relation with targeting 

country and original tech. 

possession country 

7 5 8 6 6 8 

Total 32 24 30 28 26 36 

 

Table 10. Export Competitiveness of six countries 

Export 

Competitiveness 
Indonesia Iraq Philippines UAE Saudi Arabia USA 

Strategic collaboration 8 5 9 5 6 8 

Marketing ability 9 6 8 6 5 7 

Government Support 9 6 9 7 6 6 

WS compatibility 7 5 9 8 8 8 

Human network 9 5 9 6 7 7 

Price Competitiveness 6 4 6 6 6 6 

Offset (Industrial 

cooperation) 
9 4 8 4 7 7 

Total 57 35 58 42 45 49 

Conversion to 50 pt. 40.71 25.00 41.43 30.00 32.14 35.00 

 

To select the target market, experts were asked to answer evaluation criteria for market 

attractiveness and export competitiveness. Table 10 and 11 show evaluation scores for 

market attractiveness and export competitiveness respectively.  

Finally, using BMO analysis graph, the final target market countries were identified. 



Indonesia, Philippines and USA were labeled ‘promising’, UAE and Saudi Arabia were 

labeled ‘conditional promising’ and Iraq was labeled ‘inferior promising’. 

 

 
Figure 7. BMO results 

 

5.2 Comparison to actual T-50 export case 

 

UAE and Indonesia was both considered for exporting T-50 weapon system. In the UAE 

case, the competing weapon system was M-345 manufactured in Italy. UAE possessed 

sufficient military budget and T-50 was superior in terms of technology in comparison to 

M-346. And from weapon system compatibility’s point of view, another key factor to 

consider for weapon export, T-50 had better compatibility to jet fighters that UAE 

possessed. However, the price of T-50 was higher thus lowering competitiveness. 

Eventually, although T-50 possessed higher performance, higher price and inferior 

industrial cooperation (which UAE demanded) led to a failed attempt. It was later 

discerned that the friendly relationship between Italy and UAE greatly raised the export 

barrier. 

On the other hand, export to Indonesia was a success even though the military budget 

was less than UAE’s and quantitative competitiveness was much higher (YAK-130 from 

Russia, L-159 from Czechoslovakia, FTC-2000 from China). The price of T-50 was high in 

comparison to competing weapon systems and therefore the competitiveness was low. 

However, price inferiority was overcome with financial support and with the high 

evaluation of previously exported basic trainer (KT-1) by the Indonesian Air Force led to a 

successful weapon export. 

To validate the proposed target market selection model, the previous example was 



applied to the methodology. UAE was first grouped into G2 as a country that need 

replacement due to deterioration. In comparison to the competing weapon system, M-

346, the price was higher but the performance was superior. The cost-effectiveness was 

slightly superior and it was concluded that competitiveness was high. In the 1st 

screening, UAE was in the top group for economic, military power and friendly relation 

indices. For military science & technology and possibility of disputes indices, UAE was in 

the middle group and therefore, UAE was included in the exportable countries. In the 

2nd screening, UAE received above average points in both overall quantitative and 

qualitative scores and therefore was included in the candidates of promising countries. In 

the final stage of selecting promising export target countries using BMO method, the 

market attractiveness score was high but the strategic cooperation relationship with the 

competing country (Italy) and low evaluation of human network and marketing ability led 

to UAE being labeled as ‘conditional promising’ country.  

Indonesia, like UAE, was grouped into G2 as a country that need replacement due to 

deterioration. The price was higher compared to competing weapon systems but the 

performance was far superior. Therefore, the cost-effectiveness was much superior. In the 

1st screening, Indonesia was in the top group and Indonesia was included in the 

exportable countries. In the 2nd screening, Indonesia received above average points in 

both overall quantitative and qualitative scores and therefore was also included in the 

candidates of promising countries. In the final stage of selecting promising export target 

countries using BMO method, both the market attractiveness and export competitiveness 

scores were high and this led to Indonesia being labeled as ‘promising’ country.  

Comparison of the actual successful/failed export cases and the applied results show 

near-identical results thus validating the viable possibility of the proposed methodology. 

 

6. Conclusion 

 

In this research, a new evaluation model for identifying target markets for weapon 

systems researched and developed in Korea. And the proposed methodology was 

validated by comparing the application results with two actual T-50 export cases where 

Indonesia (successful export), Philippines and USA were labeled as ‘promising’, UAE 

(failed attempt) and Saudi Arabia were labeled as ‘conditional promising’ and Iraq was 

labeled as ‘inferior promising’ countries. The actual cases and the application results are 

sufficiently similar. Both countries passed the 2nd screening and were included in the 

candidates of promising countries. After evaluating market attractiveness and export 



competitiveness, Indonesia was labeled as ‘promising’ while UAE was labeled as 

‘conditional promising’ country. Comparing the application results with the actual cases, it 

can be seen that the proposed methodology can sufficiently identify target markets for 

weapons export. 

To increase reliability and utilization of the proposed methodology, the further research 

in the following areas are considered. 

First, systematic construction of global purchase power DB to support weapons export 

decisions is required. Unlike civilian product export, much factors need to be considered 

for weapon systems export. Therefore, more factors that can be used to clearly define 

target country’s purchase power need to be identified. And much effort must be made 

to acquire related data/information. 

Second, research on market price estimation of competing weapons system is also 

demanded. The unit price of a weapon system is very difficult to estimate because the 

price reflects the target weapon system’s performance, the degree of systematic 

construction of main equipments and support equipments and the negotiation results of 

export target country. During this research, many reputable sources were consulted to 

shed credibility to the outcome. However, many sources have different views, evaluations 

and expectations. Therefore, acquisition of price information from various sources and 

respective credibility as well as technological price estimation must be made available to 

both obtain accurate competing weapon system price and estimation of 

competing/similar weapon systems’ prices. 

Third, acquisition of expert pool for evaluation of technology/performance, target market 

attractiveness/export competitiveness is required. Weapon systems export requires the 

analysis of qualitative factors such as climatic environment of target countries, 

competition status comparison with competing countries, and government support. 

However, because of the characteristics of weapon systems, the number of technology 

experts of export experts is few. Therefore, pool of major technology/export experts from 

various institutes such as DAPA, DTaQ, ADD, KIDA must be built and maintained. 
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Abstract.

Nature of convergent research has been widely discovered in various perspectives such as team 
dynamics, R&D management and so on. So far convergent researches are often recognized as a 
consequence of certain ingredients. However Convergent Research Center(CRC) initiatives led by 
national innovation entity in Korea are quite different approach in several points. CRC initiatives
impose researchers to conduct on-site research to enhance physical proximity between 
heterogeneous research domains. Moreover, Research topic and goals are preset before the entire 
research team organized. Finally In this research we visualize unique characteristics of CRC 
initiative, in order to answer that how convergence research can be fostered by national R&D 
activities. 
Keywords: Convergent research, national innovation system, on-site research, government-funded 
researcher institutes,
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Abstract 

As climate variability is increasing, knowledge networks are gaining more and more importance for 
bringing in or leveraging the embedded resilience in the communities. Communities have developed 
knowledge systems around climate mediated environmental changes since time immemorial. Some 
social groups have capacity to cope with stress better.  They have homeostatic advantage due to 
either accumulated surplus (Burton, 2001)i or access to institutions, technology and social networks 
(Adger, 2003)ii. However, these knowledge systems often remain limited as isolated islands or small 
local networks resulting into asymmetries of knowledge at inter or intra-community level. 
Intermediary organizations become important to bridge the gap that exist amongst the informal 
sector and also between the formal and informal sector. There organizations and platforms like The 
Honey Bee Network has been able to facilitate both horizontal exchanges, people to people learning 
and sharing; and vertical exchanges, connecting the informal actors with the formal system. The 
framework discussed in this paper attempts to study the difference in different components of Open 
Innovation System through their degree of openness of sharing, self-governance and self-regulation. 
We explore the different activities and institutions of The Network to study the degree of openness 
and how they contribute to make the system which has now existed for 26 years sustainable. We 
draw lessons for other institutions, organizations, communities who strive towards an autopoietic 
system i.e. self-designed, self-organized and self-governed system with a feedback system from 
within and outside, making the whole innovation and knowledge ecosystem sustainable towards the 
changing environment.
Keywords: Climate change, open innovation, knowledge networks
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Abstract  

As climate variability is increasing, creating knowledge networks is becoming  more and 

more important for bringing in, or leveraging the embedded resilience in the communities 

through cross-pollination of ideas, resources and insitutionalinstitutional linkages. 

Communities have developed knowledge systems around climate mediated environmental 

changes since time immemorial. Some social groups have capacity to cope with stress better.  

They have homeostatic advantage due to either accumulated surplus (Burton, 2001)
1
 or 

access to institutions, technology and social networks (Adger, 2003)
2
. However, these 

knowledge systems often remain limited as isolated islands or small local networks resulting 

into asymmetries of knowledge at inter or intra-community level. Intermediary organizations 

become important to bridge the gap that exist among communities within  the informal sector 

and also between the formal and informal sector. There organizations and platforms like The 

Honey Bee Network have been able to facilitate both horizontal exchanges, people to people 

learning and sharing; and vertical exchanges, connecting the informal actors with the formal 

system. The framework in this paper helps in  studying the difference in different components 

of Open Innovation System through their degree of openness of sharing, self-governance and 

self-regulation. We explore the different activities and institutions of The Honey Bee 

Network to study the degree of openness and how they contribute to make the system which 

has now existed for 26 years, more sustainable. We draw lessons for other institutions, 

organizations, communities who strive towards an autopoietic system i.e. self-designed, self-

organized and self-governed system with a feedback system from within and outside, making 

the whole innovation and knowledge ecosystem sustainable towards the changing and 

fluctuating environment. 

 

Keywords: Climate change, open innovation, knowledge networks 

 

Introduction 



The discourse on open sharing of resources or open innovation has been limited largely to 

formal R and D organization in private and public sector. The sectors dealing with survival of 

majority of humanity such as agriculture, livestock, craft, tree cultivation etc., have been 

largely left out despite very early head start by Honey Bee Network, 26 years ago.  In the 

wake of increasingly erratic behaviour of the climate, natural resource based enterprises at 

individual or community level are likely to be hit the worst(Tompkins and Adger, 2004)
3
. 

Given the increasing concern for food and livelihood security expressed in Sustainable 

Development Goals (SDGs), material and non-material resource exchanges among 

community, corporations, state, civil society need to be studied in the socio-ecologcial 

systems to understand risk, resilience and responsiveness (Gupta, 1985
4
). In this paper, I 

stress upon the importance of horizontal knowledge exchanges i.e. people to people and 

people to corporate (public and private) sharing of idea, innovations and traditional 

knowledge practices for stronger  resilience of the communities and the their food and 

livelihood security systems (Honey Bee Newsletter, 1990-2015; Gupta, 1992
5
;  2008;

6
 2012

7
). 

The main focus of this paper is to study the role of intermediary organizations like Society for 

Research and Initiatives for Technologies and Institutions [SRISTI] and National Innovation 

Foundation [NIF] and new social movements like the Honey Bee Network in facilitating both 

horizontal and vertical dialogues in an open innovation framework on reforming policy, 

institutions and practices. The paper is divided into three parts. In part one, the conceptual 

framework builds upon the asymmetrical distribution of knowledge in the society and the 

possible ways of making it more open and symmetrical for transition towards a knowledge 

intensive resilient society. In part two we see the roles of intermediary organizations in 

democratizing knowledge exchanges across domains, at different levels and scales. We study 

role of The Honey Bee Network platform and model which has been facilitating open 

knowledge exchanges not only at intra and intercommunity levels but also with the formal 

sector. In the third part, we draw upon key lessons for increasing reslienceresilience at 

community level, given variations in natural resource and household endowments and also at 

institutional level 

 

Why do we need to adapt or mitigate? 

Biological components of climate affect the vital processes like photosynthesis (Lessmann et 

al, 2001)
8
, germination (Milbau et al, 2009)

9
, fruiting

10
, osmoregulation (Pagter et al, 2005)

11
, 

etc. These define the fit of a crop population of a region which decides the fate of the species 

and hence the agro- biodiversity complex existing in a particular region. With the altered 



management processes, the crop may become susceptible to new pest or may not be able to 

physiologically cope in the same ecological niche. In such instances, communities which 

depend on the local agro-biodiversity for their survival might have to migrate or look for 

substitute resources. Similarly, many other abiotic and biotic stresses along with human 

preferences for taste, colour, yield, etc., drive the selection of crops and varieties (Brush, 

1995).
12

The agronomic practices are devised or explored to enhance location specific 

adpatationadaptation of agro-ecologcial systems. nClimate becomes the driver for other 

stresses too. For example, climate is known to modify properties of soil (Diaz et al., 1997)
13

 

like moisture (Holsten, 2009)
14

, biotic components of soil like the nutrient cycle (Davidson 

and Janssens, 2006)
15

, other components like pest (Petzoldt and Seaman, 2006)
16

, pathogens
17

, 

inter and intra specific plant interactions, physiological processes like flowering time 

(Craufurd and Wheeler, 2009)
18

, fruiting season
19

. The existing literature supports that 

climate has been in the past
20

  and will continue to be a major driver of agricultural processes 

(Foresight. The Future of Food and Farming (2011)
21

; Olesen (2006)
22

; Hazell and Wood 

2007
23

) 

 

Climate change may trigger various diseases and disorders in humans, and animals including  

physiological disorders arising from increased/decreased temperature, heat strokes, 

dehydration, etc. However, the major problem would be erratic growth of pathogenic and 

vector borne infectious diseases. The ability of microbial pathogens to mutate in response to 

change 1) gives them advantage in the changing climate and environment 2) ability to infect 

alternate vectors which in turn may result into introduction of the pathogen and outbreaks in 

very different geographies. For example, CHIKV (Chikungunya virus) was reported outside 

the tropics owing to a single mutation that promotes infection in the mosquito Aedes 

albopictus over its own vector, Aedes aegypti (Tsetsarkin et al. 2007)
24

. Patz et al, (2000)
25

 

gives illustrative examples of rise of parasitic diseases like malaria, giardiasis, 

trypanosomiasis, shistosomiasis, lariasis, etc., in the changing climate and environment. 

Several waterborne zoonotic parasites are reported to be most dangerous bio-agents which 

can cause severe epidemic outbreaks both in animals and human (Gajadhar and Allen 

2004).
26

Parasitic diseases, both endoparasitic and ectoparasitic, will be rising also for 

livestock (Morand 2011, p.236)
27

. Enteric water borne diseases like diarrhoea, cholera will 

increase (conception rate and milk production will also decrease owing to changes in climate 

(Klinedinst, 1993
28

; West 2003
29

) 

 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2008.04036.x/full#b97


How do we study climate hazards? 

Climate hazards can be studied in four  planes: spatial, seasonal, sectoral and social  

Spatial hazards are the area or region specific contingencies. These risks may emerge due to 

variability and fluctuation in certain spatial endowments (soil quality, topography, population 

density, aspect, landscape quality, salinity, alkalinity, etc.) 

 Seasonal hazards refer to over time risks mainly concerned with climate and location 

interactions. They consist of abnormal monsoon, flood, drought, stormy wind, hailstorm etc.  

Sectoral hazards broadly refer to risks associated with economic activities.  Transport, 

communication, health and agriculture sectors face greater incidence of sectoral hazards.   

Social hazards refer to differential vulnerability due to varying knowledge systems, skills, 

and resource base or access of different socio-economic and cultural groups.  

 

Why community knowledge about climate adaptation is important? 

Communities had to cope with climate induced stresses all through their evolutionary history 

over millennia. These coping strategies or survival strategies have been interwoven into the 

regional culture in the form of indigenous or traditional knowledge. Their vast knowledge 

helps them in dealing with stress, episodic or otherwise. For instance,  in the Tesu sub-region 

of eastern Uganda, people build their houses in the higher lands
1
 especially which were 

previously occupied by ant hills.
30

In Bangladesh and many parts of eastern and north-eastern 

India, the houses are built on stilts to let flood water pass through underneath. The ngolo or 

ingolu, an indigenous farming practice evolved amongst the Matengo in Tanzania is 

considered to be very effective against soil erosion, increases soil fertility and thus crop 

productivity on steep slopes. The weed stalks are slashed, bundled and arranged to form grids. 

The soil within the grid is dug and used to cover the stalks. This creates pits across the fields 

which conserve soil and water. The buried weed stalks manure the soil (Kato, 2001).
31

If  

apple or other crops are moving on the higher latitudes on hilly areas, where these were never 

cultivated in the past, then the adaptations of the local communities are indicating not just the 

change, but its degree, location, effects and possible consequences for pest and disease cycles 

(which may not have adapted as well to those niches). The perceptions of climate change by  

apple growers corresponded closely with the record of meteorological observations in the 

valley (Vedwan and Rhoades 2001).
32

Kisêdje clan in the Xingu river basin in Mato Grosso, 

Brazil used to time their farming activities with the appearance of flowers of muricí 

                                                           
1
 So also in flood plains of Bangladesh, many north-eastern states of India  



(Byrsonima crassifolia) and the appearance of Pleiades constellation at sunset. For 

generations, this indicated the onset of rains which no more holds true which the indigenous 

population takes as an indicator of climate change (Schwartzman et al, 2013).
33

Increased 

abundance of thermophillic species has been observed in the higher mountain zones 

(Gottfried ET el, 2008)
34

.  

 

Hence, open sharing of innovative knowledge of the communities both traditional and 

contemporary help them to adjust or adapt to changing environment using resources available 

at low cost or no cost. For example the bamboo windmill developed by Mehtar Hussan and 

Mushtaq Ahmed from Assam. The raw material was bamboo which is abundantly available 

in the region. It provided a useful adaptive advantage to small paddy farmer who could run 

handpump through windmill at slow speed and provide slow irrigation through low volume 

of discharge. The effect of fluctuations in rainfall could be mitigated to some extent through 

such low cost, low energy, slow irrigation methods. For drainage, Shaktimathan’s hand 

operated portable pump may also increase the adaptive advantage. Given open nature of 

Honey Bee Network and NIF’s database, this grassroots innovation has been exported by the 

innovator to twelve countries.  

 

How is knowledge generated, processed and shared for enhanced resilience? 

Knowledge in formal and informal sectors is generated when observations are made, 

problems are sensed and potential solutions are perceived.  Local knowledge open 

exploration and management system ( LoKEMS) can be understood through the Figure -1: 

 

Figure 1 Local knowledge exploration and management system 
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Autopoiesis 

When climate risks strike, 1) communities combat the situation 2) try to control the situation 

or mitigate the ill-effects 3) when the situation cannot be controlled immediately, the 

populace devise strategies to cope with the situation by making adjustments. These strategies 

can be designed autonomously by the communities such that the system is autopoietic i.e. 

self-designed, self-organized and self-governed. Based on their observations and experiments, 

communities are able to develop heuristics or rules of thumb within the particular local 

context (Woodley, 1991
35

). These thumb rules help the members to deal with uncertainties at 

different stages of the crop. For example, indigenous communities oftenemploy different 

biophysical natural indicators based on the structure of clouds, direction of wind, movement 

of birds, insects and wild animals, flowering of certain species, etc. These careful 

observations of interrelationships among various natural phenomena have been tested and 

passed on over generations in the form of folklores, customs, etc. These observations might 

not have been discovered by the community as a whole but instead individual experience 

might have been validated and value added by other community members. This could happen 

because the community has a culture of sharing and a sense of creating and managing 

collective goods/services through mutual consent or guidance of the elders, as the case may 

be (Ostrom 1994).
36

 

 Sharing of crucial information will contribute towards homogenization of knowledge and 

raising the threshold level of average knowledge and hence resilience. It will also help people 

from reinventing the wheel and rather help them focus on building upon the knowledge 

already accumulated or modifying it based on the new heuristics, and/or bundling or blending 

new knowledge and technologies with the existing ones. 

Autonomy, organizational closure, structural coupling and self-referencing have been 

considered important attributes of an autopoietic knowledge system (Koskinen 2013
37

; 

Bednarz 1988
38

; Abou-Zeid 2007
39

). But self-referencing does not imply that the system will 

self-correct. Autopoietic systems are not closed but only self-referential. They need to have 

three properties: Self-correcting, self-design and self-governing or else communities will be 

caught up in a downward spiral or “involution”. The efficiency keeps on declining. When 

communities continue to refer to only their best, this might be much lower than the societal 

best.  Geertz (1963), described the persistent poverty of the Indonesian farmers in the 1950’s, 

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Kaj+U.+Koskinen%22


as an outcome of “agricultural involution” due to the socio-ecological constraints. He says 

that,  

the overdriving of an established form in such a way that it becomes rigid […] tenure systems 

grew more intricate; tenancy relationships more complicated; cooperative labor 

arrangements more complex – all in an effort to provide everyone with some niche, however 

small ( p. 82). 

 

In other words, “involution refers to the rigidization of social and ecological interactions, 

which then become a trap and substantially limit human agency” (Boonstra and Noer 2014).
40

 

Open organizations are open to ideas and criticism from within as well as from outside the 

organization i.e. they take clues from that change in environment as well, climate being the 

most dynamic attribute of a natural system. This does not mean that they lose their 

autopoietic nature but in turn, use the feedback to elicit intrinsic values among the members. 

A major problem faced in mitigation and adaptation measures is that people’s behavior and 

lifestyle needs to be changed. It can be done either by motivating people to change or force 

them though law. It has to be understood that law can be enforced effectively only by 

influencing their morals and feelings. Mere fines or taxes or punishment may not be useful or 

feasible owing to the quantum of problem and the population which is affected. This is much 

like the double loop learning system defined by Argyris (1976)
41

 against the single loop 

learning system which believes in ‘unilateral control’ to be primary behavioral strategy and 

hence does not leave much freedom for honest feedbacks (Argyris and Schon 1974). In a 

double loop learning system viewpoints of others are invited and then decision is taken based 

on the complete set of available information and to which the members become intrinsically 

committed to the cause. In other words, the criteria of operation can be modified based on the 

response and the context. For example Agarwal (1990) in Gupta (1991) talks of a Panchayat 

(village council) in Rajasthan which evolved a very different kind of punishment for a 

poacher caught cutting branches of protected common trees. The nature of the crime and the 

punishment could not balance each other out in the absence of similar currency of 

equivalence. A person who would lop branches or cut trees in the common land would be 

made to feed birds in the scorching summer afternoons standing barefoot. As Gupta (1991)
42

 

notes, “It may be difficult to establish relationship between the cutting of tree branches, 

reduction of bird arrival, increases in the pest attack or decrease in the bio-diversity because 

of lack of seeds brought by the birds and the feeding of the birds. This relationships is 



entirely my speculation. It is quite possible that this punishment would have been interpreted 

differently by different people in the village with some common meaning but some uncommon 

meanings too.” 

This double loop learning system of an autopoietic knowledge system can generate 

knowledge which is a) conflictive or dialectics or paradoxical, b) iterative, and c) interactive. 

They may not open or equally open at all stages of learning or innovation process.  Idea 

generation often is open as in crowdsourcing platforms but idea processing and progression 

are often closed incorporate world. We have tried to specify the conditions under which it 

might be open, autopoietic and responsive and reciprocal towards informal sector.   

 

Heteropoeisis 

In addition to ,or in the absence of community led initiatives, third parties like government, 

non-governmental organizations, private market agents etc., design solutions to strengthen 

the existing institutions or technology. These may complement, supplement or replace 

existing less efficient solutions. Such initiatives are called heteropoiesis when the design and 

management is done by external actors like many of the government schemes. Heteropoietic 

knowledge systems become sustainable by the system restoring and sustaining activities of 

the external agencies (Zeleny 2005, p.205)
43

. These agencies support the knowledge system 

by collecting and disseminating ideas, information, technology and other resources. However, 

when the agency is withdrawn the system may succumb (Para-luna 2009)
44

to various 

exigencies. This happened about a decade ago under a joint project by IIM-A (Indian Institute 

of Management –Ahmedabad) and SRISTI (.Society for Research and Initiatives for 

Sustainable Technologies and Institutions) on in-situ conservation of agro-biodiversity(Dey 

et al 2015
45

). It was found that by 2002, the number of local paddy varieties had reduced to 

less than 40 per cent of the varieties reported in 1988-1989 (Gupta 1989
46

). In 2003, seeds of 

local/traditional rice varieties were collected and distributed to farmers who showed 

willingness to cultivate in a prior survey. For three years when the external agency was 

involved in monitoring, the area under cultivation of local varieties increased. When the area 

was surveyed during 2013-2015, none of the traditional varieties were found. The farmers 

who were given seeds in 2003-2005 had also adopted modern hybrid varieties, although some 

of them still believe that several traditional varieties were superior in quality and taste. 



Another factor which may ensure sustainability of heteropoiesis is that the system should 

have some freedom to correct design gaps or fallacies. It is particularly relevant when 

theoretical knowledge or formal knowledge is transferred to the practical/informal set up. The 

problem often is that the designers or planners and users are often strangers which create 

hassles in identification of the problem and often result in suboptimal solutions. Instead, only 

the basic framework/tools can be provided such that the user can customize to suite their 

context, needs and to some degree, aspiration. Institutional rules should be able to incite 

intrinsic values, morals and motivations if the system has to become self-sustainable in future. 

Punishments against offences should make some room for self-redemption or else the 

frequency of offences cannot be controlled only with stricter laws, fines or punishments. It is 

true particularly when people with resources to pay the fine or make side-payments and get 

away.  As in the case of poachers, involved in illegal cutting of trees and hunting wild 

animals or industries crossing pollution limits, the extrinsic nature of punitive measures fails 

to stop the crime completely though it may dampen the tendency a bit. Only when they 

realize the degree and effect of their conduct on others, can the crime or offence stop orelse 

countries with more severe punishments would be expected to see a steeper decrease in crime 

rates. Autunes and Hunt (1974)
47

 found that severity of punishment may increase the rates of 

recidivism. Hence, it is important for institutions to devise ways of self-redemption rather 

than only punitive measures to check offenders. 

 

Several institutional arrangements have been developed for mitigation of, and adaptation to 

climate change. In the recently concluded COP 21, countries have vowed to reduce the 

emission levels and take concrete steps towards climate change adaptation right from 

promoting sustainable lifestyles to renewable energies (UNFCC 2015)
48

. However, the 

institutional framework if not properly laid down is likely to be heteropoietic with serious 

implication on the adaptation and mitigation knowledge system. The problem would be that 

as external agencies or entities will be devising the norms, rules of operation and conduct, 

one will need continuous monitoring and policing unless people are committed to the cause. 

Heteropoietic systems are by design allopoietic that is the system produces entities other than 

itself; hence if they lose their predetermined purpose, they become unsustainable like 

allopoietic system (Zeleny 1995
49

; 2003
50

Hence, it is important that the system gives some 

flexibility to the local communities to be able to experiment with their own strategies and 

devise robust solutions by experimentation or improve upon existing solution without 

dissolving the overall purpose of climate change adaptation. 



 

Co-creation models 

While formal systems like UNFCC, UNDP, etc., have started acknowledging and sharing 

local knowledge about adaptation and mitigation, blending or bundling these with formal 

knowledge systems still remains a challenge. In the foreword to the final report of The 

National Adaption Programme under the climate change act , 2013
51

, The Minister, Owen 

Patterson mentions, “However, the government cannot act alone. That’s why I’m delighted 

that we have worked so closely with experts from outside government – from industry, from 

local government and from civil society – who know what works best in their own sectors. 

These preparations, based on the best evidence and a spirit of partnership, will help avoid 

costs and damage and so support the growth of a stronger and more balanced economy.” The 

role of partnerships between local, civil society and public institutions is crucial 

(Agrawal2010)
52

as he rightly noted that although adaptation is a local phenomenon it is 

highly dependent on the local and external institutional context. Co-creating adaptation 

solutions with local institutions is an important strategy. These strategies are  attuned to the 

cultural regime and norms which in turn influence the effectiveness of the adaptation 

interventions by the national or international agencies. These also help to translate the 

solutions into the local language to make them more acceptable and effective, bridging the 

gap between local communities and external agencies (Agrawal and Perrin, 2009)
53

. When a 

government or a corporate comes out with an environmentally sustainable solution, it will be 

used by the people ultimately. Hence, the user (here the common people) need to be involved 

right from the design to come out with a more adept, accessible and acceptable adaptation 

solution. Acceptability plays an important role in the success of an adaptation plan and policy. 

The participation of the people and the local institutions will help in making a strategy which 

is 1) more culturally acceptable as the cultural context when  incorporated right in the 

beginning gives a sense of ownership instead of making  people just as victims or sink of 

relief materials
2
, 2) the socio-ecologically suitable, 3) actual need based and not only 

                                                           
2
Gupta, anil k, 2016, from Sink to Source,The Honey Bee Network documents indigenous knowledge and 

innovations in India, in innovations / Summer 2006, www. mitpress.mit.edu/innovations, p. 49 -66; also see 
Gupta, Anil K, 1992, How do we participate in the People’s design of Institutions for natural Resource 
management, APDC, Kualalumpur, presented at the workshop at Bangkok, Nov 19-20, 1992, and 
published as ”Sustainable Institutions for Natural Resource Management: How do we participate in 
people’s plans?”Kuala Lumpur, APDC in People’s Initiatives for Sustainable Development: Lessons of Experience 
(Eds., Syed Abdus Samad, Tatsuya Watanabe and Seung-Jin Kim), Chapter 15, pp.341-373, 1995 

 



“perceived need” based and 4) cost effective if the proposed institutional arrangement can be 

woven into existing institutions. However, if the local aspirations or expectations are low and 

the external agencies compromise to increase the acceptability factor, then it will lead to sub-

optimal solutions which might not be sustainable or sustained for a long time.  

 

At the same time modern scientific knowledge has developed technologies and the need to 

blend this knowledge with formal scientific institutions /technology is being felt increasingly 

(Parekh and Trivedi, 2011
54

; Nyong et al 2007
55

 ). Honey Bee Network has been doing this 

for past 26 years, but more such platforms are needed. To facilitate co-creation it is important 

that leaders in both formal and informal sectors acknowledge each other’s strength and 

believe in building mutual capacities. They need to be tolerant of each other’s perspectives 

without compromising on the quality of knowledge and technology to be produced. This kind 

of set up needs a strong support of intermediary organizations so that knowledge from the 

local communities and formal institutions can be collected, validated and filtered. They can 

bring in technologies or solutions from different domains and regions, bundling them to 

create a package of best practices or blending them to bring a more robust solutions (Sinha, 

2008).
56

 

 

Crowd sourcing  

Although subject experts are often involved in policy making in many other countries, the 

UK Government in the case of the National adaptation Programme, went a step further in 

inviting other interested organisations and individuals as well, gradually moving towards 

crowd sourcing. The announcement
57

 defined “We would like to invite comments and new 

ideas from organisations and individuals on these proposals.... We also welcome the added 

involvement of any organisations or individuals who have not been involved so far....”. Many 

draft bills are put up for public hearing in India too
3
. Crowd sourcing can be of ideas, 

technologies, supply chain functions, funding or any other stage of the value chain and may 

or may not claim novelty or innovation. Crowd sourcing will be preferred when 1) 

organisation does not have the ability or capacity to produce solutions from the known 

sources (within the organisation or in their network), 2) When uncertainty is high and too 

                                                                                                                                                                                     
 
3
http://pib.nic.in/newsite/PrintRelease.aspx?relid=73115; 

http://www.prsindia.org/administrator/uploads/general/1370586595_Public%20Engagement%20with%20the
%20Legislative%20Process.pdf; http://www.accountabilityindia.in/accountabilityblog/1351-process-
lawmaking-India; http://mines.nic.in/writereaddata/UploadFile/NOTICE.pdf 

http://pib.nic.in/newsite/PrintRelease.aspx?relid=73115
http://www.prsindia.org/administrator/uploads/general/1370586595_Public%20Engagement%20with%20the%20Legislative%20Process.pdf
http://www.prsindia.org/administrator/uploads/general/1370586595_Public%20Engagement%20with%20the%20Legislative%20Process.pdf
http://www.accountabilityindia.in/accountabilityblog/1351-process-lawmaking-India
http://www.accountabilityindia.in/accountabilityblog/1351-process-lawmaking-India


much is at stake, to depend on only one source of information or resource ia risky, 3)Cost of 

existing solutions or expertise is high,  4) the said activity does not fall under the existing 

domain of specializations of organizational members, 5) Problem is fuzzy to even exactly 

ascertain domain or domain expertise with in which it lies,  6) Wicked problems because they 

are dynamic and complex like the effects of climate change and 7) When the degree of 

customization or niche specificity is high and skill to  answer to a problem may be widely 

distributed.  

 

Crowdsourcing adaptation or mitigation measures from the distributed communities has 

become unavoidable as they have dealt with uncertainties for long  and have evolved in some 

cases very robust knowledge systems in dealing with climate uncertainties. Even when some 

of these coping measures lose their contemporary relevance due to micro-climatic or eco-

physical changes in a habitat, these strategies could still be relevant in another context as a 

heuristic or even template. To access such bits of local insights, one needs a strong 

engagement with the communities. The trust plays an important role in forging reciprocity. 

Most of the community knowledge has been chronicled by outside scholars or others who 

have seldom shared the knowledge collected from the people back with them after pooling 

or/and analysis. People remained anonymous and thus many times felt short-changed. 

Correcting this asymmetry was one of the reasons behind setting up the Honey Bee Network. 

When knowledge is crowd sourced, ascertaining its authenticity might pose some problems. 

Cox (2011)
58

notes that although information on crowd-sourced database is scrutinised by a 

large number of the users as in the case of Wikipedia, problem arises for content which have 

little readership and that is likely to remain unchecked for a long time, propagating wrong 

information till then. In the case of climate related data and information, the problems 

intensifies with the increase in diversity and complexity of data. It ranges from geo-spatial 

data to community strategies of dealing with climate induced stresses and adversities, their 

indicators and belief systems. One of the ways could be getting them cross verified by other 

members of the community or a third party like experts or intermediary organizations. 

Another could be ground truthing and matching the observation with more widely collected 

data. But that might increase the overall cost. So, one has to decide which cost will be more: 

Cost of propagation of wrong information occasionally or additional expenditure in ground 

truthing or hiring experts. The knowledge impacts and adaptation measures will match the 

actual figures, the governments will need to progress from reactive to policy response to 

anticipatory policy patterns (Steurer and Baur, 2014)
59

 



 

Opening up the Knowledge system 

 

Different processes of knowledge generation mainly differ in the degree of openness i.e. 

sharing with and learning from outsiders or strangers and degree of self governance. For a 

system to be robust, inclusive and sustainable it has to be open it to others for adoption or 

adaptation, paving the way for evolution of possible derivative knowledge system and 

strengthening the parent knowledge system through feedback, criticism and user experiences. 

Hence, these channels have to be carefully designed so that both the knowledge provider and 

the seeker are benefitted. Hamel (1991)
60

 suggested that alliances are like membranes 

through which exchanges of resources, skills, knowledge takes place in the form of 

‘collaborative exchange’. Unlike purely business, corporate or political alliances, knowledge 

exchanges around climate adaptation and mitigation options has very little competitive 

advantage then why such exchanges are still not very common? The reason may be  

thatclimate change exposure, effects and efficient adaptation by design are asymmetrical 

owing to the natural and social  capital endowment, and socio-economic and  power status  of 

the communities (Bretschger and Valente 2009)
61

. Gupta (1992
62

, 1995) describes 

sustainability through the 4A model. A matrix is drawn with resources (knowledge and 

natural endowments), institutions, technology and culture on one axis and Access, Assurance, 

Ability and Attitude on the other axis. This model is adapted to overcome the forces of  

exclusion in five dimensions (5S), i.e. space, social segment, sector, season and skills which 

lead to asymmetrical distribution of knowledge in and among the communities. 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 2 Openness in Knowledge system 

Source: own compilation, Anamika Dey  

Asymmetry in knowledge, resources, skills and access to institutions increase the transaction 

cost, necessitating mediation by third party agencies to bridge the gap by acting as a broker, 

benevolent baniya and/or Institution builder (building self-renewing capacities) (Howells 

2006).
63

The formal and informal knowledge systems have evolved differently as they focus 

on optimizing different parameters depending upon the heuristics used by the actors in both 

the sectors. Collaboration between the two can fill the void in the national innovation system; 

particularly, in the sectors or the regions neglected or unreached by the formal sector. 

Intermediary organizations also become crucial when knowledge remains in isolated islands 

and is incomplete in itself. These islands have to network. Trust, authenticity and reciprocity 

are important. When relevant bits of knowledge are distributed in parties who have very little 

interaction or have not worked together in the past, sharing becomes difficult. Evans 2003
64

 

(in Han and Cho 2015
65

) noted that intermediaries internalise the externalities of one group 

on another. Hence, the role of intermediaries in making the climate change knowledge system 

more open can be summarized as: 

• Maintaining a searchable database of solutions that people have tried and tested 

• As mentors, bringing in formal and informal actors together for testing and improving 

upon the existing function and design of institutions and technologies 

• Decrease search cost of both problems and solutions 

• performing  buffer/peacemaker/arbitrator  function in the case of disagreements 

• Protect the interest of both the parties that is formal and informal sector  

• Help in licensing, technology transfer and business development 

• Supporting knowledge Networking and facilitating validation, value addition and new 

knowledge creation by users 

 

Though the concept of intermediary organizations and functions has been recognised in the 

past, they were mainly supplementary to other functions. But with the gaps recognised in the 

inclusive innovation landscape,, full-fledged intermediary organizations like National 

Innovation Foundation (NIF), Grassroots Innovation and Augmentation Network (GIAN), 



and Society for Research Initiatives in Sustainable Technologies and Institutions (SRISTI) 

which are part of The Honey Bee Network evolved to  bridge the gap between both the 

knowledge systems.  We shall study the role of these organizations and some of their 

activities to learn about the way they have made their impact in making the climate 

knowledge system more open. 

 

Case Study 

 

The Honey Bee Network was founded in 1988-89 with the realization that knowledge was 

often collected from the communities or individuals in the informal sector without any 

reciprocity or share benefits back with them out of the value generated from that knowledge. 

Moreover, whereas the formal sector innovations had numerous channels of disseminations, 

the informal sector did not have any such platform; though word of mouth was always 

available to them. Chances are fair that as the information passed on some components were 

subtracted or substituted while some were added. In case of diffusion of technological 

innovations related to disaster management, Yun 2011
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 found that the users (civilians) not 

only disseminated but also helped in knowledge production by giving feedback and sharing 

their experience with the experts. Hence, integration of local knowledge and social networks 

will enrich the innovation ecosystem to provide climate ready solutions to the communities. 

 

 The Network follows the philosophy of honeybees who collect the nectar and cross pollinate 

the flowers, expanding the diversity, flowers don’t feel short changed, in fact they attract the 

bees. Similarly, the people whose knowledge is taken away should not feel short-changed. 

They should ideally, find exchanges with formal sector mutually rewarding.  It started as an 

informal network and has remained so over the last 26 years partnering with both actors in 

formal and informal sector. The Honey Bee Newsletter was started by the Network to give 

voice, visibility and velocity to the creative solutions devised by the communities and also 

protect their knowledge (intellectual property) rights while connecting them to formal 

scientific and other market  institutions. As the frugal and inclusive innovation ecosystem 

started evolving, different partners preferred different degree of stake in the institutional 

platform designed for the purpose. So at different stages, as and when support could be 

mobilized different new institutions also evolved in addition to the existing ones to meet the 

needs of the innovators and knowledge holders at different levels and in different sectors. 

There might be some overlap in the activities of the sister  institutions such as Society for 



Research and Initiatives for Technologies and Institutions [SRISTI], National Innovation 

Foundation [NIF], Grassroots Innovation Augmentation Network [GIAN] but they have 

maintained distinct role in the Network either over geographies or sectors or socio-economic 

segments. 

 

SRISTI was set up in 1993, essentially to support the activities of The Honey Bee Network to 

recognize, respect and reward creativity at the grassroots. It remains partly autopoietic with 

farmers and innovators on the board having major say over its governance. It has been able to 

create knowledge systems which have acquired different degrees of openness, self-

governance and engagement with the knowledge producer and users. SRISTI maintains 

databases of innovations and traditional/indigenous knowledge, medicinal plants, Common 

Property resource institutions, technology student projects etc.  Out of its many activities, 

three of its distinctive activities are described here: Shodhyatra, Children creativity camp and 

summer school and The social innovation Fund. 

 

 

Shodhyatra 

Shodhyatra (Shodh=search, yatra= journey) is a journey to search and share the knowledge, 

creativity and innovations at the grassroots. The walk is organized twice a year, to the hotter 

places in the summers and to the colder ones  in the summers. The idea is to learn from the 

communities’ survival strategies during climatically harsher season and to felicitate 

knowledge holders who cope with various stresses well at their doorstep. A team is sent 

ahead of the shodhyatra to learn about the problems that the people of the region face. Then, 

possible solutions are searched from the databases and disseminated by the participants 

during the walk. At the same time, innovations and practices are scouted and celebrated. 

Although, the route or meetings are planned to some extent, changes do take place on ground 

based on the contingencies including  requests of communities i.e. it is more or less self 

governed.  Knowledge is shared openly from both the sides and many grassroots innovators 

also participate and share their innovations and knowledge.  Some help the local people to 

design innovation based enterprises sourced from their local resources. The knowledge 

system around Shodhyatra hence is autopoietic to a great extent. Shodhyatras have given way 

to many climate resilient technologies spanning from livelihood, biodiversity and agro-

biodiversity conservation, natural resource based value addition, crafts, architecture,  to 

variety of soil and  water conservation practices.  



 

Children creativity camps and summer school 

 

Children from privileged and underprivileged sections of the society, along with previous 

IGNITE
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 and GYTI
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winners, grassroots innovators and fabricators  are invited for 

workshop to solve challenges faced by the  weaker sections of society. This activity is partly 

sponsored by UNICEF Innovation Fund. In the process children get an exposure to different 

problems and also gain confidence of being able to design solutions. Some of the ideas of the 

children are then taken forward to the prototype stage by the technology students. They are 

then field tested incorporating the suggestions from the user communities and finally refined 

with the help of designers and fabricators. The workshop is organized and managed by 

SRISTI and there is a lower degree of self-governance as each of the link in chain is 

interdependent but openness of sharing the knowledge is high. Also, user feedback plays an 

important role making the system of co-creation more robust 

 

Social Innovation Fund 

The Fund was created to innovations for which market does not exist but can be created or 

innovations which have at the ability to be transformed into a public good. Although, NIF has 

MVIF (Micro Venture Innovation Fund) to support grassroots innovators to value add their 

innovation or set up enterprises around their innovations but it was limited to grassroots 

innovators. on the other hand anybody including  professional technology or other student 

can be supported through this fund. The fund in future may be partly crowd-sourced and 

parties may also decide which innovation to fund, rendering high degree of self- governance 

and openness. Openness to share and learn with and from strangers as well making the 

solutions and the knowledge system open access makes it  an open innovation platform. With 

this SRISTI could fund a cell phone based microscope which could detect impurities in water 

or presence of malarias parasites/or affected blood cells and could help poor people cope with 

climate change induced malarial vector expansion in regiosn where there was no immunity to 

malaria (due it its absence in the past)
4
.  

                                                           
4see,  Un Chrinicle, Vol. XLVII No. 2 2010, July 2010Climate Change and Malaria - A Complex Relationship; 

http://unchronicle.un.org/article/climate-change-and-malaria-complex-relationship/ downloaded on feb 28, 2016 

Malaria, the world's most important and deadly tropical mosquito-borne parasitic 

disease, kills approximately 1 million people and afflicts as many as 1 billion 

people in 109 countries throughout Africa, Asia, and Latin America.2Reducing the 

http://unchronicle.un.org/article/climate-change-and-malaria-complex-relationship


 

NIF is an autonomous institution under the Department of Science and Technology and 

GIAN is a non-governmental organization support by the Government of Gujarat. They are 

involved scouting, documentation, augmentation, value addition, validation and 

dissemination of grassroots innovations and traditional knowledge. GIAN mainly works on 

ideas scouted by SRISTI as well directly. GIAN  has an incubator like role for grassroots 

knowledge. These institutions are run according to the rules and policies of the respective 

governing agencies but have some degree of freedom, or else NIF would not have been able 

to make new policy instruments like MVIF (Micro Venture Innovation Fund) and GTIAF 

(Grassroots Technology Innovation Acquisition Fund). In GTIAF, NIF acquires the rights to 

the technologies which may not have commercial potential but are socially relevant or 

technologies which are useful for a particular niche only and licenses them to small 

entrepreneurs or social entrepreneurs at no cost of low cost, expanding the domain of public 

goods while protecting the rights of the innovator. The innovator still has full rights on his 

innovations. Through this NIF has been able to disseminate some climate salient seed 

varieties and technologies. Hence although, there is a lower degree of autonomy being part of 

the government, and it has expanded the degree of openness except for patented or potentially 

patentable technologies. It is heteropoietic in nature but with some flexibility it has been able 

to innovate new policy instruments which have strengthened its service delivery system.  

 

The Honey Bee Newsletter 

 

The Newsletter, is published quarterly and recently celebrated its twenty fifth year. It has 

published more than twenty five hundred articles and practices from the grassroots. We 

identified 820 practices which are relevant for climate adaptation. The largest number of 

practices is related to pest and diseases of crops which has solutions for sucking pests like 

                                                                                                                                                                                     
impact of malaria will significantly enhance the efforts to achieve the Millennium 

Development Goals, agreed upon by every United Nations Member 

State.2 Variation in climatic conditions, such as temperature, rainfall patterns, 

and humidity, has a profound effect on the longevity of the mosquito and on the 

development of malaria parasites in the mosquito and, subsequently, on malaria 

transmission ( also see M.B. Hoshen , A.P.Morse ,"A weather driven model of 

malaria transmission", Malaria Journal (2004): p.3:32.ibid, 2010) 

 

 



aphids, white flies, leaf eaters, beetles on different crops and soil borne diseases and pests. In 

livestock, maximum number of solutions were given for Foot and Mouth disease. There 

practices are generally based on plant materials, extremely low cost, are DIY( do–it-yourself)  

and eco-friendly. These have been shared with a prior informed consent from the knowledge 

holders where individuals were involved, else are generally communitywide open source 

practices. Feedback about some of the practices has been received from the readers who 

found them useful. The Newsletter is published in six Indian languages and also in Chinese 

apart from English. The newsletter has contributions from the grassroots and scientists as 

well. Apart from the newsletter, the online databases have more than ten thousands practices 

and knowledge from the grassroots regarding medicinal plants, agriculture, livestock, forestry, 

soil and water conservation etc., and management of indigenous common property resource 

institutions. It serves as one of the oldest and notable example of open innovation platform 

since the inflow and outflow of knowledge exchanges happens from both the sides-formal 

and informal- with acknowledgement and reciprocity. The newsletter has contributions from 

around the world of contemporary and traditionalwisdom. For example an article reads “Fan 

Sheng-Chih’s Chinese Encyclopedia written in the First century BC reports that melted snow 

helps better retention of moisture in soil and also kills insects. Treatment of seeds with melted 

snow gives drought tolerance to plants and yields better (Honey Bee, 9(1):8, 1998).Most of 

the copies of the newsletter are given for free to the rural folks especially during the 

Shodhyatras. However, a nominal charge is collected from the readers who subscribe hard 

copies. But the practices are shared openly over the internet with the name of the knowledge 

provider. When the need of validating these practices from the formal scientific principles 

was felt, Sadbhav-SRISTI Sansodhan Laboratory was set up, solely dedicated to validate and 

value add in common people’s knowledge. And when promising results started coming out of 

the experiments, the need to commercialize them was felt. Hence, the best practices for a 

problem were pooled and formulations were made, tested and standardized. A company, 

SRISTI Innovations was set up to market these. The names of the knowledge providers are 

shared on the package and the benefits are shared with them in every single case.  



 

Figure 3 Climate relevant practices published in The Honey Bee Newsletter 

Lessons 

The Honey Bee Network, through its partners and activities has been able to open up the 

knowledge canvas of climate change coping strategies. It has been able to bring in the best of 

formal institutions to  work on, and validate the grassroots technologies on one hand and has 

given the grassroots innovators a common platform to share their ideas as such for triggering 

experimentation elsewhere. They help each other in designing or solving problems and in 

certain cases, improvising the solutions. The network has been able to connect the rural, the 

urban, the young children, youth and the old, formal national and international institutes. 

With the pioneering contributions on frugal innovations, the Network has made a statement 

on the legitimacy of grassroots innovation in the climate resilience dialogue. However, the 



dynamics within the Network need a little more attention fromn the members. The feedback 

system can be strengthened if the products can be sold through app or incorporated in the 

current online retail platform. Criticism from within and outside the organizations needs to be 

tolerated and the best ones need to be celebrated only then can the system become more open 

and robust. When the herbal practices are being tested, validated or value added, consultation 

of the executing personnel with experts from both informal and formal sectors is a must 

before starting the experiment. For example, when ICMR (Indian Council of Medical 

Research decided to validate an herbal formulation for typhoid from the database of the 

Nation Innovation Foundation, scientists when to the innovator and observed how he 

extracted and prepared the formulation. This also helped them to understand the context and 

vitalities of the processes involved. They need to be involved as much as possible throughout 

the process. We would go to the extent of saying that before a particular practice is taken up 

against a pest or disease, the scientist who would work would need to go and observe the 

farmer to understand the whole process as has happened in a few cases but not in all the cases 

A problem that surfaced during the interview with some of the innovators was that the cost of 

transporting the raw material is higher for the organization and cannot be compared to the 

farmer’s cost in sourcing material locally. There can be two possible ways so that farmers can 

take advantage of the solution. 1) Distributed manufacturing: geographies with particular 

problems of pest and diseases will be identified and the formulation once standardized will be 

manufactured there, cutting the cost of transportation 2) The ingredients and method of 

preparation can be made available to the people free of cost and in case they would want to 

still buy they can. The inspiration behind this is the story of Uplechwar from Maharashtra 

(Pastakia 2002).
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 He would write the formula on the school wall. Those who wanted to make 

it for themselves they did, others bought from him. Another idea that came up was having 

farmer- scientist meetings ahead of the crop season (kharif, rabi and zaid) so that HBN can 

have an idea of the problems of pest, diseases, temperature or moisture management that are 

likely to happening the region according to the pre-monsoon observations and can make 

solutions from the database available to people beforehand. The newsletter needsto plan 

contents according to the problems that people would face in the next season, at least in the 

regional versions which is read by farmers more than the English version. The Network need 

to renew its ties with old partners and learn about the ways they and the people in their region 

coped with the rising variability of climate. Solutions which did not give optimal result 

should also be shared with the knowledge providers and others so that they are aware of the 

problem and consider modifying or abandoning the said practice. It is commendable that a 



small group has been able to deliver so much to the society but it would need expansion in 

terms of human resource and other resources. Hence, partnerships with SHGs, mahila 

mandalis, farmer’s co-operatives, rural schools etc., will be important along with partnerships 

with KVKs, extension divisions of agricultural institutions, etc.,  communication channels 

like post offices and railways, national and internal research and funding agencies. To 

facilitate co-creation and the collaborative spirit, engaging the students meaningfully with the 

community and industries has to become a regular part of the curriculum. Oganisjana 2015
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observed that “University students’ collaborative skills could be promoted effectively if 

multi-channel collaboration in open innovation environment becomes a habitual feature and 

culture of the University study process across a broad range of contexts versus discrete 

campaigns of cultivating openness within a separate study discipline.” The idea is to increase 

the knowledge canvas by absorbing the strengths of the systems of autopoiesis, heteropoiesis, 

co-creation or crowd funding so that the knowledge system around climate adaptation 

becomes more robust and inclusive. Hence, intermediary organizations will need the 

flexibility to change from one way of working to other or might have to discontinue its own 

existing processes to make room for better solutions, i.e. inculcate a culture of disruptive 

innovation to provide better service in connecting the formal and informal climate scientists. 
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Abstract 

Purpose/ Research Question
This study aims to demonstrate how the non-practicing entities (NPEs), originally initiated from the 
attorney/lawyer part-time jobs, have evolved from an informal sector to a significantly influencing 
formal sector and help to create the global patent ecosystem since its emergence in the beginning 
2000s. As a leading and key player in the NPE sector, the Intellectual Venture (IV), by means of its 
three business models and private funds, has been acting as an economic agent to connect and 
stimulate the prosperity of the global value chain in the patent ecosystem. The global patent sector 
has now characterized as a detailed specialization (division of labour) composed of inventors, 
attorneys, research institutes, universities, multi-national enterprises as well as small-medium-size 
companies, and various forms of patent alliances and NPEs. In particular, many patent-related IP 
companies and talents, such as RPX (defensive focused) and Acacia Research (litigation-focused) 
amongst others, have been either spin-off or start-up diffused from the IV and internal licensing 
offices of multinationals. The purpose of this paper is to study the evolution of the patent ecosystem 
through the lens of business ecosystem and agency theory whereas we see the derived lesson is 
essential for the industrial transition and transformation in the technological latecomer countries 
such as in Taiwan. Thus, the research question of this study is: how the agency theory, as adopted by 
the IV and other NPEs, is able to shift and shape the global patent ecosystem. 
Key Literature Reviews
The business ecosystem is an emerging concept that provides scholars and managers with a new 

 

perspective from which to look at business communities. The concept takes the analogized of 
biology, where random collections of elements tend to gradually form a more structured community, 
the business ecosystem (Moore, 1993). The business ecosystem concept moves beyond the view of 
traditional market positioning and industrial structure, positing instead three major characteristics: 
symbiosis, platform and co-evolution (Li, 2009). As the ecosystem matures, its leading firms should 
pursue strategies to further seek not only their own interests (Yun, et al., 2016) but also the overall 
health of their ecosystem (Iansiti & Levien, 2004). The concept has been used to describe the 
behaviour of several mature industries such as information technology (Iansiti & Richards, 2006; 
Gawer & Cusumano, 2014; Williamson & De Meyar, 2012) and automobile manufacture (Moore, 
1993). However, little research has been focused to observe how the process of emerging 
ecosystems is created and evolved from an informal sector into a formal sector such as the patent 
assertion or NPE sector. Hence, this research seeks to shed light on how the agency theory (Bathala 
& Rao, 1995; Crutchley & Hansen, 1989; Ross, 1973), as adopted and applied by the IV and other 
NPEs, is able to shift and shape the global patent ecosystem.
Design/ Methodology/ Approach
This paper presents a case study (Yin, 1984) surrounding the IV as a critical agent in the global 
patent ecosystem. The methodology is based on the second-hand quantitative data support as well as 
the first-hand qualitative interviews to illustrate the evolution of IV within the patent business 
ecosystem framework. Data were collected through interviews, archive materials, companies’ 
websites, and patents information analysis to show how IV interacts with other stakeholders in the 
ecosystem, and how it leads to influence the formulation of the global patent ecosystem over time.
Expected Findings/ Results
Our findings would generate significant policy and managerial implications for building a circular 
ecosystem in that the achievement of industrial transition and transformation is not only relied on the 
policy/regulations/law (macro-level) and startups (micro-level) but also have to simultaneously be 
catalyzed by the economic agent (meso-level).
Research Limitations 
Although the case study method is seen as most appropriate for approaching the research question of 
this study, the risk is that it may provide a narrow and idiosyncratic result. In other words, the case 
study method conducted in this paper has its advantages in terms of exploring the context and 
permitting theoretical generalizations, but also has the restriction of a possible lack of 
generalizability of the research results to other contexts. However, exploring the story of IV itself 
and its impact to the overall patent ecosystem will provide important lessons learned for 
technological latecomers to breakthrough its innovation dilemma as they are facing currently.
Keywords: Patent, ecosystem, agency theory, non-practicing entity, Intellectual Venture
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Abstract 

As the creative economy has come, university has given important role of nurturing creative talents 

which companies desire to have. Key point in creative education is to support system and provide 

good environment to use creativity, and this is to obtain results and profits after experimenting and 

gain experience in each step of process in performing innovation by developing students’ ideas 

through utilizing self-directed information and knowledge. Especially, there are various creative 

economy-related businesses being conducted in Korea, which has been supported by government 

from 2008, and the environment is constructed to utilize in internal and external system of university. 

However, there are a number of cases which supporting projects, that are possible to utilize, are 

overlapped, or supports for projects are omitted, as these sorts of supporting systems are designed in 

according to purpose and drawing performances for each businesses. For this, creating ‘student 

customized innovation model’ has been tried by linking internal and external supports for university 

with process of whole steps, from design thinking to commercialization. Education model in 

University should be established according to balanced role and needs of enterprise, university and 

government, and open innovation based system should be built, which is necessary for students who 

are consuming and utilizing. The research method for this is as follows: First, understand the research 



 

2 

necessity by considering relationship between understanding of creative economy and open 

innovation concept. Second, grounds have been prepared to develop new model, by analyzing and 

doing case investigation of university convergence education program for nurturing creativity. Third, 

this proposed model (CHEESE program) is customized and designed based on the linkages between 

the creative education programs and open-innovation, then the outcome from its three years test run 

was analyzed and organized. Development of model is intended for Design-Engineering students 

based on integrated Design-Engineering thinking and activities in the process of innovation. The main 

finding of this study is To draw results and needs-centered activities that students want, proposed 

model (CHEESE program), which has been restructured by linking with internal and external 

supporting projects of university, has achieved continuous growth for 3 years and the performance has 

been improved in various aspects, such as patent, competition awards, exhibition presentation. This 

has drawn meaningful result, in terms of experiencing whole process of innovation, from the stage of 

drawing idea to making prototype and commercialization, thorough exchange with internal and 

external system of university. 

Keyword: Open Innovation, Creative Education, Student Customized 

* CHEESE Program stands for Creativity Human Emotional Experience Solution Evaluation. 

 

Introduction 

The British business strategist Howkins (2001) popularized the term 'Creative economy'. In his book 

'The Creative Economy', he predicted the new ideas; specifically creativity will invigorate industries 

of manufacturing, service, retail, and entertainment, beyond deficient development of information and 

software. In case of Korea, it has been industrialized within merely half a century, and has maintained 

economic growth by developing IT and digital based knowledge and information era with 

manufacturing industries. However, after global economic crisis in 2008, Korea has stepped into a 

stage of sluggish development, and it was crucial to find a way out to alternative innovation with 

existing industry basis. In 2013, the new Korean government has implemented concept of ‘the 

creative economy’ in national strategies to solve these problems by developing services and contents 

focused on creative convergence industries. This system was built to cooperate and support in various 

spectrums, and clarified vital relationships between government, enterprise, and university. Students 

with competence and experience obtained through overall innovation processes of commercializing 

creative ideas are ideal for creative workforce whom enterprise is looking for, and this transition of 

system will be opportunities to reinforce national competitiveness as results. In this paper, I will 
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propose ‘Students Customized Creative Education Model’ based on open innovation by reconstructing 

internal and external system of university and support projects, in order to foster creative talents 

suitable for the creative economy era. Subsequently, I will analyze the performance results and 

discuss the direction of future development. 

 

Methods 

The scope, content and method of this study as follows: First, through literature review, the current 

situation was examined based on concepts and relations of the creative economy and open innovation, 

and the need of convergence education curriculum based on interests between enterprise, government, 

and university was also reviewed. Second, case study was carried out on other universities under 

operation system of creative convergence education curriculum, and their executions including 

contents, configurations and operating conditions were inspected. Based on this research, the 

government's support projects from inside and outside the university and the non-government 

enterprise supports such as competitions were redefined, and the innovation process that capable of 

commercializing creative ideas was constructed into the creative educational model. This is the new 

concept model with emphasis configured to compensate for the needs and outcomes of students as 

main consumer of education. Third, the proposed model, CHEESE program was executed for 3rd, 4th 

grade of Design-Engineering students in Kumoh National Institute of Technology, South Korea 

between 2013 and 2015, and the comprehensive earnings and results from the extended case studies 

were analyzed. For conclusion, through the analysis of theoretical study, case studies, and results from 

the proposed model, the direction of development for the specialized creative education curriculum 

was proposed. 

 

Literature Review 

Creative Economy 

The world economy is undergoing through crisis as it enters serious low-growth era after global 

financial crisis in 2007-08. The era-leading core growth-paradigm proposed the new alternatives 

focused on "value-oriented" in order to overcome these problems. Coy (2000) emphasized the 

emergence of new economic system and defined the term ‘creative economy’ to mean the economic 

structure that individual creativity, imagination, and ideas act as the key elements to generate social 

wealth. Lee (2013) suggested that as knowledge-based society has established in South Korea, 
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supports and preparations for the creative economy era that consist of integrated and creative 

industries as pivots, are the growth engines to lead the full-fledged knowledge and information age 

effectively. Particularly in Korea, the new government since 2008 has engaged in various support 

policies for the 'creative economy' in the direction of the national administration. 

Classification Industrial Economy Knowledge Economy Creative Economy 

Period 70s-80s, Oil Crisis 90s, IMF Currency Crisis Global Financial Crisis (2008) 

Growth 
Paradigm 

Industrialization Informatization Creation 

Production 
Factors 

Labor, Capital Knowledge, Information Collective Intelligence and 
Creativity 

Core 
Industries 

Heavy Chemical Industry IT and Digital Industry Integrated and Creative Industry 

Success Story 
Shipbuilding, Steel 

Products, Petrochemical 

Semiconductors, 
Information and 
Communications 

Smartphone, IT Convergence, 
Korean-wave Contents 

<Figure 1> Economic paradigm of Republic of Korea (Lee, 2013) 

Open Innovation 

The traditional closed innovation paradigm is no longer operating for management and development 

of creative economy. Chesbrough (2003) elucidated that "In the closed innovation paradigm, they are 

screened and filtered during the research process. Although there were many ideas, few of them were 

available outside the walls of these firms." He added that in changing era, there will be much more 

opportunities in the process of practicing with consumers, beyond listening to the voice of consumers 

or judging the ideas within enterprise; Customers' practice rather than just customer's voice. Also in 

this process, Chesbrough (2003) insisted that 'the practice of learning (learning by doing)' is 

significant in open innovation. 

In order to nurture the creative force for creating economic era, university should be aware of 

consumers are the students, the center of education. By considering the students as consumers of 

education, it is essential to understand what is required at each step in the process for the students who 

want to realize ones’ creative ideas. Likewise, this context applies for industry’s efforts in responding 

to rapidly changing markets. Kodama and Shibata (2015) contended the importance of consumer-

centric approach by stating ‘It is necessary to find out what the consumers want before they say what 

they want, and find out the real needs rather than a research report on target consumers.’ Nho (2016) 

insisted that “Open innovation is regarded as a crucial methodology for the growth of organizations 

such as universities and public research institutes as well as companies. Open innovation explains 

why knowledge sharing and cooperative work between in and out- bound of organizations are 

important.” The scope of R&D consisting mainly university professors with expertise is no longer be 

research based, yet it is extending to the activities associated with business in the concept of R&BD 



 

5 

(Research & Business Development). Increasingly, the university will be encouraged to transfer those 

ideas into innovative products, rather than basic research. Beyond the level of the scientific or 

foundational research conducted in the existing universities, the practical ideas which are appropriate 

for market in the level of utilizing foundation or companies’ ideas in short term will be needed. In 

addition, the role of government and external companies are very significant to make the learning 

environment through research and practice in the university in order to proceed more realistic. In the 

basic of open innovation, external ideas and knowledge in conjunction with internal R&D were 

created; the new logic and new value (Chesbrough, 2003). 

Fostering Creative Talents 

With the aim of human resource development for the creative economy era, universities have become 

to play an important role. In order to attain the creative economy, Lee (2013) demanded the 

countermeasures of each organization; companies, central government, local governments, university 

and research institute, and the public. Above all, he argued that in university, more importantly, 

strengthening convergence program and groundwork of convergence human resource cultivation, and 

foundation should be achieved. This means that the orientation and structure of university education 

have to be designed in accordance with the relevant formation by the balanced requirements and roles 

of universities, companies, and the government. In addition, Ortega and Bagnato (2015) remarked that 

the university should be generator of knowledge and described ‘a university should not serve merely 

as a site for training human resources and course administrators, but needs to be a shaper of behavior 

and skills for the development of innovation with a direct impact on society.’ For the students, it is 

important to perceive the feasibility of the idea on every step of practice throughout the entire 

innovation process to fill the gaps between research and development which caused by the different 

goals. 

The Importance of Creative Convergence Education 

Ito (2013), the representative of integrated education organization MIT lab, asserted that ‘Creativity is 

difficult to achieve through the education based on existing manufacturing and mass production. It 

should be constructed that group and atmosphere to be creative, where interest and passion of students 

can be displayed.’ This is relevant to frequent attempts of operating the university programs focused 

on Problem Based Learning (PBL). PBL has started from McMaster University Medical School in 

Canada in 1960, is that student-centered learning cultivates students’ positive attitudes and confidence 

through troubleshooting process when they face problems in a real context, which result an effective 

self-directed learning (Barrows, 1996). For students, as they are in preparation before entering the 

society and industry field, the correlations of industry and university are essential in terms of 
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acquiring practical experiences and applying their knowledge in working-level. But also for industry 

and government, it is beneficial in fostering talents to drive industrialization within rapid globalization 

and technological evolution (Etzkowitz, 1997). 

 

Case Studies: Creative Convergence Education Program 

Domestic and international institution systemically promotes various policies by maintaining system 

to lead and prepare for the flow of convergence, for example, between technology, liberal arts, design 

which is happening in all across the industries. Especially, design is considered to be the core branch 

to lead the convergence flow of creative economy and a number of plans are being prepared to utilize 

them in various fields. The design for advanced countries in overseas, in convergence aspect, is an 

important factor which commercialize the idea and to make user-centric products. Therefore, realizing 

that design capabilities supporting infrastructure is essential, they are introducing policies to develop 

design skills (Innovation Union, 2010). Thus, convergence of university education is becoming more 

essential in order to support the activity of an institute which is based on convergence policy, the 

essential way to prepare for the upcoming future. Recently, ‘training creative convergence talent’ is 

the major issue in education, and to achieve this, design related convergence education is mainly 

being operated by Korea, while emphasizing the convergence of science, technology and the arts. In 

overseas, there are a number of programs being operated such as D-School in Stanford University and 

Double Master’s Joint Course, MA &MSc’, due to early realization in importance of creative 

convergence education, and has achieved effective results. In case of Korea, they support education, 

which has been operated by Seoul National University and UNIST et cetera, through national support 

program ‘convergence design training university’ (2010, Ministry of Knowledge Economy/KIDP).  

As comparative research shown in Figure 2, curriculums of design-oriented creative convergence 

education in five domestic and foreign universities are being operated in postgraduate studies mostly 

based on major courses. Seoul National University in Korea, attempts to operate design-oriented 

creative convergence courses in undergraduate program. This indicates the creative convergence 

education should be proactively executed in early stage, and suggests the extended possibility of the 

curriculum to be established within undergraduate courses. 
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 (Nation) University 
and Major 

Target and Semester Major Configuration Operation 

1 

(USA) 

Massachusetts 
Institute of 
Technology 

Media Lab 

(master of science 
degree in media 

arts and sciences) 

(postgraduate 
course) 

Master/PhD 

* Students who have 
completed master 

degree in other 
schools, their PhD 

will be decided 
according to the 
result of Master 

performance in media 
lab 

(Postgraduate course) 
compulsory to take 

chemistry or physics as 
major, focused on class 
meeting and individual 

oriented research, 
possible to audit 
classes such as 

Harvard, MIT, MFA, 
Massart, Thesis (PhD 

course) research 
project 

- Process: Imagine->Create-
>Experiment>Reflect 

- Engineering, Physics, 
neuroscience, architecture, 
design based convergence 

education 

- Academic system and support 
from enterprise 

- Venture related class and start-
up support 

2 

(USA) 

Stanford University 

d. school 

(Postgraduate 
course) 

The Master’s course 

4 times a year of 
open admission 

system 

- Comprehensive 
design studio and 
creative innovation 

based major 

- Boot camp, pop-up 
class et cetera 

- Design, engineering, education, 
society, management, biology, 
industry based convergence 

education 

- Debate, performance based 
class 

- Design and industry-university 
project 

3 

(UK) 

Royal college of art 

Innovation Design 
Engineering, IDE 

Double Master's Joint 
Course (two years), 
MA (RCA) & MSc 
(Imperial College 

London) 

- Disruptive Market 
Innovations 

- Experimental Design –
Group & Solo project 

- Critical & Historical 
Studies 

- Postgraduate Student Loan of 
up to £10,000 per course - 
workshop, seminar, student 
teaching workshop industry-

university project 

- Prototype production support 

4 

(Germany) 

Technische 
Universität 
München 

Master of Industrial 
Design 

(Postgraduate 
course) industrial 

design curriculum has 
provided to variety of 

majors such as 

Architecture, 
machinery, 
information, 

engineering of 
Business 

Administration 

- Design theory & 
multidisciplinary related 

field 

- Project: design-utilized 
product, service and 
brand development 

- Personal research and 
thesis in systemic level 

- Modular education (Diploma 
course students & Master course 

students participated) 

- Utilize methodology such as 
Theory, seminar, research 

- Focused on company 
experience and understanding 
through project and internship 

5 

(KOREA) 

Seoul National 
University 

Integrated Creative 
Design 

Interdisciplinary 
program 

(Undergraduate) 

40 students a year, 

more than 3 
semesters registered 

students who 
assigned to selected 
undergraduate major, 

obtaining certain 
grade 

- Compulsory program 
of integrated creative 

design (selected 
undergraduate: 

recommend students 
who assigned to 

Design, Management, 
Mechanical and 

Aerospace Engineering, 
Industrial Computer 

Engineering, 
Architecture, Electrical 

Engineering, Consumer 
Pedology, Psychology, 

Clothing department 
choose interdisciplinary 

program) 

- Government expenditure 
supported program which has 

been established in 2009 

- Team teaching and team work 
focused education 

- Supports foreign internship and 
training by creating industrial 

oriented education environment. 

- Opportunity to attend workshop, 
group activity seminar, 

conference, exhibition and entry 
fee supported 
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6 

(KOREA) 

UNIST 

Postgraduate 
school of Design 

Convergence 
specialty 

(Postgraduate ) 

- 4 Phase project-based 
integrated Univ-Industry 

Cooperation courses 

- Design & Engineering 
Integrated Project, 
Master Graduation 

Project 

- Creativity/convergence/ 
globalization 

- Research facility 

- Project to exchange actively 
with foreign universities 

- Supports industry internship and 
start-up training 

<Figure 2> Case study of creative convergence education program 

 

Student Customized Creative Education Model based on Open Innovation: CHEESE 

Program 

CHEESE Program is a voluntary program specialized in engineering manpower training, and targeted 

to Design-Engineering major students (3rd, 4th grade), and this program started from 2013 and still 

has been conducted until now 2016. This is an engineering and design amalgamated creative 

education process model, and this is a program which experience and learn integrated creativity by 

linking patent, open exhibition, commercialization et cetera with results which has been gained each 

steps through design engineering convergence process from research, idea, design, prototyping, and to 

evaluation. This open innovation concept based model has a goal of training an entrepreneurial spirit 

and giving an opportunity in commercialization, by sharing students’ ideas and linking them with 

internal and external supports. This program has realigned student-centered process and related 

system to utilize various systems, which have been supported from internal and external supports of 

university as part of training creative manpower that has entrepreneurial spirit, which is suitable for 

creative economy era. Furthermore this program has been composed to supply material and 

environmental support, short-term outcome and reward, various experiences, considering students’ 

specialty and circumstances. 

Concept 
- Open innovation-based CHEESE program has a goal of development design in product, 
service and system through ideation, visualization, prototype manufacturing, evaluation and 
commercialization. 

Feature 
- Process that aims for design and technology convergence. 
- Progress based on process participants’ curiosity, open mind and autonomous will. 
- Learn some necessary requisites for capability, such as attitude, skill and knowledge 

Implication 

- Includes applying for patent/ intellectual property right and registration process in early stage 
of process. 

- Considers commercialization with practical results such as awards, applying for patent and 
foundation. 

- Short-term compensation in connection with internal and external support programs for results 
at each stage 
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As shown in Figure 3, in Closed Innovation System (Left), each project are operated independently 

with different purposes (manpower training, industry-university cooperation and authentication 

business), and temporary performance can be derived as outcome, yet it is difficult to result 

consolidated outcome efficiently and effectively. While in Open Innovation System, the relocated 

configuration based on existing support projects are focused on student-centered activities with 

consistency and persistency, the quality and educational effectiveness of outcome can be improved. 

   

<Figure 3> Closed innovation system vs. Open innovation system 

 

<Figure 4> CHEESE Program conceptual diagram 
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According to Karine’s study (2015), 11 necessary requisites (Experience, Knowledge, Advice, 

Problem solving, New ideas, Other view of life, Creativity, Inspiration & motivation, Critical thinking, 

Creation, Support, Intergenerational awareness, New opportunities) for convergence exchange inside 

of university (Entrepreneurs, student, university education) has been extracted from students’ position 

and, apparently, this is worthwhile for open innovation environment and intergenerational 

collaboration. This, as it appears in diagram below, can be reclassified in each steps’ necessary 

requisites in CHEESE program and shares same context of students’ needs and valuable elements 

which program tries to offer. 

 
Steps of CHEESE 

Program 
Activities 

Necessary requisites for 
convergence exchange. by 

Karine’s study(2015) 

1 
Inspiration & 

Motivation 

Getting inspiration and obtaining motivation through 
acquiring overall knowledge and information. 

(Research of Life Style, Trend, User, Technology) 

Knowledge, Other view of 
life, Inspiration&motivation 

2 Experience 

Find the needs and gain specific cognition through 
direct experience. 

(Field trip, Town watching, Seminar, Workshop…) 

Experience, 

Intergenerational awareness 

3 
Ideation & 

Visualization 

Define discovered problem and needs, and actualize 
the concept and visualize it by coming up with new 
ideas. 

(Sketch, Modeling, Rendering, Presentation) 

Problem solving, New ideas, 

Creativity 

4 Prototyping 
Prototype to actualize defined ideas  

(3D Printing, Mock-up, Simulation) 

Creation 

5 Evaluation 

Get evaluation and advice, whether it accord with 
intention of the idea, through various evaluation such 
as utility of manufactured prototype, satisfaction level, 
purchase intention and capacity. 

(Test of Usability/Emotion/Satisfaction, Exhibition) 

Advice, Critical thinking, 

Support 

6 
Commerciali-
zation 

commercialize verified ideas by linking with external, 
based on marketability  

(Technology licensing, business linkage, foundation) 

New opportunities 

<Figure 5> Activities and necessary requisite in each steps of CHEESE program 
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Internally, typical projects supported from inside of university are ACE and LINK project, and the 

Content is as follows: (1) ACE is government supported project to implement the ‘good teaching 

university’. It selects universities that have distinct feature and competitiveness to create outstanding 

model, which is various and pacesetting in undergraduate education, to realize ideology in 

establishment of university vision and ideal man of ability, and support universities’ voluntary 

educational process development and management so that the education support system can be 

improved in general. In addition, it creates educational program and system to reach the demand of 

industrial society as it reinforces undergraduate students’ employment and foundation ability by 

aiming for training manpower, in order to support country competitiveness, through undergraduate 

education advancement business for tech+ manpower cultivation. (2) LINC project pursues realization 

of creative economy ecosystem, which enables university and company to grow together. It aims for 

creating and diffusion of various Industrial Cooperation leading model through supporting Industrial 

Cooperation family company and achieving 60% in local universities’ employment rate and choosing 

Industrial Cooperation leading university. For this, it reinforced the support of supporting range of 

broken away from engineering university centered Industrial Cooperation and foundation, and 

supports for creating various leading model and give modularized and dimensionalized supports 

through local industry-based characterization. In addition, it enhances the possibility in maintenance 

of Industrial Cooperation and reinforces the role of Industrial Cooperation through restructuring 

Industrial Cooperation-friendly system and phased business management. In other words, it is a 

business that companies put universities’ technology and human resources to use, and universities 

reinforce education and research capability that satisfy industrial setting demand and forming 

characterization. These support projects were for supporting students to gain capability by linking 

internal and external activity, it includes environmental supports such as studio, idea competitive 

exhibition entry supports, and prototype manufacturing supports. 

Externally, there is a project that supports business and foundation which is for creative manpower 

cultivation supported by Korean government, based on creative economy vitalization. It consists of 

integrated support system that links mentor connection, exhibition, prototype manufacturing support 

and route to market in each step to the idea commercialization, from supporting activity environment 

such as studio. In addition, there is various design awards and competition for acknowledging 

differentiation and standard of idea and possibility of realization, and it becomes an opportunity to get 

to know the marketability. External companies, occasionally, affiliate with commercialization when 

good ideas were discovered through those announcement and exhibition. In terms of human and 

material, the external support has larger expandability than university support system, and it is 

effective when university supported ideas have been actualized. In next paragraph will examine what 
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kind of activity and support had been taken to perform entire process through the following 2 cases 

which had been performed by the proposed ‘CHEESE program’. 

Case 1. Student A 

(1) Outline 

- Product name: Cleanse (Clens) 

- Product description: ‘Clens’ is a new concept of disposable contact lens case that solves sanitation 

problems, including bacterial infections caused by unavoidable external touch such as lens tweezers 

and fingers. Clens is an item that used structure of small cymbals, and when users push the bottom 

side to upwards, the feature stretches while embracing the finger, which enable users to wear the lens 

without the need for lens tweezers or touching the lens with fingers. As a result, users feel less 

inconvenient because there is no external touch, and concern for bacterial infection decreases. 

Especially, it is more competitive for those who highly regard sanitation and eyeball health.  

- Progress period: 2014.3.3 ~ 2015.05.18 

- Major Performances: K-design Award prize, Reddot Winner award, creative intellectual property 

[design] commercialization support in 2014, acquired 4 cases of design patent, submit to Creative 

Economy Expo 2015, and signed contract on linkage commercialization (Innovartis and MOU) 

<Figure 7> Product image of Clens 

(2) Phased activity caused by Proposed Model (CHEESE program) 

Student A started from club activity, where making coming up with ideas a way of life, to solve the 

inconvenience she felt in her daily life and actualized and developed the idea utilizing ‘CHEESE 
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program’ step by step activity and support system. The ideas realized in each step became resource 

and basis for it to develop, and long difficult process of developing new product could be experienced 

due to the short-term outcome (Patent application, award, exhibition et cetera) and continuous 

stimulation with rewards gained in every step. 

Classification 

 

Inspiration& 
Motivation 

Experience Ideation& 
Visualization 

Prototyping Evaluation Commer

cialization 

Internal 
ACE ● 

     
LINC 

 
● ● 

   

External 

Design 
Awards   

● 
   

Creative IP 
   

● 
  

Exposition 
    

● ● 

<Figure 8> Support in each step of CHEESE program 

➀ Inspiration & Motivation 

(Internal) study of making ideas has been done in the ‘laboratory resident’ activity, supported by ACE 

project. Laboratory activities created environment for making coming up with ideas a way of life so 

people can have a discussion about development direction. Through regularly conducted idea 

verification time, item for ‘hygienic lens container’ has been discovered. 

➁ Experience 

(Internal) discovering problem by progressing research about development item and defining has 

processed through the ‘Start-up club’ activity, which has been supported by LINC project. Indirect 

experience in product development has been obtained by gaining supports to attend idea expositions, 

various exhibitions or do market research. 

➂ Ideation & Visualization  

When organized idea concept comes out, it is visualized to the feature such as modeling and rendering, 

and it is ready to apply for claim and have a presentation about the idea. 

(Internal) Attending global event could be experienced by the support from LINK project in patent 

and intellectual property application about idea (a) and international travel expenses for (b) Design 

Award attendance fee and award. This achieved students’ ideas to be more valuable, by linking 

external and internal support system.  

(External) German ‘Reddot’ Design Award, which is one of the world’s three major design awards, is 

an opportunity to inform ideas to be verified in world-wide level (only 5.1% of total 4,761 attendants 
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in 60 countries are selected as winner) and the ideas had been applied through support from university, 

and selected as a winner. (2014.9.6) 

④ Prototyping 

It was supported to make prototype by being selected as creative idea, which is most likely to be 

commercialized, by applying for ‘creative intellectual property [design] commercialization support 

program (2014)’ which has been supported by Small Business Administration and the patent office. 

Prototyping is a stage to actualize idea from concept, and production costs are directly invested into it 

so it is an important for students to go through this step.  

⑤ Evaluation 

(External) student had an opportunity to verify possibility of idea commercialization through market 

research and evaluation by exhibiting in creative economy exposition (2015) which was held by peer 

support of Korean government institution and organization, where mainly does activity for creative 

economy. Targeting people who had visited During 4 days of exposition in Seoul Coex, product 

acceptance and attraction, result after the evaluation of improvement requirement, design suitability, 

functional interest, facilities of use have been highly evaluated, and it became an opportunity to 

examine future progress direction for ‘commercialization’ as purchase intention and marketability was 

shown above average. 

⑥ Commercialization 

(External) Idea commercialization specialist German company ‘innovartis’ had visited exhibition 

through creative economy exposition (2015), and signed MOU as they considered product value about 

‘Clens’ highly. In addition, they promised to cooperate to serve actively commercialization enterprise 

or technology licensing, which would occur in the future. 

 

Case 2. Student B 

(1) Outline 

- Product name: The changing face tissue case 

- Product description: this cute shape tissue case not just acting as a case but also aware whenever 

tissue is popped up, utilizing Arduino and PIR sensor (Passive Infrared Sensor). Shape of the eyes, 
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which has been designed with LED, changes according to the frequency of tissues being popped up, 

and it intended to have an effect of making users to have caution towards environment by inducing 

users to economize tissues. 

- Progress period: 2014.9 ~ 2015.5 

- Major Performances: Gumi university eighth invention and founding idea competition award 

(Creative Korea), the world woman invention competition award (KIWIE), acquired design patent, 

making a contract with GDP Design Company and MOU, and technology licensing. 

 

<Figure 9> Product image 

(2) Phased activity caused by Proposed Model (CHEESE Program) 

Student B, also, developed and actualized the idea by utilizing step by step activity of ‘CHEESE 

program’ and support system. In this case, prototyping stage was supposed to be the main 

consideration, but it was a developed working mock-up, considering both hardware and software 

through design and technology convergence educational program. It tells commercialization of ideas 

is very important, by going through the process of making an actual real activation and improving it in 

creative education. Students Experiences practical way of adding more value into creative ideas by 

utilizing technology Ideas that only exist in imagination. In this case, also, has gained short-term 

achievement every stages (patent, awards, exhibition), and achieved outcome followed by technology 

licensing for commercialization. 

Classification Inspiration& 
Motivation 

Experience Ideation& 
Visualization 

Prototyping Evaluation Commer

cialization 

Internal 
ACE 

    
● 

 
LINC 

 
● ● ● ● ● 

External 

Design 
Awards 

● 
     

Creative 
Korea     

● 
 

KIWIE 
    

● 
 

<Figure 10> Support in each step of CHEESE program 
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➀ Inspiration & Motivation 

(External) Student get stimulus and inspired by continuously discovering ideas through various 

seminar and exhibition which was held by district design promotion institution DGDC (Daegu 

Gyeong-Buk Design Center) and does idea excavating and project activity, acting as a KDM member 

(Korea Design Membership: system which supports after selecting design-related students who have 

competitiveness), linking with school activities and international activity. 

➁ Experience 

(Internal) Many students made a team worked together through ‘Start-up club’ activity, which was 

supported by LINK project, and worked on a theme of ‘idea excavating utilizing 3D printing’. One of 

the Individual ideas, tissue case had been selected, which could quickly be prototyped, and the idea 

had been actualized through a number of 3D printing experiment. It became an opportunity and 

experience to verify ideas freely, through utilizing 3D printing support, not just in laboratory bur also 

in university.  

➂ Ideation & Visualization  

(Internal) Design right had been applied through patent and intellectual property application of idea 

which was supported by LINK project. (2015/2/5) 

④ Prototyping 

(Internal) prototype production had been supported, by ‘Foundation club’ activity, which was 

supported by LINK project, and flaw had been reformed after a number of test productions for 

continuous operation, from idea stage. 

⑤ Evaluation 

 (Internal) in university, ‘KIT Engineering Fair’ is held once a year, an exhibition which enables 

students to present their research outcome. Through this exhibition, those companies which attend to 

the exhibition, has an opportunity such as cooperation and presenting award to outstanding results and 

having a look at valuable ideas or technology. Developed ‘tissue case’ had been selected as an 

outstanding product and obtained an opportunity of applying for a competitive exhibition. In addition, 

expenses of applying for the competitive exhibition had been supported through ACE project.  

(External) It had obtained a participation award in ‘Creative Korea (2014/11/28)’, and a silver award 

and Dongguk University chancellor award in ‘KIWIE (Korea International Women’s Invention 
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Exposition) 2015 (2015/5/15~18)’, which was sponsored by Korean invention institute. 

⑥ Commercialization 

(Internal/External) Stake contract had been completed with GDP Design Company, a family company 

that made an agreement with Kumoh National Institute of Technology, through ‘KIT Engineering Fair 

(2015), and technology licensing fee had been given, after technology licensing to commercialize the 

product (2015/2/6), and paid according to ideas’ share ratio. 

 

Results and Discussion  

Suggested ‘Student customized creative education model based on open innovation; CHEESE 

program’ has been conducted, targeting 3rd, 4th grade students who are major in Kumoh University 

industrial engineering design, from 2013 to 2015. Every year, the activity result, in individual or in 

group of 20 students approximately, has increased in each part as it shows in graph below. This means 

that program, which had systematically built for supporting activity in each step for developing own 

ideas, helped students to get stimulated for creative activity. In particular, the increased number in 

competition is highly significant in terms of the preparing opportunity, as students refine their ideas 

and to receive objective verification on their ideas through external showcases. 

 

<Figure 11> Trend of result in Student customized creative education model from 2013 to 2015 
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Graph has been presented in order to observe each product, and it shows total 31 cases of patent has 

been applied in 3 years (10 cases of patent and 14cases of design right were registered), and this 

formed 77.42% in productivity achievement ratio of application contrast. Ideas that have been applied 

to competition is 165 cases and 75 cases among them has been awarded, which forms 45.45% of 

productivity achievement, 72.09% in industrial competitive exhibition, and 36.07% in design awards. 

In case of design awards, 5 cases among 44 cases were international awards, which have achieved to 

draw global level ideas in short-term. In addition, engineering based industrial design convergence 

program performance result has shown outstanding performance in engineering competitive 

exhibition, and it has shown that it is more effective when design thinking or technology are being 

used. Works, which has been supported for making prototype, were able to bring linking results such 

as presenting in exhibition and conference or awards in competitive exhibition and technology 

licensing. Unlike the existing convergence program which consists of postgraduate course, it is shown 

that there is possibility of continuous development in the proposed model, in terms of program 

consisting of self-regulating program in undergraduate course. However, even though there were a 

number of challenges and performance have been made in activity in extent of arranging idea concept, 

considering characteristic of creative educational model, which is performed in undergraduate course, 

it has proven that there is a limit in the actual business associated activities ranging from foundation 

or commercialization. There is obvious difference from the result in standard of differentiated ideas to 

making product considering actual development and marketability, and it is shown that there is need 

for designing an advanced program to support it. If developing improved model, that links 

undergraduate course and postgraduate course, has been suggested based on this needs, good result 

could be obtained. 

 2013 2014 2015 Total 

Patent 

Patent 
Application 5 7 2 14 

Registration 4 4 2 10 

Design right 
Application 2 9 6 17 

Registration 2 9 3 14 

Competition 

Engineering 

Competition 

Application 7 8 28 43 

Awards 4 6 21 31 

Design 

Awards 

Application 12 19 91 122 

Awards 9 8 27 44 

Presentation 
Exposition - 3 - 3 

Conference - 1 7 8 

Prototyping 3 3 4 12 

Technology Licensing - 1(MOU) 1(Contract) 2 

<Figure 12> Performances of CHEESE program in 3 years. 
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Conclusion 

This study had a test operation after designing ‘CHEESE program’, a creative convergence education 

based on open innovation, which new system and management methods has been prepared for 

cultivating talented people that is needed in creative economy era. The functions of the proposed 

concept, ‘Student customized creative education model’ are as follows: 

1. Conceptualization of creative education model that cultivates creative people to improve 

intellectual added value and recreation of knowledge, which is needed in creative economy 

(intellectual based) era. 

2. It is for cultivating convergence ability which gives solutions based on overall knowledge that 

considers market, technology, and users in a balanced way, to solve complicated problems occurring 

in field.  

3. It is to obtain experience and encourage confidence through a series of practice process that plan, 

design, produce, evaluate in self-directed way, based on acquired knowledge. 

4. It is to encourage leadership that constructs opportunities while linking internal and external part of 

university supporting projects, and effective, efficient communication and management of team work, 

in each stage.  

For students, when it is observed in overall positive role and needs, the most meaningful aspect of this 

proposed model is actualizing and developing their own ideas, and experience of realizing 

professional process, which is more than just level of thinking ideas. In addition, it is to overcome 

various challenges and make other opportunities by obtaining outcomes which have been developed 

in long term, while receiving stimulus, encouragement and reward in short term by overall supporting 

system. 
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targeting Design-Engineering students. Starting from January 2015, the successful outcomes have 
been achieved, such as 18 awards from intramural and international competitions, 14 cases of 
intellectual property application and registration, 1 case of an academic conference presentation, 1 
case of business start-up and 1 case of technology transfer. Progress and expertise in the outcomes 
have become guidelines for students to newly participate by providing its information on website, 
and also have become an opportunity of communicating offline and exchanging the creative-culture 
through seminars on information sharing. This can also be the foundation of experiential education 
to exert ‘collective intelligence-creativeness’ in the era of creative-economy. By reflecting merits 
and demerits derived from the test runs, the creative educational open-innovation model are built 
that can operate an annually refurbished program.

Research limitations/ Implications:
This study has the following limitations in the process of design and execution by integrating a 
business innovation model and a public sector, an education. First, it is necessary to have the 
premise that a vision of education; a subject of application has to be established in the direction of 
fostering the human resources to build a creative economy. Second, in order to achieve a vitalization 
of creative economy, the environment created by the national and educational policy must be 
furnished to actively support student as well as preliminary founders. Third, according to the results 
from test runs for Design-Engineering students, tangible product development was dominant than 
intangible service development. It is essential to have step-by-activities and case developments on 
the items that commercialize an integrated idea of future-products and services. Finally, the results 
of evolving into truly professional beyond the level of education has not yet derived, this study 
leaves the task of designing and implementing the developed models through continuous research.
Keywords: Open Innovation, Creative Education, Student Customized
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manufacturing- comparative study on the role of 
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Abstract

Due to rapid changes in digital and information convergence, the servitization of manufacturing for 
information, communication and technology (ICT) has been promoted by Taiwan and Korea 
governments. The purpose of this project is to investigate how institutional voids influence the 
servitization of manufacturing by comparing Taiwan and Koreas’ ICT industries, and how 
institutional void form in the process of servitization, what strategies ICT industries deploy to cope 
with formal or informal institutional voids they encountered. In theoretical contribution, this project 
investigates how the concept of institutional voids is understood, what the role of intermediaries are 
in place and how intermediaries may work in the voids, and finally what institutional voids 
challenges may be confronting the servitization of manufacturing in Taiwan and Korea’s ICT 
industry. Previous literature has shown different points of view related to the influence of 
Institutional voids on the development of industries. On one hand, institutional voids may negatively 
influence innovation moderated by type of networks and systematic failure. On the other hand, 
institutional voids offer entrepreneurs with the opportunity to create innovative business models. A 
qualitative research approach is taken in the project. We will employ in‐depth interviews with 
governmental officials, entrepreneurs, research institutes from both Taiwan and Korea. Finally, we 
construct the contents of interview by the method of structure analysis developed by Professor 
Godat for more/further observations in both newly emerging economies. In a word, this project will 
contribute the conceptual development of servitization of manufacturing by exploring the role of 
intermediates from the perspective of an institutional theory, and in turn provides an insightful 
learning for policy makers for the economic transaction.
Keywords: Servitizaion of manufacturing, institutional voids, ICT industries, intermediaries
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Abstract

The paper sheds some light of innovation policies from the open innovation view. By comparing 
national systems of innovation studies and open innovation studies, the differences and similarities 
of four dimensions: (1) actors; (2) networks/links; (3) institutions and (4) measurements are 
discussed between two studies. The paper highlights some potential policy gaps and cures toward 
the “open” innovation policies. Among four dimensions of innovation policies, measurement issues 
of “openness” in national innovation systems are elaborated by use of NSC (2010) Indicators of 
Science and Technology.
Keywords: National innovation systems, Open innovation, Innovation policies, Policy Measurement
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The paper sheds some light of innovation policies from the open innovation view. By comparing 
national systems of innovation studies and open innovation studies, the differences and similarities 
of four dimensions: (1) actors; (2) networks/links; (3) institutions and (4) measurements are 
discussed between two studies. The paper highlights some potential policy gaps and cures toward 
the “open” innovation policies. Among four dimensions of innovation policies, measurement issues 
of “openness” in national innovation systems are elaborated by use of NSC (2010) Indicators of 
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Abstract  

The aim of this paper is to analyze the meanings and contents of innovation and its role on 

service firms' competitiveness, with a more specific focus on cultural firms. Through a complex 

framework, we investigate on the key role of innovation in determining the competitive advantage 

for firms in the service economy in the light of the related ecosystem. 

We propose a theoretical model to study smart innovation in services, that we build up an 

innovation indicator on a group of innovative selected cases of cultural firms performing 

Nonlinear Principal Component Analysis and Hierarchical Clustering.  

Keywords: cultural firms, smart innovation indicator, competitiveness, cultural sector. 
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Introduction 

The stream of research on innovation deepens their roots in the huge field of contributions on 

innovation in the manufacturing industry (Audretsch, 1995; Utterback and Suarez, 1993; Becker 

and Dietz, 2004). Literature shows a gap referring to the role of innovation in the cultural industry, 

whose characteristics add complexity to the issue. As a service, the cultural product is a mix of 

tangible and intangible aspects and customer does not only buy a good but the complex 

experience of seeing, touching, feeling and living it during the visit (Della Corte, 2014; Sigala, 

2012). 

Furthermore, cultural products involve a wide range of goods and services offered by different 

firms, such as museums and cultural sites, entertainment firms, ads and film productions (e.g. 

motion pictures, recorded music, print media, or museums) and so on. In this work, we focus on 

museums and cultural sites, investigating about the role of innovation in favoring the achievement 

of competitive advantage. 

Innovation has to be studied from various perspectives: technological, marketing, systemic and 

organizational, linking the service dimension of cultural firms with the innovation stimulus and 

considering the various actors that are involved in the innovation process at different levels 

(Solima, 2004). This firstly allows defining and evaluating the role of firms’ resources and 

capabilities in using innovation to improve performance; secondly, it allows understanding 



customers’ as well as other actors’ perceptions about the services cultural firms are able to put in 

place. 

Studies on innovation have given little attention to the issue during the years. This is probably 

linked to the fact that cultural sites have always stressed their curatorial (Cerquetti, 2010) role 

instead of their entrepreneurial and managerial souls. Research on innovation in the cultural sector 

has been developed in recent years, thanks to the contributions of several authors that started to 

discuss the role of innovation in museums and its impact on marketing (Solima, 2002; Camarero 

and Garrido, 2012; Montella, 2012) and organizational activities (Garrido and Camarero, 2010; 

Camarero, Garrido and Vicente, 2011). Other authors tried to identify some dimensions 

(technological, experiential and systemic) of analysis of innovation in the cultural industry (Della 

Corte, Savastano and Storlazzi, 2009; Della Corte, Cascella, Savastano, 2012), creating the basis for 

further reflections on the theme. Recalling these previous works, innovation in cultural firms can 

refer to the technological, the marketing-based, the organizational and the eco-systemic 

dimension of cultural firms. Despite all of them are of fundamental importance in order to 

determine a better performance in the sector, in this paper we stress the attention on the role of 

eco-systemic innovation. 

Literature review 

Cultural organizations represent territorial attractive factors (that are resources able to attract 

visitors, even becoming one of the main motivations in choosing a specific destination – Della 



Corte, 2013). Since cultural firms are embedded (Venkatraman, 1997) within tourism destination, 

this paper studies the role of their ecosystems and the interactions between other actors 

(Venkatraman, 1997). The set of different actors and entities (policy makers, coordinating entities, 

group of firms, public and private bodies) immersed in a specific geographic context shapes the 

referring entrepreneurial ecosystem. With reference to cultural firms’ ecosystem, we verify if smart 

innovation is the result of ecosystem’s contribution. It is interesting to notice that whether and to 

what extent the resources of ecosystem are able to create competitive advantage bot at firm level 

and ecosystem level- This concept recalls resource-based theory (RBT – Barney, 1991), according 

to which resources can be viewed as strategic when they are valuable, rare, costly or difficult to 

imitate and organizationally used. Cultural resources are often potentially strategic resources 

because, even if they are valuable, rare and inimitable, they are not well used at a local level, 

owing to the lack of organization in terms of valorization, promotion, fruition and coordination.  

In order to overcome organizational weaknesses, three further approaches (knowledge-based view, 

dynamic capabilities view and relational view), that represent developments of RBT, have to be 

taken into account. Within this theoretical framework, the concept of open innovation, in 

relational view perspective and service-dominant logic marketing approach, can be defined as the 

process according to which the cultural firm uses both internal and external ideas and hints, 

internal and external paths, thus acquiring and sharing at the same time knowledge, competences 

in a complex set of relationships. The analysis has an eco-systemic spectrum because it is useful 

to verify the smart and open innovation within the ecosystem of cultural firms.  



The paper recalls the definition of Della Corte (2014) who defines smart innovation approach in 

cultural firms, as the capability for firms to create new opportunities through a continuous 

relationship with the main actors in a destination, fostering an innovate managerial approach in 

an effective way in order to gain sustainable competitive advantage. 

On the other side, open innovation emphasizes the role of the interactions between external (in-

bound open innovation) and internal (out-bound open innovation) ideas in creating value 

(Chesbrough, 2003). The premise is that the innovation process has to be “opened” to “use the 

purposive inflows and outflows of knowledge to accelerate internal innovation and to expand the 

markets for external use of innovation, respectively” (Chesbrough et al., 2006). In this scheme, the 

ecosystem assumes a central role but it is important to understand if, nowadays, firms exploit and 

well manage this kind of innovation. 

Hence, this paper verifies the following research hypotheses: 

Hp1: Smart innovation can be source of sustainable competitive advantage, able to transform 

artistic sites into modern cultural organizations. 

Hp2: Smart innovation and open innovation’s main variables determine different levels of 

innovativeness among cultural firms. 

Theoretical Framework 

The cultural sector is characterized by the interaction of a variety of actors, who have to deal with 



the radical changes of the environment as well as with a business-oriented approach. In this 

direction, innovation can be conceived as a competitive tool both for the firms’ long-term 

performance since it facilitates firm’s adaptation to the environment or even proactiveness and to 

the implementation of changing initiatives (Darnall et al., 2010; Schein, 1992; Deshpande et al., 

1993; Nonaka and Yamanouchi, 1989). 

During the past, many scholars shed light on the concept of innovation in various research fields. 

The two main streams of research identified in the literature are the “open innovation” one and 

the “user innovation”. 

Open innovation emphasizes the role of the interactions between external (in-bound open 

innovation) and internal (out-bound open innovation) ideas in creating value (Chesbrough, 2003). 

The premise is that the innovation process has to be “opened” to “use the purposive inflows and 

outflows of knowledge to accelerate internal innovation and to expand the markets for external 

use of innovation, respectively” (Chesbrough et al., 2006). 

Translating these reflections into the cultural sector, the competitive dynamics impose cultural 

firms to open their business models, searching for new ideas that can come from the outside 

world and assuming new internal processes and technologies to improve their competitive 

position (Chesbrough, 2007). 

The “user innovation” focuses on the role of users (individuals as well as firms – von Hippel, 2005) 

as leading innovators since their skills and competences have a key role in the creation of 



innovation. Firms, in fact, can generate or adopt new ideas using the opinions that customers 

spontaneously express through the communities. A community can be conceived as an 

organization since it involves individuals with different experiences and background and so the 

interactions between different actors can produce new and complementary resources, knowledge 

and competencies (Oliver and Ebers, 1998; Bossink, 2002). 

Hence, according to the previous assumptions, customers, as well as the overall actors that create 

relationships with cultural firms, can generate innovation through ideas and opinions sharing. The 

generated innovation can be translated into architectures and systems (Chesbrough, 2006) from 

the firm and contribute to the creation of superior performances. This process creates value for 

the overall actors involved since users can develop exactly what they want (democratized 

innovation – von Hippel, 2005). Therefore, the term “smart innovation” refers to the concept of 

interconnection of both open and user innovation. 

It is important to underline that open and user innovation are not counterposed but rather 

complementary. Both of them contribute to the definition of smart innovation. 

Since these approaches recall the concepts of resources and competencies, it is appropriate to use 

resource-based theory (RBT - Grant, 1991; Barney, 1996; Barney and Clark, 2007) as theoretical 

framework. 

According to RBT, in fact, resources can be considered strategic and hence source of competitive 

advantage according to four main variables (see VRIO framework - Barney, 1996; Barney and Clark, 



2007): a) value - a resource that is able of neutralizing the threats and exploiting the opportunities 

from the environment; b) rarity - a resource that is owned by few existing and potential 

competitors; c) inimitability - a resource that is costly or difficult to imitate from other competitors; 

d) organization - a resource that is used and valorized within the firm. A resource with these 

characteristics can be conceived as strategic and hence source of sustainable competitive 

advantage. Cultural sites can be often considered potentially strategic resources because of their 

value, rarity and inimitability but, in most cases, they are not properly organized from the local 

actors, so they do not become real sources of sustainable competitive advantage. 

According to the VRIO framework, if cultural firms have strategic resources, they become “creative 

labs of activities” (Della Corte, 2014), whose inputs and outputs are generated by the set of 

relationships between different actors. 

This framework has to include the most recent developments of the resource-based approach of 

strategy, such as knowledge-based view, relational view and dynamic capabilities view. The latter 

two extensions of RBV would be particularly useful in the chosen context as they allow addressing 

the interaction between “open innovation” and “user innovation”. 

VRIO resources and competences may allow cultural firms to create knowledge and hence new 

forms of innovation. Extending the theoretical framework with the assumptions of the knowledge-

based view (Grant, 1996), the literature converges in affirming that knowledge is embedded in 

firm’s routines (Grant, 1991) and springs out through the activation of integration mechanisms 



(Verona, 1999), representing strategic resources for firms (Cabrera-Suarez et al., 2001).  

Sharing this assumption, innovation can be analyzed in terms of knowledge as the firm’s ability in 

building competences by recognizing the value of new information, assimilating it and applying it 

to commercial ends (Cohen & Levintal, 1990). 

Furthermore, the set of relationships between actors recalls the assumptions of the relational view 

(RV), whose principles underline the contribution that each individual (here including users) can 

give to new ideas development in terms of personal skills, knowledge and information sharing 

(Hunt and Derozier, 2004).   

This vision requires an innovative approach that also considers the role of dynamic capabilities 

(Teece, 2007; Sirmon et al., 2007) as strategic assets to develop tools and methods to use 

differently the available set of resources and knowledge.  

Hence, the links between resource-based theory and the theories of innovation can be expressed 

as below: 

 starting from the resource-based theory, the literature allows affirming that 

knowledge is one of the driver of competitive advantage since it can be considered 

rare and difficult to imitate from the competitors. The value depends on firm’s ability 

in gaining and sharing the knowledge. In this view, innovation should be realized 

within the organization boundaries. Open innovation literature suggests to widen this 

vision, considering as innovative firms that are able to combine new internal and 



external resources in order to create innovativeness; 

 literature on competitive advantage considers the role of inter-firm relationships as a 

driver to obtain superior performance. In marketing studies, this reflection sheds light 

on the role of the customer as the main stakeholder of a firm and emphasizes that 

the relationship a firm establishes with him and the experience he lives can represent 

a driver to obtain superior performance; 

 the higher is the customer involvement in the firm’s activities, the lower will be the 

effort a firm has to sustain in order to understand customer needs and to define its 

strategies. 

With reference to the cultural sector, taking into account the defined theoretical framework and 

the connections among the different theories, innovation can be linked to different activities and 

processes that can be included into (Camarero and Garrido, 2012; Garrido and Camarero, 2010; 

Camarero, Garrido and Vicente, 2011; Gallouj, 2002; Della Corte, 2014): 

 the organizational dimension. This refers to the organizational structure and human resources’ 

competences able to increase competitiveness; 

 the marketing and service dimension, referring in particular to the close interaction between 

the production and the consumption phases, which makes difficult to distinguish between 

product and process innovation (Gallouj, 2002); 



 the eco-systemic dimension, because the cooperation between different actors coming from 

the same sector or from different areas of the referring eco-system, can both contribute to 

increase the knowledge sharing and generate mutual value for the overall actors involved; 

 the technological dimension, concerning the introduction of new tools and technologies that 

facilitate processes and contents sharing, increasing the value of items which are intangible in 

their nature (Buratti, 2008). In this sense, technological innovation encompasses the other 

identified dimensions and support the creation of valuable innovative activities; 

 the strategic and managerial innovation, which refers to the firm’s propensity in managing its 

overall activities with a smart approach that shares the importance of identifying new 

opportunities through a continuous exchange between internal and external resources. In this 

view, the strategic and managerial innovation encompasses the overall dimensions of 

innovation a cultural firm has to deal with. 

Finally, we also recall the Service Dominant Logic (Vargo and Lusch, 2004) of the firm that 

conceive the customers as well as the set of actors of the eco-systems as strategic resource able 

to activate the useful co-creation process. 

Figure 1- Theoretical framework 

 



 

Source: Our Elaboration 

Methodology 

This research uses a multiple case study method, according to which it is possible to obtain 

empirical evidences by combining data, such as archives, interviews, questionnaires and 

observations. These evidences allow to answer the research questions and to create a construct 

through which it is possible to analyze the different dimensions of innovation. The collection of 

the cases has included twenty-three cultural sites, selected from different international ranks of 

2013, such as the “Top 100 Art Museum Attendance”, the “National Geographic Top 10 Museum 

and Galleries”, the “TripAdvisor Top 25 Museums” and the “Global Attractions Attendence Report”. 

The cases have been selected using a priori conditions in order to maximize certain differences 



(e.g., expression of territorial identity, ownership, size) and satisfying common requirements (e.g., 

high number of visitors, use of interactive tools). 

With reference to the topics of our research, we analysed each dimension separately, in order to 

identify significant items. These latters come from the literature analysis. Indeed, different 

constructs of innovation have been analyzed. The estimation of the variables is based upon the 

theoretical framework. The relevant variables are described in the following part. 

Organizational innovation. It is shaped by interfunctional coordination( specific units, specialized in 

the different functions, managed by different members); equity structure (characterized by the 

business model a firm decides to adopt and that is expressed by the organizational structure, 

including a director or a board of directors and a staff) 

Marketing and service refers to innovation in marketing and service since the evolution of the 

competitive dynamics in the new globalized marketplace have had a deep impact on museum 

marketing. 

Resource fruition and attractiveness. Recalling the works of Bakhshi and Throsby (2009; 2010), 

cultural organization can introduce innovation at different level of the marketing activities. Stating 

that cultural firms’ products have a core service and, in some cases, supplementary services that 

facilitate the use of the core service or enhance it, new and digital media can support both these 

two components.  

Responsiveness to consumer. Through marketing activities, firms can really understand customers’ 



expectations and respond quickly. Listening and answering to their compliances, suggesting visits 

and working as a customer care are some example of Customer Relationship Management 

activities (CRM) that firms can realize in order to match customers’ expectations and to increase 

their satisfaction.  

Customer involvement. One step forward is the involvement of customers in the service creation 

process by asking them what they expect, what they can propose in order to enrich the offer, 

which initiatives or activities they prefer and so on. This allows creating more customized 

experiences for specific targets, such as dedicated activities, museum labs and high-tech 

experiences, among the others. These activities allow enriching the entailed experience lived by 

the customer by improving the educational and experience functions of the offer.  

Media and social innovation. According to the experiential component of the visit, media and 

social innovation tools can be used to encourage customers enjoying the visit by showing the 

principal items of the cultural offer and stimulating them to visit the overall site (Solima, 2011). 

Furthermore, they can also enrich customers’ experience since they can be used to improve the 

representation of artefacts, making it dynamic and interactive. Customers can use digital 

technologies to obtain detailed information about the items they are interested in, looking them 

through a display that allow choosing the dimension and the viewpoint to access each single 

artefact, or customizing the view of objects through 3D images (which allow zoom, rotation, etc.). 

These software introductions allow customers to live a personal and autonomous experience, 



according to their specific needs and expectations (Ott and Pozzi, 2011). From the firm side, these 

new web-based tools force cultural firms to take into account not only the visitors, but also the 

users that participate to the creation of digital contents via web. 

Cultural firms have adapted themselves to this evolution by changing their communication tools. 

If, in the past, cultural firms have only used the web to create brochure websites, now they catch 

the real opportunities of enhancing their cultural offer and of vehiculating new informational and 

promotional contents in a more flexible and effective way (Solima, 2009). 

Technological innovation can be fruitful for cultural firms because it allows enhancing what 

someone is seeing through a simple click on his/her smartphone or iPhone and the apps have a 

great usability because a simple click allows delivering contents and generating a more organic 

experience. 

Social media and mobiles allow the two and multi-way engagement of people through the 

exchange of comments, opinions, and ideas about the collections, the themes and the concepts 

that complete the offer of traditional tours and audio tours. 

Some museums have introduced iPads to replace LCD and plasmas for audio/visual displays, 

creating a closer engagement between museum visitor and contents. 

An example of matching technological and experiential innovation is the case of virtual museums. 

This allows creating an “online version” or to distribute some specific offerings of a traditional 

museum, such as particular exhibitions or collections. Customers-users can experience the content 



of the museum at any time and from any place, accessing to digitized contents (Hemminger et al., 

2005). If, in the past, people perceived the cultural offer as a collective experience, today they 

have the possibility to enjoy cultural products autonomously, living an individual experience. 

Hence, these tools tear down the spatial and temporal boundaries and create new consumption 

opportunities for customers. 

Eco-systemic innovation. In order to explain the meanings and contents of the eco-systemic 

innovation, it is important to recall two important concepts: the “destination” and the “network”. A 

destination is defined as a complex product (Della Corte, 2000; 2013), influenced from the actions 

of several actors. In order to ensure the safeguard of each firms’ interests and the achievement of 

the single and common objectives, firms have to adopt a networked logic for the destination 

success. The networked logic at a destination level refers to the capabilities in activating profitable 

interactions among local actors and between local and external actors (Della Corte, 2012), 

considered strategic in increasing both the individual and the systemic competitiveness (Ziman, 

1991; Rothwell, 1992; Lundvall, 1992; Morvillo, 2007). Interactions and exchanges allow firms 

obtaining knowledge benefits deriving from a deep understanding of the context and filling the 

existing lacks of the destination with new solutions, improving territorial quality (Cominelli and 

Greffe, 2012). 

Partnerships. Collaboration practices can support firm process of creating, building and 

maintaining competitive advantage since they allow the use of knowledge with the benefit of the 



overall involved parties (du Plessis, 2007). Through collaboration initiatives, firms have the 

possibility of better codify tourists’ needs, suggestions and complaints and then better addressing 

organizations efforts in the light of new issues and perspectives expressed by the customers as 

well as by the other actors with which the firms interact. This variable is an extension of eco-

systemic innovation. 

The collaboration is an important path in the light of “organizational restructuring” (Coulson, 2012) 

and, sometimes, essential for the gain of competitive advantage in the current scenario where 

financial, organizational and institutional rules request new and smart solutions. 

The success of inter-firm collaboration resides in the entrepreneurial capabilities regarding the 

networking activities (Coulson, 2012). 

According to the emerging trends in marketplaces, these partnerships can occur at local as well as 

at international level and can involve one or more partners. For these reasons, it is important to 

study partnerships analyzing their occurrence, the involvement of actors of different sectors and 

the related areas (local, national, international). A meaningful example is the partnership between 

British Museum and Samsung in 2008 for the development of The Samsung Digital Discovery 

Centre that has transformed the museum into a digital learning centre, involving families and 

children to explore the Museum’s collections thanks to the most innovative Samsung technologies. 

Public-private cooperation. Public-private cooperation is a specific form of partnerships that 

involve public and private actors for short or long-term activities. This public-private cooperation 



also shapes part of eco-systemic innovation. These initiatives can create benefits for the 

stakeholders of a destination, i.e. through the activation of fundraising activities and sponsorships 

from museums or of cooperation initiatives with other firms of the territory in which they are 

located. Indeed, cultural activities can create an economic empowerment for the destination if 

conveniently and correctly correlated with other local activities (UNCTAD Creative Economy Report, 

2010). 

Discussion 

The results of our analysis, coming from the observation of cultural firms’ websites and social 

media, appear extremely interesting.  

According to the different dimensions of innovation (figure 2), we tried to calculate firms’ 

propensity to innovative activities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: The innovation topics according to the different dimensions 



 

 

 

 Source: Our elaboration. 

 

The premise is that strategic innovation (Markides, 1997) lies in firm’s capability in creating or 

identifying new opportunities through continuous relationships with the main actors of the sector 

in which it operates and in combining internal and external resources in order to get competitive 

advantage. Hence, this can be considered as the basis for the creation and for the implementation 

of the different dimensions of innovation.  

With reference to the organizational innovation, cultural sites’ structures show that general 

managers usually come from the cultural heritage sector, so in most cases (21 firms) they do not 

have managerial background. In addition, almost 50% of the cultural sites do not create 

multidisciplinary teams for their new or complex activities: only four firms of the analyzed cases 
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introduce partnerships or fellowships in order to mix different competences. As regards the 

organizational structures, as a consequence, in more than half of the analyzed cases (15) the 

structures are simple, including a president, a director (and, sometimes, a vice-director) and the 

operative staff. 

With reference to the marketing and service dimension, we collected information about the 

activities that show a certain degree of innovation in the service provided. According to the core 

service, 19 cultural firms have introduced innovative activities in their offer such as temporary 

exhibitions, educational programs, events and so on. In the case of supplementary services, 

cultural firms offer activities that differ according to their degree of innovation and only four of 

them have introduced high-innovative activities such as virtual visits, interactive displays and so 

on. 

With particular reference to the customer involvement, results show that most of the analyzed 

cases (14) do not focus on activities that stimulate a greater involvement of visitors: their 

participation to the online activities, for example, is spontaneous in most cases (15). Only a few 

firms, in fact, ask their visitors to give suggestions or feedback about their experiences. Similarly, 

their CRM activities show a low degree of innovation (14) since only in a few cases they activate 

advanced CRM mechanisms (Iasevoli and Massi, 2008), such as online customer satisfaction 

surveys. These cultural firms work on the whole customer experience, attracting new audiences 

through the offer of innovative proposals both for temporary and for permanent exhibitions.  

This is extremely clear with reference to the activities through which firms can obtain information 



about customers’ needs: even if most of them, in fact, use the Facebook’s ranking function as a 

recommendation system (15), they do not respond quickly to customers’ complaints or 

suggestions, so it seems that these activities are not used in an effective way. As regards 

technological tools, on the contrary, 17 firms out of 23 have already introduced media and social 

innovation tools in their offer. 

The fourth analyzed dimension is the systemic innovation. In this case, we investigated about the 

nature and the typology of collaboration initiatives that cultural firms have activated. In some 

cases (12), these collaborations occur between cultural firms and refer to collections exchanges for 

temporary exhibitions. In other cases (11), cultural firms activated collaboration initiatives with 

high-tech companies or other firms, aiming at improving their brand image or their offers. 

Another aspect that has to be taken into account is the public-private cooperation, since these 

initiatives show a certain correlation with the nature (public or private) of the firm. 

All these dimensions confirm the fact that cultural firms are part of the experience economy 

(Camarero et al., 2015). Findings show that the adoption of innovation has a significant impact on 

customer experience and therefore involvement. 

Cultural firms are more and more aware of the importance of innovation and are moving in this 

specific direction. The greater efforts refer to the transversal component of technology in 

supporting the organizational, marketing and service, systemic and strategic dimensions. Indeed, a 

high presence of technovation (technology + innovation – Hume, 2015; Pianesi et al., 2009) is 

aboserved in the most interesting cases. 



Particularly, from the questionnaire, submitted to decision makers, it comes out that the capacity 

to innovate is nested at the managerial level. This reflects the fact that innovation must not only 

be created and implemented but also managed and continuously renewed. 

They agree on the extreme importance of technological innovation both as a cross-component of 

the other forms of innovation and as a quasi-independent dimension in high connection with 

service innovation. 

They strongly believe in interfunctional coordination, as regards the organizational dimension, 

since it allows to create a superior customer involvement through the leveraging and the 

coordination of resource and capabilities of different functions or departments. The constant 

debate among all departments/functions permits to not disperse the investments done in the 

field of innovation that refer to the delivery of a wider customer involvement and experience.  

Decision makers also confirm the essential role of marketing activities in this kind of firms. Finally, 

what emerges from the interviews, is the different level of systemic integration. Indeed, while 

some firms show a high degree of systemic vision since they already operate through co-shared 

activities; others do not point out collaborative behaviours with the other players of the 

destination, although they know how they could be strategic for both the development of 

innovation and for the strengthen of the image and attractiveness of the firm itself. 

 

 

Fig. 3: Firms propensity to innovative activities 

 

 



 

Source: Our Elaboration. 

Furthermore, Categorical Principal component Analysis (table 1) shows that interactions among 

the actors of the ecosystem seems not to be strictly linked to cultural firms’ innovativeness or to 

have a very weak impact. Therefore, we decided not to consider this variable as relevant for the 

sample of our selected cases. 

Table 1- Categorical Principal component Analysis 

Eco-systemic 

innovation 

Partnerships Scale 
- Same sector 

- Different sectors 
0,11 

Item 

Excluded 

Public Private Cooperation 

- Not available 

- Totally absent 

- Present in some 

cases 

- Always present 

  

-0,15 
Item 

Excluded 

 

 

Results, limits and imlpications 



The paper proposes an application of the concepts of smart (user and open) innovation in a 

perspective that takes into account three main dimensions: the marketing one, the organizational 

one and the eco-systemic one, all invested by ICT. The results consider the ecosystem as a key 

player in this process. The empirical research did not completely satisfied hypo 1, since smart 

innovation seems to be an obliged path for cultural firms, to get competitive parity. Descriptive 

analysis, however, opens up new horizons for the firms that will be able to develop distinctive 

innovation resources and competences. Hypo 2 is instead confirmed since cluster analysis shows 

different behaviours and different levels of innovation, with significant differences in the intensity 

of innovation. From a theoretical point of view, the model represents an advance of previous 

frameworks (Della Corte et al, 2009), opening the perspectives according to the different 

considered strategic approaches. 

Variables are proxies of these firms’ communicated innovation, also because the majority of the 

analysed cases was not collaborative through interviews and suggested to look at the websites 

and social network pages, from which all information could be drawn. Probably, an experience-

based survey (deep visit of the sites and interviews to the staff at different levels of the 

organization and other actors of ecosystem) is useful to amplify the results. 
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Abstract 

Purpose/ Research Question: Mobile service innovation has transformed the traditional booking 
patterns in the taxi industry. In the past, it was impossible for passengers to screen fraudulent taxi 
drivers in advance. More recently, however, with the advent of mobile service innovation, 
introducing mobile reputation management systems and disclosure of ratings allows for ex-ante 
screening. Reputation management systems have been adopted in many electronic trading platforms 
and researchers have argued that online reputation management systems reduced fraudulent behavior 
and promote cooperative behavior. In this study, we investigate whether the introduction of mobile 
reputation management systems in the taxi industry reduces fraudulent behavior and promotes 
cooperative behavior among taxi drivers.
Key Literature Reviews: Since Axelrod’s research on the evolution of cooperation, many 
researchers have applied the framework of game theory to interactions between people. Yamamoto 
et al. (2004) studied virtual reputation management systems in an online C2C market by applying 
the concept of an N-person iterated prisoner’s dilemma (NIPD) game and they argued that 
introducing online management system promoted cooperative behavior. We interpret interactions 
between taxi drivers and passengers as a game between service providers and consumers. Taxi 
drivers choose whether to cooperate, and passengers award them stars on a mobile taxi service 
application. Current mobile taxi service applications such as Kakao Taxi mandatorily ask passengers 
to rate taxi drivers, but, as these ratings are not disclosed to passengers, such reputation management 
systems fail to deliver. Therefore, we modeled a virtual mobile taxi service with a reputation 
management system to answer our research question.
Design/ Methodology/ Approach: Our model is based on a spatial NIPD game, and we used agent-
based modeling to develop it. Taxis and passengers with different strategies are distributed randomly 
around the space. Taxis randomly wander around until they find passenger and passengers also 
wander around until they find taxi. Taxi drivers’ payoff is determined by payoff matrix and each 
agent’s strategy. Adding characteristics of an evolutionary prisoner’s dilemma game to a spatial 

 

NIPD game allows taxi drivers to change their strategy depending on their income. 
When introducing mobile reputation management system, passengers rate taxi drivers. And 
passengers select their taxi driver beforehand, utilizing accumulated rating information via the 
mobile application. Reporting fraudulent taxi drivers to the taxi service becomes easy in the mobile
environment. The mobile taxi service provider directly imparts a penalty to fraudulent taxi drivers.
In model calibration, the taxi drivers’ income in the basic model follows the normal distribution, and 
it successfully replicates the shape of the real-world normal distribution. 
(Expected) Findings/Results: We obtained three major results through our simulation. First, 
introducing the mobile reputation management system reduced the average fraud rates. Affecting 
taxi drivers’ incomes, fraudulent taxi drivers had fewer passengers than taxi drivers who rarely or
never committed fraud. Further, fraudulent taxi drivers shifted their strategy to cooperative. As a 
result, by introducing a mobile reputation management system, on average, taxi drivers behaved 
more cooperatively toward passengers. Second, increasing fines imposed on fraudulent taxi drivers 
promoted overall cooperative behavior toward passengers. In contrast, with decreasing fines, taxi 
drivers changed their strategy for committing fraud. When fines were high, the effect of rating 
disclosure appeared to be strong. In contrast, with low fines, most taxi drivers committed fraud, and 
rating disclosure only reduced the average percentage of fraud. The results suggest that, to reduce 
taxi drivers’ fraudulent behavior, an appropriate level of fine should be determined before ratings are 
disclosed. Third, after disclosing the ratings, the average rating increased. Screened by passengers, 
taxi drivers with low ratings changed their strategy to maximize income. Thus, rating disclosure 
improves taxi service and increases passenger satisfaction.
Research limitations/ Implications: The methodological implication of this study is integrating a 
spatial NIPD game model with a spatial evolutionary game model. The assumption of fixed strategy 
for each agent limits the spatial NIPD game model in that it cannot reflect how agents change their 
strategy in the real world. A spatial evolutionary game assumes that agents are fixed, with other 
agents enclosed in the cellular automata space. By adding evolutionary characteristics to a spatial 
NIPD game, we integrate the two models. 
Our approach offers a direction for future spatial game simulation studies. The results suggest that 
introducing a mobile reputation management system to a traditional taxi service environment can 
promote cooperative behavior among taxi drivers. Despite concerns about how mobile innovation 
could alter traditional services, this study carries an optimistic message: people adapt flexibly to a 
new environment of mobile innovation. To explore further how technology and human behavior co-
evolve, interdisciplinary approaches and different methodologies are needed. In this study, we 
introduced a virtual mobile reputation management system that has not been created yet; hence, it 
does not evaluate the real-life effect of mobile reputation management systems. Future empirical 
research based on actual data will contribute to this discussion.
Keywords: ABM, Mobile Taxi Service, Spatial NIPD Game, Mobile Reputation Management 
System, Fraudulent Behavior
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Abstract  

Recently, there has been tremendous interest in innovative ideas, thus it is important to facilitate 

the generation of ideas. One of the most effective approaches is analogical thinking, which ena-

bles us to develop new ideas by transferring information from well-known domains and utilising 

them in the new domain. However, using analogical thinking does not always yield appropriate 

ideas, and there is a lack of consensus among researchers regarding the evaluation methods for 

assessing new ideas. Here we define the appropriateness of generated ideas as those which have 

high structural and low superficial similarity with their source ideas.  

This study investigated the relationship between thinking process and the appropriateness 

of ideas generated through analogical thinking. We conducted four workshops with twenty-two 

students in order to collect our data. All generated ideas were assessed based on the definition of 

appropriateness in this study. The results suggest that the participants who deliberated more be-
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fore reaching the creative leap stage and those who engaged in more trial and error for deciding 

the domain of a new idea had a greater possibility of generating appropriate ideas. Our findings 

open new strategies to design workshops, which enhance the appropriateness of new ideas.  

Keywords: analogical thinking, idea generation, innovation workshops, thinking processes in 

ideation, assessment of new ideas 

 

Introduction 

Despite its tremendous contribution to technological or theoretical innovation, academic institu-

tions have been criticised for the reason that academia is insensitive to the rapid changes in the 

real world, moreover, it neglects the realities. In response to these criticisms and social needs, in 

the last few decades, a number of research centers and departments have been founded, focusing 

on new idea generation as a strategy for coping with social changes. Reflecting the increasing 

needs for facilitating generation of new ideas, many academic institutions provide educational 

programs for promoting innovative idea generation. This paper focuses on idea generation using 

analogical thinking to identify factors, which enable us to generate appropriate ideas through the 

innovation workshop. 

 

Analogical thinking for idea generation 

Analogical thinking is the cognitive process of transferring information or meaning from a partic-

ular subject (the source) to another one (the target). Welling (2007) defined analogical thinking 

that ‘implies the transposition of a conceptual structure from one habitual context to another in-

novative context. The abstract relationship between the elements of one situation is similar to 

those found in the innovative context.’ (p.168). Glynn, Britton, Semrud-Clikeman, and Muth 
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(1989) defined analogy as serving an explanatory function when it puts new concepts and princi-

ples into familiar terms. Analogy serves a creative function when it stimulates the solution of ex-

isting problems, the identification of new problems and the generation of hypotheses.  

Numerous previous studies have supported the idea that analogical thinking plays a cen-

tral role in creative idea generation because it can foster insights into new domains by analogies 

of prior knowledge (Finke, Ward, & Smith, 1992; Gentner et al., 1997; Hesse, 1966; Holyoak & 

Thagard, 1989; Koestler, 1964; Perkins, 1997). Clement (2008) examined sources of creative sci-

entific theory formation in the domain of non-formal reasoning. He observed that analogies are 

frequently used by scientists in problem solving. Gick and Holyoak (1980) conducted five exper-

iments with university students solving Duncker’s radiation problem(Duncker & Lees, 1945).  In 

the original experiment, forty-two subjects were asked to solve the radiation problem and only 

two of them could find the solution. Gick and Holyoak (1980) designed five experiments and in 

one of their experiments, twenty-seven subjects were given a story analogy and two irrelevant 

stories before they were presented with the problem to be solved. Meanwhile, twelve of them 

were instructed to use those story analogies to solve the radiation problem; but in the other group 

of fifteen subjects were not given any hint to utilise those story analogies for problem solving. As 

results, they found that when subjects were instructed to use analogical thinking, 92 per cent of 

them solved the problem, while only 20 per cent of the others were able to find the solution.  

Analogical thinking also plays an important role in creative idea generation. For instance, 

Le Corbusier, who made frequent use of analogical reasoning, transferred the structural principle 

of the double-membrane shell to the roof for designing the Ronchamp chapel in France. 

Afterward, adjustments were made to guarantee the proper functioning of this concrete shell to its 

role as a roof, including insulation, drainage, as well as aesthetic and structural properties con-

cerning the large overhangs that shape the building with its special silhouette (Goldschmidt, 

2001). 
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The power of analogical thinking is to reveal common structures and to import structure 

from a well-articulated domain into a less coherent domain makes it the foremost instrument of 

major theory change (Gentner et al., 1997). Holyoak, Lee, and Lu (2010) defined analogical 

thinking as focusing on abstract relational categories. Goldschmidt (1995) affirmed that the carry-

ing over of surface features only, without a structural similarity to underpin them, may lead to a 

false analogy and consequently to the wrong solution to a problem. 

 

Structural similarity and superficial similarity in analogical thinking 

Blanchette and Dunbar (2000) claimed that analogies are generated by superficial or structural 

similarities from the memory. They conducted three experiments with forty-nine subjects, twelve 

subjects, and twenty-two subjects each. In the first two experiments, subjects were asked to gen-

erate as many analogical sentences as possible in twenty minutes regarding the topic of the zero-

deficit issue after instruction in the use of analogies, by group for the first experiment, and by in-

dividual for the second experiment, e.g. ‘The deficit is like cancer, you have to get rid of it. Also, 

it multiplies if you don't take care of it.’  For the third experiment, subjects were given various 

sources to read, after a while, they were asked to read new stories and to say which of previous 

source stories they were reminded of by the new stories. To analyze the data, all the generated 

analogies were categorised based on the semantic features of the domain, such as econom-

ic/politics, animals/farming, illness/medicine. In this research, superficial similarity regarded as 

the resemblance between the semantic category of analogies generated and the target domain of 

zero-deficit issue. Structural similarity refers to the resemblance in the underlying systems of re-

lations between the elements of the sources and the elements of the target. For example, a partici-

pant generated an analogy such as ‘If you stop giving pesticide to you apple, then all your apple 

die. Likewise, if you cut social program, then negative consequences follow.’ Here, two state-

ments have a common structure in terms of the relation of elements in the sentence. The main 
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finding of this research is that the generation task motivated people to use more structural 

similarity, while in the reminding task people used predominantly superficial features. This study 

revealed that in the generation task in experiments I and II, people use analogical sources that do 

not have superficial features in common with the target. Most of the analogies were generated 

from non-superficial features of a given target (66.7 per cent in experiment I; 80.6 per cent in ex-

periment II) while most of them used structural similarity (78.1 per cent in experiment I; 89.7 per 

cent in experiment II). However, when the task was changed to a reminding task, 65 per cent of 

retrievals were from surface similarity, while only 16 per cent were based on structural similarity. 

Many studies suggest that the structural similarity could be presented by matching the re-

lation of each element in one idea to the other idea by introducing the structure-mapping frame-

work (Falkenhainer, Forbus, & Gentner, 1989; Forbus, Ferguson, & Gentner, 1994; Forbus & 

Oblinger, 1990; Gentner, 1983) Intra-domain analogies are based on both superficial similarities 

and structural similarities between the target and the sources, whereas inter-domain analogies are 

based only on structural similarities, or underlying principles between the target and the sources. 

For creative idea generation through analogical thinking, it needs not to use superficially similar 

analogies but structurally similar ones, i.e. cross-domain analogies enable us to generate more 

novel ideas than within-domain analogies. The process of structural comparison acts as a bridge 

by which similarity-based processes can give rise to abstract rules (Gentner & Medina, 1998). 

Analogical thinking lead us to form a schematic structure in which the object is replaced by vari-

ables, while retaining the common relations (Winston, 1982). 
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Arguments for the assessment of new ideas and the thinking processes in idea 

generation 

Despite all of the attention to new idea generation, the assessment method on new ideas is still 

problematic. It has been acknowledged that creativity is one of the most complex of human func-

tions and that it is also one of the most difficult psychological constructs to define and measure 

(Hocevar, 1981). For this study, it is important to examine arguments on assessing the generated 

ideas to propose an evaluation method. In addition, to identify the thinking process that enhances 

the appropriateness of generated ideas, this section also reviews current arguments on the think-

ing process for idea generation. 

 

Drawbacks of existing assessment methods 

The measurement methods for creativity or appropriateness of new ideas used at present are con-

troversial because they involve subjective judgments, are time consuming, lack comprehensive-

ness, and adopt instruments that have no theoretical grounding (Salcedo, 2006). Researchers have 

been dissatisfied with definitions related to the creativity or innovativeness of new ideas, as well 

as evaluation methods of assessing new ideas.   

In practice, companies or designers usually evaluate innovation ideas with a small group 

of experts based on the criteria, which are defined with their attributes by the purpose of the idea 

development. However, there is no guarantee that judges will understand and be guided by the 

sometimes complex definitions, and there is little research that shows that instructions even make 

a difference (Hocevar, 1981). In past studies, numerous kinds of measures have been used to 

evaluate ideas, and each measure has its own set of limitations. For example, in the single-

dimension measures of idea evaluation, raters may consciously or unconsciously include multiple 
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constructs in a single rating (Dean, Hender, Rodgers, & Santanen, 2006). On the other hand, for 

multidimensional measures, raters also may consciously or unconsciously be influenced by other 

dimensions or sub-dimensions. Furthermore, even if the guidelines on evaluation are given to 

raters, they may have different biases, point of views, and standards.  

On the other hand, several studies have tried to evaluate the novelty of ideas with less 

subjectivity. Connolly, Jessup, and Valacich (1990) focused on the rarity to assess the novelty of 

generated ideas. They conducted computer-based group brainstorming with seventy-two students 

to generated ideas for solving problems regarding the parking issues inside the campus. The rarity 

was determined by counting the number of subjects who proposed the same idea, i.e. the rarer the 

idea, the higher its rarity score. However, this approach has limitations because the result will be 

changed by the number of ideas in an idea pool, and it is not easy to differentiate between ideas 

that are repetitive or slightly different from other ideas.  

To evaluate the generated ideas from analogical thinking, it is necessary to examine the 

similarities and differences between elements (Berlyne, 1960). As mentioned in Section 1.2, the 

similarities in analogical thinking are divided into ‘superficial similarities’ and ‘structural similar-

ities’. Blanchette and Dunbar (2000) outline an evaluation method for the superficial and struc-

tural similarities in analogies. However, their evaluation method does not account for the appro-

priateness of the generated analogies. According to their study, superficial similarities are judged 

by the semantic resemblance between the source and target in terms of their domain, e.g. if the 

source analogy addresses the importance of nutrition in planting (which is semantically catego-

rised as ‘farming’) to emphasise the importance of social welfare budget (categorised as ‘econom-

ics/politics’) as the target, the domain of source is superficially far from that of the target, which 

is, the zero-deficit policy. For assessing structural similarities, they identified ten categories 

through the grouping process based on the underlying structures in the analogies between the 

source and the target, e.g. in their experiment, eleven source analogies were generated based on 
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the structure of ‘If cut X, then negative consequence.’ which correspond to ‘if we cut budget for 

social program, then negative consequences’ in the target. On the other hand, twenty eight out of 

128 generated analogies did not have common relational structures between the source and the 

target. 

 

Myths on thinking process for idea generation 

In many studies, the 4Ps (Person; Process; Product; and Press) are widely accepted framework for 

explaining the factors essential for creativity (Rhodes, 1961).  Amongst the 4Ps, this study is fo-

cusing on thinking processes, which more open to instruction and analysis through workshops. 

Regarding the thinking process, people used to believe that creative ideas come from the sudden 

moment of insight that involves the unconscious mind. Many of the beliefs in creativity argue that 

we tend to think that ideas emerge spontaneously, from the unconscious mind of the creator. Cre-

ativity may sometimes be significantly influenced by serendipity, chance, and accidents (Runco, 

2014).   

In the field of creative design studies, the ‘creative leap' is a significant concept, often re-

ported as arising in sudden illuminations (Cross, 1997). In design process, the creative leap is 

characterised as a sudden perception of a completely new perspective on the situation different 

from what we previously understood (Dorst & Cross, 2001). The creative leap allows us to identi-

fy the points at which the key concept or key element began to emerge during the ideation pro-

cess. Retrospective accounts of creative moments in ideation decided by the participants them-

selves may not by perfectly reliable, however, several empirical studies of creative design focus 

on this creative leap moments. For example, Akin and Akin (1996) focus on the analysis of the 

'aha!' moment, which is a well-known phenomenon associated with creativity from the sudden 

mental insight. While generating an idea, creators probably have experience of the sudden illumi-
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nation, which is called the creative leap, or mental leap. For example, in creative design tasks, 

designers may clearly recognise breakthroughs or significant concept generation points, exclaim-

ing ‘Ah-ha!’, ‘Eureka!’ or ‘Good idea!’. Cross (1997) pointed out that the sudden illumination is 

more like building a ‘creative bridge’ between the problem and the solution space and expression 

of the concept actually ‘accumulates’ through a lot of prior concepts, examples, and discussion.  

However, this study regards the creative leap stage as an insight or a distinguishable mo-

ment driven by a series of analogical thinking, not as pure serendipity. The creative leap moment 

should be considered as a result of a smooth incremental, build-up from previous ideas or it is a 

sudden extraordinary break from previous ideas during the thinking process.  

 

Data collection: The innovation workshops for this study 

The workshops for this study were conducted four times with a total of twenty-two university 

students (fifteen males; seven females) from fourteen different countries, between 2014 and 2015. 

Participants were recruited as volunteers from those who took related courses in the department 

of engineering, and who registered for the mailing list. The subjects were recruited and informed 

regarding the innovation workshop via emails. The main topic of the workshop in this study was 

to create new services based on collective intelligence. According to an often-cited definition, 

collective intelligence is a form of universal, distributed intelligence, which arises from the col-

laboration and competition of many individuals (Lévy, 1997). With the rapid growth of the in-

formation technology industry, the collective intelligence service has received much attention in 

the field of innovation.  

The innovation workshops consisted of a pre-task and two main tasks: 1) a pre-task for 

acquiring knowledge on the existing business cases. All subjects had to read the case material of 

twenty-five collective intelligence services including well-known services such as Amazon.com, 
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or Google Japanese input, as well as services unfamiliar to the participants but popular in Japan, 

such as Tabelog, or @Cosme.; 2) a categorisation task for understanding the underlying mecha-

nism of the existing services; 3) an idea generation task for creating new service ideas using ana-

logical thinking based on the categorisation they had created in the previous task. Each partici-

pant was asked to create new service ideas using analogical thinking sourcing from the title of the 

category as well as the selected cases upon his or her preference. Subjects had to complete both 

categorisation and generation tasks within one hour for each task and there was a fifteen-minute 

break between the tasks. The categorisation task was performed by group discussion, while the 

generation task was performed individually.  

Subjects were asked to bring their own laptop for the workshop to connect to the shared 

screen, and to carry out the tasks using APISNOTE software, which is developed for the innova-

tion workshops. APISNOTE records specify each note with the actual time of its creation in the 

‘hh:mm:ss’ format, so that we could analyze the thinking process based on the contents of notes 

produced during the generating task. It is a powerful tool not only for collaborative information 

processing, but also for recording the thinking process at an individual level. During the categori-

sation task, which requires group discussions, APISNOTE is displayed on a large shared-screen. 

The entire workshop process was recorded in both videos by 360-degree cameras and the texts by 

APISNOTE, which allows all participants to record their ideas as notes and share those with oth-

ers who are connected on the network.  

[Figure 1 near here] 

After the workshop, subjects were asked to retrace their ideation process, using the pro-

vided cues from APISNOTE which show the history of ideation process with the time stamped 

notes they created during the workshop. Face to face interviews were conducted to ask them to 

explain what made them generate each note using the APISNOTE, then they were asked to indi-

cate the creative leap stage in terms of the note they created during the idea generation task. 
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Results 

Participants created twenty-two notes in average for the generation task (min=12, max=41, 

std=8.5). twenty ideas were created in total, from the four workshops. In this study, the idea gen-

eration task was performed individually, thus, the unit of analysis is each individual.  

 

The assessment method for new ideas 

In this study, a focus is placed on the generation of ideas using analogical thinking. There are two 

distinct dimensions in the idea generation through analogical thinking: superficial and structural 

analogies (Blanchette & Dunbar, 2000; Dunbar & Blanchette, 2001). Many authors have argued 

that structural similarity is the crucial defining feature of analogical thinking. If the ideas are cre-

ated based on a structural similarity with the source ideas, it increases the chances to take ad-

vantage of the effective mechanisms already demonstrated. However, this approach does not al-

ways guarantee the appropriateness of generated ideas. For generating an appropriate idea, it is 

expected to keep the structural similarity but to be in the superficially different domains from ex-

isting cases, i.e. when participants are instructed to use analogical thinking to generate new busi-

ness ideas, they should create the business ideas which are far from the already existing domains, 

but possible members of the one of existing business mechanisms.  

In this study, a new idea that has high structural similarity and low superficial similarity 

with existing cases is defined as an appropriate idea. Consequently, the appropriateness of a new 

idea is evaluated from superficial similarity and structural similarity as shown in Figure 2. 

[Figure 2 near here] 
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As presented in Figure 2, the highlighted quadrant is for the ideas representing the struc-

ture of source cases in a semantically different domain, i.e., it has low superficial similarity and 

high structural similarity with the source cases. On the other hand, if an idea is generated with 

implying the structural features of source cases but applying it in a similar domain or not having a 

structural similarity from existing cases, this method does not evaluate those ideas as appropriate 

ideas.  

After defining the dimensions of evaluation, the scale of the assessment on each dimen-

sion must be developed. Structural similarities were judged by investigating if the new ideas were 

generated using the underlying structures of source ideas or not. Since collective intelligence ser-

vice was the main topic of the workshop, the exemplary structures in collective intelligence ser-

vices were determined. Four researchers in the innovation science study group categorised the 

twenty-five cases individually and created twenty-six category labels, those labels were classified 

into four groups by cluster analysis: 1) Crowdsourcing; 2) Human computation; 3) Social compu-

ting; 4) Data mining (see table 1). Further, this classification was supported by the related re-

search on the classification of collective intelligence (Devadasan, 2011; Malone, Laubacher, & 

Dellarocas, 2009; Quinn & Bederson, 2011). Consequently, we analyzed the business structures 

of the newly generated ideas from participants and categorizing them according to the classifica-

tion as shown in Table 1.    

[Table 1 near here] 

Superficial similarities were measured by the latent semantic analysis application 

(http://lsa.colorado.edu) that is a mathematical, as well as a statistical technique for extracting and 

representing the similarity of meaning of words and passages by analysis of large bodies of text. 

The raw data for LSA are meaningful passages and the set of words, and a matrix is constructed 

whose columns are words and whose rows are documents. The cells of the matrix are the fre-

quencies with which each word occurred in each document. The data upon which the analyzes 
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reported below are based consist of a training corpus of about 11 million words, yielding a co-

occurrence matrix of more than 92,000 word types and more than 37,000 documents (Kintsch, 

2001). To compute semantic similarities of the domains among the sources and the new idea in 

the corresponding structure, keywords of the most obviously providing services, products, or tar-

geting users, which constitute the domains in each business case were selected with specific, less 

ambiguous terms.  

From the four innovation workshops, ten out of twenty generated ideas were assessed as 

appropriate ideas using the evaluation method described above. As we can see from the results, 

analogical thinking does not always promote appropriate idea generation. Among the ten partici-

pants who failed to generate an appropriate idea, five of them were able to import the structural 

features from the source cases, however, unable to apply them to the new domain, which are su-

perficially far from the existing domains. The other five subjects failed to apply the underlying 

structures of any source cases.     

 

Thinking process: Deliberation before reaching the creative leap and using trial and 

error for domain setting 

We assume that taking longer or making more efforts before the moment of insight helps us to 

improve the performance in generating new ideas. Therefore, it is important to investigate the 

thinking process while generating new ideas, and it was identified by analyzing the records from 

the APISNOTE, and interview surveys. Based on the record in the APISNOTE, each note was 

coded as ‘mechanism of the service’; ‘source retrieval’; ‘domain setting’; ‘domain refining’; ‘title 

of a new idea’; and ‘others’ according to the contents of the note. In addition, ‘the creative leap’ 

was coded, which was indicated by each subject during the interview (see Figure 3).  

[Figure 3 near here] 
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The relationship between the deliberation before reaching the creative leap moment and 

the appropriateness of generated idea has been identified as shown in the figure 4-a).  All the ten 

appropriate ideas were generated after a high degree of deliberation before reaching the creative 

leap moment. However, five out of fifteen participants who demonstrated a high degree of delib-

eration were still unable to generate an appropriate idea. 

From the interview survey, we realised that the 50 per cent of subjects who generated an 

appropriate idea came up with their creative leap moments while alternating the domains for a 

new idea as illustrated below:  

‘First, I thought about the homework coaching idea, but I didn’t think it was novel, then I turned 

back to the mechanism I selected, then, I thought another idea about my own experience, and it 

could be solved with this mechanism. (Participant 2A)’ 

‘First, for the map-based database, I thought about the toilet information on the map, then when I 

see this bike map image, the wifi map came to my mind. (Participant 2B)’ 

‘My creative leap started with the medical examination idea, which came from the structure I 

choose, then I thought about the idea of shaking bed for alarm, then I turned to the blood dona-

tion idea. (Participant 3A)’ 

The degree of having trial and error was measured by the number of domains considered 

for generating a new idea. If a subject considered more than three domains for generating a new 

idea, it is assessed as ‘high’. Also, if a subject deleted his or her previous notes more than five 

times before writing the domain of new idea, it was also regarded as having trial and error. The 

results demonstrated that six out of twenty subjects showed a high degree of trial and error in de-

ciding the domain for a new idea and all of them generated an appropriate idea as shown in the 

Figure 4-b). Thus, it seems that having a high degree of trial and error before deciding the final 

domain for a new idea has a significant relationship with the appropriateness of a generated idea.  
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[Figure 4 near here] 

From the results, it was found that not only having deliberation before reaching the crea-

tive leap moment, but having trial and error in finding a domain is a crucial process for generating 

an appropriate idea through analogical thinking.  

Nevertheless, as we noticed from the results, people often neglect to take those crucial 

steps for generating ideas. In particular, two-thirds of participants failed to use trial and error in 

finding the domain for their new idea during the idea generation task. Of course, it is not easy to 

generate a new idea that exhibits a deep structural similarity but with little superficial similarity 

from the sources ideas. Many studies have suggested that when people face complex problems, 

they tend to focus on familiar ideas rather than to make efforts to think creatively (Collins & 

Loftus, 1975; Mednick, 1962; Tversky & Kahneman, 1974). However, the findings in this study 

provide insights for developing workshop design methods to encourage participants to use ana-

logical thinking for generating appropriate ideas.  

 

Conclusion and Discussion 

Although numerous studies have suggested methods that have been demonstrated to encourage 

people to create new ideas, there is a lack of research which empirically identifies factors for en-

hancing the appropriateness of generated ideas. This research focuses on analogical thinking and 

investigates the relationship between the thinking process in idea generation and the appropriate-

ness of generated ideas. The results of this study suggest that a high degree of deliberation before 

reaching the creative leap moment and trial and error while finding the domain for a new idea 

enhance the appropriateness of generated ideas. 

However, the findings of this study have some limitations mainly due to the lack of sam-

ple size, since we only investigated twenty sample ideas. There were several restrictions in re-
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cruiting participants: they should be fluent English speakers, and interested in the innovation 

workshop to participate voluntarily. The number of subjects is relatively small and the demo-

graphic characteristic of samples were limited to English speakers as a second language, under-

graduate or graduate school students in their twenties or thirties. In further studies, more work-

shops need to be conducted to increase the number of samples to give more robust statistical sup-

port to the findings.  

In addition, the topic of the idea generation task in this study was given to the participants, 

and it was confined to create a new service idea based on the collective intelligence. During the 

workshop, subjects were free to select the domain of problem to be solved after acquiring 

knowledge of the business mechanisms through reading a booklet of the twenty-five case studies 

and group discussion. In further studies, the topic of idea generation tasks should be expanded to 

include diverse fields based on the needs of participants, for example, new products development. 

Most importantly, there are issues in validating the proposed evaluation method. A possi-

ble reason for the lack of validation of an evaluation method is the philosophical and methodolog-

ical problems involved in validating methods (Moody, 2003). Rescher (1977) claimed that human 

knowledge consists of two types: 1) knowledge that, which define statements or assertions about 

the world; 2) knowledge how, which define ways of doing things.  He argued that an entirely dif-

ferent approach is required to validate methodological knowledge. If the methods have not the 

value of truth but pragmatic value, it cannot be true or false but only effective or ineffective. In 

this case, the validity of a method can only be established by applicative success in practice. The 

objective of validation in our study should not be to demonstrate that the method is ‘correct’, but 

it has practical rationales to apply the method based on its pragmatic success.  However, we still 

need to validate the proposed evaluation method by having more trained raters who test the pro-

posed evaluation method in further studies. In spite of those limitations, our approach is important 

not only because it allows us to overcome weaknesses in current assessment methods, which de-
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pend on subjective judgment, but also it enables further studies of how people generates appro-

priate ideas by observing all the ideation process. The proposed method in this study allows us 

not to be biased in favor of particular subjectiveness of raters.   
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Figure 1 (a) Example for worksheets of the APISNOTE; (b) example of the created notes by a 

participant for idea generation 
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Figure 2 The proposed evaluation method 

 

Table 1  Structural categories of the source cases and generated ideas 

Structure Source cases The title of generated ideas 

I. 

Crowdsou

rcing 

Katariba café  

Lang-8 

Conyac 

Creative agency for everyone 

Lancers 

Kopernik 

InnoCentive 

Logo Tournament 

Soft loan for educating the poor 

Quick geek fix 

Fill out my forms 

Job finer for graduate 

Childcare 

Services for educating minor groups 

Job advisor 

Count 8 7 

II. Human 

computa-

tion 

Price.Com 

Rakuten Travel, voice of users 

at cosme 

Tabelog 

 



Identification of Factors for Creating Appropriate Business Ideas Using Analogical Thinking 

22 

Wedding Park 

4 travel 

Yahoo Weather 

Dating expert 

Count 8 0 

III. Social 

computing 

Open ideo 

User creating weather news 

Bike lover’s MAP 

Cook pad 

YOMIURI ONLINE Comments 

City microscope 

Wifi finder 

Moral and sex education 

Count 5 3 

IV. Data 

mining 

KuraSushi   

Amazon.com 

Google Japanese Input 

POS system 

Ultimate movie recommendation 

Blood donation 

E-database for shopping mall 

Personal education 

Career change 

 4 5 

Not appli-

cable 

 Beauty map 

PET bottle finder 

Cut&fill 

Immersive education in microworlds 

Elite education 

 0 5 

Total 25 20 

 

Figure 3 Example of coding for thinking processes of each participant in the generation task 
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Figure 4 Relationship between the appropriateness of generated idea and a) deliberation before 

reaching the creative leap; b) having trial and error in finding a domain 
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Abstract 

Although it is conventional wisdom that innovation requires free mind, diversity, or creativity all 

of which are closely associated with political and organizational decentralization, it is in fact 

more politically centralized countries in East Asia that successfully capitalized on innovation to 

catapult their economies onto the growth trajectory. Scholars have thus wondered if this is an 

exception rather a rule. Are more centralized countries innovative? Existing empirical research 

has produced mixed results. This study introduces a new perspective on this issue. Rather than 

the degree of centralization found in formal institutions, we focus on non-institutional or 

informal dimensions of centralization particularly associated with culture. Using Hofstede’s 

cross-national dataset capturing national culture, we explore how different dimensions of 

national culture are linked to national innovative capacity as proxied by patents. Our preliminary 

findings from the analysis of 34 OECD member states based on the patent data extracted from 

the Patent Cooperation Treaty (PCT) database suggest that non-institutional dimensions of 

centralization account more for the variations in national rates of patents per capita than more 

formal aspects of centralization measured by traditional political datasets such as POLCON. 

While cultural aspects have been examined in technology management at the individual and the 

firm level, this study fills a gap in the existing literature by exploring their relationship at the 

national level. More research is clearly needed to explore the roles of non-institutional features 

facilitating or hampering innovation. 
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1. Introduction 

Are politically decentralized countries more innovative? Since technological innovation prospers 

upon creativity, which in turn hinges on a free-thinking mind, one may well expect more 

democratic countries allowing greater individual freedom to provide a better institutional 

environment for technological innovation, as exemplified by Silicon Valley in the US, one of the 

most politically de-centralized countries.  By the same token, more authoritarian countries with 

greater restriction on individual freedom would be less propitious for innovation.  

Yet the development experience of East Asian countries that grew rapidly under strongly 

centralized political authorities over the last few decades indicates that such conventional 

wisdom may be half true. Japan, the archetype of the developmental state, as well as the Asian 

tigers (South Korea, Hong Kong, Singapore, and Taiwan) all accomplished fast-track 

modernization backed by technological innovation under more or less authoritarian political 

regimes.  

Some might criticize their technology-driven development was essentially based on reverse 

engineering rather than true technological breakthroughs. Yet it is still the case that not all 

countries succeeded in applying and improving upon borrowed technologies for their economic 

take-off. One cannot downplay the significance and importance of learning by doing during the 

technological catch-up process if one notes that many developing countries of similar levels of 

development to that of the Asian tigers at the beginning of the latter’s take-off still remain where 

they were.  

It is thus natural to ask why innovations are hard to come by in more authoritarian countries but 

some relatively authoritarian countries still manage to develop upon technological innovation 

despite the conventional linkages of innovation and de-centralization. 

 

2. Political Correlates of Technological Innovation  

While early discussions of political correlates of technological innovation can be found in the 

works of classical political economists such as Adam Smith and David Ricardo, contemporary 

explorations of political factors and institutions underpinning technological innovation date back 

to the studies of Joseph Schumpeter and Michal Kalecki. Schumpeter’s well-known Mark I and 

Mark II innovations imply different types of organizations and political dynamics resulting from 

them. Mark I innovation is close to current-day innovation thinking in business management, 
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characterized by numerous small entities interacting with one another for cost-reducing 

innovation under almost perfect competition. Such interactions would be best promoted by 

decentralized organizations, whether political or economic. In contrast, Mart II innovation means 

bigger and more fundamental changes in the existing technology enabling a near-monopoly 

position. As such it has close affinity with big businesses as well as more centralized forms of 

planning and control (Malerba & Orsenigo, 1995). 

In his widely cited work, Kalecki (1942; 1968) analyzed the political motivations of financial 

and industrial elites who oppose full employment secured by government spending, and verified 

the role of public investment for innovation. Courvisanos (2009) reinterpreted that innovation 

and R&D activities over a business cycle are strongly connected with political decisions such as 

public investment, following Kalecki’s work.  

Political explanations on innovation also include the studies with specific geographic focus, such 

as the case studies of Central and Eastern European Countries (CEECs). Svarc (2006) and 

Nikolova (2007) analyzed the political change regarding the success and failure of national 

innovation systems (NIS) in Croatia and Bulgaria, attributing the differences in NIS to their 

ability to adapt to change from the socialism to free-market economy. Because most countries in 

this region have experienced similar economic difficulty during the transition from the 

communist to democratic regimes, their experiences have great implications for countries in East 

Asia which are, generally speaking, socially authoritarian and politically centralized. 

Meanwhile, some scholars have explored more explicitly the mechanisms underlying the linkage 

between political decentralization and innovation. Taylor (2007) summarized the linkages of 

decentralization and innovation into four mechanisms, focusing on the effects of vertical 

decentralization.
1
 Firstly, vertical decentralization of power from central to local governments 

tend to increase the number of actors performing as well as participating in R&D activities. This 

proliferation of stakeholders in the national R&D system helps to multiply technological 

experimental efforts. Secondly, as in the Delaware Effect, the increase of political unit leads to 

higher competition for investment or other resources among them, which should in turn 

encourage greater innovation to attract more investment. Thirdly, local governments have greater 

and better information and knowledge on local conditions than remote central governments, 

                                                           
1
 While political decentralization is often taken to mean federalism in the US context, decentralization can 

be either vertical or horizontal. In horizontal decentralization, political power is shared among different 

branches of the government – typically executive, legislative, and judiciary branches. In vertical 

decentralization, political authority is distributed towards local governments away from the central 

government (Taylor 2007, p.233). 
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which would lead to innovations that reflect better local preferences and constraints. As an 

example, with the same amount of R&D money, some states may use it to advance basic 

research, while others use it to fund more practical initiatives. Finally, under decentralized 

governance, it is hard for interest groups to capture bureaucracies, as there are more veto players 

in the political system. Technological innovation would be facilitated more in decentralized 

systems more resistant to capture by vested interests.
2
  

Despite such conjectures on the positive linkage of political decentralization and technological 

innovation, Taylor’s empirical investigation of the national innovation rates has shown very little 

evidence for them. Whether measured with the number of scientific publications, patents, or 

high-tech exports, decentralized countries were no more or no less innovative than centralized 

countries.  

 

3. Adding the Cultural Dimension 

In this study, we revisit the linkage of decentralization and innovation by looking more closely 

into the cultural dimension. The existing studies reviewed above have largely confined 

themselves to “institutional” variables that are manifest in the form of hardware such as 

organizations and other entities. While an institution also includes norms, rules, and expectations 

(North 1990), not much attention has been paid to those less organizational, more software-like 

aspects of the institution when it comes to institutional factors underlying national innovation 

capacity.   

Our study starts with a simple hunch that the mixed empirical evidence for the linkage of 

political decentralization and innovation might be due to the influence of non-institutional 

aspects of decentralization such as cultural attributes. In other words, not only political 

decentralization but cultural decentralization may matter for technological innovation, as 

creativity, ingenuity, or originality underpinning innovative activities would prosper more in 

culturally less authoritarian environments. Even in politically decentralized countries, individuals 

may experience a culturally stifling atmosphere that discourages them from venturing with novel 

ideas. 

                                                           
2
 As to the last mechanism, it is worth noting Tsebelis’ work on veto players (Tsebelis 2002). He has 

shown that the number of veto players as well as their political distances have predictable political 

outcomes including policy stability.   
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In order to examine the cultural dimension of technological innovation, we have relied on the 

cross-national measures of culture devised by Geert Hofstede’s (1980; 1988; 2001), which have 

been widely used in the field of multicultural psychology and other areas applying the notion of 

national culture. Originally derived from the IBM’s project comparing how people solve a 

problem, collaborate with each other, and treat their supervisors in different countries in the 

1960~70s, Hofstede’s measures have evolved into six dimensions of the following: Power 

Distance Index, Individualism as contrasted to Collectivism, Masculinity as contrasted to 

Femininity, Uncertainty Avoidance Index, Long-Term Orientation as opposed to Short Term 

Orientation or Pragmatism, and Indulgence as opposed to Restraint.
3
 More detail on each 

dimension is provided in the next section.  

In a recent study, Taylor & Wilson (2012) have conducted a similar analysis to our own, 

examining the correlations between national culture and innovative capacity with Hofstede’s 

measures. Their study focused largely on individualism, which was founded to have a positive 

effect on innovation in most countries.
4
 It is one of the very few studies that examine the linkage 

of cultural traits and national innovation rates, which can be improved further in a couple of 

aspects.  

Firstly, it would be important and interesting to examine not only individualism but other 

dimensions of national culture captured in Hofstede’s measures, for these other dimensions may 

as well correlate with the tendencies for innovation. For instance, societies with greater long-

term orientation are more likely to support activities that bear fruit in the long run. Also, in a 

culture with a greater tendency to avoid uncertainty, individuals, firms, or public organizations 

would be less encouraged to undertake risky projects. Secondly, though Taylor & Wilson’s work 

was published in 2012, the data that they used are somewhat outdated. For instance, the data for 

the patents and papers used in this study are for the years of 1970s~90s, which are almost two 

decades apart from now.   

In our study, we have updated the data beyond the time period of Taylor & Wilson’s study. As 

their study data cover the years till 1995, we employ the data for fifteen years between 1996 and 

2012. The end year of 2012 is chosen because the latest POLCON data are available for 2012. 

                                                           
3
 These dimensions are often abbreviated as PDI, IDV, MAS, UAI, LTO, and IND, respectively. 

4
 Yet in some cases, collective culture also promoted innovation. To explore the effect of collectivism 

further, they classified it into two types – nationalism (patriotism) and familism (localism). It was the case 

of countries with collective culture featuring more nationalism or patriotism that showed a positive impact 

of collectivism on innovation. 
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We also added more cultural variables than those used in their study in order to explore the 

effects of multiple dimensions of national culture on national innovative capacity. Since the 

patent data are more reliable for advanced countries, we have limited our empirical analysis to 

OECD member states. In particular, by examining the effects of all six dimensions of Hofstede’s 

cultural model, we have tried to uncover the cultural correlates of national innovative capacity. 

With this examination, we hope to find whether non-institutional aspects of decentralization as 

embodied in cultural values have significant effects on the national levels of technological 

innovation.  

 

4. Data and Method 

Our primary task in this empirical analysis is to explore the effect of cultural factors on national 

innovative capacity. National innovative capacity can be defined as a country’s potential to 

generate innovations, which depends on a host of conditions ranging from the level of economic 

and technological sophistication to political institutions and policy choices (Furman, et al. 2002). 

In operationalizing national innovative capacity, we follow the previous studies by drawing on 

the patent data. There exist more comprehensive measures of national innovative capacity such 

as the World Competitiveness Scoreboard of International Institute for Management 

Development (IMD), and Global Competitiveness Index of World Economic Forum (WEF). Yet 

we have decided to rely on the patent data as they have been used in many academic studies and 

would therefore allow comparisons of our findings with those of the previous ones. Our patent 

data come from the OECD’s 2012 Patent Statistics, and the number of the patent applications 

filed to the Patent Cooperation Treaty (PCT) per 100,000 residents is used as the dependent 

variable. 

We are particularly interested in the relative effects of institutional vs. non-institutional aspects 

of decentralization, with the former largely measured by the well-known measure of political 

constraint and the latter proxied by Hofstede’s cultural variables as described in detail below. 

For the institutional dimension of decentralization, we draw on the Political Constraint Index 

(POLCON) from the Political Constraint dataset developed by Witold Henisz (2000), which 

incorporates Tsebelis’ veto point index. POLCON, scaled from zero to one, measures the 

feasibility of policy change – that is, how flexibly a policy can be changed in the process of 

balancing political powers between different political apparatuses. It was created out of almost 

ninety categories reflecting various administrative, legislative and judicial characteristics such as 
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the presence of a well-functioning legislature, different levels of court, local government 

autonomy, and an alignment between the executive and the legislative chambers. There are two 

versions of the index – POLCON III and POLCON V. POLCON III is created based on the 

separation of power between executive and legislative branches, while POLCON V includes the 

judiciary and local governments as additional veto points. Our analysis uses both versions, 

though we will draw more on POLCON V. 

Turning to non-institutional dimensions of decentralization, we utilize Hofstede’s six measures 

of national culture as follows. First, the power distance index (PDI) captures the degree of 

societal hierarchy such as inequality and authoritarian relations among individuals. Second, 

individualism (IDV) captures the prevalence of individualistic (ego-centric) attitudes as 

compared to collectivistic (socio-centric) attitudes. Third, masculinity (MAS) indicates the 

degree to which a society is driven more by task orientation emphasizing competition and 

achievement rather than by person orientation as caring for others, cooperation, or quality of life. 

Fourth, the uncertainty avoidance index (UAI) captures the degree of preference for more 

orthodox behavior and traditional conventions, or in other words, aversion of the ambiguous and 

unknown situations.  

These four measures were the original set of indicators Hofstede developed out of his IMB 

studies. With further case studies, he refined his measures by adding the following two 

dimensions. One is the long-term orientation (LTO), which captures the degree to which a 

society values long-term perspective such as planning for the future and perseverance for goal 

attainment.  The other is indulgence (IND), which indicates the degree to which a society allows 

individuals to seek freely the gratification of their desires and needs so as to have fun and enjoy 

life. 

These three sets of the variables – PCT patents as the dependent variable, POLCON as the 

independent variable capturing the institutional dimension of decentralization, and Hofstede’s 

measures as the independent variable capturing the cultural dimension of decentralization – 

constitute the variables of major interest in this study. 

We have also controlled for a number of factors influencing national innovation capacity, 

following Taylor & Wilson’s study. These are: per capita GDP, gross R&D expenditure, military 
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spending, trade openness, fuel exports, and educational spending.
5
 Table 1 shows the descriptive 

statistics of the variables included in our analysis. 

[Table 1 about here] 

It would be ideal to run a panel regression so as to understand the differences emanating from 

both cross-national and longitudinal variations in national innovative capacity. Since Hofstede’s 

variables are only available as single-year cross-sectional data, however, we had to draw on a 

simple OLS regression without a time component. Yet we aggregated the data for all other 

variables that have yearly observations, using the mean values for the period of 1996~2012. Here 

is the regression model used for our analysis: 

        (       )    (        )     
     

where the subscript i indexes a country, Y is the PCT patent applications per 100,000 residents, 

POLCON is the political constraint index (POLCON III or POLCON V), CULTURE is any one 

of Hofstede’s cultural variables (PDI, IDV, etc.), and   
  is a vector of control variables. Again, 

except for Hofstede’s variables updated for 2010, all other variables are the average values of the 

fifteen years from 1996 to 2012.  

 

5. Results 

Before showing the regression results we here provide a couple of the first-cut findings for the 

cultural correlates of innovative capabilities of OECD member states.  

Presented in Table 2 is the correlation matrix for the major independent variables. Here our 

interest is in finding out if the cultural dimension of innovation as captured by Hofstede’s 

variables is significantly related to the more formal aspect of decentralization measured by 

Henisz’s political constraint index. Indeed, some of the cultural variables show significant 

                                                           
5
 Openness to trade, military spending, educational spending are expected to have a positive effect on 

national innovation rates, while fuel exports are expected to have a negative effects largely due to the 

resource curse (Taylor & Wilson 2012). Military spending is also important control, especially in those 

countries that have a large amount of investment in military R&D. In fact, a bulk of the defense budget is 

carved out for the development of advanced weapons. While it would be more precise to use the amount 

of military R&D expenditure, we use the overall military expenditure like other studies mostly due to data 

availability. 
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correlations with the political constraint variable as well as with one another. Notable among 

them is the long-term orientation (LTO) that is positively correlated with the political constraint 

index. As expected, the power distance index (PDI) is negatively correlated with individualism 

and indulgence. Meanwhile, societies with greater power distance turn out to be more averse to 

uncertainty as indicated their negative correlation coefficient. One should note that societies 

respecting individual freedom more as evidenced by higher IDV and IND values also tend to 

have lower degree of uncertainty avoidance. In particular, the degree of indulgence has a 

negative correlation with long-term orientation as visualized in Figure 1. 

[Table 2 and Figure 1 about here] 

The next two figures visualize the relationship of the institutional and cultural attributes with the 

innovative capabilities of OECD member states. Figure 1 charts the political constraint variables 

(POLCON III and POLCON IV) against the patent data for each country. Figure 2 charts two of 

Hofstede’s variables – PDI and LTO – with the same patent data. 

[Figure 2 about here] 

As revealed in Figure 1, the OECD countries are scattered across four quadrants in both panels, 

which makes it hard to draw a trend line. In other words, there seems to be a weak linkage of 

political constraint with their innovative capabilities. Compared to the upper panel that plots 

POLCON III with the patents, the lower panel for the plot of POLCON V and the patents shows 

more densely distributed countries on the X-axis, as the OECD countries gather around in the 

range of 0.3 out of the 0~1 scale on POLCON V.
6
  

In contrast, the cultural variables plotted in Figure 2 show a relatively clear pattern of correlation 

with the patent data. As for the power distance index shown in the upper panel, the negative 

trend line suggests that the higher on the power distance index (PDI), the less innovative 

countries tend to be. The positive trend line of the lower panel indicates that countries with 

greater long-term orientation (LTO) tend to be more innovative. 

[Figure 3 about here] 

                                                           
6
 In particular, some countries (Denmark, the USA, and the Netherlands, for example) show a large shift 

towards political constraint from POLCON III to POLCON V. As mentioned earlier, POLCON III 

focuses on the balance between executive and legislative branches, while POLCON V includes the 

judiciary branch as well as local governments. The shift of these countries seems to be due to their 

polities being highly decentralized on the vertical dimension.  
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The distribution of the OECD countries on the upper panel of the PDI plot seems to make 

common sense; more hierarchical societies of East Asia such as Japan and Korea lie in the first 

quadrant, respectively, whereas most West European countries lie in the second quadrant. Also, 

countries of Southern and Eastern European countries with more authority-based interpersonal 

relations lie in the fourth quadrant.
7
 Notably, there is virtually no country falling in the third 

quadrant; in other words, no societies with more egalitarian interpersonal relations rank lower on 

innovative capacity as measured by patent applications.  

The lower panel of the LTO plot indicates that long-term orientation is associated with 

moderately high levels of innovation, though the association is weaker than in the upper panel as 

revealed in a less steep trend line. Again, East Asian countries are located in the first quadrant 

together with several West European countries. These are the countries that are generally 

oriented to longer term goals at the same time showing higher-than-average patent application 

rates. In contrast, South and East European countries show lower-than-average patent application 

rates despite holding similar levels of long-term orientation.  

From the two figures plotting the institutional decentralization as proxied by the political 

constraint index and cultural attributes as captured by Hofstede’s measures, we could obtain 

some preliminary result that the latter variables seem to hold more explanatory power for 

national innovative capacity as the trend line is more visible in the second figure.  

Now we present the findings from more systematic regression analyses of patent applications on 

those two key independent variables. In Table 3, the regressions were run on all independent 

variables, while two sets of regressions were run in Table 4 given a large degree of collinearity 

between GDP per capita and R&D spending.   

[Table 3 about here] 

All six regressions with the full set of independent variables presented in Table 3 show quite a 

large adjusted R
2
, which indicates that our independent variables explain roughly 90% of the 

variation observed in the patent applications of OECD countries. The upper rows displaying the 

regression coefficient estimates of the major regressors show a strong contrast between the 

                                                           
7
 This distribution of countries along the PDI dimension resonates with Samuel Huntington’s nine 

civilizations (Huntington 1997). East Asian cultures have generally large power distance among societal 

members with strong emphasis on strict social order emanating from their Confucian tradition. People in 

West European countries tend to form more horizontal relations with narrower power distance than any 

other cultural spheres. For East European countries, the legacy of the Soviet Union seems to cast a long 

shadow.  
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political constraint index and the cultural variables. The former is insignificant in all regressions, 

while the latter is significant in three out of six regressions.  

Those three cultural variables that turn out to be significant at the 90% level of significance are 

the power distance index, individualism, and long-term orientation. The PDI coefficient is 

significantly negative, implying that countries with more hierarchical power structure tend to 

generate fewer patent applications. In contrast, more individualistic culture is associated with 

greater innovative capacity, as indicated by the strongly significant positive coefficient on IDV. 

Long-term orientation is also positively linked to the dependent variable, indicating that patent 

applications are larger in more long-term oriented societies. 

Among the control variables, GDP per capita and R&D expenditures have highly significant 

coefficients on all but the regression of long-term orientation where the education expenditure is 

the only significant control variable. In particular, one percentage point increase in gross 

domestic expenditure on R&D turns out to increase patent applications by as high as 0.9 percent. 

As is well-known in the endogenous growth literature (Romer 1994, Grossman & Helpman 

1993), R&D investment as technological input into the economy is a theoretically and 

empirically important factor of production. It is thus no surprise that R&D expenditure and GDP 

per capita are strongly correlated with each other. For the current sample, the pairwise 

correlation coefficient of these two variables is 0.51 (and 0.63 when GDP per capita is logged). 

We therefore ran separate regressions with each of these variables to see how the amelioration of 

the collinearity problem would affect the regression results.   

The results of these separate regressions are shown in Table 4. The upper panel contains the 

regression results including the same controls but excluding the R&D expenditure, while the 

lower panel contains the results excluding the log of GDP per capita. In both regressions, 

adjusted R
2
 got lower as expected. Interestingly, the cultural variables show different levels of 

significance between the two sets of regressions.  

[Table 4 about here] 

As visualized in Figure 4, the regression excluding the log of GDP per capita show more 

significant coefficients than those excluding R&D expenditure, as GDP per capita would in 

general have more collinearity with other independent variables. It is of particular note that only 

long-term orientation (LTO) becomes insignificant in the regressions with R&D expenditure (i.e. 

excluding GDP per capita). This seems to be due to the possibility that the effect of long-term 

orientation is largely absorbed in R&D expenditure as R&D is essentially long-term investment. 
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That is, the presence of R&D expenditure may well weakens the influence of long-term 

orientation.  

[Figure 4 about here] 

Yet in the same regressions with R&D expenditure, three cultural variables turn out to be 

significant: the power distance index, individualism, and the uncertainty avoidance index. These 

three cultural variables all show the effects in the expected directions. Patent applications are 

likely to be larger in societies with less power hierarchy, societies with more individualistic 

values, and societies with less aversion to uncertainty. More specifically, the coefficient on PDI 

tells us that one standard deviation increase in the power distance index, i.e., 20 out of 100 – 

equivalent to the difference between Hungary (PDI=46) and Turkey (PDI=66) – would generate 

0.48% fewer PCT patents per 100,000 people. 

A similar size coefficient on IDV indicates that one standard deviation increase in individualism, 

equivalent to the difference between Spain (IDV=51) and Sweden (IDV=71), would lead to 0.5% 

more PCT patents per 100,000 people. Finally, one standard deviation difference in the 

uncertainty avoidance index (21 out of 100) would lead to 0.31% difference in the number of 

PCT patent applications per 100,000 people. Therefore Germany showing the UAI of 65 would 

have 85,773 more patents than France showing the UAI of 86, given the negative effect of UAI 

on patent applications. The actual difference in the average patent applications between the two 

countries over the sample period is 925,985. Thus the estimated discrepancy of 85,773 in patent 

applications between the two countries ascribed to the difference in uncertainty avoidance 

accounts about 10% of the actual difference in patent applications. 

 

6. Discussion  

Our primary motivation for this study is to find out the cultural correlates of national innovative 

capacity given that the existing studies have largely looked into more formal, institutionalized 

features and conditions for technological innovation. Innovation prospers on free- thinking minds 

that are in turn more likely to bloom in societies allowing individual freedom. In this light, more 

decentralized countries that distribute great power among political and social entities and agents 

would be propitious for technological innovation. Yet the example of East Asian countries that 

achieved fast-track modernization with science and technology challenges such conventional 

explanation of institutional conditions underlying innovation. 
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Drawing on the well-known cross-national dataset on national culture, we have explored at 

length how various dimensions of national culture relate to the different rates of technological 

innovation as measured by patent applications. Our empirical analysis is designed to contrast the 

effects of political (and more institutionalized) feature of decentralization and those of cultural 

(and less formalized) factors. Controlling for a variety of factors typically included in the model 

of national innovative capacity such as R&D investment, openness to trade, and educational 

spending, we have shown that cultural variables – in particular, power distance, individualism, 

and long-term orientation – have significant impact on the national innovation rates. Societies 

with less hierarchical power structure, greater individual freedom and initiatives, and more value 

put on long-term goals turn out to generate a significantly larger number of patents.    

This study makes contribution to the growing literature of cultural dimensions of national 

innovative capacity by adding a cross-national examination of the linkage of national culture and 

technological innovation to the field mostly dominated by the firm-level analyses. It is not 

without problems and limitations, however. First of all, although the number of countries 

included in the study is larger than in the previous study similar to ours (Taylor & Wilson 2012), 

it is still limited to fewer than forty countries the dataset itself is relatively small, making it hard 

to generalize beyond the countries included in the study.  Secondly, given multicollinearity of 

most control variables, it was hard to single out clearly the effects of major independent variables 

– that is, political and cultural variables. One might consider a two-step process in which the 

residuals after the regressions of those control variables are examined further with the political 

and cultural variables. 

Technological innovation is itself a highly complex phenomenon that is virtually impossible to 

be explained away with a handful of factors, especially at the national level, a more 

comprehensive model is called for to capture hitherto overlooked or underrated sources of 

national innovation capacity. Our study is just one such effort.  
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Abstract 

This study aims to find the factors of scientists’ creative thoughts by observing directly their 
laboratories in Korea Research Institute of Chemical Technology (KRICT). 
The participant observation was performed for 5 months from December 2013 through April 2014,
and the research object was the lab which had been selected both as Top KRICT laboratory and Top 
National R&D Project. For in-depth examination, the target lab was supposed to be observed for a
long time, taking part in the lab meetings, interviewing the researchers. From the interview data, 
Protocol analysis or Verbal data analysis was employed to analyze the recorded data.
The research results are as follows. First, as several studies had suggested, the frequent use of 
analogies was verified as an important source for scientists’ creative thoughts, in that those analogies 
were used for 12 times in 2 lab meetings, which was 6 times per each. Secondly, the frequent 
appearance of unexpected findings was found, that is, 8 out of 15 experiment findings were
unexpected. We found that the scientists pay close attention to the unexpected findings in that 67 out 
of 88 intra-group interactions were about the unexpected findings, and 21 out of 24 individual 
reasoning-blocks were about the unexpected findings. Finally, we found that the seeds of new 
knowledge and ideas sprouted and spread through the distributed reasoning process, which is the 
major characteristic of modern science that is generally conducted by group of scientists.
The findings have two theoretical implications. First, it may increase the availability of Ikujiro 
Nonaka’s knowledge-creation model by adding another case study. It may also contribute to balance 
between supply-side and demand-side perspective of Innovation System studies by supplementing 
supply-side perspective.
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Abstract

Purpose/ Research Question: 
While the innovation and competitive catch-up processes of emerging economy multinationals 
(EEMs) have been attracting increasing attention from the researchers, the determinants of 
successful reverse knowledge transfer (RKT) in EEMs from developed countries remain unclear. 
Using Chinese enterprises in the US as the study context, this paper aims to extend existing research 
and explore the main variables influencing RKT in emerging market multinationals. 

Key Literature Reviews (About 3~5 papers): 
The research on MNEs from emerging economies (e.g., Mathews, 2006) suggests a set of 
motivations varied from traditional MNE theories (e.g., Dunning, 1977). EEMs engage in FDI to 
achieve new competitive advantages instead of exploiting existing internal advantages (Lyles et al., 
2014; Moon & Roehl, 2001; Yang et al., 2009). EEMs research, therefore, tends to be more 
concentrated on RKT instead of knowledge transfer from headquarters to foreign affiliates (eg., 
Buckley, Clegg & Tan, 2003; Nair, Demirbag & Mellahi, 2015). 
The existing literature on traditional MNEs contains potential predictors of RKT within EEMs 
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operating in developed economies. First, the intensity of RKT is closely associated with subsidiary 
role (Gupta & Givandarajin, 2000), which is the result of the combination of headquarters 
assignment and subsidiary initiative (Birkinshaw & Morrison, 1995). The MNE’s motivation in the 
host country may have significant effect on knowledge transfer. Using Chinese overseas investments 
as empirical evidence, Young et al. (1996) argued that market-seeking investments by MNE 
latecomers tend to start in neighbor countries and/or ethnically related countries, and expand to other 
developed countries; whereas, asset-seeking investment is directed to developed countries, where 
they tend to be aggressively venturing overseas seeking knowledge-based strategic assets (Deng, 
2011; Rui & Yip, 2008). Clearly, strategic asset seeking FDI is most directly driven by the learning 
motive. The distinct motivations of EEMs, especially their strategic asset-seeking goals, can actually 
facilitate knowledge transfer between different entities by either sharing the same vision and mission, 
or providing a common measure against which to assess vision and mission (Lyles & Salk, 1996). 
Second, the effect of organizational set-up and headquarters control on RKT has been widely 
discussed (e.g., Bjorkman et al., 2004; Foss and Pedersen 2004; Gupta & Govindarajan, 2000; Lane 
& Lubatkin, 1998; Simonin, 1999). Evidence can be found in the existing research for both positive 
and negative effects (Noorderhaven & Harzing, 2009; Rabbiosi, 2011).  Foss and Pedersen (2002), 
for instance, suggest that giving a subsidiary more autonomy can allow it to transfer knowledge back 
to the headquarters more successfully. On the contrary, Bartlett and Ghoshal (1989) suggest that 
MNEs should rely on control to increase learning efficiencies among dispersed organizational units. 
Such control over its overseas units, through hiring and training and performance management, can 
enforce knowledge acquisition, distribution and utilization (Fee, McGrath-Champ, & Yang, 2011; 
Takeda & Helmes, 2010). Lyles and Salk’s (1996) empirical study and Noorderhaven and Harzing’s 
(2009) work also illustrate the positive relationship. 
Third, the existing literature also offers clues on the role of subsidiary age in RKT. Based upon 
organizational ecology theory, namely the liability of newness (Freeman, Carroll & Hannan, 1983; 
Stinchcombe, 1965), Rabbiosi and Santangelo (2013) argue that older subsidiaries have more time to 
accumulate a knowledge stock, develop their capabilities, and hence tend to have more knowledge 
to share with parent companies and be more effective in the knowledge transfer process. However, 
still leaning upon organizational ecology theory, the liability of age may lead us in a different 
direction: Older organizations tend to be less sensitive to both internal and external issues and to 
have a higher degree of inertia and bureaucracy, thus are more resistant to change (Hannan & 
Freeman, 1989; Ranger-Moore, 1997). Theoretically, liability of age and its implication on the 
negative relationship between subsidiary age and knowledge transfer can be echoed in evolutionary 
learning theory. As an organization ages, it tends to develop routines, and lose flexibility in 
searching for new practices or knowledge instead (Levitt & March, 1988), which in turn may have a 
negative impact on RKT. Liability of age also represents the “motivational” aspect of absorptive 
capacity (Song, 2014). Cognitive conflict or puzzlement that EEMS are facing when they first enter 
the developed countries’ market determines that the urgency to search for new knowledge in the 
early stage tends to be strong, and could be weakened later when a subsidiary ages. The intensity 
and extent of RKT as required by headquarters may change along with EEM subsidiary evolution. 

 

Based upon the literature review, we propose a model linking strategic asset-seeking motivations, 
headquarters (HQ) control, and subsidiary age to RKT.

Design/ Methodology/ Approach:
A mixed-method approach was used in this study. We first investigated the subsidiaries of Chinese 
firms in the US through a quantitative survey, conducted in partnership with Chinese chambers of 
commerce and associations of Chinese enterprises in the USA. Following the quantitative analysis 
of our sample firms, we developed four case studies of Chinese MNEs to qualitatively triangulate 
our quantitative findings, improve the validity of the research.  

(Expected) Findings/Results: 
Our exploratory study provides initial evidence that strategic asset-seeking motivations and 
headquarters’ control are significantly and positively related to RKT. Furthermore, our empirical 
evidence indicates a negative relationship between subsidiary age and reverse knowledge transfer. 
Research limitations/ Implications:
Although some limitations exit, such as the small sample size and unilateral subsidiary perspective 
in our quantitative research, this exploratory study can potentially contribute to the literature on 
knowledge-based MNE evolutionary theory and EEM Chinese companies’ global strategies in three 
ways. First, one of our key contributions rests on an examination of the effect of subsidiary age in 
RKT happening within Chinese firms. This is an issue that has not previously been studied, so far as 
we are aware. Second, this study suggests the importance of headquarters control in facilitating RKT. 
Last, but not the least, we found a positive relationship between motivations in expanding in 
advanced markets and RKT. The findings of this study could have theoretical implications for future 
studies as well as practical implications for managers from Chinese multinationals as well as other 
EEMs in facilitating knowledge transfer. 
Keywords: 
Reverse Knowledge Transfer, Emerging Economy Multinationals, Chinese Subsidiary, Headquarters 
Control, Subsidiary Age, Evolution Theory, and Learning Theory.
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Abstract 

Plants more than any other organism show an astounding capacity to change and adapt to their 
native and to extreme and moderate environments around the world. However, with the reality of 
current climate change patterns, in combination with human activity, plants are losing the race to 
adapt to these threatening challenges of potential global mass extinction. The effects of climate 
change on species abundance and distribution have already been demonstrated for plants and 
animals, with estimates of potential species loss being estimated between 18-35% of species. These 
changes will have profound impacts on both ecologically and economically important species, as the 
changing environment renders rare or endangered plants as well as food and medicinal crops 
unfeasible to grow in historic locations. Thus, it is crucial to invest in technologies which allow for 
rapid introduction of new varieties in areas where the temperature, water availability, disease agents 
and the respective nutritional/medicinal profiles of crops have all changed.
Current approaches to conservation are incompatible with anticipated changes, creating an urgent 
need to develop new models that address these new realities. One unique approach to this problem is 
to first conserve germplasm and to then harness the existing plasticity of modern plant species to 
determine new ecosystems in which they might successfully persist. The Gosling Research Institute 
for Plant Preservation (GRIPP) evolved as a model for conservation and propagation of plant genetic 
resources that are endangered and critical to the survival of the growing human population. GRIPP’s 
Integrated Plant Protection System (IPPS) is a cluster of technologies to enhance the resilience and 
biosecurity of plants by incorporating novel in vitro culture, phenomics and genomics technologies 
for (a) conservation and pathogen eradication and (b) large-scale plant production in smart 
bioreactors, growth chambers and greenhouses with real time monitoring of environmental 
parameters and plant health. The IPPS can be used now and in the future to re-cover or re-develop 
specific crops when they have become compromised. This presentation will provide an overview of 
fundamental and applied research programs at GRIPP and services offered to the horticulture 
industry, botanical gardens, governments and other interested institutions for conservation and 
commercialization of plant biodiversity.



SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

 

Integrated Plant Protection System (IPPS): A novel approach 
for biosecurity, conservation, and commercialization of plant 

biodiversity

Praveen K Saxena, 
Gosling Research Institute for Plant Preservation, Department of Plant agriculture, University of Guelph, Canada

Abstract 

Plants more than any other organism show an astounding capacity to change and adapt to their 
native and to extreme and moderate environments around the world. However, with the reality of 
current climate change patterns, in combination with human activity, plants are losing the race to 
adapt to these threatening challenges of potential global mass extinction. The effects of climate 
change on species abundance and distribution have already been demonstrated for plants and 
animals, with estimates of potential species loss being estimated between 18-35% of species. These 
changes will have profound impacts on both ecologically and economically important species, as the 
changing environment renders rare or endangered plants as well as food and medicinal crops 
unfeasible to grow in historic locations. Thus, it is crucial to invest in technologies which allow for 
rapid introduction of new varieties in areas where the temperature, water availability, disease agents 
and the respective nutritional/medicinal profiles of crops have all changed.
Current approaches to conservation are incompatible with anticipated changes, creating an urgent 
need to develop new models that address these new realities. One unique approach to this problem is 
to first conserve germplasm and to then harness the existing plasticity of modern plant species to 
determine new ecosystems in which they might successfully persist. The Gosling Research Institute 
for Plant Preservation (GRIPP) evolved as a model for conservation and propagation of plant genetic 
resources that are endangered and critical to the survival of the growing human population. GRIPP’s 
Integrated Plant Protection System (IPPS) is a cluster of technologies to enhance the resilience and 
biosecurity of plants by incorporating novel in vitro culture, phenomics and genomics technologies 
for (a) conservation and pathogen eradication and (b) large-scale plant production in smart 
bioreactors, growth chambers and greenhouses with real time monitoring of environmental 
parameters and plant health. The IPPS can be used now and in the future to re-cover or re-develop 
specific crops when they have become compromised. This presentation will provide an overview of 
fundamental and applied research programs at GRIPP and services offered to the horticulture 
industry, botanical gardens, governments and other interested institutions for conservation and 
commercialization of plant biodiversity.

June 1 (Wednesday)

Invited VIP Dinner by the 
president of SOItmC

(Venue: Fairmont San Jose, Time: 19:00~22:00)

(※ We will contact the participants separately between the Conference Schedule.)





SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

■ JinHyo Joseph Yun(Daegu Gyeongbuk Institute of Science & Technology, 
Korea)
Presentation Theme: “Dynamics of Social Enterprise – Shift from Social 
Innovation to Open Innovation”

■ Philip Cooke (Bergen University College, Norway)
Presentation Theme: “The Virtues of Variety in Regional Innovation Systems 
and Entrepreneurial Ecosystems”

■ Tan Yigitcanlar(Queensland University of Technology, Australia)
Presentation Theme: “Smart cities in the making: success and failure factors 
from global practices”

■ Ulrich Witt(the Max Planck Institute of Economics, Germany)
Presentation Theme: “What Kind of Innovations Do We Need to Secure our 
Future?”

■ Anil K. Gupta(Indian Institute of Management, India)
Presentation Theme: “Theory of Open inclusive innovation for reciprocal, 
responsive and respectful outcomes: Coping creatively with climatic, 
institutional and market risks”

■ TaeHo Park(San Jose State University, USA)
Presentation Theme: “SME’s Applications of Open Innovation in the Supply 
Chain System”

Keynote Speech

June 1 (Wednesday)
(Venue: Student Union Theatre, Time: 11:30~13:10)



1 

 

Dynamics of Social Enterprises 

-Shift from Social Innovation to Open Innovation 
 

JINHYO JOSEPH YUN

, KYUNGBAE PARK, 

CHOONGJAE LM, CHANGHWAN SHIN, and SOOIN LEE, 
 

Abstract 

 
This paper looks into dynamics of open social enterprises. First, we developed a research framework, expressed as the social open innovation dynamics model, 

through a literature review on the following concepts: social economy, sharing economy, collaborative innovation, open innovation and social enterprise. 

Second, we applied the research framework to well-known cases of interest—Burro Brand Ghana LTD. and microfinancing in Bangladesh—to increase the 

validation of the open social innovation dynamics model.  

Third, we applied the model to ten Korean social enterprises and determined the success factors of social open innovation, as well as the concrete dynamics 

behind it. 

For this paper, we used several research methods—literature review, content analysis and case studies through intensive interviews that use a semi-structured 

questionnaire. Study data was gathered from available literature, including intensive interviews and communications via e-mail. For the literature review, the 

following were examined: How Do We Conquer the Growth Limits of Capitalism? Schumpeterian Dynamics of Open Innovation (Yun, 2015), The Process of 

Social Innovation (Mulgan, 2006), Conceptions of Social Enterprise and Social Entrepreneurship in Europe and United States: Convergences and Divergences 

(Defourny & Nyssens, 2010) and Corporate Social Responsibility and the Social Enterprise (Cornelius, Todres, Janjuha-Jivraj, Woods, & Wallace, 2008). In 

addition, to develop a framework, Design Thinking for Social Innovation IDEO (Brown & Wyatt, 2010) and Introduction: From Third Sector to Social 

Enterprise (Defourny, 2001) and Rediscovering Social Innovation (Phills, Deiglmeier, & Miller, 2008) were also examined. 

Among the study findings were the major factors and dynamics of open social innovation. First, direct interaction with closed innovation economy was observed 

and issues of funding, knowledge and social reputation were discussed, including the results of their direct interactions with an open innovation economy. 

Second, in the context of direct interaction with the government, the issues of knowledge, funding, welfare and social service were discussed. Finally, indirect 

interaction from an open innovation economy—through a closed one—to a social innovation economy was presented. 

 

Keywords: Open Social Innovation, Direct and Indirect Interactions, Role of Government, Open Innovation 

 

 

Introduction 

 

As the sharing economy is vitalised, interests in social innovation have been increasing in a more specific form 

(Lowitt, 2013, p. 24; Zervas, Proserpio & Byers, 2014). While innovators in the business world measure their 

success and effectiveness in a straightforward manner (i.e., profits and return on investment (ROI)), by 

definition, social innovators need to take social change into account as the ultimate goal of their strategy 

(Chesbrough & Di Minin, 2014). However, social innovation in a sharing economy or a collaboration economy, 

in particular, falls under Open Social Innovation (OSI). OSI is the application of either inbound or outbound 

open innovation strategies, along with innovations in the associated business model of the organisation, to social 

challenges (Chesbrough & Di Minin, 2014). In fact, most social innovations are the open type because social 

innovation in an open innovation paradigm consists of open innovation that has a goal of solving a social 

problem. 

Therefore, this research, sought to answer the following two study questions: 

What are the success factors of open social innovation? 

What are the dynamics of open social innovation? 

To answer, first, a literature review on social economy, sharing economy, collaborative innovation, open 

innovation and social enterprise was conducted. Through this, a research framework on the success factors and 

dynamics of open social innovation, the object of this research, was set. Second, by applying the research 

framework to foreign social economy and social innovation cases found through the literature review, this paper 

identifies the success factors and dynamics of open social innovation. This research analyses the case of Burro 

Brand Ghana LTD. (Burro), a battery company, as a success case and the case of the microfinancing system of 

Bangladesh as a case that casts doubts on success (Deaton, 2013; Karim, 2011; McInerney, 2011). Third, using a 

semi-structured questionnaire for the intensive interview method, specific success factors and dynamics of open 
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social innovation in ten social enterprises were identified. Based on the most number of newspaper articles 

within the past two years, from 2014 to 2015, the subjects for analysis were selected from social enterprises in 

Korea. Information on these ten social enterprises, including the dates of intensive interviews and their websites 

are listed in Appendix 1. The semi-structured questionnaire used in the said interviews is shown in Appendix 2. 

Through this study, we want to find out the reflective balance between the needs principle versus the works 

principle of welfare economics (Sen A., 1973, p. 87). The OSI approach will be a new paradigm in the 

entitlement approach, which concentrates on each person’s entitlements to commodity bundles including food, 

and views starvation as the result of a failure to be entitled to a bundle with enough food (Sen A., 1981, p. 45). 

In addition to the already accepted entitlement relations—such as trade-based entitlement, production-based 

entitlement, own-labour entitlement, inheritance and transfer entitlement—open social innovation entitlement 

can be considered (Sen A., 1981, p. 2). In addition, the institutional approach to the study of self-organisation 

and self-governance in common property research—when a situation is uncertain because of the lack of 

knowledge—can be expanded by this study of open social innovation. Thus, it may be the catalyst for 

institutional solutions such as social enterprises or cooperatives (Ostrom, 2015, p. 33). 

 

 

Literature Review 

 

Success Factors of Social Innovation 

 

TABLE 1 

Literature Review of Success Factors of Social Innovation 

 
Success Factors of Social Innovation Source Implication 

- Aging population 
- Growing diversity of countries and cities 

- Rising incidence of chronic diseases 

- Many of the behavioural problems 
- Difficult transitions to adulthood 

- Crime and punishment in some countries 

- Mismatch between the growing GDP and stagnating happiness 
- Glaring challenges that threaten the surrounding climate change 

(Mulgan, 2006) 
Where severe social innovation 
deficits exist 

- Social mission that will benefit the community or the creation of social 

value 

- Production of goods and services, as well as their relation to the social 

mission, on a continuous basis 

- Economic risk, which means that the resources of social enterprise may 
come from trading activities, from public subsidies, or from voluntary 

resources  

- Governance structure mainly embedded in the third-sector tradition 
across Europe or social enterprises in the US 

(Defourny & Nyssens, 

2010) 

Convergence and divergences 

between the European and 
American social enterprises 

- Resource and key activities: internal value chain and external value 

network such as social network and economic network 

- Strategy positioning with target customer, such as social customer and 
economic customer; value such as social value and market value 

- Value capture using the revenue model and growth logic 

(La, 2010) 
Components of the business 

model of social enterprise 

- The aim of serving members or the community, rather than generating 
profit 

- Independent management 

- A democratic decision-making process 
- Primacy of people and labour over capital in income distribution 

Defourny, J. (2001) Components of social economy 

- High degree of autonomy 

- Significant level of economic risk 

- Minimum amount of paid work 

- Explicit aim to benefit the community 

Defourny, J. (2001) Components of social enterprise 

- Deviants with a powerful new idea 

- People who are discovering that entrepreneurship can help them 
simultaneously meet community needs and become more financially 

self-sufficient 

- Pioneers who are discovering that entrepreneurship can help them 
simultaneously meet community needs and become more financially 

self-sufficient 

- Non-profit executives 

(Galera & Borzaga, 

2009) 

Four different definitions of 
social entrepreneurs that refer to 

individuals endowed with a 

vision for social change and the 
financial resources needed to 

support their ideas 

- Pursuit of the social goal (Galera & Borzaga, Three salient features of social 
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- Non-profit distribution constraint 

- Assignment of owner rights and control of stakeholders’ power other 
than investors, alongside an open and participatory governance model 

2009) enterprises 

- The Open University 

- Fair trade  
- Greenpeace 

- Grameen 

- Amnesty  
- Oxfam International 

- Linux software 

- NHS Direct 
- Participatory budgeting models 

(Mulgan, Tucker, Ali 

& Sanders, 2007) 

Ten world-changing social 

innovations 

- Opportunity: responses to market failure 

- Context: interaction between a social venture’s mission and 
performance measurement system 

- People and resources: difficulties in resource mobilisation 

- Deals: ambiguities associated with performance measurement 

(Austin, Stevenson & 

Wei‐Skillern, 2006) 

Difference of social 
entrepreneurship by PCDO 

(people, context, deal and 
opportunity) 

- Continuous activity for the production of goods and/or selling services 
- High degree of autonomy 

- Significant level of economic risk 

- Minimum amount of paid work 
- Explicit aim to benefit the community 

- Initiative launched by a group of citizens 

- Decision-making power not based on capital ownership 
- Participatory nature, which involves various parties affected by the 

activity 

- Limited profit distribution 

(Defourny & Nyssens, 

2008) 
Definition of social enterprise 

 

Through the literature review, as shown in Table 1, we were able to find four different success factor categories 

of social innovation with regard to severe social innovation deficits, components of social enterprises and the 

economy, mechanism of social innovation, definition and components of social entrepreneurs as well as social 

entrepreneurship and world-changing social innovations. The aforementioned success factor categories of social 

innovation are social value, start-ups including SMEs, big businesses and the government, which are shown in 

Table 2. 

 

TABLE 2 

Four Different Success Factor Categories of Social Innovation Garnered from the Literature Review 

 
Four Success Factor Categories Examples Literature 

Social value category 

- Severe social innovation deficits 

- Social mission to benefit the community or the creation of 

social value 
- Aim to serve members or the community rather than 

generating profit 

- Meet the community’s need 
- Pursuit of the social goal 

- Explicit aim to benefit the community 

- Initiative launched by a group of citizens 
- Primacy of people and labour over capital in income 

distribution  

(Mulgan, 2006) 

(Defourny & Nyssens, 2010) 

(Defourny, 2001) 
(Galera & Borzaga, 2009) 

(Defourny & Nyssens, 2008) 

Start-ups including category of 
SMEs 

- Governance structure mainly embedded in the third-sector 

tradition across Europe or social enterprises in the US 
- Production of goods and services, as well as their relation to 

the social mission, on a continuous basis 

- Internal value chain and external value network such as 
economic network 

- Interaction between a social venture’s mission and 

performance measurement system 
- Continuous activity for the production of goods and/or selling 

services 

(Defourny &Nyssens, 2010) 

(La, 2010) 
(Austin et al., 2006) 

(Defourny & Nyssens, 2008) 

Big business category 

- Economic risk, which means that the resources of social 
enterprise may come from voluntary resources 

- Grameen 

- Fair trade 
- Difficulties in resource mobilisation 

- High degree of autonomy and limited profit distribution 

- Value capture with revenue model and growth logic 

(Defourny & Nyssens, 2010) 

(Mulgan et al., 2007.) 

(Austin, et al., 2006) 
(Defourny & Nyssens, 2008) 

(La, 2010) 
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Government category 

- Response to the market failure 

- Economic risk, which means that the resources of social 
enterprise may come from public subsidies 

- Significant level of economic risk 

- Assignment of owner rights to stakeholders other than 
investors 

(Austin et al., 2006) 
((Defourny & Nyssens, 2010) 

(Defourny & Nyssens, 2008) 

(Galera & Borzaga, 2009) 
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Dynamics of Social Innovation 

 

TABLE 3 

Literature Review of Dynamics of Social Innovation 

 
Dynamics of Social Innovation Source Implication 

- Apprenticeship; studies the field and gains entrepreneurial 

skills 
- Concept and launch of first pilot project; envisages and 

creates a pilot for an innovative solution to a social problem 

- Success and development; spreads the solution until it 
becomes a reference point in the field on a national or 

international level 
- Global impact; thinks and acts globally, making their best 

ideas accessible worldwide 

(Sen P., 2007) The life cycle of a social entrepreneur 

- Generating ideas by understanding needs and identifying 

potential solutions 
- Developing, prototyping and piloting ideas 

- Assessing, scaling up and diffusing good ideas 

- Learning and evolving 

(Mulgan, 2006) The process of social innovation 

- Generating ideas by understanding the needs and identifying 

potential solutions 

- Developing, prototyping and piloting ideas 
- Assessing, then scaling up and diffusing the good ones 

- Learning and evolving 

(Mulgan et al., 2007) Stages of social innovation 

- Why: Leadership 

Mission statement, trends and grand challenges, motivational 
and inspirational leadership 

- How: Management 

Open innovation, both outside–in and inside–out 
- How: Business Process 

Finding the problem, ideation, conception, implementation 

- What: Innovation as a Process Identification of drivers, 
levels, directions, sources and locus 

- What: Innovation as an Output 

Identification of forms, magnitude, referent and type of 
innovation 

(Spruijt, Spanjaard & 

Demouge, 2013) 

The golden circle of innovation; what 

companies can learn from NGOs 
when it comes to innovation 

- Prompts, inspirations and diagnoses 

- Proposals and ideas 
- Prototyping and pilots 

- Sustaining 

- Scaling and diffusing 
- Systemic change 

(Murray, Caulier-Grice & 

Mulgan, 2010, pp. 12–13) 
The six stages of social innovation 

- The State: support in the public sector 

- The Grant Economy: support in the grant economy 
- The Market: support in the market economy 

- The Household: support in the informal or household 

economy 

(Murray et al., 2010, p. 143) 
Social economy as the interfaces 

among the four entities 

- Interaction among opportunity, capital and people 
- Environmental contexts including regulatory, sociocultural, 

macroeconomy, political, demographics and tax 

(Austin et al., 2006) 
Centrality of the SVP (social value 

proposition) 

- Exchange of ideas and values between public, private and 
nonprofit sectors; socially responsible investment 

- Shifting roles and relationships between government and 

nonprofit businesses: emissions trading 
- Blending of market-based principles and mechanisms with 

public and philanthropic support: affordable home 

ownership and secondary mortgage market 

(Defourny, 2001) Mechanisms of social innovation, 
which refers to any novel and useful 

solution to a social need or problem 

that is better than existing approaches 
and for which the value created 

primarily accrues to the society as a 

whole rather than to private 

individuals 

- Open innovation economy 

- Closed innovation economy 

- Social innovation economy  

(Yun, 2015) 
Dynamics of the open innovation 
economy system 

 

According to the Table 3, the dynamics of social enterprises or social innovation has three different categories—

liner model, cycle model and interaction model. The liner model includes studies by Sen (2007), Mulgan (2006) 

and Murray et al. (2010). On the other hand, the cycle model includes Spruijt et al. (2013) and Yun (2015), 

while the interaction model includes Murray et al. (2010) and Austin et al. (2006). Based on the literature 
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reviews in Tables 2 and 3, we may create our own dynamic model of success factors of social innovation. 

 

 

Creating a Dynamics Model of Success Factors of Social Innovation Research Model 

 

FIGURE 1 

Dynamic Model of Success Factors of Social Innovation 

 

 
 

We created a research model as shown in Figure 1, which shows the three different dynamics of success factors 

of social innovation. The first dynamics is the circle dynamics, which refers to the flow of capital. Capitals that 

were donated or investments of big businesses and social enterprises move from being a social enterprise to an 

SME when it catches up with the market value in addition to the original social value, which was the starting 

base of the firm. Next, capitals in SMEs become big businesses through a good relationship between the SMEs 

and big businesses. The second dynamics is the interaction between revenue and cost. Social enterprises provide 

big businesses with social reputation and future customers, as well as take donations and economic support from 

them (Crowther & Aras, 2008, p. 10). Social enterprises give SMEs a new market business model. In addition, 

they receive expertise and manpower from SMEs. Third, governments provide supports to social enterprises and 

regulate big businesses and SMEs to ensure the survival of social enterprises. 

 

Application of the Research Model to the Cases of Burro Brand Ghana and Microfinancing in 

Bangladesh 

 

TABLE 4 

The Social Innovation Dynamics of Burro Brand Ghana 

 
Dynamics Concrete Dynamics Contents 

Circle A 

- Increasing market revenue by increasing the rental of Burro batteries  
- Increase in list of rentals, such as mobile phone charger, flashlights, etc., which are operated 

using Burro batteries, other than the batteries (manufactured by Burro) themselves; seizing of 

growth opportunities by locals who participate in additional businesses through their gradual 
development into independent SMEs 

- Through the expansion of Burro branches in all parts of Ghana, there is a continued earning 
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of steady profits and gained momentum for profit increase; expected growth of their 

participation as an independent corporation 

B 

- M&A to P&B Unilever (in consideration) 

- Investment from China’s big businesses (in consideration) 

- Received investment from big businesses including MS 

C 
- Sold the Cranium board game company at USD 75 million dollars to Hasbro, a professional 

toy company 

Interaction 

a 

- Burro’s focus on affordable products for the low-income group and the ability to personally 

improve productivity and services 
- Burro’s values: first, respect; second, innovation; and third, empower more people in Africa 

to do more things 

b 

- Founder who used to work at MS received stock option and founded a business after building 

up experiences and through investments, founded Burro with MS Network 
- Pursuing to grow the business into a franchise chain based on investments, etc., from big 

businesses (consideration) 
- Selling the branch network expanded based on investments from big businesses to investors 

for USD 100 to 200 thousand (in consideration) 

c 
Burro investments from big businesses, such as MS and expansion of branches to recruit large-

scale resellers for Burro, etc. 

Support and 

regulation 

α 

Burro’s battery design and performance improvement support from the Greenlight Planet and 

organisation officers of Engineers Without Borders  

World Bank’s ‘Lighting Africa Meeting’ 

β 
- Exerting various efforts on the national level for big foreign businesses such as MS’s 

investment in Ghana’s social innovation economy in the current circumstances where Ghana 

does not have its own big businesses in the country 

γ 
- Supplementing the lack of experience in SMEs and start-ups by locally attracting American 

MBA interns and European SMEs or start-ups, thereby contributing to the growth of Burro’s 

social enterprises 

Source: (Alexander, 2012) 

 

Above all, the social innovation dynamic circle is concrete in the Burro case. Also, according to Table 4, the 

interaction between social enterprises and SMEs, as well as social enterprises and big businesses, remains active. 

The founder of Burro worked at MS—a big business—and started his own company Cranium, which he later 

sold to a large company. Then, he started his own social enterprise through donations, fund from MS and diverse 

microfunding sources. As shown in Table 4, the biggest characteristic of the Burro case is the shared growth of 

the social innovation economy and the open innovation economy. That means, along with the social value 

related to Ghana’s light, which improves the quality of life, the economical profits of Burro has been 

concurrently increasing. Resulting from the possibility that a large-scale production system may be transformed 

through foreign big businesses because of the lack of big businesses in Ghana, it is clear that Burro’s positive 

circle structure within Ghana has limitations. However, the case of Burro—which has been experiencing social 

values as a social company as well as market values as an SME—shows the meanings of performance factors 

for the success dynamics of social enterprise. 

 

Microfinancing in Bangladesh 

 

TABLE 5 

Social Innovation Dynamics of Microfinancing in Bangladesh 

 

Dynamics 
Concrete 

Dynamics 
Contents 

Circle 
A 

- Grameen Danone is an enterprise found by Grameen Bank and Danone, a French dairy company, 

with the object of producing yogurt in Bangladesh. It spread a business wherein Grameen 
borrowers sell Grameen Danone’s yogurt. However, it failed to grow as an SME or as a new start-

up because of the lack of demand for expensive yogurt. 

- Grameenphone is an enterprise of which 62% of its shares are owned by Telenor, a Norwegian 
telecommunications giant, and the remaining 38% shares are owned by Grameen Telecom 

Corporation. It spread a business in which it sold phones to Grameenphone ladies, who are thereby 

allowed to lease such phones. Despite the high demand in phone sales, there was no steady stream 
of income, and competition was too high. Thus, it mostly failed to grow as an SME or a new start-

up. 
- Building Resources Across Communities’ (BRAC) poultry farming program allowed microfinance 

borrowers to farm chickens, but as most chickens died, they failed to grow as SMEs and fell deeper 

into microfinancing. 

B - Established Grameen Danone from the investments of the French company, Danone  
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- Established Grameenphone from the investments of Norwegian company, Telenor  

C 
- Non-existent cases on growth from weak SMEs and start-up open innovation ecosystems to big 

businesses because of the closed innovation ecosystem  

Interaction 

a 

- Public shame was given to males and females who defaulted to receiving loans amidst NGO 

officials’ pressure.  

- Operation of a strong forced-repayment system, which is based on a new connection and 
combination between technology and markets and does not have an inflow of new ideas 

b 
- Among the 2006 aid funds for microfinancing in Bangladesh, 80% of the amount was monopolised 

by Grameen Bank (GB), BRAC and the Association for Social Advancement (ASA).  

c 
- Because of not only the lack of big businesses within Bangladesh, but also the strong repayment 

system that causes social enterprises to fail from growing into SMEs or start-ups, there is almost no 

interaction between SMEs and big businesses.  

Support and 

regulation 

α 

- The relationship between the country and NGOs was formed through continuous adjustments and 
negotiations. 

- BRAC received funds from aid organisations during the 1998 flood for the re-establishment of 

farming area roads, but it used the funds to pave roads to a mosque, instead of public roads. 
- As a power structure, microfinancing gives leverage to creditors in controlling the acts of 

borrowers for goals set by an NGO. Also, national regulations regarding such have been gradually 

weakened in negotiations. 

β 
- No regulation of the Bangladeshi government over big businesses as most of them are not local but 

from advanced countries 

γ 

- In the circumstances where not enough SME growth exists in Bangladesh, no role or system is 

established by the Bangladeshi government in promoting the development of SMEs by imposing 
regulations on social enterprises, or on the contrary, promoting or regulating SMEs to deploy 

expertise and knowledge in social enterprises. 

Source: (Bateman & Chang, 2009; Karim, 2011; Khandker, 2003; Yunus, 2007) 
 

Almost all social and economic problems of the world will be addressed through social businesses (Yunus, 2007, 

p. 233). However, without the knowledge or experience of open innovation by SMEs or start-ups, a creative 

social business cannot be actualised according to the microfinancing structure in Bangladesh. In summarising 

the case of microfinancing in Bangladesh, as shown in Table 5, it is the imbalance between the social innovation 

economy and the open innovation economy that is the reason behind such failure. Many seeds of social 

enterprises that were based on microfinance failed to develop into SMEs or start-ups. Moreover, the knowledge 

and experiences of SMEs and start-ups—i.e., experiences of a creative connection and the collaboration of 

technology and markets—are not sufficiently deployed in a social innovation economy. 

 

Case Study of Korean Social Enterprises 

 

We categorised ten Korean social enterprises into three groups based on intensive interviews, press releases and 

website analysis: first, a group of enterprises with a high level of market values and social values; second, a 

group of enterprises with a high level of social values but a low or medium level of market values; and third, a 

group of enterprises with a high level of market values but a low medium level of social values. This 

categorisation framework uses the approach and logic of the analytical hierarchy process (AHP) method 

(Gaudenzi & Borghesi, 2006; Yu, 2002). The year-on-year rate of increase is used as the essential objective data 

for the market values, yet the AHP method by the co-authors is used based on interviews and literature analysis. 

The AHP method, based on the interview results and literature analysis, is used for social values. The purpose of 

categorising into three groups is not to evaluate the 10 social enterprises, but to more clearly understand the 

social innovation dynamics and the success factors of these group enterprises creating enterprises that yield 

similar values.  

 

 

Group shifted from social innovation to open innovation: Five Firms 

 

TABLE 6 

Social Innovation Dynamics of Five High Social Value and High Market Value Firms 

 

Dynamics 
Concrete 

Dynamics 
Contents 

Circle A 

① It has been growing as a city re-development business SME and not only as a social enterprise 
promotion business, but also as an active host for the re-development business of Daegu’s old central 

part of the city. 

②It expanded the recycled computer assembly production line and the production base for SMES, 



9 

 

going beyond the computer recycling business and the social creation of employment opportunities. 

⑧ It is equipped with large-scale production facilities and capacities beyond the support for low-
income class heating as the domestic and international consumption of heated tents rose. 

⑨ It grew into a design production business with various designs that are beyond the level of 

translating comfort women’s designs as social values. 

⑩ It developed into a distribution company that goes beyond marketing its hanger production to 
create employment opportunities for the homeless. 

B 

② As the computer recycling business grows into a large-scale production business with yearly sales 
of about 7 billion—with regard to consumers—it deepened into a new dimension for the existing 

major computer production corporations. Also, it expanded the business by collaborating with 

desktop computer—not PC—production companies that supplies public institutions, Moreover, its 
structured collaboration with big businesses has also become part of this positive circle of expansion. 

The built collaboration structure thus became a new market for the SW consumer attraction of MS as 

the computer sales partner of the e-commerce market such as eBay. Thus, it appeared as a new 
partner for big businesses in this era of computer markets. 

⑧ Secured investments from Mirae Asset, LG Electronics, etc., and moved toward large-scale 
production beyond SMEs 

⑨ Through collaborations with major Korean cosmetics product corporations such as Aekyung, 
Mamonde, etc., it secured new paths to large-scale production.  

⑩ Through collaborations with major service commercial industry corporations, such as LG 

Household & Health Care, Uniqlo and Angel-in-us Coffee, it secured new paths to large-scale 
production. 

C 

② Through the recycled computer supply business for low-income families by Korea Land & 
Housing Corporation, Shinhan Bank, etc., it is able to support REMANN’S social value production 

function. In addition, beyond the computer recycling business and the social creation of employment 

opportunities, it expanded the recycled computer assembly production line and the production base 
for SMES. 

⑧ BYMOM sufficiently satisfied the supplement of heated tents to low-income families through E-
Land Group’s fabric supply. 

⑨ It received start-up support from Hyundai Group, as well as social enterprise space support and 
consulting, which is provided by Hyundai Marine & Fire Insurance Group’s Root Impact. 

⑩ It received social enterprise space support and consulting, which is provided by Hyundai Marine 
& Fire Insurance Group’s Root Impact. 

Interaction 

a 

① CEO TaeSu Eon, who has a long experience in starting and operating a mid-sized business, 
created the social value of social entrepreneurship’s promotion business through the Social 
Entrepreneur Hub. Moreover, he actively executed the redevelopment business of Daegu’s central 

area with Booksung-ro and Gonggu streets as the centre. 

② CEO JaDeok Gu, who has experience in starting a successful used computer lease company, 
called E-Rencom. He created social value by providing employment opportunities to senior citizens, 

low-income families and the handicapped by deconstructing and rebuilding computers, as well as 

recycling computers. In addition, he created market value by producing recycled computers. 

⑧ CEO MinWook Kim, who has experiences in a business credit valuation institution and various 
short-term works, connected the production value of heated tents with the improvement of the quality 

of life of the socially weak. In addition, he has been connecting the business model, which resulted in 
the improvement of heating for the socially weak, with the domestic and international consumption 

expansion of the new indoor heated tent business. 

⑨ Doson provided distribution services to the start-up business, Wadiz, through distribution services 
from hiring the homeless for labour. Moreover, it suggests to other venture companies a new business 

model that utilises the homeless as a labour force. 

b 

② LSIS donated computers to the less privileged in Indonesia through REMANN. The computers 

donated by LSIS included desktops, laptops, monitors, etc., exceeded the durability period and were 
later reproduced by REMANN as usable and low-cost finished products.  

⑧ BYMOM created tents from fabrics donated by E-Land World and together, the two businesses 
donated 100 heated tents to Eunpyung-gu. 

c 

② By obtaining a Microsoft Accredited Refurbisher (MAR) qualification that provides official MS 
Windows and Office programs, it solved the SW problems of recycled computers and secured 

sustainable growth paths, while MS found a new SW market. 

⑨ Mamonde launched the ‘Moisture Ceramide Intense Cream: Rose of Sharon/Hibiscus Edition’, 
the second collaborative product with Marymond. Mamonde, a major cosmetics brand, utilised the 

blooming flower patterns of Marymond as its product design. 

⑩ Doson supplied paper hangers with the logo of LG Household & Health Care. LG Household & 
Health Care obtained a new marketing method and means for customer relationship management.  

Support and 
regulation 

α 

① It received direct government support from being awarded a contract for a social entrepreneur 
promotion business and by executing it on behalf of the government. 

② It achieved groundbreaking record in online sales for recycled computers with Gyeonggi-do’s, a 
Korean provincial government, provision of a special space online. 

⑧ It was elected as the Korean government’s young social entrepreneur promotion business and 

received specific financial support from the government during the enterprise’s establishment in 
2012. 
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β 

⑨–⑩ It was selected for the Korean government’s ‘Star Social Entrepreneur Discovery Project’, 
which was conducted by the Korea Social Enterprise Promotion Agency and Woori Bank, and 

actively marketed the entrepreneur and the enterprise on a national level. 

⑧ The provision of markets and supports for the enterprise through the H-On Dream Audition is a 

business designed by the Hyundai Automobile Group and the Chung Mong-koo Foundation to find 
and nurture young social entrepreneurs, as well as through the Korean government’s social 

entrepreneur promotion business; BYMOM received the grand prize for the business and received 

supports. 

γ 

⑧ It received support from being selected by the Korean preliminary social enterprise certification 

business. Preliminary social enterprise means an enterprise equipped with minimum requirements to 
be a social enterprise as an SME, i.e., achieving social purposes while creating profits through sales. 

Korea encourages and supports the creation of social values of such enterprises by selecting 
preliminary social enterprises among SMEs. 

 

To summarise Table 6—i.e., the characteristics of five Korean social enterprises with both a high level of social 

value and market value—it can first be seen that social dynamics is active in all cycles. Second, these 

enterprises have active interaction with not only big businesses but also SMEs. Third, they have been effectively 

utilising the Korean government supports, including direct supports and supports through big business or SMEs. 

Fourth, the enterprises that have particular prior experiences in open innovation start-up or have strong network 

with such groups tend to create a high level of market value or social values. 

 

Group staying at social innovation: Three Firms 

 

TABLE 7 

Social Innovation Dynamics of Three High Social Value and Low or Medium Market Value Firms 

 

Dynamics 
Concrete 

Dynamics 
Contents 

Circle 

A 

③ As of January 2016, through the process franchise system, the headquarters and six branches—
while keeping a horizontal relationship—placed efforts into building a national distribution network 

of recycled products. The headquarters provided business guidelines (manual) with cumulative 
knowledge to branches. However, there is no profit model for processing franchises. 

④ ‘Various Co-Op’ is a producer cooperative association that aims to vitalise the community in 
Goyang City, including its local economy. It actively conducts various businesses, such as local 

woodwork, but it is still at the early stages for it to independently vitalise local companies or 
businesses or to grow into an SME. 

⑤ Established in 1997, ‘Yaho Daycare’ is a social cooperative association with the goal of 
communal childcare. It has been working toward the goal of growing into an SME by securing an 

independent real estate and building. Moreover, it has set a goal to lease spaces and strengthen 
incidental economic activities. However, it is yet to reach the stage of independent operation and 

growth without the government’s support because of its significant debt. 

B 

③ Through LG Electronics’ ‘development support for preliminary social enterprise in the green 
growth part of businesses’, a big business—Kumjadonge—contributed to the creation of social 

values. In 2012, the ‘Art-Up Festival with Joy’ was held in Ilsan Lake Park and through the 
handiwork of about 100 artists, transformed twenty tons of thrown-out toys into a new artwork. 

In 2010, it was awarded first place in the ‘World’s Social Enterprise Contest’, held by SK Happiness 

Sharing, and received KRW 30,000,000 as support. 

④ Awarded the grand prize in the eco-friendly social enterprise support business of LG Social Fund 

Festival and received KRW 50,000,000 as support.  

C 
- Because of the non-growth into or activities as SMEs, there is no explicit economic flow that 

contributes profits to big businesses as SMEs.  

Interaction 

a 

③ CEO JunSung Park, who used to work in the field of religious education, introduced and executed 
a toy junk art program, which targeted children across the country through ‘SseulMo’, a toy school. 

SseulMo school provided motivation to ‘Various Co-Op’, which makes eco-friendly wooden 
educational tools through its waste wood education program. However, the Co-Op is closer to being a 

social enterprise rather than an SME. 

b 

- In the circumstances where growth into SMEs or the growth of business activities does not lead to 

economic functions, supports from big businesses are limited—as a social enterprise-related 
selection program—including the awarding of certificates and the receipt of funds. In this case, the 

government controls such corporation’s social enterprise selection.  

c - Non-existent 

Support and 

regulation 

α 
③ Paju City Kumjadonge’s marketing support  

④ Received the Korean government’s preliminary social enterprises support 

β 
③ Selected as a preliminary social enterprise in the green growth part of LG Electronics and defined 
the standard for the operation process and supports 

γ - There is almost no interaction with big businesses, because they are social enterprises with no 
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growth or activities as an SME. 

③ However, as Kumjadonge rapidly grew during its early stages, SK’s investments were on the 
negotiation table until it reached the stage of an SME, but it was a fruitless effort. 

 

The three social enterprises in Table 7 were conducting activities that produce a high social value—i.e., 

environmental value, local community vitalisation value, communal rearing value of next generation, etc.—and 

also have been successful in producing such social value. Because enterprises are selected, awarded and receive 

funds as a part of the social enterprise selection programs of big businesses and the government, such fact is 

objectively demonstrated. The entrepreneurs of this group have such characteristics as they have been mainly 

working in the social economy area or have experiences as SME operators without success. However, the 

enterprises in this group have yet to be successful in continuously creating and increasing their economic value 

as they have been experiencing stalled sales or assets in both the short and long term. They desire to be 

evaluated based on their creation of social value and distribution. However, they also want the support of or 

purchase from the government for their success and growth. 

 

Group expanding from open innovation to social innovation: Two Firms 

 

TABLE 8 

Social Innovation Dynamics of Two Low Social Value and High Market Value Firms 

 

Dynamics 
Concrete 
Dynamics 

Contents 

Circle 

A 

⑥ CEO SeSang Park, who has experiences in starting ‘I Am Goong’ and vitalising the culture and 
local economy in the area around Chungnam National University, started the ‘Impossible Factory’ in 

the Jeonju Hanok Village. 

The enterprise has been rapidly growing through the operation of guest houses and the Hanbok rental 
places 1 and 2. During the process, the enterprise has created a new cultural trend in the Korean 

youth—the wearing of the traditional Korean clothing, hanbok, everywhere in the country. ‘Hanbok 

Day’, ‘Hanbok Street’, and ‘Hanbok Club Party’ are some of the various hanbok-related businesses it 
has spread. Moreover, it created an opportunity for about twenty hanbok rental enterprises to open 

within the Jeonju Hanok Village. Currently, it has triggered the start of traditional cultural contents of 

SMEs, which includes activities, such as the youth cultural hanbok rental business, as well as water 
gun festivals. 

⑦ CEO JoYang Joo, who worked in a culture-related private company for a long time and gradually 
accumulated experiences in social enterprise, established ‘GongGong’, a real estate leasing platform 

that uses the communal economy concept in its business operation. GongGong utilises a new real 
estate business type, which combines the space sharing-based real estate rental business with the 

platform for young entrepreneurs’ food service start-ups. 

B 

① Received the ‘Creative Tourism Venture Award’ from Korea Tourism Organization, as well as 
funds 

- There is almost no contribution or investments for social enterprises made by big businesses in this 
category, which shows that there is rarely support from big businesses to enterprise activities in 

creating social values without the express goal to create social values. 

C  

Interaction 

a 

⑥ CEO SeSang Park, based on his experience in running a start-up in his third year of college, has 
been providing reasons to start various SMEs based on traditional culture contents. Moreover, he has 

been continuously developing his business into an SME himself. Such influence has been offering an 
opportunity to many SMEs to grow and pursue the social value of vitalisation of the traditional 

Korean culture. 

② Grounded in ‘GongGong’, young entrepreneurs who wish to start businesses have been given an 
opportunity to start various types of food services in the Osan Ohsaek Market. They have been 
independently finding space-sharing rentals and related investments for such start-ups. 

b 

- The enterprises that have been creating the social value of traditional culture contents or local 

economy vitalisation based on the creation of economic value have yet to interact with the big 

businesses with regard to such social value. 

c 

- The social value SMEs based on the economic value have received no contribution from the big 

businesses with regard to the creation of social value, as well as the absence of collaboration with 

regard to the economic value they produce.  

Support and 
regulation 

α 

⑥ It received the Young Entrepreneur Commendation and was chose as the government’s young 

enterprise support business at the time that ‘I Am Goong’ started. Also, it executed ‘Hanbok Day’ and 
other projects through the requests and supports from Jeonju City. 

⑦ With support from the Korean Small and Medium Business Administration and Osan City’s 
cultural tourism market promotion business, ‘GongGong’ executed its platform function for Osan 

Market’s young entrepreneur’s food service start-ups. 

β - Absent 
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γ - Absent 

 

The type of social enterprises shown in Table 8 have been executing the function of creating social value based 

on their SME-based business without the official support of the Korean government for social enterprises. 

However, with the strong base in economic value, the enterprises have been able to create considerable social 

value. They independently have a strong motive to derive the continual creation and distribution of economic 

value. Moreover, based on their economic value, they have such motive in creating and contributing to social 

value. This group of enterprises were not selected as the target of the Korean government’s social enterprise 

support business. Moreover, they are excluded from the target of the Korean big businesses’ social enterprise 

contribution projects. The two enterprises in this category have already been creating economic value or 

intending to do so, but such activities do not create opportunities to connect with big businesses and grow. 
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Discussion 

 

Values and Limitations of Government’s Support for Social Enterprises 

 

In the case of Korean social enterprises, the governmental level of social enterprise support for such businesses 

is shown to provide a significantly important role for the start of almost all social enterprises, except for 

enterprise ⑥ and ⑦. It is also true that in comparison with other businesses by the government, they have 

resulted in significantly high efficiency in the creation of employment opportunities and social values per 

invested budget. 

However, the government’s social enterprise support system has restricted the creation of sufficient 

economic values that would allow the continuous existence of social enterprises, as shown by social co-op ⑤, 

which ran into limitations with regard to economic value promotion because of the profit-making limitations. 

On the other hand, enterprises like ②, ⑥ and ⑧are reluctant or have given up the chance to receive social 

enterprise certification because of limitation in economic value promotion, which is caused by the restriction in 

ownership or the right to make decisions. 

Moreover, they are not equipped with a social enterprise certification and support system as ⑥ and ⑦, 

which continuously and explicitly pursue social value based on its strong pursuit for economic value. 

The Korean government’s social enterprise support system demonstrates its strong function in the early 

stages of social enterprises. However, the system can be supplemented in assisting the social enterprises to 

create economic values and to continuously grow. Within the legal system on social enterprises, a systematic 

supplement for assisting social enterprises to create and increase economic values, as well as social values, is 

also needed. 

 

Positive Cycle Relationship between a Big Business and a Social Enterprise 

 

We were able to see significant contributions made by some big businesses to the Korean social enterprise 

ecosystem. Among the ten Korean social enterprises, only two enterprises, ⑥ and ⑦, did not receive supports 

from big business or do not have experience in collaborating with big businesses. These two enterprises do not 

expect to continue the operation of their business without any connection to big businesses. However, the social 

economical support activities of the Korean big businesses are not a simple form of support for social 

enterprises. Rather, they are a part of company marketing. Thus, they have limited in methods such as the 

selection and awarding of social enterprises. There are very few contributions by big businesses that simply 

have the goal of assisting social enterprises. The amount spent by big businesses for social economic support is 

less than 4 billion per year, which is less than what a mid-sized American corporation spends for social 

economic support.  

However, with regard to ②, ⑧, ⑨ and ⑩ enterprises—which developed into SMEs from social 

enterprises—the big businesses have been focusing on the economic value they have created as well as on new 

ways to collaborate such as making partnerships or investments. The value that these four enterprises create is 

based on a new innovative business model that does not overlap with the existing business models of the big 

businesses. In fact, such new business model can become a worldwide large-scale production through major 

investments of big businesses. This means that the new business model of social enterprises has value as a 

prototype of the new future business model for big businesses.  

 

 

Conclusion 

 

First, we developed a dynamic model of the success factors of social innovation by conducting advanced 

research with regard to the social economy and social enterprises, as well as by analysing Burro Brand Ghana 

and microfinancing in Bangladesh. Second, we analysed the various aspects of Korean social enterprise 

activities by applying the same model in analysing the dynamics of the ten chosen Korean social enterprises.  

This development and application of the dynamic model of success factors of social innovation carry a 

useful value in inquiring into the meaning of social economic or social enterprise values within economic 

activities, as a whole, or the dynamics in the economic system. They also carry significant value in concurrently 

analysing the multidimensional aspects of social enterprise activities and the values that such aspects have in 

their relationships with SMEs, big businesses and the government.  

Moreover, we were able to confirm in the cases of the ten Korean social enterprises we analysed that the 
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Korean government’s social enterprise policies strongly contribute to the success in the early stages of the 

establishment of social enterprises. On the other hand, for the continual growth of social enterprises in Korea, it 

has also been confirmed that there is a need to remedy the Korean government’s social enterprise system, so that 

social enterprises would be allowed to concurrently pursue sufficient market values. 

Lastly, we confirmed the necessity in the promotion of genuine contributions of big businesses in the social 

economy by remedying the systems in Korea as well as creating a conducive social atmosphere. 

The dynamic model of success factors of social innovation that this research suggested needs to be 

developed into a model that has richer meanings through further research and case studies. In addition, there is 

also a need to not only check the values of this model, but also to majorly strengthen its quantitative part by 

conducting a comprehensive statistical data collection and analysis on social enterprises and social economies of 

the world. 

 

 

Acknowledgement 

 

This work was supported by the DGIST R&D Program of the Ministry of Science, ICT and Future Planning 

(16-IT). 

 

 

Appendix 

Korean Social Enterprises Interview List 

 

Interview Day Firms 
Interviewee: 

CEO of Social Enterprises 
Interview Firm’s Home Page 

2015 December 02 ① Social Entrepreneur Hub  TaeSue Yem www.facebook.com/hubcmdg 

2016 January 13 ② Remann Co., Ltd. Jadeok Gu  www.remann.co.kr 

2016 January 22 ③ Kumjadonge JunSung Park www.kumjadonge.co.kr 

2016 January 29 ④Various Co-Op MinGeol Jeon www.variouscoop. 

2016 February 17 
⑤ Yaho Gongdong Infant Care 
Co-Op  

JaeYoung Park www.gongdong.or.kr/cafe 

2016 February 16 ⑥ World Impossible Factory SeSang Park 

www.facebook.com/WORLD.i

mpossiblefactory/posts/9065102
99395505 

2016 February 18 
⑦ Shared Space Platform 
GongGong  

JoYang Joo 
www.ohmycompany.com/projec
t/prjView.php?seq=580 

2016 February 23 ⑧ BYMOM MinWook Kim  http://bymom.org/ 

2016 February 26 ⑨ Marymond HongJo Yoon www.marymond.com/ 

2016 March 12 ⑩ Doson Company ChanJae Park www.dohands.com/ 

 

  

http://www.ohmycompany.com/
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Semi-structured Questionnaire 

 
 
First, we would like to know about the social enterprise you operate.  

- Organisation, human resources, technology and achievements of the enterprise  

- Major business model  

- Current status and future of this social enterprise  

 
Second, we would like to know about you as a social entrepreneur. 

- Work experience prior to this enterprise  

- Reasons for starting or operating a social enterprise  

- Experiences in operating social enterprises  

- Knowledge about, difficulties in and outlook toward social enterprise operation  

- Origin of ideas and new knowledge as a social entrepreneur  

- Outside support such as big businesses, government, etc., for social enterprise operation  
 

Third, we would like to know about the enterprise’s social value aspect. 

- Social resources network of the social enterprise  

- Method in obtaining social resources used by the social enterprise  

- Contents of sustainable social value and efforts in its acquisition and maintenance 
 

Fourth, we would like to know about the enterprise’s market value aspect. 

- Market value network of this social enterprise (human network, knowledge, economic supports, etc.) 

- Production, expansion, maintenance and current status of the market value  

- Origin of ideas for new business model, technology and market creation  
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Abstract 
Today, interesting and important interconnections have been made that promise 
great leaps forward for innovation systems and entrepreneurial ecosystems – 
especially operating at the regional or sub-national level of  the space economy. Of 
course, there are politics in such relationships. Most notably are those that are 
critical of anything that “interferes” with market hegemony (neoliberal bias) which 
has weakened commitments such as those pioneered in South Korea in the early 
years of the twentieth century, later to be followed by numerous Scandinavian policy 
experiments (Denmark, Norway and Sweden; discussed below) as well as austerity 
policy to enlarge regional governance spaces, as in Germany and France (not to 
mention the dismantling in 2010 of Anglo-regional governance in the UK). 
Meanwhile, however, it can be seen that good progress in regional innovation policy 
and entrepreneurial accomplishment at regional level proceeds apace. This is known 
as the “co-operative bias” in contemporary political economy. Entrepreneurial 
ecosystems and regional innovation systems are excellent examples of “generative 
growth” mechanisms (floated in Cooke, 2002) as a counter to Romer-style 
individualistic endogenous growth theory. The paper explores the virtues of variety 
against those of linearity in innovation and entrepreneurial in exemplary empirical 
instances. 
 

1. Introduction 
 

This paper presentation looks back on an effort to counterbalance the growing 

emergence of neoliberal hegemony in regional political economy at the beginning of 

the present millennium. In a paper by Cooke (2002) which existed as a guide for EU 

policy makers to an alternative approach to “new growth theory” and especially that 

variant that stressed “endogenous growth theory” (Romer, 1990) the idea of 

“generative growth” was formed. This derived from very different and equally deep 

theoretical roots to those of the neoclassical perspective. Basically, it was critical of 

the radical individualisn, determinism and linearity of the neoclassical perspective 

and preferred an evolutionary, socially interactive and non-linear approach to 

political economy. Of course, history reveals that zero attention was paid to my 

advice by the relevant EU policy maker team. They followed the various Goldman 

Sachs, not to say Lehman Brothers, herds like their US policy mentors had approved. 

This included bending over backwards to allow US corporate high-tech technology 

commercialisers to retain transfer-priced tax, health service and other public 

contracts, and free trade (TTIP) benefits to accrue to their rivalrous competitors. 

Most shocking was the way corporates and the US government first warned then 

cowed the EU with legal threats against “competitive advantage” in their own 

backyards (Myant, 2015). The proposed trade agreement would fuel concerns that, 
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for example, sovereign UK National Health Service trusts could come under attack 

from private contractors using the ISDS (investor state dispute settlement) tribunal 

system.This simulates a kind of “Economic Caesarism” reminiscent of appropriation 

rule in Roman Britain for the contemporary era of global competitiveness by all 

possible means. 

 

In reconsidering the massive growth of neoclassical ideology and the even greater 

growth in malfunctioning of social relations, catastrophic effects of war, refugees and 

migration that have beset the global economic space of regions, nations and broad 

territories, the first thing to record has been the decline of co-operative, socially 

interactive and collaborative action in economic affairs more generally frpm 2000-

2016. This may be displaying growing signs of decay but the power of capital’s vice-

like grip on the leading institutions of the global, bloc and national economies has 

continued to strengthen. Where may signs of the emergence of more evolutionary, 

socially responsive and learning predispositions be found? Amongst a few may be 

counted the continued growth, albeit not overwhelming, of collective innovation and 

entrepreneurship activity. Both depend significantly on knowledge formation, 

exploration, examination and exploitation among “strange attractors” who are often 

capable of interacting across borders (industries, sectos, clusters) to create and 

innovate with different kinds of creative actors. Although they may compete, they are 

also capable of collaborating to create something of commercialisable social value. 

While narrowly-defined STI patent data is carefully recorded, the much greater 

contribution to innovative value from DUI activity is widely acknowledged to be 

under or even un-recorded in the same way. It is like “dark material” in the universe, 

all around us but difficult to see. Entrepreneurs and innovators are largely 

responsible for such “dark material”. 

 
2. What Is Generative Growth? 

 

Because of their scarcity, knowledge economies thrive under globalisation. This is the 

milieu within which localised knowledge clusters interact with global value chains 

managed by multinational corporations. It was, until recently, contested as to whether 

globalisation was a meaningful concept (Hirst & Thompson, 1996; Ruigrok & Van 

Tulder, 1995; Cooke et al, 2000; Dunning, 2000). But there is now consensus that it 
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exists and is marked by a heightened organisational strength, extensively over the globe 

and intensively through global value chains. Thus production of goods and services is 

more deeply integrated for different stages of the value chain in a wider array of global 

locations than ever before. Global value chains are increasingly embedded in local value 

chains or clusters. Competitive advantage increasingly lies in firms, regions and 

countries coming to terms with these new realities, intensifying their direct and indirect 

capabilities for knowledge-intensive production, enhanced productivity, innovation and 

new firm formation that accompany integration of local and global value chains. 

Generative growth feeds off these interactions rather than being unproductively 

transplanted, as often occurs with ‘redistributive growth’, the style of incentivised and 

regulated movement of jobs and capital from locations where they were abundant to 

those where they were not. Theoretically it is an evolutionary concept that moves 

beyond neoclassical constructs like ‘endogenous growth’. The latter, even with its more 

realistic acceptance of realities like ‘increasing returns’ and ‘imperfect knowledge’ 

remains wedded to a notion of the satisficing individual consumer and a reductionism in 

its analysis of spatial development processes that even one of its main progenitors 

admits is ‘simplistic’ (Krugman, 2000). 

 

As is by well-known after a quarter of a century of neoliberal market hegemony allied 

with neoclassicism,  “endogenous growth theory” holds that economic growth is 

primarily the result of endogenous and not external forces. Quite how globalisation, let 

alone financial contagion got off scot-free in that assumption is, of course, mystifying. 

Endogenous growth theory held that investment in human capital, innovation, and 

knowledge are significant contributors to economic growth. Otherwise known as “new 

growth theory” this justified such often publicly-funded spatial inequities as “technology 

clusters”. Furthermore the contemporary reification of science and technology 

innovation (STI) as the wellspring of economic novelty treated much more common but 

less elitist (Doing, Using and Interacting; DUI) “knowledge” as less pioneering, inferior 

and less growth-inducing. As has become clear,this “world-view” is widely presented as 

an apology for agglomeration, increasung returns to scale and massive social 

polarisation by austerity governance. Thus entrepreneurship, including Kirzner’s 

“entrepreneurial discovery process” (EDP), is reified – though not as much as global 

corporatism – as the necessary means to kick-start capitalism after the financial 

meltdowns of 2007-8 and afterwards. 
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Generative growth balances up that minority of successful STI translations of laboratory 

bench research into commercialised products and services against the majority of 

incremental, recombinant and cross-cutting innovations at interface that typify the day-

to-day practice of both innovation and entrepreneurship. Especially, the evolutionary 

nature of generative growth takes account of individual and collective learning by firms 

and among enterprise support agencies. It is interested in but critical of certain 

determinisms that neoclassicists find sympathetic, like narrow, linear and “locked-in” 

path dependence compared to a more Schumpeterian recombinant “path-

interdependence” which captures the interactive, to some degree “unpredictable” even 

“lawless” creative process that often characterises innovation as a socia process. In 

particular the “evolutionary perspective” is dissatisfied with non-explanations for 

economic phenomena like the effects of chance as deployed by leading figures in the 

linear path dependence school (Arthur, 1994).  

 

Generative growth evolves towards “disruptive change” or “punctuated evolution” as 

described by Schumpeter (1975). A market forms and firms imitate or “swarm” around 

an innovation, usually in a knowledgeable or otherwise asset-privileged space, as a 

consequence of specialised knowledge application. There were two types of generative 

growth cluster in the earlier formulation of Cooke (2002):  the pure ‘Knowledge 

Economy’ kind, and that better referred to as ‘Knowledge Upgrading’. In Evolutionary 

Complexity (ECT) theory, these are known as the “Adjacent Possible” and the space of 

“Preadaptation” (Kauffman, 2008). The former is exemplified in, say, a genomics cluster, 

the latter in a premium food or design-intensive textiles cluster of the kind we will 

explore in the third main section of this paper.  

 

Generative growth often occurs where local and global value chains move into alignment. 

The key policy demand is foresight and to be sufficiently knowledge-capable to 

anticipate such alignments. This is par excellence the province of the entrepreneur, 

especially that of the entrepreneurial ecosystem, and a skill for the toolbox of the policy 

maker as collective entrepreneur. For as well as positive dynamic externalitities such as 

early access to innovations, special investment expertise and cultural assets like “swift 

trust” and “gift exchange” relationships, there are non-sustainable, negative spillovers 

like congestion, pollution, long working hours, tiny workspace “cubicles”, uncertain 
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compensation, high living costs and lengthy commuting that moderate the attractiveness 

of the model. However, these negatives also leave space for the judicious “collective 

entrepreneur” to operate.  

 

But before exploring the downsides of extreme generative growth, we must extend this 

analysis to the question of sustainable regional development. The first critical 

perspective on this is the initial idea that sustainable development was complicit with 

entrepreneurship because it is fatally undermined by its dependence on the market 

mechanism above all. Therefore, even allowing for a regulatory constraint on over-

consumption of natural and other exploitable resources, there remains an incentive to 

find entrepreneurial loopholes in the regulatory regime to earn profit. Moreover, 

exploitation of, for example, environmentally damaging resources was initially 

facilitated in “sustainable development” ideology as long as enough was left for future 

generations to exploit. This applied even if the future of the viability of the planet was 

threatened by not leaving – for example – polluting hydrocarbons in the ground. So the 

benign imagery of sustainable development became tarnished. The rhetoric of 

“communality” supervenes in preference to pure acumulation by “possessive 

individualism” over property rights. Comparably, Lukes (1974) critiques it 

“methodological individualism” which is given a radical reinterpretation by such 

communal entrepreneurial purpose as aspiring to more inclusive forms of power and 

profitability. It is in this “generative” dimension that the emergence of a more 

evolutionary approach to entrepreneurial ecosystems gains particular interest. 

 

In this respect, three key lessons can be learned from the “innovation sysyems” literature, 

especially tat associated with regional development, for reference to both the contrasting 

and competing interests of “entrepreneurial ecosystems”. These are, in no particular 

order of preference, the following.  

 First, innovation (after Schumpeter, 1934) is inherently recombinant, drawing 

inspiration from several cognitive and material sources. These “new combinations” 

are inherently socially interactive in nature, 

 Second, while commercial exploitation is the purpose of successful combinations, 

they may nevertheless be socially useful innovations for the innovator much more 

than the entrepreneur. There are many cases of altruistic innovation. 



7 
 

 Third, innovation is fundamentally a “learning” procedure involving networks of 

innovators in “gift exchange” or “studied trust” type interactions to achieve the 

“adjacent possible” or cross “structural holes” from the known to the unknown. 

 

By contrast, entrepreneurship is less exploratory (despite Kirzner (1997) in its 

“entrepreneurial discovery process” or EDP) and relies more upon successfully repeated 

routines. This is because of its liberal individualistic tradition; with its more 

evolutionary learning mindset, entrepreneurial ecosystems thinking is likely to moderate 

such bias.  

 

One important point which supports this last contention regarding interactive 

learning is found in the archetypal regional innovation system which also overlaps 

with recombinant platforms of an entrepreneurial ecosystem is Silicon Valley. Just a 

single evolutionary concept that has occupied much thought among entrepreneurs 

calculating possible futures for this space is that concerning “basic income” (Green, 

1983; Green, 1985). A basic income is an income unconditionally granted to all on an 

individual basis, without means test or work requirement. One key idea is that all 

citizens are guaranteed a wage, comparable to a retired person’s state personal 

pension. The complementary idea is to promote a simpler, cheaper welfare system 

and to make it easier for unemployed people to get into the workforce. Despite its 

traditional provenance, recent advocacy for the reform has come from entrepreneurs 

and “small state” neoliberals but also other political camps than the right wing, such 

as the Greens and some socialists and feminists. Among various recent converts 

noted by Fearn (2016) in a brief progress review are Canada’s province of Ontario 

and other governments such as Switzerland (voting in June 2016), The Netherlands 

(Utrecht region) and Finland (launching a basic income in 2016). That it is adhered 

to by numerous Silicon Valley entrepreneurs is a sign both of that culture’s 

abhorrence of regulatory control but also of a certain sympathy for communal action 

for socially useful purposes. 

 
To conclude this sub-section, we have provided several discussion points about 

“generative growth”. It can be seen to have evolutionary economic geographic 

origins and is set up in contrast to the unitary, atomistic and individualistic 

neoclassical “assumptive world” that fuels neoliberalist, market dogma. As such, it 
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has recombinant and distributed knowledge sources that feed into innovations, 

commercialised for market and social purposes. A key element of its evolutionary 

economic geography resides in re-combinations of different kinds of nearby and 

more distant geographic proxinity (Boschma & Martin, 2010). These interactive 

characteristics express and realise advantages from social learning compared with 

the more “spontaneous” and opportunistic herd-instincts first characterised by 

Schumpeter (1934) as “swarming”. Entrepreneurship involves much imitative 

“swarming” and it may be hypothesised entrepreneurial ecosystems retain that 

characteristic, albeit moderated to some extent by a less individualistic form of value 

capture. Innovation, notably at regional level, is frequently characterised by relatively 

low value capture and, in practice many innovators vacate the origin of their 

discovery in a start-up or spin-off firm accordingly. Here the skills of the other actors 

in the entrepreneurial “division of labour” are more highly valued for exploitation of 

a repetitive kind than the often unstable creative processes associated with 

exploration (March, 1991). 

 
 

3. Innovation and Entrepreneurship: The Regional Milieu and the 
Ecosystem 
 

To elaborate somewhat on what was just referred to as the entrepreneurial “division 

of labour” it is worth reiterating that what were once summarised by Schumpeter as 

four functions have by now been elaborated to at least seven, as follows. . Thus 

modern entrepreneurship research recognises, apart from the innovator, more than 

Schumpeter’s four roles in innovation, which were: 

 the inventor, who invents a new idea;  

 the entrepreneur who commercializes this new idea;  

 the banker, who provides the financial resources to the entrepreneur (and 
bears the risk of the innovation project);  

 the manager, who takes care of the routine day-to-day corporate management. 

 

These roles are most often executed by different persons (Kenney 1986). Stam (2007) 

goes further in his review paper on distinctive roles found to be operating around 

innovation.  He observed that nowadays these distinctions designate a complex – 

systemic (later “ecosystemic”; Stam, 2015) - process whose key actors are as follows: 
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1. the person who bears uncertainty (Knight 1921); 

2. an innovator (Schumpeter 1934); 

3. a decision maker (Casson 2003); 

4. an industrial leader (Schumpeter 1934); 

5. an organizer and coordinator of economic resources (Marshall 1890); 

6. an arbitrageur, alert to opportunities (Kirzner 1973; 1997); 

7. an allocator of resources among alternative uses (Schultz 1975). 

 

Accordingly, when one hears the somewhat simplistic injunctions that - to grow, 

regions should innovate – it is salutary to calculate the number and variety of skills 

and expertise required to actually move a “recombinant idea” into “practical 

commercialisation” status. This applies even more so to injunctions such as 

“entrepreneurial discovery.” Moreover, as implied in evolutionary complexity theory 

(ECT), which ponders novelty and the nature of its embedding economic fabric 

(Kauffman, 2008; Arthur, 2009) innovation requires a clear purpose to initiate and 

energise such a complex project exercise. This is discussed in the fourth main section. 

Without a core idea on to which knowledge and artifacts may be brought to converge 

on some novel practical and/or commercial solution or offering to the market – say 

“manned flight” or “mobile communication” – there can be no innovation. The 

mistake is over-simplifying “entrepreneurial events” by conceiving them as 

individualistic practice rather than being embedded in “entrepreneurial ecosystems” 

of interacting and complementary capabilities and assets (Stam, 2015). 

As a result of thinking through the interactive logic of key distinctive functions in the 

EDP it is rapidly evident that entrepreneurship is both more complex than hitherto 

believed by those who conceive it as the expression of pure individualistic 

“outsiderdom” and yet simultaneously in a commonsense way “washing its face” in 

profitability. This introduces the (questionable) concept of the “entrepreneurial 

ecosystem”. Questionable, because it proposes interactions among diverse skill-sets 

among enterprises, which are carriers of institutional value rather than atomised 

units of profit realisation. We shall return to this many times in what follows, tending 

to prefer the institutionally more accurate label over the individualistic one. Thus it 

makes more sense to connect enterprise to the idea of an ecosystem, which (in 

economic terms) consists of interacting, value-creating entities embedded in a socio-

technical system (STS) or context that sustains both.   
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It is meanwhile worth reflecting that entrepreneurial interactivity may display 

constraints of institutional “path dependence” that can habitually and easily cross the 

boundaries of legality. Enterprise ecosystems are less “privatistic” as Stam (2015) 

refers to them. Thus, as an illustration, the sale by a British entrepreneur of 1,500 

fake bomb detectors at a cost to Iraq’s interior ministry of £52 million occurred 

during 2008 and 2009. These were subsequently revealed to have been made from a 

metal aerial and an empty plastic box (“novelty golf ball finders”) and the fraudsters 

jailed for ten and seven years. The devices cost as little as £2 to produce but were 

sold for as much as £15,000 each, resulting in a trade worth up to £3m a year.  

Responsible British government department administrators and their agents 

promoted international sale of the devices, which are on record as having cost lives, 

despite a UK government warning they were useless. Even in 2015 after the Sinai 

terrorist attacks, tourists trapped in Sharm el-Sheikh continued to be victims of the 

Egyptian security services using same bomb detectors that had been exposed as fake 

over the previous seven years. Naturally, this is an extreme case, but it is testimony 

to characteristics of entrepreneurship that are overwhelmingly rent-seeking and 

exploitative. Accordingly, they are shared to a far lesser degree than the explorative 

and often “disinterested” features of innovative activity. Yet, to reiterate Stam’s (2015) 

observation above, the actors involved constituted an entrepreneurial ecosystem of 

military businesses supported by numerous government agencies, military 

engineering assessors “experts” and military marketing professionals from overseas 

trade shows to foreign sales networks. 

So this is, in so many ways, from fraud and  corruption to multi-client incompetence, 

a bad entrepreneurial ecosystem. To be as fair as possible in adjudging the potential 

for benogn, collective exploitation of entrepreneurial ecosystemic behaviour, the 

following helps to balance up the picture. Here, a widely implemented business 

model involves social enterprise for employment and skills training. The 

entrepreneurial aspiration here involved building an online community of computer 

workers, hired from underemployed communities. The programme trained each of 

them to undertake, for example, a single language programming exercise or 

translating of code for a common application program interface (API).  Recombining 

such skilled cohorts of  practised entrepreneurs allows them to complete a service for 

a client that would normally only require 1 or 2 people. Accordingly, this exploits 
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synergies among highly micro-specialized professionals. These reap both scope and 

scale advantages from divisions of labour which may form a “virtual assembly line” 

allowing faster task completion, lower service cost and higher quality standards. This 

scores particularly well over traditional outsourcing by general practice knowledge 

workers. Incomes and job satisfaction are higher from virtual assembly-line set-ups. 

This demonstrates that entrepreneurial ecosystems can be profitable, communal, 

based on learning and socially benign. 

 

Two final points round off this preliminary analysis of the entrepreneurial ecosystem 

idea before a comparable exercise is conducted for the regional innovation system 

model. Two things remain to be tied up at this point. First, it is patently clear from 

the above discussion that entrepreneurship and innovation or their agents, 

entrepreneurs and innovators, are completely different in nature, skills and outlook. 

This will become even clearer in discussing the nature of innovation in the context of 

“novelty”, creativity and the idea of “newness” per se. In brief, the entrepreneur is 

profit-driven to a far greater degree than the innovator. The latter may be interested 

in profit-taking but may equally be disinterested in or indifferent to profit and – for 

example – more actively interested in awards or social respect as expressed in social 

or academic prizes. Venture capitalists routinely replace, in particular, academics 

from management roles in scientific start-ups, as a case in point. Entrepreneurial 

ecosystems, too, are largely driven and governed by market relations and the profit 

motive. But, second, as demonstrated in the exemplar of “virtual assembly line” 

among computer entrepreneurs, such ecosystems are capable of collective, 

communal or “generative growth” that is not simply reducible to the bare “arm’s-

length exchange” of the individualistic pursuit of profit. Accordingly, there is 

potential for the accumulation of social value and associated economic efficiencies 

and effectiveness that are superior to the traditionally hegemonic model of 

individualistic “property rights” entrepreneurship. 

 

 

 
Innovation and the Regional Milieu 
 
In the following sub-section we devote attention to the more established evolutionary 

economic geography of “regional innovation systems” (RIS) well-rooted in a twenty-
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five year pedigree of theory, empirical analysis and policy application. Currently such 

policy implementation became the European Union’s required methodology (RIS3) 

for all regions in the EU to formulate their bids to the European Regional 

Development Fund for regional economic development assistance (€185 billion 

2014-2020). For the first time since 1988 the EU programme budgetting 

methodology based on budgetary quantities, while retained as a financial 

management tool, shifted away from its purely procedural accounting approach to  

a more substantive, content-driven regional innovation policy (RIP) outlook. 

However, such are the “assumptive” ties that bind in Brussels that ideologically it 

remained wedded to a neoliberal economic EDP (entrepreneurial discovery process) 

model or “chaotic conception” requiring “smart specialisation” as its ideal regional 

scenario.  

 

This overlooked at least seventy-five years of regional economic development 

research and policy analysis which demonstrated that economic variety is superior to 

specialisation. Forced to recognise this mistake by the EU’s own economic geography 

advisors, a new RIS3 injunction that specialisation was to be treated as equivalent to 

diversification (or variety) thus resulted in the “chaotic conception” at the heart of 

the EU regional innovation strategy. Nevertheless, with its new emphasis on 

evolutionary economic development processes as the rationale for spatial strategy 

formulation the RIS approach marks a big step forward in the large-scale financing 

and policy implementation of the regional “milieu”. Drawing attention to the 

importance of “regional milieu” attention is drawn to GREMI a Francophone RIP 

and economic geography community that first evolved the concept. It has three 

important elements, which build upon regional “varieties of capitalism”. To 

summarise first, GREMI has to explain why the regional level of activity and identity 

is important. This is notably because some sub-national areas are very distinctive, 

culturally, democratically and even economically while others are less so, having 

weak cultural markers, centralised administration and disarticulated economic 

activities (neither specialised nor diversified).  

 

One way of conceptualising this is by means of an approach to innovation 

governance, suitably adapted that facilitates understanding (Dosi, 1982; Freeman & 

Perez, 1988). Overarching the two key sub-systems in this variant of milieu theory is 
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the “socio-technical system” (STS). A good example of macro-theorising this is in 

reference to the dominant socio-economic era which, from the Industrial Revolution 

to the present day, remains under the hegemony of hydrocarbons. All long waves 

(after Schumpeter, 1934) have been fuelled by carbonised production processes. But 

within that STS, some regions innovated woollen and cotton textiles, or shipbuilding, 

or coal and steel, or food processing, furniture, carpets etc. in what Marshall 

famously called “industrial districts”. These are the forerunners of “regional milieux”. 

Each milieu has an economic “paradigm” in which innovations (and subsequent 

“entrepreneurs” evolve are fashioned or desugned. They may often dispaly diversity 

or what is nowadays called “related variety”. Examples of this occurred in economic 

history after stagecoach building mutated towards bicycle manufacture, then motor-

cycle manufacture and finally combustion engine vehicles. Often these mutations 

evolved in the same milieu, using similar raw materials such as steel, rubber and 

later, glass. Some later became aeronautics “milieux” and modern centres of 

expertise in systems and software. Together, although of different vintages, such 

milieux evolved over time by exploration in proximity of diversity. Such interactivity 

(which associates with “generative growth” most strongly) is based on synergies that 

derive from industrial relatedness. Together, these contribute in major “path 

dependent” ways to regional variety. 

 

Complementing such a “regional paradigm” is what in the governance literature is 

known as a “regime” which in this context refers to the “regional regime”. This is an 

organisational structure og governance bodies such as ministries and various 

regional agencies or bodies that receive funding in support of regional innovation 

policy. Networks of interaction among such RIP actors and “paradigm” actors 

facilitate “generative growth” but not neoliberal competition in the same way. Such 

regions nevertheless may display distinctiveness because of this. At a different strata 

of activity is the “institutional” level, which is more informal or less formal than the 

organisational structure of the region. Here “assumptive worlds” on reputational, 

expectation and rules of the game grounds mould the regional “regime” actors into 

something like a regional institutional culture. This also contributes to regional 

variety such that industrial character may be isomorphic with regime character in 

comparable regions, even in different countries. Finally, at a relatively diluted level 

we introduce the “conventional” level where everyday practice outside institutional 
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and organisational life occurs. So uses of language, trust, exchanging favours, sharing 

seasonal tasks add to the “regional regime” in the form of specific bonding or 

bridging capital, which also has some economic value and further contributes to 

regional related variety. 

 

It now remains to perform a comparable effort for RIS and its associated RIP to that 

done regarding “entrepreneurial ecosystems”. It will be recalled that a binary 

good/bad ecosystem was hypothesised and supported with data. In this case, similar 

forms of disarticulated and articulated “paradigm” and “regime” relations will be 

explored. One of the most difficult RIS set-ups to deal with is one that has suffered a 

significant “resilience” shock. A paradigm case of this occurred in my own territory of 

Wales, the RIP experience of which was written up in Cooke et al., 2004). 

 

Following the deindustrialisation of Wales, which culminated in the Thatcher 

government’s closure of most of the coal and steel industry, some effort was made at 

restructuring the economy. Before devolution in 1999, the UK government 

administration for Wales fashioned a strategy to intensify the level of investment, 

both domestic and overseas, in automotive and electronic engineering. By the 1990s 

the restructurinf and downsizing of heavy industry had evolved. Accordingly, at that 

time, with 5% of the UK's population and GDP, Wales attracted between 15% and 20% 

of inward investment in the UK (Cooke, 1995). 

 

This was not an “entrepreneurial ecosystem” but an “MNC-FDI ecosystem”, for 

unlike earlier FDI it involved little elaboration of supply chains or “open innovation”. 

But the influence of Asian and European FDI was different and anticipating supply 

chain formation from domestic and foreign suppliers.  Thus Sony arrived in 1974, 

followed by Hitachi, Panasonic (Matsushita), Aiwa, Brother, Sharp and Orion, all 

involved in consumer or office electronics.  Later, LG from Korea, wafer fabrication 

firms International Rectifier (US) and Trikon (UK), and components firms from 

Hong Kong and Singapore joined the cluster. With the exception of Sony, which 

transformed itself from  a TV and computer screen manufacturer into a leading 

microcumputer for code-training (Raspberry) in the 2010s. However, Sony employs 

about 100 compared to 1,400 twenty tears or more ago, while Panasonic, Hitachi and 

Aiwa and Brother have closed their operations in Wales and LG from South Korea 
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lasted only a few years. Needless to say, “open innovation” and supply chain 

elaboration came to a grinding halt. 

 

In automotive industries, Ford opened an engine plant in 1978, followed by 

acquisitions or new, greenfield investments by Calsonic, Valeo, Lucas-SEI, Robert 

Bosch, Trico, ITT-Alfred Teves, Ina Bearings, Sekisui, Yuasa, Gillet, Grundy and 

Hoesch-Camford. By 1992 production of 200,000 engines a year by Toyota began as 

supply to their European assembly plants. Valeo Robert Bosch and Lucas-SEI have 

retreated but others have remained and now a thriving “open innovation” set-up has 

recently been announced as the new location for Aston Martin’s luxury SUV (TVR 

sports cars also have Wales on their three location shortlist). Unlike electronics, 

automotives has proved more durable as a supply chain customer and RIP animateur. 

From 1999, the Ford Bridgend engine plant became the sole Zetec engine source, 

producing annually 700,000 of these and 55,000 Jaguar AJ26 V8 engines. New 

ranges of Jaguar and Land Rover engines were frequently announced in the 2000s, 

to be produced at a rate of 325,000 per year. Subsequently, when these customers 

were sold to Indian MNC Tata they continued to source relevant engine technologies. 

Simultaneously,  Toyota engine production expanded to 500,000 engines by 2003. 

Formerly deindustrialising Wales had evolved into a key centre of high-quality, high-

skill automotive engine production in Europe, with 2,400 employed at Bridgend and 

600 at Deeside in north Wales. 

 

Two shocks occurred amidst these developments. First, much of the demand for 

MNC-FDI in electronics disappeared with its importance to RIP and the RIS in 

engineering. Thus losing Hitachi and Aiwa with its local suppliers association shared 

partly with its parent Sony, meant its supplier links disappeared. Global-scale crisis 

in Asia at the turn of the millennium meant that the South Korean government 

enforced LG to sell Microchip assets to Hyundai. So LG could never implement its 

strategy to support university research. At that crisis time, purchase by Tata of Corus 

Steel meant closure of its 200-person new materials research laboratory. Embryonic 

‘Triple Helix’ relations among universities, businesses and government agencies 

atrophied with the loss of regional personnel to act as intermediaries and 

commissioners of research. The second shock was that large numbers of jobs were 

lost even during this “second restructuring” undermining Wales’ emerging 
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reputation by some 44,000 jobs  between 1998-2002. This meant that a further 

readjustment towards a “post-industrial” lesser engineering had to be faced. One 

consequence of this was that the European Union recignised Wales as justifying the 

full measure of EU regional industrial and innovation assistance to the tune of some 

£3-4 billion from 2000 to 2020, a status that RIP has never managed to make 

significant inroads in terms of “high-road”, well-paid manufacturing employment. In 

contrast, Wales has evolved into a “low-road”, “low-income” post-industrial retail 

and office-services economy. Needless to say, demand for RIP is scarcely buoyant 

under such circumstances. 

 

RIS without RIP: Innovation Self-Mutates 

The most obvious RIS to transmute in this way, already by now a platform of 

intersecting clusters, is Silicon Valley. This is a type of RIS that displays strong, 

world-beating entrepreneurship rooted in its science and technology (STI) drivers 

that are primarily invoked by recombinant innovation (Saxenian, 1994). It is widely 

referred to as an “entrepreneurial regional innovation system” (ERIS) because it 

doesn#t directly rely on the kind of piblic RIP strategising so common in Europe and 

many “developmental states” like Singapore and Taiwan, for example, in Asia. As is 

well-known, only a few of the original semiconductor fabricators from the early days 

still have a presence in the core location, two of the best known being Intel and AMD. 

Alongside their suppliers and other design rather than fabrication plants we can say 

the original seed crystal survives. As for computer fabrication, clearly Apple, an 

original Cupertino locator from the early 1970s, and many of its suppliers (though 

many more are now in Asia) remain or join and – like Intel, a long-term Apple 

supplier - thrive and grow. Newer entrants, grown to giant scale, like Google and 

Facebook also thrive in this ICT ecosystem and to an extent diversify in terms of 

related variety, notably Apple towards electric vehicles (EV) and Google into electric 

automated vehicles (EAV).  

This somewhat imitates the earlier move of former PayPal entrepreneur Elon Musk 

who established the successful Tesla premium EV brand in Palo Alto in 2003. But, of 

course, before these mutations from ICT into EV and other renewable energy 

applications, Silicon Valley had also become a favoured site in which biotechnology 

start-ups and spin-offs could thrive. Accordingly, early movers, like Cetus and 
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Genentech located in south San Francisco, arguably close to but not right in Silicon 

Valley, started the earliest California biotech cluster. In such science-driven 

innovation, proximity to the “mother-ship” in this case the University of California 

Medical School was essential. Nevertheless, venture capital from nearby Palo Alto 

was also available and, in any case, the biotech funding model is different, with a 

large patron like Swiss giant Hoffmann LaRoche (now Roche) being a normal 

funding and research partner and, since 2000, owner of Genentech, the dedicated 

biotech firm (DBF) in question. Other incumbents in the Silicon Valley biotech 

ecosystem have included firms like Gilead, Amgen (HQ Los Angeles) and AbbVie 

(former Abbott Labs). Though these are biopharmaceuticals firms, 40% are in 

biomedical diagnostics, directly utilising ICT advances from their advanced 

electronics neighbours in many cases.  

Up to the present Silicon Valley ICT and – to a lesser extent – biotechnology firms 

have undergone a third mutation into renewable energies, notably alternative fuels 

based on algae and other types of agro-food derived combustibles. Also moves were 

made – as noted – into EVs and other applications. Major green industries with a 

significant presence in the state are: Solar, Wind, Biofuels, Smart Grid, Energy 

Storage, Fuel Cells, Hydro, Geothermal, Green Building, Energy Efficiency, 

Sustainability and Electric Cars. The top ten occupations for green jobs in California 

by the number of green jobs in each occupation are: Carpenters involved in green 

activities filled 46,150 jobs; followed by hazardous materials removal and 

remediation workers at 43,470 jobs; 43,110 people were employed in green, 

sustainable or organic agriculture; there were 40,350 assemblers working in green 

manufacturing; 36,060 recycling centre operators; 24,750 electricians worked in 

green sector jobs; there were 23,000 plumbers, pipefitters, and steamfitters working 

in green economy related jobs; 21,670 architects (excluding landscape) worked in 

green economy related positions; 20,340 industrial production managers found 

employment in green sector areas; and 19,330 construction managers worked on 

green projects.  Jobs also grew in the Silicon Valley (& San Francisco) smart grid 

sector from 1995 to 2011. Thus between 1995 and 2011, smart grid employment more 

than doubled to 17,800, up from 12,560 in 2009, and more than double the number 

of those jobs in 1995 (Cooke, 2015).  
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It may briefly be concluded that Silicon Valley displays the two key modern-day 

forms that combine both innovation systems and entrepreneurial ecosystems. 

Historically, as Saxenian (1994) shows it displayed the kind of communality, shared 

communities of practice and, strikingly, a dynamic transformational “platform”-like 

interactivity based on recombinant innovation. In the absence of public economic 

governance more typical of RIS set-ups, community action was capable of being 

activated by the economic community who often co-inhabited the “silicon localities” 

in proximity with their workforces from whom they recruited. Nowadays, a new wave 

of less benign, excess-driven entrepreneurialism sees the San Francisco skyline 

changing wth luxury skyscrapers and infrastructure of a far more exclusive kind 

represented by “Google Buses”. One of the key facilitators of this transition is the 

absolute social polarisation that has occurred by the awarding of huge shares of 

entrepreneurial wealth to an undeserving minorities of  --“super-entrepreneurs”. 

This we may conclude that there is some symmetry in the conceptual and empirical 

vignettes that have been mobilised in support of our thesis that innovation tends to 

be communal while entrepreneurship tends ultimately to be individualistic and 

exclusive. Accordingly, while both display system or eco-system type qualities, those 

associated with innovation are less inegalitarian, less market-reifying and more 

attached to the disinterested pursuit of knowledge for its own sake. This inclines 

innovation towards the recombinant and interactive side of the equation while the 

entrepreneurial ecosystem is, in general,  more imitative and profit-motivated with a 

relatively lower-profile moral business posture. 

 

Reflections on Current Limitations of Entrepreneurial Ecosystems 

 

We have now devoted a substantial amount of thought about conceptual and 

empirical matters on the subject of “entrepreneurial ecosystems”. We now propose to 

elaborate on some of the key challenges faced by the emergent field, some of which 

show promise while others point to difficult or impossible impasses of a theoretical 

and, accordingly, scientific nature. 

 

We can say, with Schumpeter (1934) that he set off a contest in which there was a 

clearer re-definition of novelty and “the new”. But he also deduced there that as 

economics was an evolutionary science, the products of its recombinations were, in 
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their practical and commercial use-value, strictly indeterminate or unpredictable. 

This, of course, is a major barrier to innovation. Finally, in an earlier article only 

published in English in the present century (Schumpeter, 1932/2005) he concluded 

that it was the requirement of novelty that makes the process of innovation 

unpredictable, accordingly proposing that explaining how novelty is moved from 

indeterminacy to determinacy was the greatest unmet scientific challenge of his day. 

 

It can be argued that the neo-Schumpeterian school that has made such major 

progress in the modern study of innovation as recombination of knowledge 

(including knowledge-embedded technologies) has answered important aspects of 

that puzzle. Thus we can say with confidence that innovation has limits without being 

reductionist about its circumscription. Innovation is a creative, commercially 

(socially) relevant and novel recombination of old and new knowledge and 

technologies. “Relevance” here denotes novelty may have to await the removal of 

other innovatory bottlenecks (Balconi, Brusoni & Orsenigo, 2010). Accordingly time 

economies often interrupt innovation profitability: even novel methods of 

“knowledge insurance” such as milestone payments and special purpose vehicles 

(SPVs) are fashioned in recognition of the risk entailed in expectations future 

rewards. Underlying that institutional willingness on the part of public and private 

innovation funding agents to execute such investment risks is what ECT theorists of 

economic evolution like Kauffman (2008) refer to the “purposiveness” of innovative 

action. As ECT suggests, surrounded by Lego bricks of all kinds, the innovative actor 

may veer from cognitive listlessness to paralysis in the search for inspiration by clear, 

purposive action. Only then are the appropriate recombinant, related varieties of 

knowledge and artifacts/technologies selected for assembly as purposive innovations. 

At high levels of complexity, self-organization of innovation processes are implied 

where the “global controller” used to manage the blueprint decision-making of 

earlier eras as described for assembly of the Large Hadron Collider (LHC) in Boisot 

et al. (2011). Among the associated advances, the analysis of the value curve also now 

shows the structuring of innovation value exchanged through “open innovation” in 

relation to the “power laws” of intellectual capital:labour and locational ratios (Cooke, 

2013). 
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By comparison, the state of development of entrepreneurship studies seems 

theoretically immature. These issues of complexity and interaction have for too long 

been overlooked in spatial entrepreneurship circles. The complexity dimension 

underestimates the difficulties involved in conducting entrepreneurship. The 

interaction dimension occurred traditionally by over-simplifying “entrepreneurial 

events” by conceiving them as individualistic practice. But new problems arise from 

the improved, evolutionary perspective we now find being embedded in 

“entrepreneurial ecosystems”. Some problems resolved in neo-Schumpeterian 

evolutionary economic geography of innovation concerning interacting and 

complementary capabilities and assets remain open questions for entrepreneurship 

research (Stam, 2015). Among that raised by Sternberg (2007), Malecki (2011) and 

Stam (2015) and others, in revaluing the ecosystem contribution to the analysis of 

“high-growth start-up entrepreneurship” is overestimating the role of STI practice in 

most innovation. A more nuanced recognition has emerged of high value innovation 

based on “doing and using innovation” (DUI) interactive learning in relation to 

cognitively but not spatially proximate regions (e.g. Wassmann, Schiller, & Thomsen,  

2016). 

 

Space constraints disallow, further important conceptual distinctions that have 

evolved in the analysis of how “new combinations” occur. Foremost here is Andersen 

(2011) but it is also found in the entrepreneurship literature, which often closely 

relates to that focused on innovation, though, as we shall see, the two are widely 

different. A brief diversion on “entrepreneurship” is warranted by the heavy 

emphasis in EC (2012) on promotion of the “entrepreneurial discovery process” in 

RIS3 strategising. In Schumpeter (1932/2005) he “doubts the explanatory value of 

entrepreneurship”, suggesting that theoretical advances were needed to fashion an 

improved theory of the social dynamics underpinning novelty in his terms. While 

Andersen (2011), in recuperating Schumpeter’s  framework for analysing regional 

innovation, draws attention to his functional differentiation of the roles of inventor, 

innovator, financier and entrepreneur, showing already at that early stage practice 

was already much more complex than the proposed “entrepreneurial discovery 

process”. 
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Much of this comes down to the, by now, questionable “assumptive worlds” that 

entrepreneurship advocates promote, Foremost among these is the still abiding 

adherence to the individualistic model of pure entrepreneurship that is promulgated 

in entrepreneurship studies. To its credit, albeit at an immature stage of theory and 

appropriate empirics, this is precisely what the “entrepreneurial ecosystem” idea 

rails against most. At least from this perspective the notion of “communities of 

practice” and functional divisions of labour among collectivities of enterprises is 

privileged. However, so far there is precious little conceptual evidence of two further 

elaborations needing to be adressed in the research designs of studies into what we 

will resist the temptation to term “enterprise ecosystems”, First, there is little 

differentiation of entrepreneurship/enterprise in terms of sector, scale and structure 

in testing hypothesesw about the importance of each to the specific population under 

inspection. Second, there is little evident appreciation of the issue of the extent of 

diversification or variety of interactions among ecosystem members as compared 

with the alternative of particularistic or specialist interactions and which are of value 

to enterprise performance under what circumstances, historically or spatially 

(including regionally and/or locally). 

 

This atomized treatment of entrepreneurship as against the more non-individualised 

notion of “enterprise” betrays both its intrinsic “assmptive world” but it also acts as 

the source of the undifferentiated nature of the “classes” into which firms are 

selected – overwhelmingly, nowadays “fast, less-fast and slow growth entities”. This 

finally devolves into measurement by profitability. And this in turn leads into 

measurement of entrepreneurs. In Stam’s (2015) useful parody of the overarching 

rationale for entrepreneurial ecosystems, a weakness is that: 

 

“The (entrepreneurial ecosystem) phenomenon at first appears rather 
tautological: entrepreneurial ecosystems are systems that produce successful 
entrepreneurship and where there is a lot of successful entrepreneurship there 
is apparently a good entrepreneurial ecosystem.” (p.1764)  

 
As a rigorous agenda for a research programme, this clearly leaves a lot to be desired. 

So unlike the “enterprise ecosystem” the “entrepreneurial ecosystem” is betrayed by 

its atomistic, undifferentiated (except in tersm of “high-growth”) profit-motive 

driven perspective into which it remains “locked-in”. 
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The reverse side of this characterisation is that, what Stam (2015) terms the eternal 

“laundry lists” of attributes that successful entrepreneurship need to display to be 

deemed successful are largely meaningless because only the winners get bestowed 

with prestige. Presumably, research could show that the losers were even more 

assiduous in pursuing markets, workforce, finance, support, regulations, training and 

so on than the winners. This would then lead to attempts to discover the “magic elixir” 

that the winners absorbed but that the losers failed to appreciate; that way the road 

to alchemy beckons. “laundry-listism” has a notorious pedigree in business studies  

higher education, notably in “Change Management” MBA courses, where most 

recipes boil down to a kind of military “follow my leader” based on past history more 

than current or anticipated crises (Cooke et al. 2010). More than anything such 

thinking is irremediably procedural and “process, process, process” ridden 

conservatism rather than paying much needed attention to substantive, content 

issues of entrepreneurial “purposiveness” (Stacey, 2002). 

 

Finally, to return to Schumpeter’s concerns about the static nature of 

entrepreneurship or, by now, preferably “enterprise ecosystems” we may contrast 

this with our earlier and indicative suggestion of static-dynamic relationships in 

innovation studues, but with a view to evoling a dynamic perspective there too. The 

ways in which static-dynamic interactions have improved RIS studies, leading to 

enhanced RIP formulations is exemplified in the following. Foremost is the emphasis 

on generative growth as discussed earlier. This is for three key reasons: first, unlike 

the atomistic, neoliberal perspective, which postulates little or no change in an 

equilibrium “assumptive world” with an atomised canvas of entrepreneurs, each 

competing for superior profit maximization the entrepreneurial ecosystem appears 

to be the apotheosis of a static equilibrium outcome. Generative growth, as discussed 

is embodied in an evolutionary perspective, the enterprises for which are in dynamic 

relationships with each other as firms, intermediaries and – crucially – “purposive 

actants” searching for interactive learning opportunities by which they might 

communally move towards their optimal target of profit maximization. The 

associated search and select mechanisms, which engage opportunities for related 

variety across industry interfaces comprise the innovative inputs for the enterprise 

outputs that rest, accordingly,  on the specific skills of the entrepreneur, more than 

the innovator. Hence, a generative growth perspective entails a dynamic, 
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disequilibrium character expressed as the cellular motion of the restless ecosystem as 

it mutates over time. 

 

The correlate of the dynamic ecosystem in efficiency terms is the proximate nature of 

the cognitive and geographical knowledge relations by which the ecosystem mutates 

over time. It is not difficult to see how the structured, selected and sectoralised 

economic activities that spawned the “cluster platform” typical of Silicon Valley and 

other regionalised economic geographies thus emerges. In evolutionary “emergence” 

theory upward and downward motion circumscribe the limiting possibilities of 

currently available knowledge and technologies (Cooke, 2013). Not only feasible 

“related variety” among clusters but unanticipated “revealed related variety” also 

captures the dynamism proferred by cognitive and geographical proximity. Hence 

semicomductors spawned microprocessors, interacting with personal and other 

computers along with related software and systems. Then, crossovers from ICT at 

industry interfaces with biotechnology began to structire not one but two sub-

clusters, followed by a third in medical technology (further utilising ICT applications) 

followed by a fourth in “clean technology” ranging from “smart grids” to “driverless 

vehicles”. One could probably map such “cluster platforms” in financial districts such 

as New York and London. The spatiality of such dynamic ecosystem interactions is 

fundamental to its cognitive and distributed innovativeness, creativity and 

opportunity for communal/collective enterprise. 

 

Discussion and Conclusions 
 
We have reached the three main discussion points of the foregoing analysis, as a 

prelude to the three concluding points to which they are related. The first of these 

opens up a more holistic, integrated and communal mode of institutional economic 

practice. This privileges – to an extent – the individualistic profit-seeking 

entrepreneur though it prefers the more neutral and various characteristics of the 

enterprise as the vehicle for value analysis and realisation. This correlates with the 

notion of “generative growth”, a more evolutionary, communal and socially 

interactive learning process than the narrower theory of endogenous growth,. This is 

reductionist as well as individualistic and determined by its main focus on the profit 

motive par excellence. However “endogenous growth” is no greater insurance than 

“off the shelf” technology purchase, which is largely at the whim of the 
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entrepreneur’s risk judgement. By contrast, “generative growth” collectively exploits 

the strength in numbers that a more disinterested mode of business practice, gaining 

from “club goods” and “risk spreading” as described for classic Marshallian industrial 

districts. This resonates with the more communal, interactive learning disposition of 

regional innovation systems. These are even more disinterested in their innovations 

than entrepreneurs are in their profits. This is because they are driven by a problem-

solving or discovery methodology that may not, even in the long-run, dependent 

upon context, reach profitability. To survive, they may have to construct new 

business models that have the character of “knowledge insurance” strategies (e.g. 

biotechnology start-ups;  at a corporate scale, price-fixing by the state performs a 

comparable function towards nuclear energy generation). Just as 

entrepreneurial/enerprise ecosystems and regional innovation systems may have 

good and bad exemplars of acceptable practice. That associated with entrepreneurial 

ecosystems is much closer to the market in purpose, where for innovation systems 

sub-optimal performance is inclined to act “with good will” but be betrayed by 

“asymmetric information”, adverse selection” or “market failure” issues that may 

blow policy off course (Stam, 2015). 

 

The second discussion point is the extent to which the enterprise ecosystem has yet 

devekoped, conceptually, let alone in terms of real practice, capabilities in relation to 

one of the key concepts in this paper, as expressed in its title, namely to develop a 

research methodology to handle diversity or, specifically, in the context of this paper 

“related variety” (including “revealed related variety”). This would entail multiple 

research designs, themselves diverse, to trace enterprise mutations or enterprise 

biographies that reveal themselves not as undifferentiated profit taking enterprises 

but purposive economic entities. These would construct their purposive actions in 

relation to other enterprises that facilitated the achievement of the higher purpose, 

such as the (LED) lightbulb, the smartphone or the prosthetic hip or knee joint. 

There is relatively little of this “ancestry analysis” by comparison with the volumes of 

studies of “the world’s oldest firm” in entrepreneurship studies. There may be some 

risk attached to formulating “industry interface” or “cross-over” inter sector or inter-

cluster studies but from an innovation standpoint much innovation has this “related 

variety” character including “revealed” value occurring by accident as much as design. 
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However it is the purposiveness that justifies the risk for search and selection 

potential. 

 

And as a final discussion point, in regard to our discussion of statics and dynamics in 

relation to enterprise ecosystems. It seems likely that the more evolutionary 

ecosystem perspective may, if tackled and solved methodologically, assist the 

emergence of a more dynamic profiling of enterprise management if not 

entrepreneurship in itself. Static equilibrium and making safe bets by the inclination 

to imitate or “swarm” in Schumpeterian terms rather than engage in true risk-taking 

practice by backing purposive innovation for social value is holding back study in the 

field. Armed with the creativity implicit in cross-over and other kinds of 

entrepreneurial/enterprise discovery (EDP) enterprise becomes more dynamic 

because embedded in emergent and evolving ecosystems. These are structured where 

feasible into cluster-platforms that celebrate their revealed related variety, for 

example engaging oil companies in conversations with food firms over biofuel energy, 

or watchmakers and combustion engine producers finding joint new markets and 

seat fabric users of nanotechnology to evolve new materials for antiseptic medical 

uniforms. The creative enterprise will be alive to such (unpredictable) revealed 

related variety outcomes because it celebrates dynamic change. 

 
In terms of main conclusions, one of the strongest, theoretically and in analytical 

practice is that if entrepreneurship is difficult and enterprise management is 

circumscribed by the problem of “satisficing” and “bounded rationality,” enterprise 

ecosystems are advantaged by their networking propensity, their regional 

“communities of practice” and the free goods of interactive learning from ecosystem 

peers whether firms ot intermediaries. Thus although it is an immature field, arising 

from “booster practice” rather than well-argued researcher discovery and real-world 

practical observation, it has worthwhile potential for becoming a dynamic 

contributor to theory and policy. Importantly, it is by now clear that 

entrepreneurship is different in nature and kind from innovative activity. But it is 

also clear that much effort conducted in enterprise ecosystems will be less than high 

growth firm performance based on hitting the STI jackpot. Rather it will be solid, 

necessary, problem-solving along the more normal DUI innovation routeways which 
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accpunt for the greater part of social value arising from the enerprise ecosystem 

setting. 

 

Second, one of the insights of evolutionary complexity theory (ECT) that has 

performed a useful role in enterprise ecosystem theory has been that offered by 

Kauffman (2008) regarding the rate of evolution of novelty (innovation or creative 

artifact or service) is that as the economic fabric of the ecosystems within which they 

are embedded themselves evolve and become more complex in terms of their power 

laws of scale and scope, the greater is the opportunity for further, accelerating 

novelty, including that of enterprises, This connects back to our reference to what 

once seemed a utopian idea which – as a by-product – could cause a huge release of 

social energy into enterprise, namely the idea of a “basic income”. Sufficient thought 

is now being given at national and regional governmental levels that it is beginning to 

be tentatively applied in practice for the first time since the Levellers and Diggers. 

Such is the vast burden of public expenditure occasioned by the huge weight of 

healthcare and welfare services and the armies of public servants that administer 

what can amount to 40%+ of national GDP that conditions are becoming appropriate 

to consider “basic income” for all citizens. Keep in mind the proposed Swiss monthly 

stipend is £1,700 ($2,400) paid to every citizen, a rate of £20,400 ($28,000). The 

Swiss health and welfare (including administration) budget Adult citizen population 

is 4.8 million. Swiss GDP in 2016 was $475 billion (PPP); Health and Welfare GDP is  

36%. Thus approximately $171 billion of GDP is spent on Health and Welfare. This 

compares with $140 billion in proposed Basic Income, a rough saving per annum of 

$31 billion to Swiss taxpayers. Some portion of this is private expenditure but even so, 

with two-thirds devoted to social security public expenditure is substantial. The point 

here is that a surge of enterprise formation could be expected from these Health and 

Welfare ecosystems, which can be expected to be dynamic, interactive, efficient and 

effective enterprises despite inevitable start-up and even maturer failures. 

 
Finally, “variety” especially “related variety” (including “revealed related variety”) in 

respect of “enterprise ecosystems” having been specified in terms of search, selection 

and structuring of enterprise potential in relation to ecosystem opportunities, offers 

a new and more “path-creating” trajectory of new and diversified business 

opportunity than more “path dependent” ways of thinking about entrepreneurship. 
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In relation to the separate and distinctive but innovation-directed systems with 

which future, structured enterprise ecosystems (EE)may come to interact, the RIS 

and EE joint model offers a powerful conceptual and practical framework for 

purposive action. In “grand challenge” contexts like “ageing”, “healthcare surges” and 

“ambient assisted living” each of which place enormous burdens on taxpayer 

resources and public investment, there could be no better global scale experiment 

upon which to begin evolving tools for complexity in both RIS and EE. Accordingly, 

with the latter even closer to the patient-provider interface than the RIS perspective,  

the interesting idea of “enterprise ecosystems” or, if preferred “entrepreneurial 

ecosystems” further underlines the potential of new opportunities for developing not 

only the “virtues” but the “value of variety”. 
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Smartness that Matters: Towards a Comprehensive and Human-Centred Definition of Smart 

Cities 

Abstract: The widespread use and the fuzziness of the smart cities concept hinder the understanding 

of the benefits of its adoption and explain the existence of many activities with fragmented or 

distorted views of what one would expect from a truly smart city. An overview of the key terms, 

concepts and definitions associated to smart cities demonstrates that the definitions found in the 

academic literature have limited scope and are overly focused on strategic drivers or specific actions, 

instead of making explicitly the connection between the concept of smart cities and the creation of 

environments that promote happiness and the well-being of their residents—the main function of a 

city. This paper proposes a comprehensive, human-centred, context-free definition of smart cities, 

which is neutral in relation to specific technologies or strategies. The proposed definition brings an 

endogenous vision of smart cities in which the central element is the direct participation of local 

actors and stakeholders in the process of thinking, defining, planning and executing social, 

technological and urban transformations in the city. 

Keywords: smart cities; smart communities; human-centred cities; urban planning and development; 

information and communication technologies 

1. Introduction 

Over the past decade smart urban technologies have begun to blanket our cities, forming the backbone 

of a large, intelligent infrastructure. Along with this, dissemination of the sustainability ideology has 

had a significant imprint on the planning and development of our cities (Yigitcanlar, 2016). 

Consequently, the concept of smart cities, evolved from intelligent cities (see Komninos 2008), has 

become a popular topic particularly for scholars, urban planners, urban administrations, urban 

development and real-estate companies, and corporate technology firms. There are numerous 

perspectives on what a smart city is. These are ranging from purely ecological (Lim & Liu 2010) to 

technological (Townsend 2013), and from economic (Kourtit et al. 2012) to organisational (Hollands 

2015) and societal (Deakin & Al Waer 2011; 2012) views. Moreover, as for Kitchin (2015), smart city 

symbolises a new kind of technology-led urban utopia. Utopia or not, in all these perspectives the 

vision of technology and innovation is a common ground to shape our cities into a form that we want 

to leave to our descendants. In this paper, the smart cities concept is viewed as a vision, manifesto or 

provocation—encompassing all techno-economic, techno-societal, techno-spatial, and techno-

organisational dimensions—aiming to constitute the ideal 21st century city form. Presently, there is 

no fully-fledge smart cities exist. Stated by Glasmeier and Christopherson (2015, p. 4), “[t]he global 

smart city market will be valued at $1.6 trillion in 2020. Over 26 global cities are expected to be smart 

cities in 2025, with more than 50% of these smart cities from Europe and North America”. At the 

moment with the building of these cities underway in a number of places around the world, smart city 

examples abound in both the popular media and in academic discussions. This provides us the ability 

to re-evaluate the definition of smart cities. 

Various Smart Cities Approaches 

Both academia and practitioners have introduced a myriad of terms and definitions related to building 

the cities of the future and the future of the cities by using the state-of-the-art information and 

communication technologies (ICTs): smart, intelligent, ubiquitous, digital, knowledge, sustainable, 

green, creative, innovative, and so on (Abdoullaev, 2011; Nam & Pardo, 2011; Wolfram, 2012; Lara 

et al., 2013; Yigitcanlar, 2015). Despite being possible to identify the particularities of the concepts 

and initiatives linked to either term, all of them are introduced as answers to the same set of issues 

related to urban agglomerations, Among which urban mobility; security; biosphere degradation; 

energy and food shortages; combating poverty; as well as creating new options for urban planning, 

innovation incentives, economic and social development (Carrillo, 2006; Yigitcanlar, 2011; Neitotti et 

al., 2014). This is why they can be seen as construction layers (Abdoullaev, 2011) or application 

domains (Neirotti et al., 2014) of what other scholars (Nam & Pardo, 2011; Wolfram, 2012; Neirotti 
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et al., 2014) and this paper generically refer to as smart cities. Although the terms and scholars share 

target problems, there is not a common and context-free vision, able to guide academia and city 

policymakers—which for Neirotti et al. (2014) is regarded as one of the main obstacles to the 

diffusion process of smart cities initiatives. The fuzziness of the smart cities concept is an obstacle if 

one is aspiring cumulative research and explains the existence of initiatives with fragmented or 

distorted views of what one would expect from a truly smart city (Hollands, 2008; Abdoullaev, 2011; 

Wolfram, 2012). 

Is Smart Better and if so for Whom? 

The concept of smart cities brings large number of critical questions in mind. For instance, will a city 

that is guided solely by the concepts and definitions and also evaluates its actions by some set of 

indicators (see Giffinger et al., 2007 and Sarimin & Yigitcanlar, 2012) seen in the smart cities 

literature automatically become a better place to live, work, study and have fun? Although improving 

mobility of people in the city, for instance, or any other of the six dimensions proposed by Giffinger 

et al. (2007) would meet basic needs of residents, would it be enough to address all the subjective 

conditions (Ryan & Deci, 2001; Diener, 2009; Ballas, 2014) that lead to the well-being of residents 

which is ultimately what really matters? And whatever the answers to these questions, would they be 

valid in any culture or locality? Völker et al. (2007), Mohnen et al. (2011) and Ballas (2013) in their 

studies highlight the difficulty in measuring or predicting people’s satisfaction with the place they live, 

and the need to incorporate an anthropocentric view to the planning of actions related to the 

promotion of well-being and quality of life in the urban context. In this sense, Professor Richard 

Sennett’s paper in The Guardian (2012) is symptomatic when it states that if some of the projects that 

are underway in the cities are synonym for intelligence, and then maybe it is preferable that cities 

maintain a degree of stupidity—also see (World Press, 2014). 

People at the Centre of Debate 

One can imagine that at least part of the resistance and criticism towards the term and the smart cities 

approach itself could be minimised if the concept did not leave any doubt that the construction or 

transformation of any urban agglomeration into a smarter city has to start from the premise of being 

integrated to the wishes, interests and needs (current and potential) (Rizzo et al., 2013) of its residents 

and also of producing positive practical impact on their daily lives. From this premise, we single out 

from all the available definitions of smart cities what are their central elements, before proposing a 

wider definition, which can meet the goal of guiding academicians and practitioners—both in the 

conceptualisation of smart cities and in building the future cities that residents will be proud of.  

2. Approaches and Definitions of Smart Cities 

Smart Cities Foundations  

Literature review in general and the analysis of the particular works of Nam & Pardo (2011) and 

Neirotti et al. (2014) suggest the existence of four foundations or macro application domains for the 

approaches of smart cities (including variations of terms), listed below and illustrated in Figure 1: 

(i) Infrastructure and ICTs: Adoption of strategies for economic and social development 

founded on the provision of modern infrastructure, especially in the pervasive use of ICTs 

(Steventon & Wright, 2006; Lee, 2009; Piro et al., 2014);  

(ii) Creative economy and knowledge-based society: Improving competitiveness and 

alignment to the so-called knowledge economy (Komninos, 2006, 2009); with focus on 

creating favourable environments to entrepreneurship, creativity and innovation (Florida, 

2005; Lu et al., 2011; Yigitcanlar, 2013);  

(iii) Sustainability: Promoting green economy and high social awareness in an 

environmentally sustainable lifestyle including a quality of life and place (Munier, 2007; 

Yigitcanlar & Lee, 2014); 
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(iv) Human infrastructure: Investment in social and human capital; engaging citizens in 

governance processes and the building of partnerships between public and private sectors 

to facilitate activities and projects (Streitz, 2011; Rizzo et al., 2013). 

 

Figure 1: Dimensions, Terms and Key Issues in Smart Cities (adapted from Nam & Pardo (2011) 

Adjusting the Focus  

The choice of the term and the text that defines it reflect the emphasis that each author gives to a 

certain domain, or to the set of strategies they suggest as the best way to build smarter cities. Table 1 

shows a compilation of key terms and their definitions. If on the one hand one could say that these 

terms represent fragmented proposals of the smart cities approach (Abdoullaev, 2011), on the other 

hand they ensure cohesion among academicians and practitioners, since they are based on a minimally 

shared vision between academic work and initiatives that adopt them, unlike the ‘mishmash’ of smart 

cities definitions (Nam & Pardo, 2011; Neirotti et al., 2014). 

Smart Cities Definitions 

The focus group on smart and sustainable cities connected to the International Telecommunication 

Union (ITU), a United Nations specialised agency for ICTs, has gathered a hundred definitions of 

smart cities, whether those shown in scientific studies (see Table 2); in companies, governments, 

research institutions, industry associations and NGOs activities; or employed in articles from 

newspapers and magazines (ITU, 2004). The most striking feature of this set of definitions is the 

operational focus, in particular the central role given to ICTs. Even when they minimise the 

importance of new technologies, most definitions are based on the prescription of strategic actions 

(Neirotti et al., 2014) and usually make much more explicit how the proposal advocated by the 

authors should be executed than why to do it and, more importantly, what does it aim to generate in 

people’s lives. In other words, they are centred in the means such as the intensive use of new 

technologies, more open governance processes, or more sustainable strategies for economic and social 

development. Despite some attempts to produce a definition with a more holistic and integrated view, 
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such as Caragliu’s (2009), most smart cities definitions vary from a perspective centred on one of the 

four domains previously mentioned. There is not a shared vision (Neirotti et al., 2014) and there are 

no elements capable of giving significance—in the epistemological sense—to the term itself and the 

smart cities approach. 

Table 1: Domains, terms and definitions 

Domains Terms Definitions 
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Ubiquitous 

city 

 

An urban space where ubiquitous technologies are embedded into the physical 

objects and structures in order to make urban functions more efficient and 

consequently improve the quality of people’s life (Lee, 2009:11). 

Digital city 

 

A digital city is a community digital space, which is used to facilitate and augment 

the activities and functions taking place within the physical space of the city 

(Komninos, 2006:15). 

Smart 

community 

A community in which government, business, and residents understand the potential 

of information technology, and make a conscious decision to use that technology to 

transform life and work in their region in significant and positive ways (Lindskog, 

2004:13).  

Informational 

city 

The informational city consists of creative clusters and spaces for personal contacts 

to stimulate sharing of implicit information (Stock, 2011:963). 
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Intelligent 

city 

Intelligent cities and regions are territories with high capacity for learning and 

innovation, which is built-in the creativity of their population, their institutions of 

knowledge creation, and their digital infrastructure for communication and 

knowledge management (Komninos, 2006:13). 

Creative city Broadly, creative cities is about how local urban spaces can be re-imagined, 

rejuvenated, and re-purposed within a competitive global framework (Tay, 2004: 

220). 

Knowledge 

city 

 

A knowledge city is a place where new knowledge is constantly being created. An 

entire social system is devoted to produce, share and apply knowledge, which in 

turn, can be leveraged and exploited by companies and organisations (Ergazakis et 

al., 2006:79). 

Innovative 

city 

Innovative city is an urban development pattern, in which we solve the city problem 

with creative solutions to achieve urban renaissance, and employ innovation as a 

driver of sustainable urban development. (Lu et al., 2011:2) 

S
u
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n
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Sustainable 

city 

A sustainable city is one in which the community has agreed on a set of 

sustainability principles and has further agreed to pursue their attainment. These 

principles should provide the citizenry with a good quality of life, in a liveable city, 

with affordable education, healthcare, housing, and transportation (Munier, 

2007:43). 

Eco-city An eco-city is an ecologically healthy city. It is a healthy human ecological process 

leading to sustainable development within the carrying capacity of local ecosystems 

through changes in the production mode, consumption behaviour and decision 

instruments based on ecological economics and systems engineering (Wang & Ye, 

2004:341). 

Zero-carbon 

city 

A ‘zero-carbon city’ is a city that entirely runs on renewable energy and hence 

produces no carbon footprint (Yigitcanlar & Lee, 2014:101). 

H
u

m
an
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Human smart 

city 

Application of citizen-centric and participatory approaches to the co-design, 

development, and production of smart cities services that balance the technical 

‘smartness’ of sensors, meters, and infrastructures with softer features such as 

clarity of vision, citizen empowerment, social interaction in physical urban settings, 

and public-citizens partnership (Rizzo et al., 2013:677). 

Humane city Places and environments where people enjoy everyday life and work have multiple 

opportunities to exploit their human potential and lead a creative life (Streitz, 
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2011:429). 

 Learning city A learning city, town or region recognises and understands the key role of learning 

in the development of basic prosperity, social stability and personal fulfilment, and 

mobilises all its human, physical, and financial resources creatively and sensitively 

to develop the full human potential of all its citizens (Longworth, 1999:4). 

Table 2: Smart city perspectives 

Authors Definitions 

Bowerman et al. 

(2000) 

A city that monitors and integrates conditions of all of its critical infrastructures 

including roads, bridges, tunnels, rails, subways, airports, sea-ports, communications, 

water, power, even major buildings, can better optimize its resources, plan its 

preventive maintenance activities, and monitor security aspects while maximising 

services to its citizens. 

Giffinger et al. 

(2007) 

A city well performing in a forward-looking way in [economy, people, governance, 

mobility, environment, and living] built on the smart combination of endowments 

and activities of self-decisive, independent and aware citizens. 

Rios (2008) A city that gives inspiration, shares culture, knowledge, and life, a city that motivates 

its inhabitants to create and flourish in their own lives. An admired city, a vessel to 

intelligence, but ultimately an incubator of empowered spaces. 

Eger (2009) A particular idea of local community, one where city governments, enterprises and 

residents use ICTs to reinvent and reinforce the community’s role in the new service 

economy, create jobs locally and improve the quality of community life. 

Caragliu (2009) A city to be smart when investments in human and social capital and traditional 

(transport) and modern (ICT) communication infrastructure fuel sustainable 

economic growth and a high quality of life, with a wise management of natural 

resources, through participatory governance. 

Gonzalez & Rossi 

(2011) 

A public administration or authorities that delivers (or aims to) a set of new 

generation services and infrastructure, based on information and communication 

technologies 

Zhao (2011) Improving the quality of life in a city, including ecological, cultural, political, 

institutional, social, and economic components without leaving a burden on future 

generations. 

Schaffers et al. 

(2012) 

Smart city is referred as the safe, secure environmentally green, and efficient urban 

centre of the future with advanced infrastructures such as sensors, electronics, and 

networks to stimulate sustainable economic growth and a high quality of life. 

Nam & Pardo 

(2011) 

A humane city that has multiple opportunities to exploit its human potential and lead 

a creative life. 

Lazaroiu (2012) The smart city represents the future challenge, a city model where the technology is 

in service to the person and to his economic and social life quality improvement. 

Piro et al. (2014) A smart city is intended as an urban environment which, supported by pervasive ICT 

systems, is able to offer advanced and innovative services to citizens in order to 

improve the overall quality of their life. 

3. In Search of Significance: Smartness for What?  

The Functional Cities and the Function of Cities 

In a utilitarian perspective, which sets the value (utility) of anything as its ability to produce pleasure 

or happiness and avoid pain and misfortune, an ideal society is one that: (i) Allows the fulfilment of 

the individual’s happiness, as long as this does not compromise the well-being of the group, and; (ii) 

Seeks to maximise the level of satisfaction of the society: the greatest happiness for the greatest 
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number (Rosen, 2003). The Greek philosopher Aristotle (384-322 BCE) was already aware of the 

function of the city far beyond just providing ideal conditions for promoting development and 

creating prosperity. “The goal or purpose of the city certainly encompasses physical existence and 

survival, but is also more than that, namely, living ‘finely’ […] The best city is happy and acts finely” 

(cited in Martin et al., 2003:5). Aristotle understood the city primarily as a society, and happiness as a 

collective good that should pervade it (Martin et al., 2003). Therefore, if smart city is intended to be 

seen as a model of excellence, the term cannot leave any doubt that the promotion of the well-being 

and the happiness of its residents is a guiding principle and one of its key challenges (Ballas 2013). 

Smart Cities are Happier Cities 

Despite the fact that well-being being a controversial concept also with an unresolved definition, it is 

known that both its meaning and the factors that condition it are linked to cultural aspects and are not 

free of value judgments and ethical positions (Ryan & Deci, 2001). Several studies on the subject 

consider it inappropriate to deal with well-being as something that can be assessed simply from a 

universal set of conditions, such as income, marital status, individual freedom, and so on. Ryan & 

Deci (2001), Diener (2009) and Ballas (2013) teach us that well-being and life satisfaction have 

objective and consistent conditions across cultures; but also a significant portion of subjective 

conditions, strongly influenced by local culture and circumstances. Moreover, in spite of having pan-

cultural conditions, the importance that each society gives to them can differ substantially (Kitayama 

et al., 2000; Ryan & Deci, 2001). This was already pointed out by a research conducted by Oishi et al. 

(1999), demonstrating that in poor nations income is a strong condition for life satisfaction, while 

satisfaction with family life is more important in richer nations. The same study suggests that 

individual freedom is less predictive of well-being in collectivistic societies than in individualistic 

ones. Daniel Kahneman, Nobel Prize in economics in 2002, argues that well-being and happiness are 

usually more related to subjective aspects such as the way we allot our time and the kind of social 

activities we engage into, than to objective features (Kahneman et al., 2006). For these reasons, 

subjective aspects of well-being promotion should demand the same attention from city planners 

(Ballas, 2013) as that they pay to its objective aspects. That is, in addition to providing quality of 

life—understood as levels of income, health, education, mobility, and so on—it would also be ‘smart’ 

to promote a lifestyle aligned with the values and other constituents of local culture (Ballas, 2013; 

Neirotti, 2014). 

Sense of Community and the Endogenous Producing of Well-Being 

The definition of ‘sense of community’ varies between different studies, but its constitution includes 

membership, mutual influence, fulfilment of needs, and shared emotional connection (Kim & Kaplan, 

2004) and reflects the feelings of attachment and belonging that an individual has towards the 

community (Pooley et al., 2005). To Pooley et al. (2005), sense of community is equivalent to the 

social capital of a community, also called ‘neighbourhood social capital’ by Mohnen et al. (2011), 

which in turn defines it as “a resource one can access via membership in a group or community and 

consists of norms of reciprocity, civic participation, trust in others, and the benefits of membership” 

(Mohnen et al., 2011:661). In the urban context, the most important benefit to be derived from joint 

activity with others is the realisation of goals related to physical and social well-being, and this 

importance is reinforced by evidences that neighbourhoods differ in their level of community and that 

such differences reflect in many relevant matters to people’s lives (Völker et al., 2007; Han & Lee, 

2013). However, it is common sense and a phenomenon pointed out by social scientists that local 

neighbourhood communities are disappearing in present-day society as a side effect of growth and 

densification of cities (Wilson & Baldassare, 1996; Völker et al., 2007). 

Supporting Neighbourhood Communities 

The key factor for the formation of a community is social interaction (Wilson & Baldassare, 1996; 

Pancholi et al., 2015) which is enhanced by three factors: (i) Opportunity for contact; (ii) Proximity to 

other people, and; (iii) Appropriate interaction spaces (Keane, 1991). The physical-spatial 
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reorganisation plays an important role in creating the sense of community, since it must provide 

formal and informal socialization spaces (Talen, 1999; Kim & Kaplan, 2004). The same is said in 

relation to activities that strengthen social bonds, for example through actions that bring the 

neighbourhood together around the development of projects, shared purposes and goals (Lowe, 2000; 

Völker et al. 2007). However, merely a proper planning and an incentive to social interaction (via 

processes of participatory governance, for example) seem unable to create such ‘sense of community’, 

especially its more ‘affective’ aspects (Talen, 1999). Other variables, such as life pace, climate, size, 

density, diversity, economy, historical heritage and cultural identity must be considered, since they 

shape and make the experience of living in a given locality unique (Milgram, 1974; Levine & 

Norenzayan, 1999; Kim & Kaplan, 2004; Völker et al. 2007). The construction of such psychological 

foundations of the sense of community depends on a number of factors that embed in citizens 

affective bonds with the place (Talen, 1999). Such bonds are narrowed when residents are pleased 

with the community and familiar with its history and traditions, i.e., with the local narrative; when 

there is congruence or compatibility between the individuals personalities, the physical characteristics 

and the ‘atmosphere’ of the place; and when the place is able to awaken in its residents a sense of 

pride in being part of it (Talen, 1999). 

4. Discussion and Conclusion  

The concept of smart cities is currently a hot topic (see Yigitcanlar, 2016). However, intense 

technology use alone in an urban environment does not equip this locality with the functionality of 

smart cities. Thus, it would be useful to underline what Caragliu et al. (2011) highlight as the key 

characteristics of smart cities: (i) The utilisation of networked infrastructure to improve economic and 

political efficiency and enable social, cultural and urban development; (ii) An underlying emphasis on 

business-led urban development; (iii) A strong focus on the aim of achieving the social inclusion of 

various urban residents in public services; (iv) A stress on the crucial role of high-tech and creative 

industries in long run urban growth; (v) Profound attention to the role of social and relational capital 

in urban development, and; (vi) Social and environmental sustainability as a major strategic 

component for smart cities. Considering these key characteristics and the popularity of this type of 

city brand, we highlight below a new definition of the concept, its possible practical implications, 

linkages between smart cities and communities, and future directions. 

A New Definition 

In the light of the review of the literature, we propose a new smart city definition as follows. Smart 

city is “a community that systematically promotes the overall well-being of all of its residents and 

which is flexible enough to proactively and sustainably become an increasingly better place to live, 

work and play”. Even being deliberately neutral in relation to the use of specific technologies or 

strategies, the definition implicitly incorporates the main approaches in literature, since that 

intelligence obviously manifests itself when the city promotes economic development with social 

justice and environmental sustainability; adopts and develops appropriate technologies for its local 

reality and uses governance processes that help build a community associated with the culture values 

and lifestyle its residents wish to retain or embrace (Neirotti et al., 2014). That is, despite being 

simple, it fulfils the role of being generic and comprehensive. In addition to being human-centred, as 

it brings promotion of well-being to the centre of the smartness concept, this definition imprints a 

dynamic character to the smart cities approach. Being smart is not just getting a high score on a set of 

metrics, even though this is a form of assessment. The definition implies the existence of 

neighbourhood communities (Talen, 1999) with the goal of changing themselves for the best, on a 

continuous and sustainable way. To support this leading role, it will need to be able to learn what it is 

and how to be a better place—for current and future residents. 

Practical Implications 

The main practical implication of this definition is that any smart city project is set by and assessed 

from local cultural values. An appropriate proposal to São Paulo (Brazilian city known for its 
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entrepreneurial, competitive and cosmopolitan inclination) may be completely unsuitable for the 

residents of Rio de Janeiro (values related to contemplation of the nature and balance between work 

and personal life). Thus, there must be reservations to replication proposals of successful projects 

imported from other cultures and geographies (Ballas, 2013; Neirotti et al., 2014). For the same 

reason, the work of planning the transformation of any territory into a smart city may require much 

more than good experts. In order to favour real understanding of the place, the co-participation of 

people and institutions who actually understand the history and values of the (future) community is 

expected. In other words, insiders are most likely to have better conditions to define what is relevant 

and useful (in the utilitarian sense), and to define priorities. They also set what is secondary or 

undesirable at any time. In addition to the continuous nature of the transformation process, it is 

assumed that potentially in the long run the most successful smart cities projects are those made for, 

with and eventually by the residents themselves. To paraphrase Ghandi, a smart city should create the 

conditions for people and institutions to be the change they wish to see in the city—Mahatma 

Gandhi’s statement: “be the change you want to see in the world”. 

Smart Cities as Home of Smart Neighbourhood Communities  

To consider a smart city as a set of one or more smart neighbourhood communities makes parallel to 

one of the pillars of cities smartness: participatory governance based on the engagement of civil 

society in the processes of urban transformation (Rizzo et al., 2013). From the individuals’ point of 

view, the desirable emotional connection between the place and its residents suggests that planning a 

smart city needs to involve its residents in the process of building the vision for the future. For some 

authors, this involvement goes beyond participating or providing feedback; it also includes helping in 

its building itself, through co-design and public/private/people partnerships (Rizzo et al., 2013). In 

this approach, individuals are seen to the producers of their own well-being (Völker et al., 2007). 

Future Directions 

From the proposed definition of smart cities in this paper, two different research agendas emerge: (i) 

How to start and drive the transformation process of places in smart cities, and; (ii) How to assess this 

process. The first agenda includes framework proposals for planning, initiating and managing 

transformation processes of a given geography in a smart city or region; it includes strategies, 

approaches, methods and techniques that help the actors involved in this challenge. The construction 

of frameworks may require identification, compilation or building of success cases (obviously aligned 

to the human-centred perspective adopted in this study). The second research agenda includes 

conducting studies that propose mechanisms to evaluate a locality, not only according to the metrics 

associated with the various domains of a smart city (Neirotti et al., 2014), but also their ability to 

autonomously conduct the transformation processes it will need to go through to become an even 

better place to live, work and play. This includes measuring its ability to identify, learn and do 

whatever needs to be done to ensure a better and sustainable future for its residents. In sum, success of 

smart cities concept depends on accurately determining the ‘smartness that matters’ for all.  
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1. Introduction 
 
It is generally acknowledged now how much economic and technological innovations have 
changed our life and will continue to do so. After their impact on the economy has fully been 
recognized, innovations have over the past decades become one of the most intensely 
researched topics in economics (see, e.g., Cohen 2010) and management science (Damanpour 
and Aravind 2012). The research that has been conducted covered three main themes. A 
first theme is the exploration of the very innovation process. How are innovations created 
and what strategic choices are there regarding the organization of innovation processes? A 
second theme relates to the motivational aspects of innovative activities. What particular 
knowledge-related incentive problems occur in their context and how do they depend on the 
specificities of the strategic organization of the innovation process? A third main research 
theme concerns the economic effects of innovations. What, precisely, are the consequences of 
successfully spreading innovations? How are markets, industries, and society as a whole 
affected?  
 
 The last theme has been under special scrutiny in the Neo-Schumpeterian literature 
(see Hanusch and Pyka 2007). Following Schumpeter’s portrayal of innovation competition 
as an engine of economic growth and prosperity, this literature highlights the positive 
effects of innovativeness. With new goods and services and labor productivity rising in the 
innovative firms and industries, the division of labor is constantly transformed both 
nationally and internationally (Metcalfe, Foster and Ramlogan 2006). An ability to 
stimulate domestic innovativeness makes initially less developed countries succeed in 
catching-up internationally with the more advanced economies (Fagerberg, Srholec and 
Knell 2007). By offering new employment opportunities and paying higher wages, 
innovative firms and industries allow national per capita income to grow, and thus to raise 
the living standard of the masses (as Schumpeter 1942, Chap. 7 put it). In a similar spirit, 
the management literature dealing with the third research theme propagates innovative 
activities as a prime strategy for gaining a competitive advantage and generating sustained 
profits.  
 
 The criterion on which the positive assessment of innovativeness and its effects is 
based is that innovations successfully pass the market test. To do so, there must be a 
demand for the innovations. This can be the case because they offer a solution to problems 
not satisfactory solved before. In most cases, however, there is a demand for innovations 
simply because they result in a lower price, better quality, and/or more convenient 
purchasing conditions. If innovations successfully pass the market test this automatically 
means that the demand side is made better off. At the same time the innovator can earn a 
profit. For that reason innovations successfully passing the market test are usually thought 
to improve welfare and are therefore considered highly desirable.   
 
 Such a view is indeed warranted, as long as innovations do not cause any negative 
externalities, i.e. welfare diminishing effects which are not, or not fully, reflected by the 
price system. Yet, this often neglected proviso is far from always being satisfied. 
Innovations that turn out to trigger negative externalities are not exceptional. In fact, 
innovations can “bite back” (Tenner 1996) and cause substantial welfare losses, if their 
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social costs turn out to exceed the private gains. Innovations of that kind are, of course, not 
those we need to secure our future. 
 
 The problem that a successful market test of goods and services does not guarantee a 
full internalization of the social costs they may cause is not specific to innovations. Even 
when harmful externalities are well known, affected third parties may be unable to force 
the party which causes the social costs to internalize these costs. (Government regulations 
such as safety, hygiene, and environmental norms which make violators liable for 
transgressions aim at curing this.) What is specific to innovations is that, because of the 
epistemic boundary implied by novelty, their negative effects are often completely 
unanticipated and hence not subject to existing regulations. The social costs of an 
innovation only turn out with a considerable time delay after it has spread in the market. 
Even if regulations or other measures are then invoked, substantial damages may have 
already accumulated. Hence, because of the epistemic boundary the risk of potentially very 
substantial welfare losses caused by non-internalized social costs of an innovation can never 
be excluded.  
 
 Therefore, the question of what kind of innovations we need to secure our future has 
to be put in perspective with the unknown risks which innovations may imply. Are there 
welfare enhancing innovation processes for which the externality risks could be minimized? 
Put more specifically in the context of the present paper, can innovation-related knowledge 
flows be strategically arranged so that negative effects can as early as possible be discovered 
and accounted? If so, how are the incentives for innovators affected by arrangements 
designed to reduce the risk?  
 
 As will turn out, the attempt to answer these questions requires discussing several 
problems related to the other two main themes of research on innovations. The question of 
the arrangement of innovation-related knowledge flows refers to the details and specificities 
of the innovation process – the first of the research themes mentioned above. More in 
particular it will have to be discussed what role the open vs. closed innovation debate has to 
play in this context which was initiated in management science by Chesbrough (2003). The 
would be incomplete, however, if it would not also ask to what extent such measures are 
compatible with the incentives to innovate – the motivational issues dealt with under the 
second of the mentioned research themes. 
 
 The argumentation in the present paper proceeds as follows. To lay out the ground 
for the addressing the question in the heading, Section 2 briefly recapitulates some key 
insights generated by the research on the first two main research themes just mentioned. 
Special attention will be given to the role of open vs. closed innovation processes and the 
motivational problems, or incentive problems, relevant for these processes. Section 3 then 
turns to the question of what determines whether and when innovations are successful and 
whether successful innovation are always also welfare improving. Related to the heading of 
this paper – asking what kind of innovation we need to secure our future – the problematic 
role of externalities and social costs will be highlighted which innovations can cause. Section 
4 presents a simple model of open and closed innovation processes. The model is designed to 
explore what difference open vs. closed innovation processes make with respect to keeping 
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the risk of undesirable innovations down and what motivational or incentive problems may 
turn up in this context. Section 5 presents the conclusions. 
 
2. Knowledge Flows and Incentive Problems in Innovation Processes – A Brief 
Recap 
 
Knowledge flows related to innovative activities are a core component of the first major 
research theme dealing with the details and specificities of how innovations are being 
created and how the innovation process can best be organized. Whenever novelty comes into 
play, this research confronts a hard epistemic bound (see Witt 2009 for a detailed 
discussion). Innovations mirror new cognitive concepts which emerge when inventors, 
researchers, developers, or entrepreneurs (re-) combine – often in team work – already 
existing cognitive concepts into something that can be given a novel meaning. How one 
arrives at identifying a new sense in combinations – the act of conceptual integration – is 
neither well understood nor, of course, predictable.   
 
 The following may serve as an example. At the end of the 19th century Herman 
Hollerith combined punch cards having holes in specific places – a device known from 
mechanic musical instruments – with the cognitive concept of coding numbers by the 
arrangement of holes on the cards. In mechanic musical instruments, this technique was 
used for coding musical notes. Air pressure passing through the holes of the punch cards 
triggered an acoustic tone in pipes, strings, or bells associated with the holes. Hollerith not 
only replaced musical notes by numbers. He also combined his punch cards with an electric 
reading device replacing air pressure: spring-mounted needles made an electrical connection 
when passing through the holes. Taken in isolation, all of the elements which Hollerith 
combined were no new concepts, yet their combination was. In fact, it was the first electro-
mechanically machine able to tabulate and sort numerical information automatically. This 
turned out to be a major innovation when introduced to the market by the Tabulating 
Machine Company, later Computer Tabulating Recording Company renamed IBM in 1924 
(see Kistermann 1991). 
 
 In this case, as in the case of all innovations, the implications and consequences of 
the novel concepts were not brought out instantaneously. They were unraveled in a trial 
and error process which can last for years and regularly spurs further knowledge 
extensions. The role of knowledge flows for and in the revelation process becomes apparent 
by two questions: where do the concepts entering the new combinations come from and how 
permeable is the process of unraveling their implications? For these questions the 
distinction between open vs. closed innovation has come to be considered crucial 
(Chesbrough, Vanhaverbeke and West 2006). Both open and closed innovations originate 
from the (re-) combining of pre-existing cognitive concepts by inventors, researchers, 
developers, entrepreneurs or a team of them. In both cases, access to knowledge which these 
actors have not created themselves but absorbed from their social and cultural environment 
is crucial. It is therefore not the source of knowledge as such that makes the difference 
between open and closed innovations. It is rather the strategic choice of the way in which 
the acquisition of relevant outside knowledge takes place and the extent to which it is also 
involving outbound information flows.  
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 In innovation processes open to inbound knowledge flows, commercial firms or other 
organizations follow a strategy of tapping relevant external knowledge on purpose. They can 
do so in informal ways and/or formally by, e.g., contracting external expertise or 
implementing crowd sourcing arrangements. These inbound knowledge flows may be 
combined with outbound knowledge flows, e.g., in a mutual trade of information. 1 The more 
the acquisition of on purpose, innovation-related knowledge from outside actors is made 
part of the strategic organizational design, of explicit legal arrangements, and of deliberate 
collaboration, the more akin to open innovation the designed processes are. The 
collaborations may be based on joint R&D and/or marketing activities with actors outside 
the boundaries of the individual firm. The result is an information exchange, i.e. 
simultaneous inbound and outbound knowledge flows. If, in contrast, the open innovation 
process of an organization draws mainly on inbound knowledge flows, outside actors 
providing the knowledge must be compensated in exchange by, e.g., getting access to 
improved customized products and services as in the case of customer co-creation activities. 
Or the outside actors are directly financially compensated, e.g., through research grants or 
contract research.  
 
 In any case, it is important to recognize that there are constraint on the deliberate 
acquisition and exchange of knowledge which set limits to the openness of innovation 
processes. A first constraint lies in the absorptive capacity of the potential knowledge 
recipients (Cohen and Levinthal 1989, see also Witt & Zellner 2009) for an extended 
discussion). A second constraint is the capacity of the channels by which specific knowledge 
can be acquired. With insufficient or lacking channels, the tapping of outside knowledge for 
creative recombinations is difficult if not impossible an open innovation processes cannot 
develop their potential. For this reason, a platform offering efficient channels for gaining 
specific knowledge has always been a hallmark of innovative hotspots. For long time, 
expositions and industry fairs served as the main platform. Now the internet offers a 
channel of unprecedented capacity for acquiring knowledge at a global scale and at costs by 
orders of magnitude lower than ever before.  
 
 It is not accidental, therefore, that the internet has been instrumental in boosting 
worldwide open innovation activities. The made significant headway, in particular, in the 
very material from which ICT and the internet itself is made, namely software. The reason 
is that software is based on a common language and logic that makes it easy for potential 
adopters to develop a common absorptive capacity. Moreover, electronic software can easily 
be transferred and collectively be shared. With the non-rivalry in use, software satisfies one 
of the conditions of a public good. The other condition – non-excludability – is satisfied for 
software developed in the open source movement. The fact that this is a public good and 
that it is nonetheless privately provided at an unprecedented scale may have come as a 
surprise. It, too, seems to be due to the specific conditions of the internet. With a broadly 
                                                
1  In case of closed innovation processes, the trial and error knowledge revelation process may 
be pursued in the secluded atmosphere of a lab run by a innovating team, sometimes an entire R&D 
department. Even in such a closed setting, knowledge is acquired externally, albeit not on purpose 
related to a current innovation process, but on a wholesale basis by, e.g., hiring staff with practical or 
academic research experience, into a R&D team. See Zellner (2003) for a case study of this form of 
knowledge acquisition. 
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distributed absorptive capacity and an efficient knowledge exchange channel, individual 
users can contribute at a very low cost to them their own intellectual input to the open 
innovation process which is thus able to activate swarm intelligence for its progress. 
 
 The unique, previously unexperienced success of open source innovation processes in 
the internet has inspired some researchers to suggest these processes as a model for open 
innovations more generally (Chesbrough 2003). However, the broad openness of both 
inbound and outbound knowledge flows accomplished in this special innovation domain is 
not easily met in other innovation domains. The reason seems to be that open innovation 
processes, particularly those with open outbound knowledge flows, make it difficult to 
protect private knowledge from becoming a public good – which would not normally 
privately provided. (Even in software development the lion’s share of the products comes as 
closed innovations by commercial suppliers like Microsoft, Oracle, SAP which enforce the 
excludability condition of private intellectual property.) A recent empirical study of a 
sample of large firms from diverse industries in the U.S. and in Germany (Chesbrough and 
Brunswicker 2013) indeed shows that, when it comes to opening innovation processes to 
outside actors, these actors are usually still few and geographically close vicinity. Inbound 
knowledge flows in the context of innovative activities are mostly restricted to the firms’ 
customers and purveyors and to university contacts. Outbound information flows take place 
by selling products which embody specific technological knowledge to customers, by joint 
ventures with few partners, and by collective standardization processes in the industry. 
 
 Ultimately, a motivational conflict becomes apparent here which implies yet another 
constraint on the openness of innovation processes. This constraint relates to the second of 
the mentioned main research themes, i.e. the explanation of the motivation of innovators. 
Pursuing innovative activities usually involves substantial investments of human and 
financial resources. The returns on these investments are more uncertain than investments 
in already established businesses because of lack of precedents and the epistemic bounds. 
The motivation for taking the risks of such uncertain investments rests in the expectation 
that a competitive advantage can be gained that results in an innovation rent. 2 This means 
a profitability of the investment which is higher than that of non-innovative investments. 
However, if an innovation rent is indeed feasible, it will only last as long as potential 
competitors can be excluded from competing it away by imitating the innovation. Precisely 
this condition may conflict with the openness of an innovation process. The disclosure of 
internal knowledge to outside actors carries the risk that this knowledge becomes a public 
good. The more open outbound knowledge flows are, the easier innovative know-how can be 
acquired by potential competitors and the hoped-for innovation rent or even the entire profit 
may be dissipated. 3 

                                                
2  In some cases the motivation may also have to do with curiosity and stubbornness of 
pioneering explorers who are eager to unravel the consequences of their own ideas as Schumpeter 
(1934) claimed. 
 
3  Open innovation processes are thus subject to incentive problems that have been postulated 
in the economic literature on innovations from the very beginning (see Arrow 1962). In a nutshell, the 
postulate says: if competitors cannot be excluded from innovative knowledge that is privately 
generated at a cost (so that this knowledge becomes a public good), this knowledge is no longer or not 
to a comparable extent privately provided.  
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 With respect to the strategic decision of choosing an open or a closed innovation 
strategy, the simple question therefore is: If the motivation is to gain a competitive 
advantage and an innovation rent, are inbound and/or outbound knowledge flows necessary 
for making the innovation feasible? And to what extent do these flows affect the profitability 
of the venture? The fact that outside the internet-based open source movement this question 
addresses a real problem is reflected in the findings of Chesbrough and Brunswicker (2013). 
In their empirical study, inbound open innovation practices are almost four times more 
frequent in the firms they sampled than outbound activities. When outbound activities are 
undertaken at all, they typically take place within purveyor-customer relationships where 
customers are specialized in different markets and/or stages of the value chain and, hence, 
unlikely to become direct competitors. Or the activities are based on contractual 
arrangements that are designed to create and sanction a coalition of innovating members 
who share the costs of generating innovative knowledge and gain access to it on a mutual 
basis such as in joint ventures or bodies for industrial standardization. 
 
 
3. The Effects of Innovations: Private Gains vs. Social Costs  
 
In view of the positive effects of innovations it is not surprising that in politics and in the 
public the call for more innovative efforts abounds. Innovations bring relief from physically 
exhausting work, drive up labor productivity, enable per capita income growth, yield 
competitive advantages both nationally and internationally, create new employment 
opportunities, result in new goods and services – in short: have improved the human lot 
dramatically as compared to one or two centuries ago. Works on the effects of innovations 
(the third of the mentioned major research themes) – certainly almost all of the neo-
Schumpeterian contributions – highlight more or less exclusively these positive effects of 
innovative activities. Likewise, the management literature propagates innovations as prime 
strategy for gaining a competitive advantage and generating sustained profits.  
 
 However, a portrayal of the effects of innovations would be incomplete if it would not 
realize that there is also a dark side related to many innovations, and that for this reason it 
must be asked what kind of innovations we need to secure our future. Despite the fact that 
innovations have been highly successful in the market and generated substantial profits, it 
has not been uncommon that some of them ended up in a disaster. A treacherous feature of 
innovations is that can “bite back” (see Tenner 1996). Due to the epistemic bounds on fully 
recognizing their implications, the negative effects often only turn out with a considerable 
time delay. Adopters of the innovation who realize them as diluting their contractual 
situation may exercise a right of recourse and induce others not to buy the innovation. The 
private gains which both the innovator and the adopter expected to obtain then disappear 
and so does the innovation.  
 
 While in this case the negative effects are internalized and the self-regulation of the 
market works, in the case of negative externalities the adopters’ contractual position is not 
directly affected. Therefore they are unlikely to react in a similar way and to force the 
innovator via the market to internalize the costs she causes to others. One sort of such 
externalities are “pecuniary” ones which hit the innovator’s competitors with the traditional 
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– now substituted – products and services and/or their outdated technologies and resources. 
Specific investments which the competitors made before the innovation was introduced are 
devalued or even lost. Capital owners face losses on their expected returns, labor faces 
losses on the expected income from human capital investments.  
  
 A topical example are the effects which highly innovative industries such as 
consumer electronics have on traditional manufacturing industries particularly in highly 
developed countries like the U.S. Attracted by the innovations, consumers increasingly 
spend on smart phones, say, while expenditures on, e.g,, household supplies, linen, 
upholstery grow much less, if at all. The effects of the innovation induced substitution are 
completely mediated by the price mechanism and result in a redistribution of income 
increases, if not absolute income. In this particular case, it also amounts to an international 
redistribution of income increments often associated with “globalization”. Since the highly 
innovative consumer electronics industry has substantial parts of its value chain located in 
Asia, it contributes to new employment opportunities and rising income there. In contrast, 
traditional industries in the U.S. suffer from the substitution competition which causes 
losses of employment and contributes to stagnating labor income here.  
 
 Nonetheless, in the case of such “pecuniary” external effects, the sum of private gains 
from a successful innovation usually exceeds the sum of private losses for the (world) 
economy as a whole. In principle, those who suffer losses as a result of the innovation could 
therefore be compensated out of society’s innovation gains. If this were to happen, the 
compensations would amount to an internalization of the “pecuniary” externalities and a 
net welfare gain from realizing the innovation could be stated. 4 In contrast, in the case of 
negative technological externalities, there are not only more or less dramatic redistribution 
effects. The entire society may turn out to be forced to bear heavy social costs caused by 
innovations. These social costs can exceed the sum of private gains obtained through the 
innovation, the more so the later the negative effects are discovered. In such cases, society 
can suffer a net welfare loss from innovations. Despite the fact that such innovations have 
successfully passed the market test, they are the opposite of what we need to secure our 
future. Unfortunately, this is not a rare case.  
 
 For instance – to mention some spectacular cases – in the 1960s chlorofluorocarbon 
gas was successfully marketed as a major chemical innovation in the production of cooling 
agent, fire-extinguishing agents, multi-purpose lubricants, aerosol such as in hair sprays, 
and many other purposes. It seemed to solve many technical problems in an inexpensive 
and convenient way. Only years later it was discovered what immense social costs the 
innovation caused. Chlorofluorocarbon emissions contribute significantly to the greenhouse 
effect. Moreover, the gas accumulated in the stratosphere and started to destroy the Earth’s 
ozone layer. After the discovery a cumbersome process of reaching an agreement on 
collectively putting a ban on chlorofluorocarbon gas use started. While the process was 
eventually successful it may last long until the ozone layer fully recovers. Further examples 
                                                
4  In reality, however, notorious transaction costs prevent such compensations from taking 
place. The price of innovation-induced progress and growth resulting from what has been dubbed the 
“perennial gale of creative destruction” (Schumpeter 1942, Chap. 7) is that gains and losses are 
distributed very unevenly across the economy.  
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of innovations passing the market test as supposed solutions for technical or commercial 
problems which later turned out to cause immense social costs are not difficult to find: new 
materials such as asbestos; new pesticides such as DDT; new drugs such as Rofecoxib 
(Vioxx); new techniques such as nuclear power generation or deep sea oil drilling, and so on 
(see also Tenner 1996).  
 
 In these cases, the unexpected negative externalities are a result of innovative 
production techniques or the particular features of new products. Since the epistemic 
bounds prevent an immediate identification of all implications of an innovation the risk that 
innovations develop such negative externalities can never be excluded. All that can be hoped 
for is that by proper arrangements for the innovation process the chances of identifying 
innovations causing serious externalities as early as possible are increased. It is at this 
point that the open vs. closed innovation option comes in as the discussion in the next 
section will show. 
 
 
4. The Role of Opening the Innovation Process  
 
When organizations, particularly commercial firms, consider starting an innovation project, 
the new cognitive concepts that inform the imagined new business are still tentative and 
incomplete. Accordingly, beliefs in whether the project will become a success or failure are 
not yet consolidated. In the team responsible for pursuing the innovation, typically 
consisting of developers, engineers and scientifically trained staff, marketing specialist, and 
managers with entrepreneurial function, not everyone is necessarily convinced of a 
successful outcome. Opinions on this question are formed, pro and con, in an ongoing 
interaction between the involved team members processing newly gained information. 
Proponents and opponents of the project may develop second thoughts and change their 
respective opinion, depending on what argument or evidence is presented in their exchange. 
The discussed epistemic bounds notwithstanding, the credibility of the exchanged 
arguments is not entirely disconnected, of course, from already existing knowledge about 
the properties of the innovative project. However, the uncertainty about whether this 
knowledge is sufficiently representative of the unknown true feasibility and costs, not to 
forget social costs, of the innovation leave room for interpretative differences.  
 
 It is for these reasons that the teams responsible for an innovation project in an 
organization often open up the innovation process. They may mainly wish to consult outside 
expertise in the form of inbound knowledge flows as explained in Section 2. Such external 
opinions and advice are supposed to help improving, and sometimes resulting in 
modifications of, the understanding of the technical feasibility and the benefits and costs of 
the intended innovation. However, even when the consulting of external expertise is mainly 
organized in the form of inbound knowledge flows, some information about the innovation is 
likely to be disclosed in the exchange with the consulted outside actors. The more specific 
the information requested is, the more it may conclusive it may be for guessing what is 
going to be developed. Hence, an outbound information flow can only be prevented 
completely in a closed innovation process. 
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 In effect, the consulting of external expertise adds weight to, and sometimes changes 
the weights of, the arguments exchanged within the innovating team. At the end of the day, 
opening up the innovation processes comes down to strengthening the not yet consolidated 
beliefs in either success or failure of the project within the innovating team. The question is 
whether, in comparison to closed innovation processes, open innovation activities also make 
a difference with respect to the likelihood of an earlier discovery of severe negative 
externalities of the considered innovation. 
 
 The conditions under which this can be expected to be the case can be explored by 
means of a stylized model of the opinion formation process within the team which is 
responsible for the innovation project. The interactions underlying the opinion formation 
can result in a typical feature of a self-organizing process called phase transition in self-
organization theory: An implicit bias in the assessment of the project can accumulate and 
eventually drive the process beyond a tipping point. The pro-innovation beliefs with which 
the project was started then turn into the conviction that the innovation is to be abandoned 
because of lacking success prospects or negative externalities. What has to be discussed 
here is the following. In case of severe negative externalities, is the tipping point more likely 
to be reached – implying a shorter expected waiting time for a transition – in open rather 
than in closed innovation processes?  
  
  For expository convenience let us assume a bi-modal framework in which the 
members of the team responsible in the organization for the innovation project either 
believe in the success of the innovation or in its failure. Hence, if the share of team members 
doubting the success – for brevity let us call them opponents – at time t is denoted by F(t), 
the share of team members believing in the success, the proponents, is 1 – F(t). It can be 
assumed that an innovation project will only be started if (1 − 𝐹(0)) ≫ 𝐹(0). As a result of 
the exchange of arguments within the team, these beliefs can change so that opponent 
become proponents and vice versa.  
 
 In a probabilistic representation of the belief changes, switching from being 
proponent to becoming opponent can occur with probability p(t) and the reverse switching 
from being opponent to becoming proponent with probability q(t). A characteristic feature of 
opinion formation processes is the frequency-dependency of the switching probabilities, 
more specifically a conformism effect: The more opponents there are in the team, i.e. the 
more members do not believe in a success of the innovation, the greater is the probability for 
proponents to become opponents, too. This implies a functional relationship p(t) = φ (F(t)), φ’ 
> 0 , φ’’ > 0. The conformism effect also works in the opposite case. Hence, the functional 
relationship for q(t) = ϕ (1-F(t)), ϕ’ > 0 , ϕ’’ > 0. For the sake of the present argument it is 
sufficient to choose quadratic specifications for these functions with parameters 0 <  𝛼 ≤ 1 
and 0 <  𝛽 ≤ 1 so that 
 
 (1)  p(t) = α F(t)2   
 
and 
 
 (2) q(t) = β (1 - F(t))2 . 
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 As has been said, due to the epistemic bound there is an irreducible ex ante 
uncertainty about the implications of the projected innovation. However, sooner or later 
these implications will gradually be revealed while the organization continues to pursue the 
innovation. The revealed information is likely to feed back on the interactive opinion 
formation process of the innovating team. In the model, the ongoing revelation process can 
therefore be assumed to result in a bias, however small, in the switching probabilities. 
Accordingly, there will be innovations for which the pieces of information revealed over time 
cast doubts on their success, especially when they give rise to fears that the innovation 
might develop severe negative externalities for which the innovating organization may at 
least in part be made liable. In the model this bias is represented by a ratio α/β > 1 for this 
kind of innovations and in the opposite case by α/β < 1.  
 
 If the organization runs an open innovation process, the exchanges within the 
innovating team are complemented by a dialogue with external actors. The knowledge 
inflow from outside affects the opinion formation among the members of the innovating 
team. Hence, according to the motto “more eyes see better than few eyes”, the bias 
expressed by the size of the ratio α/β should be strengthened the more so, the more external 
actors get involved in the open innovation, i.e. the more outside knowledge is obtained over 
time. Following this intuition, the external influence can be depicted by a variable  
 
 (3) 𝑥(𝑡)  =  1 −  𝑒− 𝜅𝜅(𝑡).  
 
It depends on the (cumulative) number n(t) of external actors getting involved in the team’s 
opinion formation up to time t and on a parameter κ > 0 reflecting the average strength of 
their influence. Now suppose the organization runs a completely closed innovation process. 
This means that n(t) = 0 for all t. In that case 𝑥(𝑡) =  0. Put differently, the degree of 
openness of the innovation process is expressed in the model by the number n(t). The more 
n(t) grows over time, the more open the innovation process is and x(t) approaches the value 
+1 more or less rapidly, depending on the parameter κ.  
 
 On the basis of different values for n(t) and, consequently x(t), we can track how in 
the opinion formation process an innovation project – whether open or closed – fares over 
time. The critical variable is the share of opponents (or, conversely, proponents) of the 
project in the innovation team. By assumption, when the innovation project is initiated, F(0) 
< ½. If the revealed information is positive, i.e. in case of α/β < 0, the share F(t) is likely to 
decrease over time and the organization can be expected to continue pursuing the 
innovation. In the opposite case, F(t) is increasing in the interactive opinion formation 
process until a strong majority or all of the innovation team become opponents and the 
project is abandoned.  
 
 Assuming that t only takes integer values, the development of F(t) is in the mean 5 
determined by the first order difference equation 
 

                                                
5  For the relationships between the mean process and the stochastic realization of single 
trajectories around the mean see the discussion in Weidlich (2000). 
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      =  0     for F(t) < 0, 
 
(4)  𝐹(𝑡 + 1) =   𝐹(𝑡) + �1 − 𝐹(𝑡)� 𝑝(𝑡) 𝛾�1 + 𝑥(𝑡)�  − 𝐹(𝑡) 𝑞(𝑡) 𝛾�1 − 𝑥(𝑡)�  for 0 ≤ 𝐹(𝑡) ≤ 1,   
 
      =  1     for F(t)  > 1. 
 
The factor γ is determined by a sign function such that 𝛾 = +1  𝑖𝑖 𝛼

𝛽
> 1 and 𝛾 = −1  𝑖𝑖 𝛼

𝛽
< 1. 

This ensures that the bias in the switching probabilities is strengthened in the right 
direction. For 0 ≤ 𝐹(𝑡) ≤ 1 the second summand on the r.h.s. of eq. (4) represents the mean 
“inflow” into the share of opponents, i.e. the switching from proponent to opponent, 
occurring at time t. The third summand gives the mean “outflow” from the share of 
opponents, i.e. the reverse switching. 6  
 
 The question raised in the previous section was whether, in comparison to closed 
innovations, open innovation activities make a difference with respect to the time at which 
an innovation is stopped in case of severe negative externalities. Is an organization that has 
pushed the innovation the more likely to abandon the project that gradually turns out to be 
a failure or even disaster the more it relies on an open innovation process? To answer this 
question we have to explore the mean trajectory resulting from equation (4) for the 
specification   𝛼

𝛽
> 1 and, hence, 𝛾 = +1. 7 For expository convenience let us choose a simple 

numerical specification α = 1 and β = ½ satisfying this condition. Inserting eqs. (1) to (3) into 
eq. (4) and rearranging yields  
 
 (5)       𝐹(𝑡 + 1) =   1+𝑥(𝑡)

2
 𝐹(𝑡) + 2 (𝐹(𝑡))2 −  3+𝑥(𝑡)

2
 (𝐹(𝑡))3 , 

 
subject to the condition 𝐹(𝑡 + 1) = 0 for 𝐹(𝑡) < 0  and  𝐹(𝑡 + 1) = 1 for 𝐹(𝑡) > 0. 
 
 The cubic difference equation (5) implies a bifurcation by which a tipping point 
emerges in the share of opponents, i.e. a critical mass or frequency 𝐹𝑐𝑐𝑐𝑡(𝑡) of opponents. 
𝐹𝑐𝑐𝑐𝑡(𝑡) represents an unstable equilibrium point. Once 𝐹(𝑡) >  𝐹𝑐𝑐𝑐𝑡(𝑡) the mean process of 
eq. (5) will over time be attracted to 𝐹∗ = 1. This is the all-opponent equilibrium which, by 
assumption, means that the innovation is abandoned. The question to be discussed can 
therefore be translated into whether and how the position of the tipping point varies in the 
interval [0, 1] with the openness of the organization’s innovation activities. The answer can 
be given by analyzing the extreme cases of, on the one side, an entirely closed and, on the 
other side, a very open innovation process. In the former case, n = 0 and, by eq. (3), x(t) = 0 
while in the latter case a growing n drives x(t) close to 1. 
 

                                                
6  The terms 1-F(t) and F(t) in these summands represent the probability that the team member 
making a switch in t with the corresponding biased probability is a proponent or an opponent of the 
innovation project, respectively.  
 
7  The case α/β < 1, i.e. an innovation turning out to be favorable, can be subjected to an 
analogous analysis which, however, is neglected here for space limitations. 
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 Let us start with an entirely closed innovation regime. For x(t) = 0 eq. (5) has three 
equilibrium points in the interval [0, 1] which can be found by setting F(t+1) = F(t) and 
solving: 𝐹∗ = 1 which is stable, the instable equilibrium 𝐹𝑐𝑐𝑐𝑡 =  1 3⁄ , and another stable 
equilibrium in 𝐹∗∗ = 0.  Hence, there is the possibility that in a closed innovation regime, an 
innovating team starting with a share F(0) < 1/3 is in a self-amplifying way attracted to an 
all-proponent equilibrium – despite the bias in the revealed information pointing to an 
impending failure. Only if the innovation project is from the very beginning controversial 
(i.e. F(0) > 1/3) will the revealed information lead the innovating team to quickly refrain 
from continuing the innovation process.  
 
 A very different result obtains in very open innovation regimes. Consider he limiting 
case x(t) = 1. In this case, eq. (5) has two equilibrium points in the interval [0, 1]: 𝐹∗ =
1  and  𝐹𝑐𝑐𝑐𝑡 = 0. This means that F(t) will (in the mean) be attracted to the only stable 
equilibrium 𝐹∗ = 1, in which everyone in the innovating team opposes the project, once the 
instable equilibrium 𝐹𝑐𝑐𝑐𝑡 = 0, in which no one opposes, is left. Put differently, in an entirely 
open innovation process, one single member of the team opposing the innovation suffices to 
set in motion a development in which an innovation suspected of causing severe negative 
externalities is soon abandoned. Even if the bias expressed by the ratio 𝛼

𝛽
> 1 is very small 

F(t) will then grow successively as a result of the conformism pressure building up through 
the external expertise influencing the opinion formation within the innovating team.  
 
 Since 𝐹𝑐𝑐𝑐𝑡 varies parametrically with n(t), a growing openness of the innovation 
process, i.e. n(t) going from 0 to large values and x(t) from 0 to 1, implies a parametric shift 
of the tipping point  𝐹𝑐𝑐𝑐𝑡 from the value 1/3 (associated in the chosen numerical 
specification with n(t) = 0) downwards to zero. Consequently, the share of opponents in the 
innovating team which suffices to drive F(t) beyond  𝐹𝑐𝑐𝑐𝑡 in the direction of  𝐹∗ = 1 becomes 
smaller and smaller and is therefore more likely to be reached. 2 

 
 Thus, under the assumption of this model we obtain a clear result. The openness of 
the innovation process is crucial for reacting early to signs of a failure or even disaster 
threatening to follow from the pursuit of the innovation. The more open the innovation 
activity is, the more likely will an innovation be abandoned when there are hints pointing at 
a failure. In the interest of keeping social costs caused by negative externalities of 
innovations down it would therefore be desirable to have innovation process that are as 
open as possible. As discussed in section 2, such openness may however conflict with the 
motivation of the innovating organization to protect the private knowledge on which its 
innovation is based from being diffused to competitors. To create this private innovative 
knowledge and to implement it in the form of a commercial business requires substantial 
investments. If the knowledge would diffuse, the innovation could easily be imitated by 
competitors and the expected innovation rent be quickly competed away. 
 
                                                
2 In the random realization of the stochastic switching process based on the individual probabilities 
p(t) and q(t) the actual increments of the share of opponents fluctuates around the mean one given by eq. 
(5). Consequently, the closer to 0 the tipping point 𝐹𝑐𝑐𝑐𝑡 gets, the greater the chance that by a cumulation 
of random fluctuations F(t) is pushed beyond 𝐹𝑐𝑐𝑐𝑡 and the process is attracted to F* = 1. For a discussion 
of random realizations of such processes governed by a master equation see Weidlich (2000). 
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 There is thus a conflict of interests here. If openness of the innovation process would 
be made a legal requirement, potential innovators can be expected not to undertake many of 
the innovation projects they would be willing to start as closed activities. If, in contrast, 
choosing the degree of openness is left to the strategic discretion of the innovating 
organization, the choice is in most cases a more or less closed innovation activity. It can 
then happen that even disastrous innovations continue for long until rising social costs 
induce the public or the government to intervene and to force the innovating organization to 
let outside expertise in.  
 
 
5. Conclusions 
 
In a historical perspective, successful innovations have been the main drivers of economic 
growth creating wealth and raising the standard of living of the masses. Innovations are 
therefore often considered in a wholesale manner a desideratum in in politics, in the public, 
and, not least in innovation-related research. Such a view is warranted as long as 
innovations do not cause negative externalities that result in social costs outweighing the 
private gains. However, there are not only countless examples of innovations that failed and 
deprive those who pursued them of the resources they invested. There are also many cases 
in which innovations successfully passed the market test, but later turned out to have 
negative externalities that resulted in heavy social costs for society. Obviously, innovations 
of the latter kind do not secure our future but rather have the potential of threatening it.  
 
 In this paper it has therefore been explored, by what arrangements concerning the 
innovation process in firms and other organizations the risk of an innovation ending up with 
excessive social costs can be kept down. As has been explained, the epistemic bounds on 
anticipating the implications of new novel technical and economic activities prevent an 
immediate solution. However, by means of a simple model exercise it has been shown that 
the internal reaction of firms and organizations in their innovating teams can differ 
dramatically with respect to how quickly an innovation developing signs of failure is 
stopped. The difference rests on how the knowledge flows related to an innovation are 
strategically shaped, namely in the fashion of open or closed innovation processes. Closed 
innovation regimes can fail to draw the right conclusions from the information successively 
revealed about the implications of an innovation. The more open the innovation process is, 
the more likely it is in contrast that an innovation be abandoned when there are hints 
pointing at a failure. 
 
 The answer to the question in the heading, of what kind of innovations we need to 
secure our future, would thus be that open innovations would be the desideratum. Yet, as 
has also been discussed at length in the present paper, an open arrangement of inbound and 
outbound knowledge flows – desirable in respect to an early discovery of negative 
externalities – confronts motivational limitations. Under an open innovation regime 
innovating organizations may often be hindered to protect their investments from being 
imitated. If so, the expectation of earning an innovation rent would be destroyed and the 
motivation to pursue innovations be curbed. This motivational conflict points to a deeper 
issue. Requiring an opening up of innovation processes in order to reduce the risk of 
unanticipated social costs can be expected to result in less innovative activities being 
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undertaken. Hence there is a trade-off between that risk on the one hand and the amount of 
innovative activities on the other. Put differently, society faces a trade-off in making its 
choice: The higher the pace of innovativeness which society wishes to have the higher is also 
the inevitable risk of discovering potentially severe negative externalities too late. Open 
innovation processes with the capacity of resolving this dilemma do not seem to be in sight. 
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not very surprising that sanctuary nurtures innovation which is more suited to fluctuating 

climate and market-uncertain environments. 

  

Innovations don’t have relevance only at artefactual level. One can learn at 

metaphorical, heuristic and gestalt levels too. Building bridges between formal and informal 

knowledge systems poses a unique challenge in designing reciprocal and responsible open 

innovation platforms?  

 

The Honey Bee Network has made several community-oriented, multilanguage, open 

innovation and traditional knowledge databases to operationalise some of  these frameworks: 

farmers’ innovation database www.sristi.org, www.nifindia.org, www.nifindia.org/ignite, 

http://nifindia.org/ignitetechpedia.sristi.org of student projects, etc. In the coming decade, 

those companies and communities which are able to balance the need for reciprocity and 

responsibility, and respect each other will eventually succeed in creating robust, resilient and 

agile shared economy.  
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Theory of open innovation for reciprocal and  responsible adapations with climatic and  

other risks 

  

  

 

Abstract 
Given the economic squeeze world over (JinHyo Joseph Yun, 2015, IMF, 2016), search for what 

we call frugal grassroots innovations for over 26 years in the Honey Bee Network, has been 

increasing in the recent years. And, to shape this search, models and concepts like open 

innovation, reverse innovation ( GE, 2009, Govindrajan, 2012, Govindrajan and Ramamurti, 

2011, Govindrajan and Euchner, J. 2012, Govindrajan and Trimble, 2012), embedded 

innovation ( Simanis and  Hart, 2009), extremely affordable, low-cost, frugal innovation 

(Honey Bee Network, 1989- 2016, Gupta, 2000, 2007, 2009a, 2009 a, b, ) etc.,  have emerged 

over time. We wish to trace the evolution of the Open Innovation Theory ( von Hipple, 1988) 

in the context of the Honey Bee Network. The idea is to study the different strands of 

relationships between knowledge providers and seekers which make the system truly 

reciprocal, responsible and responsive. When systems become open, search cost for inclusive 

innovation will automatically come down and the knowledge system will also become more 

symmetrical and inclusive. Inclusive innovation for social development implies that new 

solutions should help in dealing with one or more of the five factors of exclusion: spatial, 

seasonal, sectoral, skill and social. These should also be accessible, affordable, available and 

adaptable to varying and differentiated user endowments and needs, besides being circular. 

One has to understand the interaction between natural, social, ethical and intellectual capital, 

situated in the institutional context of innovations: at, from, for and with grassroots level 

communities for defining inclusivity in the innovation ecosystem. 
  

A company or a community, when in need of an innovative solution to a local problem, may 

seek it from outside, develop it inside, or co-create/contract it out. The nature of reciprocity 

between knowledge and innovation exchange partners may have different types of 

asymmetries. Different ethical principle enunciated in the Honey Bee Network may or may 

not be followed. The discourse on open innovation has been biased in the favour of 

corporates seeking ideas form outside rather than sharing their own innovation/knowledge as 

a public good or commons, or even at low cost with less-advantaged industry actors. In this 

paper, we reflect on such biases that companies and scholars have developed and propose a 

framework to temper it. The need for such a correction becomes even more important when 

various kind of climatic, institutional and market risks are making socio-economic systems 

more fragile and vulnerable to various uncertainties and fluctuations. 

  

Coping with risks is significantly related to malleability of innovations. The process of 

evolving and nurturing innovations may have a bearing on their eventual adaptability to user. 

We argue that when both technology platform and application domains are known well, 

the incubation model works. Generally, through this process, incremental innovation grows 

better. But, when both are unknown or are ambiguous, sanctuary model works better. In 

incubators, the chaos is outside and the order is inside. In sanctuary, it is the opposite. It is 

not very surprising that sanctuary nurtures innovation which is more suited to fluctuating 

climate and market-uncertain environments. 

  

Innovations don’t have relevance only at artefactual level. One can learn at 

metaphorical, heuristic and gestalt levels too. Building bridges between formal and informal 
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knowledge systems poses a unique challenge in designing reciprocal and responsible open 

innovation platforms?  

 

The Honey Bee Network has made several community-oriented, multilanguage, open 

innovation and traditional knowledge databases to operationalise some of  these frameworks: 

farmers’ innovation database www.sristi.org, www.nifindia.org, www.nifindia.org/ignite, 

techpedia.sristi.org of student projects, etc. In the coming decade, those companies and 

communities which are able to balance the need for reciprocity and responsibility, and 

respect each other will eventually succeed in creating robust, resilient and agile shared 

economy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Introduction 
  

The frugality (or low-cost, affordable innovations) emerged as an inalienable feature of 

grassroots innovations 26 years ago when the Honey Bee Network recognised that 

materially-constrained people had no choice but to intensify the knowledge input and 
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economise the material costs. It has taken the world a long time to recognise the merit of 

frugal innovations, partly triggered by the global economic squeeze and partly, by the 

consumer preference in emerging economies where growth potential is evident. The frugality 

is not a transient concept: When under pressure, be frugal, else, be wasteful or indifferent to 

the concept of extreme affordabilit! It is important to stress that frugality is not just about the 

affordability. A five-cent sachet of detergent soap or a mouth freshener may be extremely 

affordable. It may appear to be frugal too. But, when one calculates the cost of collecting the 

plastic packaging material from thousands of rural and urban locations, this may turn out to 

be an extremely costly innovation for the environment. Therefore, frugality must blend 

affordability with circularity (the ability of waste being repurposed, recycled or incorporated 

in different value chains without affecting the environment adversely). The openness of 

knowledge system at community level facilitates emergence of open and reciprocal 

innovations for dealing with climatic, institutional and market risks.  

 

In this paper, we provide a grassroots perspective to the open, reciprocal, responsive and 

respectful innovations, which are often very frugal. However, we must clarify at the outset 

that not all grassroots innovations are frugal or even sustainable; though, most are. The 

institutional platforms created by the Honey Bee Network will be explained so that other 

countries and communities can build upon this experience and develop their own endogenous 

models. 

  

PART I 

 

Theory of open, reciprocal, responsive and respectful innovations 

  

When the Honey Bee Network volunteers started looking for odd balls, the creative people 

who had solved a local problem through their own efforts, the openness of the communities 

and innovative individuals to share their ideas with us manifested clearly (Gupta, 1988, 1995, 

2000, 2011, 2006, Gupta and Mashelkar, 2010). Why should somebody share one’s ideas 

with others, with no expectation of returns to begin with? It is not entirely an altruistic 

behaviour. Sharing generates potential for feedback and thus improves the knowledge base. 

People share when they trust. The trust emerges when people seeking knowledge are genuine 

learners and iterative exchanges and creation of interdependence generate confidence (Mayer, 

Davis, Schoorman, 1995). Without sharing the prior knowledge and ideas, search for new 

ideas often does not yield results. Sharing, therefore, may precede seeking. Openness 

becomes reciprocal when both sides are willing to share with each other. The responsibility 

comes when the knowledge shared is used by both the parties – the provider and the user – 

with responsibility towards the community, nature and also, for the future generation. Not 

everybody may discharge one’s responsibility towards each stakeholder equally well. When 

the seeker and the provider of the knowledge and the innovations develop mutual trust and 

responsibility, they also become respectful towards each other’s cultural and moral 

sensibilities and constraints. However, in practice, such mutuality is rarely obtained.  

 

Keping aside the open, reciprocal and responsible open innovation experience of  more than 

26 years of Honey Bee Network experience, a brief look at the recent the recent writings 

shows a bit narrower definition of the subject. Authors  have treated openness as willingness 

to use knowledge/ideas from customers, orther organizations, R and D institutions, 

suppliers/vendors etc.,  outside the firm (  Chesbrough, 2003, 2006, 2011; Urban and von 

Hippel, 1988, von Hippel, 2002, 2005, Von Hippel, E. A., Ogawa, S., & PJ de Jong, J., 2011, 
Dahlander and Gann,2010, Baldwin and von Hippel, 2011, De jong et al, 2008, de wit, 
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Dankbar, and Vissers, 2007, JinHyo Joseph Yun, DongKyu Won and Kyungbae Park, 
2016).  Yun, JinHyo Joseph,  Seung-Ku Ahn and Avvari Mohan (2010), and Yun, Jinhyo and 

Mohan Avvari, 2012, in an interesting contribution traced the experience of open innovation 

system in small and medium industry, a rather negelected sector in literature on the subject in 

Korea, partiuclarly during their transition to high tech domains. Jeon, Jeong-hwan, Sung-kyu 

Kim and Jin-hwan Koh ( 2015) in a very interesting study of Roman Empire showed how 

National Innovation System framework can benefit by looking at user driven open 

innnovations in ancient times at national and regional level exchanges. Laursen and Salter 

(2006) found a crivilinearnar experience  in performance among firms searching innovations 

from outside. In a more recent study, Laursen and Salter, 2014, find those firms which are 

able to  protect their own intellectual property (that they don’t let their knowledge be leaked 

to outsiders) are able to get into more viable collaborations for seeking knowledge and ideas  

from outside. This seeming paradox of open innovation is conceptualised as high outside-in 

but low or no inside-out in the theoretical framework presented here.  

 

  

Let us look at binding constraints at different levels and varying degree of openness in 

sharing one’s knowledge and innovative solutions. We discuss four key conceptual schemes 

in this regard: (a) Innovation playground: Inside out vs. outside in (Gupta, 2013, 2015, 

2014b, 2016); (b) Reciprocity vs. responsibility ( Gupta, 2003b, 2014, Owen at al, 2014); (c) 

Knowledge interface across community, public and individual domains ( Gupta and Sinha, 

201; and (d) Communication and power (one way, two way and no way communication, with 

one way, two way and no way power, Gupta, 1980).    

  

  

(a) Innovation playground: Inside out vs. outside in 

  

Innovation exchange between corporations and communities can be guided by various ethical 

and efficiency considerations. In the available literature, openness of corporations to seek 

ideas from outside on various terms is considered a kind of open innovation policy. Even if 

corporations do not share what they did with that knowledge, it is still considered open. On 

the other hand, von Hippel and others have considered willingness of users to share their 

derivative innovations with the corporations manufacturing those products without any 

reciprocity as a sign of openness in innovation. We deal with four strands of exchanges: (i) 

Low inside out – low outside in; (ii) Low inside out – high outside in; (iii) High inside out – 

low outside in; and (iv) High inside out – high outside in.  

  

(i) Low inside out – low outside in 

  

In this case, the corporations are behaving like an ostrich, unwilling to share and 

equally unwilling to learn from outside. Such organisations are not very resilient and 

are often found vulnerable to various climatic, institutional and market risks. In the 

absence of a large repertoire of coping strategies within organisations, they buckle in. 

It is not before too long that such organisations disappear. The communities which 

exhibit similar behaviour go through ‘involution’ instead of ‘evolution’ and may 

either disintegrate or get incorporated under some other dominant identities.  

  

(ii) Low inside out – high outside in 
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The sponge like behaviour is shown by the organisations in such an exchange relying 

on crowdsourcing (How, 2006, Marion K. Poetz and Martin Schreier,  2012). The 

corporations are willing to learn from outside at different terms, including one-time or 

milestone-based payment, just a thank you note, non-monetary recognition, etc. Many 

large corporations use this kind of crowdsourcing strategies. They claim to follow 

open innovation but do not share much of their own knowledge with the outsiders or 

even knowledge, idea and innovation providers. They seldom let the external idea or 

innovation provider know as to what they did with the idea, how much wealth did it 

generate, if at all, and how many other derivative innovations were triggered by that 

innovation. If they shared all this, the self-respect of the knowledge/innovation 

provider will go up and may be, she would value her own ideas more than before. 

Since a large number of us are worst enemies of our own ideas, in the absence of such 

feedback, we do not know the cost of ignoring such ideas. Despite being a dominant 

paradigm, one cannot expect such an institutional arrangement to last very long. 

Eventually, some of the promising idea providers might allocate their energies 

elsewhere. 

  

             (iii) High inside out – low outside in 

  

The pollinator kind of behaviour, evident in this case, is one of the very benign 

models of open innovation. The companies like Tesla ( Quinn and Brachmann, 2014, 

Moritz et al, 2015) shared their patents in open to encourage competition and expand 

infrastructure (of charging stations for electrical car) and generate new knowledge 

about how others use the knowledge produced by the pollinator. They create 

knowledge public goods, without generally any expectation of reciprocity. There is no 

corporation or other formal research and development (R&D) institution which 

cannot share some of its knowledge with outsider or create knowledge public goods. 

Being the industry leader, lesser willingness to learn from outside may prove to be a 

costly error in the longer term. 

                             

 

 

(iv) High inside out – high outside in.  

  

This is the most mutually-empowering model of innovation policy in which one is 

willing to learn a lot from outside and one is equally willing to share a lot. This 

requires a big heart and a big mind (dil bada, dimag bada). Such organisations are 

likely to be more sustainable in the long run. Their growth and development is 

contingent on a constant iterative cycle of learning and sharing. The Honey Bee 

Network signified this approach of open innovation relentlessly for the past 26 years. 

Even when National Innovation Foundation (NIF) facilitated the filing of patents 

using the concept of ‘technology commons’(Sinha, 2009, Gupta, 2007), it ensured 

that people-to-people copying was not only allowed but also encouraged. People-to-

firm exchange of knowledge and ideas should take place through licensing. It 

hybridises the open-source model with stratified IP-based closed model.  

  

It is important for the corporate leaders to recognise the value of ideas from outside, 

including from the grassroots level. But, without mutual respect and responsibility, a 

reciprocity may not be symmetrical. It is to overcome the inherent institutional asymmetries 
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that one may need benevolent brokers/intermediaries to mediate, moderate and monitor the 

exchange of ideas between the formal and informal sectors. 

  

(b) Reciprocity vs. responsibility 

  

The reciprocity can be generalised or specific. Many studies have looked at reciprocity 

among team members with in firm but not among firm and outsiders (West and Bogers, 2013,  

except Schaarschmidt, 2012, who looks at reciprocal exchange in open software community, a subject well 

researched). Neglect of reciprocity between formal sector (firm) and the informal sector (grassroots 

idea/knowledge or innovation providers)  in recent reviews makes this case of genuine reciprocal and 

responsible  innovation even more worthy of urgent attention (Gupta, 1998, 2003, 2006, 2009,2012).    A 

community may provide a herbal innovative drug for treating a disease. The corporation may 

provide its own solutions for the same disease to the community. This is a specific exchange. 

Alternatively, the corporation may build a school, organise a plant identification campaign or 

workshop in lieu of community providing a herbal lead. In some cases, the rights of 

individuals may be intertwined with the rights of the communities, particularly among 

indigenous people. In such cases, the ability of a corporation to deal with risk and uncertainty 

can be augmented if it accesses such knowledge from the community elders. It may not 

necessarily provide modern weather station data or some such knowledge, which 

communities may or may not value. It may build either infrastructure, or create 

knowledge/innovation databases in local languages in lieu of specific technological leads. 

Such generalised reciprocities tend to strengthen the individual and community capabilities 

beyond the specific technological domain. In some cases, this may embolden the community 

to negotiate the favourable terms of innovation exchange with formal sector. There are four 

situations where reciprocity may be significantly high or marginal in nature vis a vis degree 

of responsibility varying likewise such as (i) High reciprocity and low responsibility; (ii) 

High reciprocity and high responsibility; (iii) Low reciprocity and high responsibility, and 

(iv) Low reciprocity and low responsibility. 

  

[i] High reciprocity and low responsibility 

  

There are many public organisations, open-source databases and other such platforms 

which share information and also receive it without any restriction. But, when it 

comes to responsibility for consequences, it generally uses the disclaimer about their 

limited ability to take responsibility for consequences. This problem becomes 

complex when people using this innovation or knowledge database do not have 

adequate ability to interpret the validity or take the risks involved. However, on the 

balance, such a model of open innovation does promote societal learning a great deal 

and the benefits far outweigh the costs. The transaction costs of both provider and 

receiver of knowledge are also low in this model. The problem is that there are not too 

many such databases of innovations yet. The database on common property 

institutions innovation (sristi.org/cpri) is one such database. It is a collection of 

indigenous, common property institution case studies from around the world, 

mobilised mainly from secondary but, some from primary sources too. The 

responsibility for accuracy rests with the author. The reciprocity is high because 

nobody has objected to the inclusion of their work with full credit in this database. It 

helps researchers and community-based organisations that are looking for new 

heuristics for collective management of natural resources at local level. Such open-

innovation platforms do fertilise the ground for imagination and help in cross-

pollination of ideas.  
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(ii) High reciprocity and high responsibility 

  

This is a case where provider and user of knowledge are equally responsible and 

reciprocal. If a user of a product made by a company innovates to add some new 

feature, new function, modify the form to fit new niches, overcome some of the 

deficiencies or finds some new applications and shares these with the manufacture, he 

has performed a highly responsible act. If the manufacturer evaluates it, shares the 

feedback and in some cases, agrees to co-create the solution with benefit-sharing, then 

it will be a case of high reciprocity and high responsibility (Gupta, 2000, 2012). It is a 

different matter that in the literature on open innovation, such cases are few. The 

Honey Bee Network is an exception. A large number of ideas contributed by children 

and many grassroots innovators have been valorised by the team of professionals in 

NIF, Society for Research and Initiatives for Sustainable Technologies and 

Institutions (SRISTI) and Grassroots Innovation Augmentation Network (GIAN) with 

full credit and benefits to the idea providers. Openness on both the sides has led to 

mutual trust and responsibility. More than 800 patents and other forms of protection 

have been extended to children and grassroots innovators through pro bono help of 

the patent attorneys, using public funds by NIF in the name of the innovators. Entire 

license fee of 10 per cent of these innovations, so far commercialised, has also been 

shared with the innovators completely1.   

  

The techpedia.sristi.org has information about 190,000 engineering projects, pursued 

by 550,000 students from over 600 institutions in India. This is one of the largest 

open-innovation platforms which has authentic information sourced from various 

academic institutions. Similarly, the Gandhian Young Technological Innovation 

Awards are listed at gyti.techpedia.in with mutual responsibility and reciprocity, 

among the students, their guides and SRISTI. 

  

(iii) Low reciprocity and high responsibility 

  

This is a case where a teacher or a formal sector technologist shares all that he knows 

and the student or community member asks about all that he does not know. Both 

sides perform their roles in knowledge economy and share ideas to reinforce shared 

learning systems. But, there is not much that they are obliged to reciprocate to. There 

is an exchange of ideas but with little, if any, specific or generalised reciprocity. 

Online learning platforms for start-ups and innovators can be very useful for the open 

innovation systems. However, there are not too many examples where start-ups have 

shared their problems and the innovative ways in which they solve them as an open-

source learning material for the other budding innovation-based start-ups.  

  

(iv) Low reciprocity and low responsibility 

  

This category signifies a case where many corporate actors may benefit from the user-

driven innovations (often without any acknowledgement, credit or benefit/knowledge 

sharing). The users also may not go out of their way to share. Many roadside 

mechanics routinely modify the features of various automobiles or gadgets which the 

                                                        
1 The patents are not used to stifle people-to-people learning. In fact, self-employed people are not only 
allowed but also encouraged to copy each other’s ideas. Only the tech transfer to firms or organised 
sector are through licensing. 
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manufacturer may not have taken note of. For instance, the cycle manufacturers have 

generally ignored a feature of footrest for children sitting on the horizontal bar. Their 

legs do not reach the mudguard or the triangular rod. Mechanics add a simple strip 

which can be horizontal to the triangular bar and, when turned at 90 degrees, becomes 

a footrest. The design of the cycle has not changed nor the users have pursued with 

the manufacturers to bring about this and other features. So much of design inertia can 

be explained by mutual apathy. 

  

The theory of open innovation has more or less ignored the relative contribution of 

reciprocity and responsibility so far. By bringing this dimension, the ecosystem for 

open innovation becomes more empathetic and empowering for all the actors. The 

result is that learning quotient goes up significantly. The meaning of a responsible act 

may not always be shared among all actors in the same way. The corporations used to 

dealing in a contractual language may perhaps restrict their responsibility to the 

clauses of a knowledge-exchange agreement. Some of them may not even recognise 

the need for building capacity of knowledge provider, particularly in informal sector, 

before agreeing to enter into an exchange of knowledge with them. The concept of 

prior-informed consent (PIC) may be interpreted too narrowly in several cases. At the 

same time, there are organised sector members who may understand and appreciate 

the need for going beyond the strict call of duty and thus behave in a more responsible 

manner than may be the trend in the industry. The communities can also stint in 

disclosing their full knowleldge if the trust is lacking and thus affect its scientific and 

technological development. The act of not just sharing knowledge but extracting 

natural resources within sustainable limits may or may not be recognised as a part of 

community responsibility. Thus, both sides have to match reciprocity and 

responsibility; those who have more power have a greater responsibility in any case 

for ensuring the fairness of an open-innovation system. 

  

(c) Knowledge interface across community, public and individual domains 

  

The three domains of knowledge system are contested as shown in the Figure 1. The 

knowledge may be restricted to one or a few individuals or a whole community or may be in 

public domain. The outsiders such as academics or industry representatives may deal with 

individuals to seek their traditional knowledge or contemporary innovations, with or without 

the consent of community elders. They may then publish a paper disclosing the innovation 

and thus prevent the community from having any opportunity to protect their knowledge 

rights or negotiate knowledge transfer at mutually-agreed terms. This kind of asymmetrical 

knowledge exchange has been going on for centuries and is still in vogue. The openness of an 

innovation system in this case does not favour knowledge provider as much as knowledge 

seeker. The situation becomes more complicated when we take the interrelationship of 

different property rights in knowledge as well as resources (See Figure 1). 

        

Figure 1 

  

                            Knowledge rights/domains 

  Private Common  Public 

Resource Private    

Rights/domains Common    

 Public    
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The open-innovation framework has not grappled with the complexity of knowledge and 

innovation exchange when knowledge and resource rights are not co-terminus. As a herbal 

healer, I may have knowledge about therapeutic uses of plants growing in my own garden, 

my village and on public lands such as roadside or public forest. In different cases, my ability 

to use knowledge and improving it depends upon my ease of access to the resource. In the 

absence of flexible access to resources, I may not be able to use the knowledge even if I have 

it. When I exchange my knowledge with a company, they may like to test and validate it 

before reciprocating in material/non-material forms with individuals or communities. My 

ability to share knowledge may also be constrained by community norms and sanctions. It is 

desirable to take into account the complexity of knowledge and resource-right 

regimes/domains so that reciprocity and resopnsibility of various parnters can be assigned 

and apprised in a fair and just manner. This is an evolving field where ethical norms will play 

as much, if not more, role as institutional and professional norms. Francisco Javier Carrillo ( 

2015) cautions that unless cultural and emotional values associated with non-monetary or non-

material exchanges are taken into account, the transition to knowledge economy (since ancient times) 

and its implications for  new norms of  equitable  sustainable equilibrium will not be achieved.  
 

(d) Communication and power (one way, two way and no way communication, with one 

way, two way and no way power ( See Figure 2, own compilation, adapted from Gupta, 

1980). 

                               Figure 2 

 

 
 

This framework was developed way back in 1980 while dealing with the interplay between 

communication and power among the actors in formal and informal sectors2. The ideal case is 

when both sides have equal power (two-way power) and both sides have the freedom or 

agency and ability to communicate (two-way communication). Under such conditions, 

mutual control, accountability and responsibility are fixed so that no one side dominates the 

discourse.    

 

One-way communication – One-way power is a highly authoritarian model in which those 

who rule or have authority and power decide what is communicated to others. The recipient 

has to receive said communication passively. Two-way communication and one-way power 

                                                        
2 Gupta, 1980, Gupta, 2016, Grassroots innovations: Minds on the margin are not marginal minds, New 
Delhi: Penguin Random house, forthcoming 
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could be a situation wherein a scientist or corporate manager may listen to the feedback of 

the farmers/users but, ultimately exercises his/her authority to decide which feedback to act 

upon and which to ignore. The possibility of someone having power and not asserting or 

communicating it is almost zero. If one has power then it will flow through communication 

mode and meaning. On the other hand, one-way communication with two-way power is 

possible situation in a democratic election in which the leaders may convey their agenda and 

the voters may show their power through voting rather than verbally communicating it. Next, 

one-way communication with no power flow either way represents a tom-tom beater (an 

announcer on a railway station or any public place) who announces messages to people in a 

locality, without any power to influence the actual content or its interpretation. Another 

example of this dynamics is the people who manage propaganda or dissemination, without 

having the power to influence the content. Two-way communication with two-way power is 

perhaps the most sustainable and democratic arrangement. Mao Tse-tung called this the 

mass-line concept. The brigade was accountable to commune and vice versa. The two-way 

power makes it democratic and two-way communication makes it humanitarian. The Honey 

Bee Network has tried to evolve into a social movement, with such norms of horizontal and 

vertical accountability. Gandhi ji called a similar approach the gram swaraj in which the 

village community was expected to resolve a lot of common issues through collective will 

and mutual respect, without direction or interference from higher levels of authority. Both the 

state and the local bodies maintain their respective domain of power and communicate with 

each other through mutual responsibility and accountability. 

 

In our context, two-way communication – two-way power will mean that farmers or 

industrial innovators at the grassroots level will have the power to comment upon and correct, 

if need be, the action-research agenda designed by scientists, technologists and firms, and 

vice versa. The scientists and technologists will also have the power to shape the agenda of 

farmer experimenters and innovators. The open innovation platforms have seldom looked at 

power asymmetries while evaluating the reciprocity and responsibility in knowledge 

exchange.   

 

PART II 

Coping with risks through open innovation   

 

The climate change risks affect institutional and community choices in different sectors over 

space and time in less predictable manner than before. The coping strategies described 

elsewhere [De and Gupta, 2016, 2015c, d, e, Gupta 1984, 1988, 1990] deal with intra 

household, inter-household, community and public-level adjustment strategies. The 

companies and other formal institutions also hedge their risks through various market and 

non-market instruments.  The global concern for frugal innovations shows that long-term, 

risky R&D projects are favoured less now. To reduce the cost of generating innovative 

solutions emerging in the market place, many firms are trying to use open-innovation 

platforms for sourcing ideas from outside. Some of them are also trying to learn from 

grassroots innovators. However, for the reason mentioned earlier, the norms of knowledge 

exchange because of the power asymmetriess are not able to diffuse the risks of informal 

sector vis-à-vis the formal sector.  The Honey Bee Network model provides several strategies 

for coping with risks, particularly in agriculture sector by using reciprocal, responsible and 

respectful norms of knowledge exchange. Various innovations at grassroots level provide 

extremely-affordable solutions for generating biomass energy, processing food, using various 

biomaterials for industrial and consumer applications, besides developing solutions for farm 

operations. Since majority of the grassroot innovators are materially constrained, they tend to 
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leverage the knowledge more than the material resources. The coping strategies in the wake 

of climate change require a portfolio of crisis which can be shuffled with minimum 

transaction costs, in a much more flexible manner. This requires very agile institutional 

response, possible only when mutual trust between the formal and informal sectors is 

maintained at a very high level.  

 

Failure of crops, unexpected mortality of animals and other kinds of losses during extreme 

whether conditions can put people under significant loss and debts. Once the market rating of 

community members goes down, the institutional response may become sluggish. It has been 

argued earlier that risk averse institutions can never help risk averse individuals or groups 

(Gupta, 1988). The challenge for open innovation theory is to find ways in which short term 

vulnerability of poor people in informal sector does not disenfranchise them from various 

entitlements and opportunities, both in the short and long terms ( Dey and Gupta, 2015, Dey, 

A, Singh, G and Gupta A. K. 2015a). Different kinds of risk funds can help unleash the 

entreprenurial ability of knowledge-rich, economically poor people.  Micro Venture 

Innovation Fund (MVIF), set up by NIF in 2003 with the help of SIDBI, provides risk capital 

to grassroots innovators under single signature and without any collateral security. Such 

models for both monetary and non-monetary help for empowering innovators are urgently 

needed in various parts of the world. Community workshops, Fab Labs, wet labs, etc. are 

needed to add value to local knowledge so that partnership with formal sector may become 

much more viable than in the case when knowledge or ideas are in the raw form. There is a 

need for intermediary organisations such as NIF, GIAN or SRISTI to reduce the transaction 

costs of communities and corporations. 

 

Earlier studies by Gupta (1981, 84, 90, 95), Anamika (2015), Anamika and Gupta (2016) 

have shown that community-coping strategies in drought or flood-affected climate risk 

regions include a portfolio of material and non-material opportunities which are aimed at 

individual and groups at different stages of production cycle. But, effectiveness of portfolio 

diversification is closely contingent on openness of knowledge exchange among different 

community members as well as external individual and institutional actors. The resilience of 

the community members to assimilate the consequences of climatic risks and not only cope 

with them but also transcend them depends upon the flexibility and agility of the support 

system whether in public or private sector. If the formal sector is not open enough, much less 

being reciprocal and responsible, then the ability of community to make concurrent changes, 

whether for salvaging the affected crops or ensuring better returns from future options, is 

severely constrained. The investment required for generating location-specific contingent 

options is often missing in the market place. Given the long tail of innovation, the return to 

the niche-specific innovations is low. Therefore, unless organisations have a much diversified 

portfolio coupled with public incentives, we may not be able to augment the resilience at 

community level. In the longer term, this will constrain the market size and adversely affect 

the growth. One can hypothesise that open innovation may flourish more when the timeframe 

is long.   

 

When the resources are mobile or fugitive e.g. in fisheries or livestock sector, the coping 

strategies have to be even more robust and institutional in nature. The models of open 

innovation in such cases will have to be premised on knowledge networks and inter-

organisational networks. In a network economy, depending upon how widely and easily 

information across different nodes is exchanged, the quick turnaround of ideas and their 

applications in risky situations can take place through iterative and interactive knowledge 

system. Greater the mobility and fugitiveness of the resources, greater is the need for 
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network efficiency. Without sufficient trust as mentioned earlier, neither responsibility nor 

reciprocity will follow to achieve such a kind of network efficiency. Assuming that formal 

and informal sectors have arrived at a reasonable faith in each other’s capabilities and 

commitment, the prospect of adding value to emerging innovations can be studied through 

the interface between technological domain and available technological platform. There are 

four possible situations in this regard: (1) Domain is known and technological platform is 

also known; (2) Domain is unknown but platform is known; (3) Domain is known and 

platform is unknown; and (4) Neither domain nor platform is known.  

 

In the first case of known domain and known technological platform, incubator models of 

value addition may work. When domain is not known and platform is known, the augmented 

R&D outsourcing and consortium-based innovation development can take place. When 

domain is known and the platform is not known, internal R&D in a competitive mode may 

help. When both are unknown, the sanctuary model is likely to work better. In the incubation 

model, the chaos is outside and the order is inside. For incremental changes, such models can 

work. In the sanctuary model, chaos is inside and the order is outside. In such a framework, a 

lot of randomness is leveraged to generate new configuration of knowledge and institutional 

network to find solutions. It requires a very high degree of trust and willingness to share 

one’s ignorance. Since domain knowledge is of less consequence, the participation of large 

number of actors in the innovation system is possible.   

 

When we compare the institutional condition under high risk and institutional context of 

sanctuary model, we can surmise that the institutional and technological innovations may 

require the freedom of sanctuary model.   

 

 

Conclusion 
 

In this paper, we have argued that the conventional understanding of open innovation theory 

is highly inadequate for dealing with emerging challenges in leveraging contingent conditions 

of climate risks, asymmetry of knowledge and power and lack of reciprocity and 

responsibility among the formal and informal actors. To deal with the greater complexity and 

need for higher frugality and circularity (McDonough, W., & Braungart, M. (2009), the open 

innovation theory will need substantial evolution in the direction indicated in the paper. The 

degree of openness among different actors in different domains and at different levels in the 

society may influence the strategies for harnessing the power of co-creation and network 

management for distributed knowledge system. The innovation clubs of youth to search, 

spread, celebrate innovations and sensing the unmet social needs will provide the context in 

which open innovation system will flourish. One cannot learn just at artefactual level from an 

innovation but also learn at analogic or metaphorical, heuristic or gestalt level. That is why 

larger corporations and many other countries (Parthasarathy, 2016) have been trying to learn 

from the Honey Bee Network lately (Gupta, 2016). 

 

In the coming decade, those companies and communities which are able to balance the need 

for reciprocity and responsibility, and respect each other will eventually succeed in creating 

robust, resilient and agile shared economy.  
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successfully pass the market test. This criterion is not sufficient, however, to assure that they are also 
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Abstract 1 

Ever since the open-source movement became prevailed in the software industry, the concept of 2 

open innovation has been changing the paradigm of R&D practices in various industries. Instead 3 

of relying on internal resources confined within the realm of a firm, open innovation advocates 4 

firms’ efforts to use inter/external ideas beyond their internal R&D resources. In the past decade, 5 

many industries have been embracing the idea of “open innovation” for innovating their 6 

technology and products timely and efficiently. The attention of previous open innovation 7 

studies has been mostly focused on R&D. However, the concepts and practices of open 8 

innovation are not limited to the R&D management, but can be expanded to any field in any 9 

industry. Thus, this research is to provide insights of the current and potential applications of 10 

open innovation to the supply chain system, particularly, in the small and medium-sized 11 

enterprises (SMEs). Drawing on a survey collected from SMEs in Korea, we investigate the 12 

current status of open innovation applications at SMEs, measure the degree of open innovation 13 

knowledge, and identify the barriers to implementing open innovation. 14 

 15 

Keywords: 16 

Open innovation – Supply chain system – SMEs  17 

 18 

Introduction 19 

The traditional view of innovation is a process that is confined within the realm of a company. In 20 

the past decade, many industries have been embracing the idea of “open innovation”, which is 21 

defined as “the use of purposive inflows and outflows of knowledge to accelerate internal 22 

innovation and expand the markets for external use of innovation, respectively” (Chesbrough et 23 



 3 

al. 2006). Open innovation allows firms to shorten time to market, increase capacity for 1 

innovation, and mitigate the risk of innovation development (Oke et al. 2013). According to the 2 

IBM Global CEO Study on innovation, 76% of 750 top CEOs worldwide believe that the key to 3 

innovation lies in external collaboration with business partners and customers (Rometty 2007). 4 

Companies such as Dell, Fiat, General Mills, Kimberly-Clark, P&G, and Rolls-Royce regularly 5 

rely on open innovation to access external ideas, technologies, products and processes (Bayus 6 

2013; Huston and Sakkab 2006; Di Minin et al. 2010).  7 

 8 

Open innovation has become a promising management strategy for launching innovative 9 

products, reducing R&D cost and product introduction cycle, and improving product quality. It 10 

has been evolved throughout a supply chain in a company beyond just R&D for product 11 

development innovation.  The process innovation in a supply chain system can greatly affect 12 

supply chain performance from obtaining materials/parts from suppliers, through manufacturing 13 

products, to delivering finished goods/services to customers. The process innovation in the 14 

supply chain encompasses time reduction, quality improvement, cost reduction in materials and 15 

parts, innovative/new manufacturing processes, changes in warehousing processes and supply 16 

chain networks, innovative/new packaging, new logistic routing, and so on. In order to 17 

differentiate products or services, enhance customer satisfaction, or increase supply chain 18 

performance, firms should involve their customers or suppliers in the supply chain processes to 19 

use inflows of knowledge for innovating supply chain processes. For instance, suppliers can be 20 

involved in the R&D process through an early supplier involvement program. Supplier 21 

involvement at the new product development (NPD) process has been well discussed in the open 22 

innovation literature.  23 
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 1 

The attention of previous open innovation studies has been focused on supplier involvement in 2 

procurement and new product development. However, the application of open innovation to the 3 

supply chain also exists in other functions of supply chain. For example, a third-party logistics 4 

for LG Display proposed logistics improvement for the shipment from LG Display factory in 5 

Korea to its customer in Mexico, which helped LG Display reduce delivery cost without 6 

noticeably increasing shipping time. This example of process innovation in transportation mode 7 

change signifies the need for more research on the impact of open innovation on different 8 

perspective of supply chain management. 9 

 10 

Open innovation is not exclusive to large-scale companies such as LG Display. A report by 11 

European Commission (2015) revealed a relatively strong growth in innovative SMEs 12 

collaborating with others and a decline in SMEs innovating in-house between 2007 and 2014. 13 

This clearly indicates that open innovation has gained more attention among practitioners in the 14 

SMEs nowadays. In the United States, small companies (with less than 499 employees) 15 

performed 19% of the nation’s total business R&D in 2011, and their R&D intensity was 5.0%, 16 

compared with 3.0% for all other companies (Wolfe 2013). Therefore, in consideration of the 17 

importance of SMEs for a nation’s economy, a more detailed study on SME’s practices of open 18 

innovation in their supply chain functions is needed to help SMEs implement open innovation 19 

more prevailingly and effectively for their business improvement. 20 

 21 

Hence, this research is to study on the applications of open innovation to supply chain processes 22 

reported in the literature, investigate potential open innovation for various supply chain 23 



 5 

processes besides supplier involvement, and then provide insights of open innovation to improve 1 

the entire supply chain processes. Thus, this research aims to answer the following questions: 2 

− What is the current status and recognition of open innovation in the supply chain of SMEs?  3 

− How willing are executive managers and R&D workforce in SMEs to implement open 4 

innovation to achieve supply chain improvement? 5 

− To what extent can open innovation affect the various supply chain functions of SMEs such as 6 

inventory management, distribution and logistics management, process and production 7 

management, supply chain technology and information management, and cost and revenue 8 

management? 9 

 10 

Literature Review 11 

Open innovation is a new paradigm for the management of innovation that emphasizes the 12 

utilization of external know-how in the innovation process and the exploration of external paths 13 

for commercializing internal innovation (Chesbrough 2012b). Since Chesbrough (2003) 14 

introduced the concept of “open innovation”, it has become a popular business strategy that helps 15 

firms to develop new technology, launch innovative products, reduce R&D cost and product 16 

introduction cycle, and improve product quality (Laursen 2006). With more implementation of 17 

open innovation in various industries, open innovation theory studies (e.g., Chesbrough 2003, 18 

2007; Gassmann and Enkel 2004; Wang et al. 2012; Yun et al. 2016), open innovation case 19 

studies (e.g., Dittrich and Duysters 2007; Chiaroni et al. 2010; Westergren and Holmström 2012; 20 

Han and Cho 2015), and open innovation empirical studies (e.g., van der Meer 2007; Yeniyurt et 21 

al. 2014; Yoon et al. 2016) have increased substantially in the past decade (see reviews by West 22 

and Bogers 2014; Greco et al. 2015; Love and Roper  2015; Zimmermann et al. 2016). 23 
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 1 

Our study is related to two streams of literature on open innovation. One stream explores the 2 

relationship between open innovation and supply chain management. The influence of supply 3 

chain on the innovation process has been well documented. The main facilitators of the 4 

innovation process in a supply chain include, but are not limited to, trust-based relationship, 5 

information sharing mechanism, information systems integration, and technologies compatibility 6 

(Zimmermann et al. 2016). A large number of previous studies have been focusing on the 7 

supplier innovation, in which suppliers are the potential idea providers or innovation initiators 8 

(Brem and Schuster 2012; Van Echtelt et al. 2008). Drawing from resource dependence and 9 

social capital theory as well as survey data from 207 manufacturing firms in Australia, Oke et al. 10 

(2013) found that innovativeness of supply chain partners enhances a focal firm’s innovation 11 

strategy, which in turn improves the firm’s innovation performance. Innovative suppliers not 12 

only can provide focal firms with leading-edge components, materials, and technologies to be 13 

integrated into the production process (Hoetker 2005), but also may offer design suggestions or 14 

assume complete responsibility for the design, engineering and development of new products 15 

(Henke and Zhang 2010). Lau et al. (2010) emphasized that information sharing and product co-16 

development with suppliers has a direct and positive impact on product innovation and 17 

performance, especially in the early stages of design. However, very few researchers studied how 18 

open innovation benefits the supply chain functions of the focal firm, even though there are 19 

many supporting cases such as the LG Display example mentioned before. Thus, we contribute 20 

to this stream of literature by examining to what extent embracing open innovation can improve 21 

various supply chain functions and to what extent SMEs implement open innovation to achieve 22 

better supply chain performance. To that end, we compile a list of open innovation practices 23 



 7 

from previous literature, and categorize them based on various supply chain functions affected 1 

by open innovation (see Table 1). 2 

 3 

Table 1  4 

Cases of supply chain functions influenced by open innovation (OI) 5 

Supply chain functions OI practitioners Literature 

Supplier R&D 

involvement 

P&G 

Loncin 

Huston and Sakkab (2006) 

Manyika et al. (2008) 

Inventory management Anonymous Billington and Davidson (2013) 

Distribution and logistics 

management 

P&G and Clorox 

Kimberly-Clark 

DHL 

GE 

LG 

Chesbrough and Schwartz (2007) 

Sloane (2011) 

Ulrich (2011) 

Chesbrough (2012a) 

This paper 

Process and production 

innovation 

P&G 

GE 

TSMC 

Apple and AT&T 

Volkswagen and Porsche 

Samsung 

Goldcorp 

Chesbrough (2007) 

Chesbrough (2012a) 

Chesbrough (2012b) 

Theyel (2012) 

Theyel (2012) 

Youn et al. (2012) 

Billington and Davidson (2013) 

Supply chain technology 

and information 

management 

Metro AG 

DHL 

Graczewski and Man (2006) 

Ulrich (2011) 

Operations strategy and 

cost management 

IBM 

TopCoder 

TSMC 

Chesbrough (2007) 

Manyika et al. (2008) 

Chesbrough (2012b) 

 6 

Another stream of literature addresses the implementation of open innovation in SMEs (Love 7 

and Roper 2015). Open innovation is critical to many SMEs because of limited financial 8 

resources, little opportunities to recruit specialized workers, and lack of ability of spreading 9 



 8 

innovation-related risks (Van de Vrande et al. 2009). Zeng et al. (2010) conducted surveys with 1 

137 Chinese manufacturing SMEs and posited, based on structural equation modeling, that 2 

customer integration, supplier cooperation and other inter-firm collaboration plays a more 3 

prominent role in SMEs innovation process than horizontal cooperation with research institutions 4 

and government agencies. Inter-firm cooperation, in particular, has significantly greater positive 5 

impact on the innovation performance of SMEs than any other forms of cooperation. Similarly, 6 

adopting an empirical approach of a survey with 517 Korean SMEs and in depth analysis of 241 7 

successful and unsuccessful open innovation projects, Yoon et al. (2016) found that open 8 

innovation benefits SMEs by allowing them to share innovation-related risks, to be more 9 

adaptive to market changes and technological advances, and thus to achieve long-run 10 

sustainability. However, they argued that open innovation in SEMs is hampered by numerous 11 

challenges, such as intellectual property management. Although there are many studies assessing 12 

the impacts of openness of SMEs on R&D and innovation, our paper focuses instead on the role 13 

of open innovation in the supply chain functions of SMEs. In this paper, we make a first attempt 14 

to evaluate the current status and recognition of open innovation in the supply chain of SMEs. 15 

 16 

Supply Chain Systems and Innovations 17 

A supply chain is a complex network of a set of entities, such as suppliers, a manufacturer, 18 

distributors/wholesalers, retailers, and consumers, and its system is involved in the design of new 19 

products, procurement of raw materials, transformation into semi-finished and finished products, 20 

and then delivery to the retailers or end users, as illustrated in Fig. 1. Thus, the supply chain 21 

network operations involve an overwhelming number of interactions and inter-dependencies 22 



 9 

among different entities, processes and resources. Supply chain management is to make the end-1 

to-end process throughout the entire supply chain network to be more efficient and responsive.  2 

 3 

[Insert Fig. 1] 4 

Fig. 1 Functions in a Supply Chain System 5 

 6 

Manufacturing 7 

Manufacturing in the supply chain aims at reducing manufacturing cost and lead time, producing 8 

products on time, and improving production quality by eliminating waste, minimizing cycle time, 9 

reducing inventory, and improving process methods. Aberdeen (2012) reported that 10 

manufacturing business leaders are under increasing pressure on improving product quality, 11 

reducing operational cost, and achieving on-time and complete delivery, as shown in Fig. 2. 12 

O’Regan et al. (2006) found that the most important attributes of innovation in manufacturing 13 

SMEs include “the need to meet technological changes in both processes and products and the 14 

importance of prototype development”. Manufacturing process innovation could improve 15 

production process methods and materials, resulting in reduced manufacturing cost, improved 16 

quality, and reduced cycle time. Inventory management is another important function of supply 17 

chain operations, which will affect supply chain cost and time, customer satisfaction, and 18 

competitiveness in the market. Open innovation in manufacturing processes and inventory 19 

management could accelerate their innovation speed and affordability, especially in the SMEs. 20 

 21 

[Insert Fig. 2] 22 

Fig. 2 Top Manufacturing Operational Pressure Points (Source: Aberdeen 2012) 23 
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 1 

Procurement 2 

The procurement function has recently received considerable attention as firms are constantly 3 

outsourcing their manufacturing operations for parts, semi-finished components, and products 4 

and attempt to increase the effectiveness and the efficiency of the purchasing operations. It 5 

involves the processes of selecting vendors, establishing payment terms and contracts, and 6 

purchasing quality materials, components, and services for company operations at the most 7 

economic order quantities with the best value. During the procurement processes, suppliers 8 

which are external sources are involved in several supply chain operations of supplying materials, 9 

semi-finished components, and fully-assembled products, giving design suggestions to improve 10 

manufacturability and/or cost, developing a specific part or sub-assembly. Innovation of those 11 

supply chain operations with suppliers would affect cost, quality, and production processes of 12 

materials, components, and products. Penka and Schipper (2012) found in their Innovation 13 

Driven Procurement survey that all procurement functions at participating companies were 14 

present in innovation processes with varying degrees of involvement. Thus, Johnsen (2009) 15 

emphasized a need for managing supplier selection processes to create supplier relationships 16 

with high levels of trust and commitment to collaborate in innovation projects at an early stage. 17 

Open innovation in procurement will be beneficial to companies by encouraging their 18 

procurement department and suppliers to be more innovative, especially, at the early stage of 19 

product and process designs. 20 

 21 

Distribution/Logistics 22 



 11 

Supply chain management activities such as transportation, shipping, receiving, and storage are 1 

important functions of the distribution and logistics department. So, logistics department is 2 

engaged in customer service, sourcing and procurement, production planning and scheduling, 3 

warehousing, materials handling, packaging and assembly. These logistics functions can largely 4 

affect the time, cost, and quality of a company’s supply chain system and can be improved and 5 

innovated by having an efficient logistics network with warehouses and distribution centers, 6 

transportation mode and route, logistics software and IT solutions. Like other part of supply 7 

chain functions, logistics has been constantly evolving and innovating by means of liquid natural 8 

gas fuel, virtual reality technology, automated control (e.g., RFID), among others. Pfohl et al. 9 

(2007) analyzed a study conducted by the management consultancy and the European Logistics 10 

Association (ELA) and concluded that innovation in logistics could increase revenues, reduce 11 

throughput time, increase delivery reliability, and reducing logistics and production costs. They 12 

asserted that key success factors for top innovators amongst logistics service providers are the 13 

structured generation of market and technological know-how and the early and ongoing 14 

involvement of their customers.  15 

 16 

Open Innovation Application Cases in the Supply Chain 17 

In this section, we will discuss some open innovation practices besides R&D and product 18 

development that can benefit the supply chain functions. 19 

 20 

Supplier R&D Involvement 21 

Supplier R&D involvement is one of the most studied practices in open innovation. One widely 22 

cited example, as illustrated in Huston and Sakkab (2006), is Procter & Gamble.  23 
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Our top 15 suppliers have an estimated combined R&D staff of 50,000... they represented 1 

a huge potential source of innovation. So we created a secure IT platform that would allow 2 

us to share technology briefs with our suppliers. If we’re trying to find ways to make 3 

detergent perfume last longer after clothes come out of the dryer, for instance, one of our 4 

chemical suppliers may well have the solution… Since creating our supplier network, 5 

we’ve seen a 30% increase in innovation projects jointly staffed with P&G’s and suppliers’ 6 

researchers. In some cases, suppliers’ researchers come to work in our labs, and in others, 7 

we work in theirs—an example of what we call “cocreation,” a type of collaboration that 8 

goes well beyond typical joint development.  9 

Huston and Sakkab (2006) added that open innovation with suppliers improves relationships in 10 

supply chain and exploits each company’s capabilities to a greater extent. 11 

 12 

Inventory Management 13 

Although an ample literature in supply chain management links inventory information sharing 14 

with higher performance in supply chain management, including inventory management (Cachon 15 

and Fisher 2000), few studies are examining the relationship between open innovation and 16 

inventory management. Billington and Davidson (2013) found that one company from the 17 

electrical goods industry in their research sample was attempting to reduce its finished goods 18 

inventory by leveraging open innovation through intermediary network. However, as Billington 19 

and Davidson (2013) pointed out, the amount of tacit knowledge needed to tackle such 20 

intermediate problems through intermediary network is significant. Many companies still take a 21 

conservative attitude toward sharing inventory information with business partners or non-22 

partners to achieve open innovation in inventory management. 23 
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 1 

Distribution and Logistics Management 2 

With more logistics companies providing tailored solution to the specific supply chain needs of 3 

their customers, open innovation in distribution and logistics management has become easier 4 

than ever before. One good example is LG Display. In 2005 and 2006, second- and third-tier 5 

television brands started to enter the market of LED TVs, resulting in a nearly 80 percent plunge 6 

in pricing of LCD TVs, and thus leaving LG Display with no profit in selling LED TVs.  In order 7 

to survive in the competitive market, LG Display had to reduce the shipping cost without 8 

significantly increasing delivery time. Knowing such a need, a logistics partner of LG Display 9 

proposed a logistics improvement for the shipment from LG Display factory in Korea to the 10 

customers in Europe: instead of shipping directly from Korea to Europe by air, LED TVs were 11 

first shipped to US/Mexico by sea and then to Europe by air. The change of transportation mode 12 

thanks to open innovation helped LG Display better balance delivery costs and shipping time. 13 

 14 

Process and Production Innovation 15 

Process innovation has a stronger positive impact on business performance and is less 16 

susceptible to imitation than product innovation, but researchers rarely study process innovation 17 

(Prajogo 2006; Theyel 2012), let alone open innovation in process and production. One example 18 

of achieving process open innovation is the co-development and co-production of Cayenne by 19 

Volkswagen and Porsche (Fear and Knoop 2006; Theyel 2012): 20 

In addition to the cooperative design of this vehicle, both companies (Volkswagen and 21 

Porsche) are involved in joint manufacturing. Volkswagen is involved in the production of 22 

components, drawing on its experience with prior types of models, while Porsche 23 
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assembles the final product, ensuring high standards of design, performance and safety. 1 

This collaborative effort has not only facilitated the use of just-in-time delivery and lean 2 

production techniques, but also has improved the adaptation, flexibility and innovativeness 3 

of production processes for the Cayenne. 4 

 5 

Supply Chain Technology and Information Management 6 

Supply chain technology and information management not only can facilitate the coordination of 7 

different aspects of operations, but also allow companies to delegate innovation process to 8 

innovators outside firm boundaries. Hence, open innovation in supply chain technology and 9 

information management is another most studied subject in open innovation. An interesting 10 

relevant case is the Future Store Initiative (FSI), led by METRO Group, one of the largest 11 

international retailers in the world.  FSI, with an aim to redefine retailing for the 21st century, 12 

develop and test new concepts and technologies for the retail industry (Graczewski and Man 13 

2006): 14 

At the core of the Future Store’s inspiration, design and implementation was a network of 15 

58 partners. Some were multi-billion dollar corporations; others had less than a dozen 16 

employees. They included companies that made everything from weighing scales to 17 

software to cream cheese. All partners shared a commitment to innovation in retailing and 18 

a desire to be recognized as at the very forefront of advances in that market, and they were 19 

willing to invest and commit to an experiment that had never been tried before and with no 20 

guarantee of success or tangible return on investment. There are six types of partners: 21 

RFID, trade technology (partners delivering a technology specific to retail), brands 22 
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(producers of consumer goods), IT technology and services, software and other services. 1 

Partners are suppliers to METRO as well…  2 

The coordination and innovation around supply chain technology and information management 3 

enhances the sharing of expertise and accelerates the implementation of new technology, 4 

allowing business to continuously grow and improve. 5 

 6 

Operations Strategy and Cost Management 7 

While innovation-related cost reduction is one of the key drivers of implementing open 8 

innovation, our focus here is the impact of open innovation on the saving of operations cost. One 9 

example is Taiwan Semiconductor Manufacturing Corporation (TSMC), the world's largest 10 

semiconductor foundry, who manufactures semiconductor chips designed by the clients. TSMC, 11 

powered by its Open Innovation Platform, fabricates the designs onto silicon wafers efficiently, 12 

which saves TSMC’s customers from investing in manufacturing plants (Chesbrough 2012b):  13 

The Open Innovation Platform starts by combining TSMC’s many design and 14 

manufacturing services with those provided by many third-party companies and then 15 

testing these all together. TSMC then certifies to customers of those third-party offerings 16 

that these tools can be used with confidence that the chip will turn out properly the first 17 

time through the process... This avoids very expensive “turns” of the chip design, in which 18 

the chip must be redesigned in order to be manufactured properly in volume. The result is 19 

faster time to market for TSMC’s customers, at a lower cost of design. So TSMC uses open 20 

innovation to manage a complex ecosystem of internal and external design sources, 21 

simplifying the design process for customers by guaranteeing compatibility... 22 

 23 
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A Survey on Open Innovation Applications to the Supply Chain 1 

To better understand the application of open innovation to the supply chain, we collected data 2 

from Korean firms with less than 500 employees in industrial (mainly from electrical, electronic, 3 

chemical manufacturing sectors) and services (mainly from software development firms), 4 

representing technology-intensive and collaboration-prone sectors that are more likely to adopt 5 

open innovation. We conducted the survey in May 2016 and received 76 valid responses, with 6 

71.1% completed by top-level or middle-level managers, 15.8% by low-level managers, and 13.2% 7 

by researchers at different levels. Among the 76 SMEs in our database, 77.6% from industrial 8 

and 22.4% from service (see Fig. 3 for details). 36 firms (47.4%) had less than 50 employees, 28 9 

firms (36.8%) had 50-249 employees, and 12 firms (15.8%) had 250-499 employees. Only 38 10 

firms (50.0%) had applied open innovation in the past three years, among which 28 firms had 11 

little application and 10 firms had moderate application. No firms had intensively applied open 12 

innovation in the last three years. Among the 38 firms that implemented open innovation, one 13 

firm reported no benefits from open innovation while one firm claimed tremendous benefits from 14 

open innovation. The remaining firms believed that they gained either little benefits (39.5%) or 15 

some benefits (55.3%) from open innovation.  16 

 17 

[Insert Fig. 3] 18 

Fig. 3 Survey Sample Profile 19 

 20 

Firms with no open innovation experiences were asked whether they were aware of open 21 

innovation. 60.5% of the firms responded that they were and 39.5% responded that they were not. 22 

Firms with no open innovation experiences in the past three years were asked why they have not 23 
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applied open innovation whereas firms with open innovation experiences were asked what 1 

difficulties they confronted with when applying open innovation, with options (adapted from 2 

Yoon et al. 2016) shown in Fig. 4. Uncertainty in partner capability and reliability, additional 3 

time and cost for applying open innovation, and difficulties in communication regarding 4 

technology were the greatest difficulties that SMEs are facing. The top three factors that 5 

prevented firms from implementing open innovation were uncertainty in partner capability and 6 

reliability, operations policies and organizational cultures, and lacking information regarding 7 

open innovation technology or partners. Interestingly, on one hand, risks associated with open 8 

innovation (e.g., intellectual property and other legal issues) were common barriers towards open 9 

innovation initiatives but were not reported as the major obstacles during the implementation of 10 

open innovation. On the other hand, communication difficulties, either concerning technology or 11 

originated from geographical distance and language, seemed to complicate the implementation of 12 

open innovation but were not the main concern when firms decide whether or not to adopt open 13 

innovation. 14 

 15 

[Insert Fig. 4] 16 

Fig. 4 Open Innovation Implementation: Concerns and Difficulties 17 

 18 

Finally, firms that had experience with open innovation were asked to specify the areas of open 19 

innovation practices (supplier management, inventory management, distribution/logistics 20 

management, manufacturing management, information technology management, R&D, and/or 21 

product development). Not surprisingly, as illustrated in Fig. 5, R&D and product development 22 

are the areas most influenced by open innovation. Among all areas, various supply chain 23 

functions are least likely to be the target for improvement through open innovation. Nevertheless, 24 
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firms that had experience of improving supply chain functions by open innovation evaluated 1 

such practice to be either very successful (40%) or somewhat successful (60%). Furthermore, 2 

when asked to select the potential areas for open innovation application, respondents (whether or 3 

not they have implemented open innovation in the past three years) are more optimistic about 4 

achieving successful open innovation in supply chain system, especially in information 5 

technology management and manufacturing management.  6 

 7 

[Insert Fig. 5] 8 

Fig. 5 Open Innovation in Supply Chain System: Experience and Perceived Areas of 9 

Implementation 10 

 11 

Conclusion 12 

Open innovation offers a management paradigm in which a firm can benefit from collaborative 13 

activities with external entities to achieve sustainable innovation. Yet, it is unclear the current 14 

status and recognition of open innovation in the supply chain of SMEs, and it is likewise unclear 15 

how open innovation can affect the various supply chain functions of SMEs. In that spirit, this 16 

study investigated the factors associated with the concerns and difficulties of implementing open 17 

innovation, and explored the functions of supply chain systems that can be enhanced by open 18 

innovation in SMEs. To that end, we first examined the business cases from existing literature in 19 

open innovation. The case studies revealed that, despite the lack of a relevant systematic study, 20 

the application of open innovation on supply chain system to the improvement of open 21 

innovation has been observed and reported across a wide range of industries. To further validate 22 

our findings, we collected data from 76 Korean SMEs in both industrial and service sectors. The 23 
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survey suggested a relatively high level of awareness towards open innovation in SMEs but a 1 

relatively low level of implementation of open innovation. We also found that communication 2 

was considered as one of the main difficulties during the implementation of open innovation but 3 

was not the major concern when deciding whether or not to adopt open innovation. Risks 4 

associated with open innovation, however, were common barriers towards open innovation 5 

initiatives but were not reported as the major obstacles during the implementation of open 6 

innovation. In terms of areas of open innovation practices, a supply chain function (e.g., 7 

inventory management, distribution/logistics management, manufacturing management, 8 

information technology management) is less likely to be the target for improvement by open 9 

innovation than R&D or product development. Nonetheless, in general, more respondents 10 

believe that supply chain functions are potential areas for open innovation application. 11 

 12 

This study contributed to the literature on open innovation by examining to what extent 13 

embracing open innovation can improve various supply chain functions and to what extent SMEs 14 

implement open innovation to achieve better supply chain performance. To the best of our 15 

knowledge, it is the first attempt to evaluate the current status and recognition of open innovation 16 

in the supply chain of SMEs. We contribute to a better understanding of open innovation 17 

practices by recognizing that supply chain functions such as inventory management, 18 

distribution/logistics management, manufacturing management, information technology can 19 

benefit from open innovation within SMEs.  20 

 21 

In closing, this research is subject to a few limitations. First, the survey respondents were 22 

restricted to several industry sectors and, therefore, cannot be easily generalized to other sectors, 23 



 20 

especially to services. Also, the small sample size may affect the research findings. More 1 

analysis in other countries and industry sectors can further help validate this study. Second, we 2 

addressed the research questions by studying literature cases and conducting a survey. Interviews 3 

with managers and researchers at different levels could provide more meaningful implications 4 

regarding the practices of open innovation in supply chain system. Thirdly, this is the first 5 

attempt to evaluate the influence of open innovation on the supply chain functions and we 6 

limited our scope of investigation to SMEs. Thus, studying the large-scale enterprises can be an 7 

immediate extension. Fourth, in this study, firms were asked about their experience in 8 

implementing open innovation to improve supply chain functions of inventory management, 9 

distribution/logistics management, manufacturing management, information technology. 10 

Although these supply chain functions were the focus of this research, it would also be 11 

interesting to examine whether other supply chain functions can benefit from open innovation in 12 

a future study. 13 
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Abstract 

Purpose/ Research Question: The paper provides an empirical research of the Samsung case. In 
particular, we study the case by adopting three frameworks: dynamic capabilities (DC, examined by 
using the sensing/seizing/transforming approach), business model (BM, examined by using the BM
canvas), and customer value proposition (CVP, examined by using the PERFA framework). The aim 
is to demonstrate that three frameworks successfully explain Samsung competitive advantage. 
Research question has been defined as follows: how dynamic capabilities actually operate in 
Samsung Group and contribute to its competitive advantage? 
Key Literature Reviews: Dynamic capabilities enable a firm to identify and orchestrate the 
necessary resources for designing and implementing a business model that will, if employed in 
conjunction with a good strategy, be associated with high levels of sustainable profits.  In essence, 
a business model embodies nothing less than the organizational and financial „architecture “of a 
business. The selection/design of business models is a key micro foundation of dynamic capabilities 
- the sensing, seizing, and reconfiguring skills that the business enterprise needs if it is to stay in 
synch with changing market. From the point of view of Johnson et al. a business model consists of
four main elements, the synthesis of which delivers value: customer value proposition; profit 
formula; key resources and key processes. Osterwalder and Pigneur with real 470 business 
practitioners from 45 countries extended number of elements and developed business model canvas 
with nine building blocks: key partners, key activities, key resources, customer segment, value 
proposition, channels, customer relationship, and revenue stream and cost structure. However, there 
are few examples how successful ICT industry players design dynamically their “signature business 
model” by Teece (2015) that can support durable competitive advantage: valuable, rare, imperfectly 
imitable, and non-substitutable (VRIN). Having understood the concept of a business model and its 
main building blocks, it is necessary to get an insight into the most important component of business 
models, which is the customer value proposition (CVP). Value has to be based specifically on 
customers’ needs and is an action that is done exceptionally in favour of the customer. A recent 
research carried out by Lindic and Silva (2011) has come up with a new PERFA (Performance, Ease 
of use, Reliability, Flexibility, and Affectivity) framework, which outlines five components of CVP 
generated by innovations. According to Lindic and Silva (2011) this framework can assist both 
academics and practitioners in understanding the value proposition concept and its structure and its 

 

role in value creation for the customer and value capturing for the company and would be useful 
Samsung Group CVP analysis. Contents 
Design/ Methodology/ Approach: This proposed research seeks to explore critical aspects 
pertaining micro foundations of DC.  In this research, two stages of research work will be involved. 
The first stage is deductive case studies research. Deductive case study use existing theory to 
investigate a focused phenomenon. In the course of the case study the existing theory of DC is tested 
and may be either be confirmed or falsified (Barratt et al. 2011). The purpose of deductive case 
study is to explore distinctive roles of dynamic capabilities in creating and sustain competitive 
advantages. Even though a strategy-as-practice or process-based approaches in empirical qualitative 
research usually have an element of ethnographic or discursive analysis using primary data 
(sometimes in addition to secondary data, sometimes alone), “the study of managerial dynamic 
capabilities is challenging because they are often tied to complex corporate histories. Although 
managerial dynamic capabilities can to some extent be traced by using large datasets (e.g. Adner and 
Helfat, 2003), they can best be analyzed through in-depth qualitative research (e.g. Danneels, 2011). 
This empirical literature is still at an early stage and opportunities abound to dig deeper into the 
linkages between individual or small-group managerial actions, dynamic capabilities, and long run 
firm performance. The research paradigm of dynamic capabilities is still relatively new. Accordingly, 
illuminating case studies are likely to yield powerful insights“(Teece, 2012, p.1400). We relied on an 
extensive archival search that included financial statements, annual reports, internal documents, 
industry publications, and CEO statements to get at a micro-level understanding (Barr et al., 1992), 
that really boosts our data and better understanding of micro foundation of DC. 
(Expected) Findings/Results: The research question of current paper has been answered empirically 
by using data of world leading ICT industry: Samsung Group. The case study explicated the 
relationship between dynamic capability, business model, customer value proposition and sustained 
competitive advantage. What we can learn beyond the ICT industry  context from our analysis in 
terms of generalization of our research results is that to outperform competitors in the long run, 
successful companies need to continually developing and strengthening their dynamic capabilities 
and being able to effectively and timely to re-orchestrate and re transform their resources when 
opportunities or threats arises.  What’s more, the synchronization of business models with the 
business environment is a critical role of dynamic capabilities in successful organizations. The 
conversion of value delivered to the customer into value captured by the enterprise is arguably the 
essence of a business model. 
Research limitations/ Implications: We carried out qualitative research of huge secondary data 
source that help us make sense of the casual links that connect DC, BM and CVP. We didn’t 
interview executives of those companies due to availability of actual interviews as a secondary data 
sources as CEO interviews on youtube.com. Our contribution is a new conceptual model of 
competitive advantage paradigm as a product of dynamic capabilities, business models and customer 
value proposition. The paper also provides analysis, which could be productively used for a case 
study discussion. Thus, the proposed research has not only contributed to the theoretical 
development of the dynamic capabilities perspective but also provide insights for practitioners 
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striving for retaining competitive advantages in dynamic global battles. The authors are going to 
make a longitudinal study on current topic including primary data sources because it would be 
meaningful form a managerial and an academics outlook. 
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Abstract 

Purpose/ Research Question: Social business is an emerging concept which requires additional 
research especially in terms of priority management tools that can be used. The paper aims to 
evaluate how closed and open innovation concepts are implemented by social enterprises in the 
emerging information economy. The paper also studies social enterprises from the point of view of 
joint efficiency and innovation development concept evaluation to define best practices used by 
social entrepreneurs nowadays.
The paper provides comparative analysis of two types of social business models: the ones based on 
open innovation and the ones based on formal closed innovative process. Research question is to 
estimate how implementation of open innovation influences social businesses’ outcomes, and to 
define the way open innovation influences social enterprises’ efficiency. 
Design/ Methodology/ Approach: The study evaluates social enterprises which either use or do not 
use open innovation concept by using case study method to provide comparative analysis of 
innovation development and implementation practice in case open innovation and formal closed 
innovation process are used. This aims to reveal the main differences in development paths of 
innovative social businesses. Quantitative analysis is performed as well on the basis of cluster 
analysis to create typology of social businesses, including typology of social enterprises whose 
business model is based on open innovation concept. As a result of the study the main predictors for 
efficient implementation of open innovation concept in social business are identified to ensure 
higher growth rate of social innovative enterprises.
Findings: The paper features the following main findings:
1. On the basis of qualitative comparative case study analysis (cases were selected cross-nationally) 

we outline, that social businesses, like conventional ones, also use one of the two approaches 
towards innovation development – either open or formal closed one. The difference of social 
business model is that social entrepreneurs use open innovation concept much more frequently 
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towards innovation development – either open or formal closed one. The difference of social 
business model is that social entrepreneurs use open innovation concept much more frequently 



 

than conventional entrepreneurs, thus building flat-structured sustainable business models.
2. Case study indicates, that business models used by social business, are in majority of situations 

based on some sort of grass root innovation, developed within the concept of open innovation 
(though not necessarily along the formal line for social innovation). On the opposite, only a few 
cases where social enterprises business models were based on formal closed innovation 
development process.

3. By means of cluster analysis we have mapped social businesses on efficiency/innovation type 
matrix (an analogue of Blake-Mouton matrix), where these businesses are indicated as either low 
or high efficient and using open innovation or closed innovation concept. Case studies are 
mapped on the matrix, and the majority of social enterprises which work for over five years 
appear to be of high efficiency and use open innovation.

4. It is suggested to implement Heisenberg uncertainty principle to evaluate perspectives of open 
innovation based business models in social entrepreneurship. It is justified, that this approach 
leads to more accurate prognosis on social enterprises development in case they use informal 
process within the implementation of open innovation concept of social innovation development. 

Research limitations/ Implications: The main limitations of the study include relatively small 
sample used for case study. Second, though the sample is cross-cultural, business practices from the 
regions which have strong tradition on social entrepreneurship (for example, African countries) are 
underrepresented in the sample due to limited access to the data on these companies. Third, certain 
limitations apply for use of Heisenberg principle to evaluate perspectives of open innovation use in 
social companies’ business models.
The main implications of the study include the following. First, it is outlined that efficient social 
business normally use open innovation concept for innovation development (in many cases in a form 
of grass root innovation). Hence it is important for a new social business to try to follow this path in 
innovation development process. Second, the tools for evaluation social enterprises perspectives 
accordingly to used innovation development process are suggested, and their use is justified, which 
lead to better prognosis of social entrepreneurship development. 
Keywords: Open innovation, Social business, Business model, Innovation process, Quantum 
economics. 
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Abstract 

The current situation in other countries is following: more and more emphasis is being placed 
ondetermining whether the company is able to increase its value and provide an adequate return 
oninvestment. The basic objective of most Czech companies is generally seen as maximizing and 
increasing the market value in a longer term. The basic principle of the introduction of non-financial 
indicators to the company management is the fact that very often the financial indicators for 
evaluating the company performance are not sufficient.
Therefore, the current economic theorists, on the basis of the pressures of the investors and other 
stakeholders, are going back to the ideas, which are based on sustainability and the economic 
challenges of our time. These must be addressed through the integration of environmental, social and 
economic performance in the corporate decision making. 
Financial indicators measurement is not an essentially relevant tool of explanation designed for 
investors, and therefore there is a need to evaluate and compare the integrated company 
performances by creating such indicators, which would possess sufficient explanatory skills 
concerning the environmental, social and corporate governance (ESG) performance of the given 
company. Creating reliable corporate performance measurement methods using ESG indicators, i.e., 
methods with more complex factors can be considered a prerequisite for economic success. The 
integration of ESG performance indicators is probably the best way to measure the corporate 
sustainable performance on the basis of the concept of sustainable financial value (based on the 
integration of ESG issues within the standard financial framework) (Kocmanová et al. 2011). The 
reality is that over time there is a shift towards the evaluation of the company performance through 
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Abstract: The aim of the paper is to propose a model for measuring sustainable value which would 13 
complexly assess environmental, social, and corporate governance contribution to value creation. 14 
In the paper the concept of SESG value added is presented. SESG value added is based on the 15 
model of Sustainable Value Added and combines weighted environmental, social, and corporate 16 
governance indicators with their benchmarks set by techniques of Data Envelopment Analysis. Use 17 
of Data Envelopment Analysis is especially appropriate because it evaluates multiple criteria which 18 
correspond to a multidimensional concept of corporate sustainability. Benchmark values of 19 
indicators are set specifically for each company separately and determine the optimal combination 20 
of environmental, social and corporate governance inputs to economic outcomes. SESG value 21 
added methodology is applied on real corporate data and presented on the case study. SESG value 22 
added is intended for the owners, investors, and other stakeholders to support their decision 23 
making and sustainability assessment. Inclusion of environmental, social, and corporate 24 
governance factors allows revealing the strengths and weaknesses of the company and brings a 25 
broader view of the company than the one-dimensional methods based only on economic 26 
performance. 27 
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1. Introduction 32 

The discussion about the concept of sustainable development started in the second half of the 33 
20th century; in 1987 it was defined and it was gradually implemented at the macroeconomic level in 34 
response to the global problems that cannot be addressed at the local level [1]. However, during the 35 
implementation of sustainable development policies there has been a shift from the micro to the 36 
macro level because economic entities, namely companies, have the actual power to enforce a 37 
change. The current consumption and production patterns have been assessed as unsustainable over 38 
a long period of time in many studies. There is a growing influence of various stakeholders and it is 39 
becoming obvious that the traditional attitude to evaluating the economic performance of a 40 
company and reporting are no longer sufficient [2, 3]. Companies adopt measures and implement 41 
tools aimed at ensuring sustainability and long-term perspective. In the context of corporate 42 
sustainability it is necessary to set up appropriate models to measure the corporate sustainability 43 
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which take into account the impact of the business on the community and stakeholders. Many 44 
authors deal with the issue of sustainability at the corporate level and its relation to corporate 45 
performance [4–5]. In the area of performance measurement and corporate governance (CG) there 46 
are a wide range of concepts; there are not only new comprehensive methods for assessing the 47 
sustainability, such as the Expanded Value Added Statement [6]. In the corporate practice there is 48 
not yet a consistent approach to the application of tools for measuring and assessing sustainability, 49 
their usability in individual companies varies which in turn makes it difficult to make comparisons 50 
[7]. A relatively new approach to measuring and evaluating sustainability are composite indices [8–51 
12]; despite their indisputable advantages their development is accompanied by many difficulties. 52 
The basic problem is particularly the dimensionality of the very subject of the solutions impacting 53 
the environmental, social, economic and corporate governance perspective of sustainability and 54 
their interactions. 55 

Currently in the international context there is a growing emphasis on determining whether the 56 
company is able to increase its value and provide an appropriate return on investment for creditors. 57 
The basic general aim of most Czech businesses is to maximise and increase the market value in the 58 
long term. In the Czech and international practice the most commonly used method of measuring 59 
and assessing financial and economic performance of the company is the fundamental or technical 60 
analysis which assesses the company from the economic point of view based on an analysis of 61 
financial statements [13–15] and on the basis of Economic Value Added (EVA). But investors are 62 
aware that in deciding on their investment they need financial and non-financial indicators. This is 63 
why the contemporary economic theoreticians, mainly under the pressure from investors and other 64 
stakeholder groups, prefer the idea which is based on the presumption that economic problems of 65 
our time have to be solved by integrating environmental, social and economic performance in the 66 
corporate decision-making. 67 

The Sustainable Value Added (SVA) is a relatively new method which takes into consideration 68 
the sustainable value (SV) of the company which the company creates when it makes and impact on 69 
the environment through its activities. The SVA model was first published in the Sustainable Value 70 
Added - Measuring Corporate Performance Beyond Sustainable Eco-Efficiency [16]. The SVA model 71 
includes only indicators relating to the environmental issues (e.g. waste, emissions, and energy) and 72 
social (e.g. accidents); these indicators are only the minimisation model that does not consider 73 
maximisation indicators (e.g. community, spending on education and training of employees, etc.). 74 

Sustainability cannot be separated from the environmental, social and economic development 75 
but neither can it be separated from corporate governance. Measurement using financial indicators 76 
has practically no relevant informative value for investors and therefore there is a need to include 77 
non-financial, environmental, social and corporate governance (ESG) indicators in the management 78 
of business value and to create a model of sustainable environmental, social and corporate 79 
governance value added (SESGVA). The inclusion of ESG indicators in measuring and evaluating 80 
businesses is also based on further research, the authors [17] note that these indicators are important 81 
in terms of business strategy. 82 

The goal of empirical research is to focus on measuring and managing sustainability of the 83 
manufacturing industry in terms of SESGVA model and, based on empirical research and data for the 84 
period 2009-2013, to determine SESGVA model for manufacturing businesses. Focus on the 85 
manufacturing industry is due to the fact that the industry constitutes an important sector of the 86 
Czech economy and has a significant impact on the environment and in the field of sustainable 87 
development it plays an important role. The manufacturing industry is one of the most important 88 
sources of gross domestic product (GDP) in the Czech Republic 89 

2. The Conceptual Framework 90 

The question how to establish a SVA indicator has been asked by Figge and Hahn [18] and 91 
they have defined the method of the SVA calculation as well. The SVA model was first published 92 
by Figge and Hahn [18], whose built it on the basis of an earned value of the company compared 93 
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with a benchmark, assuming the same impact of both companies on the environment. The 94 
benchmark may be another company, a sector, a national economy, an International fixed target 95 
quantity value of economic and environmental variables [18]. 96 

From an economic point of view we understand the value approach based on the basis of 97 
resources, which takes a holistic approach to value creation, and is based on the interaction of 98 
resources. Porter and Kramer [19] dealt with the concept of values, which is supposed to represent 99 
the benefits for the company. They point out that the sight of internal economic costs is necessary to 100 
extend the social costs and benefits that would contribute to a long-term sustainability. We can look 101 
on the environmental resources like on eco-efficiency [18]. Eco-effectiveness describes the degree to 102 
which the company makes use of the environmental resources in reverse proportion to its economic 103 
output (e.g. CZK/tonne CO2). Social-efficiency can be calculated as the ratio of the added value of 104 
the social impact of the activities of the undertaking (e.g.. CZK/work injury). Environmental and 105 
social (added) value, the value increases or decreases, due to the use of a given quantity of 106 
environmental or social resources in an enterprise with the benchmark [18]. 107 

2.1 The Sustainable Value approach 108 

The Sustainable Value (SV) model is based on the concept defined by Figge and Hahn [12, 16, 109 
18]. The theoretical basis is based on the theory of capital and opportunity costs. Given that there 110 
are n different forms of capital, the sustainable value created by the business can be calculated 111 
according to (see Eq. 1). [12]: 112 

SV = 
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where: SV…Sustainable Value of the company, n… number of forms of capital considered, y …value 116 
added (output) of the company, y*…value added (output) of the benchmark, xi…amount of capital i 117 
used by the company, xi*… amount of capital i used of benchmark, y*/x*

i… opportunity cost. 118 
The spread points at the value per unit of capital i and by how much higher or lower is the 119 

value created by the company. The benchmark is important for the determination of value spread 120 
(the authors have chosen the national economy as output indicators, as input they used 121 
environmental and social indicators). Its choice can significantly affect the resulting sustainable 122 
value. The value contribution is calculated by multiplying the value spread of capital i by the of 123 
amount of capital i used by the company. The overall sustainable value created by the company is 124 
the sum of the value contribution. We divide every form of capital by n resources considered to 125 
calculate the sustainable value. SV indicates “whether the value added created by a firm exceeds 126 
the costs of its capital use” [12]. Sustainable efficiency of capital use is determined by relating the 127 
value added created by the firm to the opportunity cost of all forms of capital used (see Eq. 2). The 128 
opportunity cost of this capital (SE) is given by the difference between the value added created by 129 
the company and its sustainable value [12]: 130 

    
 

    
    (2) 

where: SV is Sustainable Value of the company; y is value added (output) of the company. 131 
If sustainable efficiency greater than one implies that the value added created by the company 132 

is exceeding the opportunity cost of its capital (the efficiency of the benchmark). Even the authors 133 
themselves recognise that this model of SV measurement is imperfect and it does not express 134 
whether the business is sustainable; it expresses the use of its resources in a more sustainable way 135 
than the benchmark. The SV model has its critics [20–22], SV compares eco-efficiency of a firm 136 
relative to some benchmark. Another disadvantage of the SV model is that it is based on a simple 137 
average of added values. 138 

value spread 

value contribution 
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2.2 The Economic Value Added  139 

A suitable solution appears to be to include the Economic Value Added (EVA) into the SESGVA 140 
model. The EVA is a method of calculation of the actual economic profit of the company. The point 141 
of departure for determining the EVA will be a model used by the Ministry of Industry and Trade of 142 
the Czech Republic. This model was created by authors [23]. The calculation of the EVA on the basis 143 
of economic profit (see Eq. 3): 144 

                  (3) 

where: C … invested capital, ROE … return on capital (EAT/VK), re …equity capital costs. 145 
In response to these critical remarks it is necessary to create such an integrating model for 146 

measurement and management of business sustainability which uses the synergic effects of selected 147 
SV and EVA models with the support of benchmarking which can become an effective tool for the 148 
measurement and management of Czech manufacturing companies.  149 

The link between SV and EVA provides a huge potential for synergy. The SV includes in 150 
addition the opportunity costs as well as environmental, social and economic dimension of 151 
corporate sustainability and is a much more complex instrument for measurement of company 152 
performance. 153 

2. Materials and Methods  154 

The methodology is based on two main pillars, i. e. the SV model, environmental, social and 155 
corporate governance performance indicators (IESGi) and the Data Envelopment Analysis model. As 156 
we have already stated, the current models (e.g. EVA, SV) have shortfalls due to the limited number 157 
of factors, they do not respect the complex interdependencies between indicators and their 158 
informative value does not always correspond to reality. It is the integration of ESG indicators which 159 
is currently becoming an investment strategy as well as a tool of the future cash flows. The ESG 160 
integration and economic performance indicators are probably the best ways to measure sustainable 161 
performance based on the concept of sustainable financial value (based on the integration of ESG 162 
issues within the standard financial framework).  163 

The methodology of research for determining SESGVA model of manufacturing companies 164 
includes: selection and reduction of ESG indicators through factor analysis, assigning weights to a 165 
reduced set of ESG indicators, setting a benchmark through the additive DEA model and 166 
verification of SESGVA model on selected Czech manufacturing companies. The selection of 167 
appropriate environmental, social and corporate governance (IESGi.) performance indicators is the 168 
basis of the SESGVA model. The methodology is described in detail in articles [24–28]. International 169 
resources are used to define the environmental performance indicators, in particular the Global 170 
Reporting Initiative, EMAS III, the International Federation of Accountants and indicators of the 171 
Czech Statistical Office. Resources such as the Global Reporting Initiative [29–30], ISO 26000, the 172 
International Federation of Accountants [31], are used to determine the social performance 173 
indicators. The OECD documents Principles of Corporate Governance [32], Green Paper - The EU 174 
Corporate Governance Framework [33], and the International Federation of Accountants [31] are the 175 
points of reference for the determination of corporate governance performance indicators. The basic 176 
selection of IESGi performance indicators is shown in Appendix A. 177 

Exploratory factor analysis (EFA) is used to reduce the large number of IESGi performance 178 
indicators to a smaller number of latent factors [34]. The EFA is a statistical method for investigating 179 
common but unobserved sources of influence in a collection of variables [35]. The factor analysis 180 
model shows the relationship of the vector of manifest (measured) variables Z (Z1…ZR) and one or 181 
more latent (unmeasurable) factors F (F1…FR) which act as variables explaining the correlation of Z: 182 
F → Z. F factors are not known and the task of the method is to identify them and to make 183 
measurements that would support their interpretation. The Z vector enters the model as a vector of 184 
standardized components (Z-scores) because the method is usually based on the correlation matrix 185 
of Z components (the correlation disregards the shift in the start of the measurement scale and the 186 
units of the used scale). The general factor analysis model (see Eq. 4) can be expressed [36, 37]: 187 
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        (4) 

where: ε1, ε2,……εp is p of random (error) components; γj1, γj2 constants are called factor loading, their 188 
values are between -1 and +1 and they can be interpreted as correlation coefficients between the 189 
observed variables and factors. Z measured, manifest variables; F unknown, unmeasured, latent 190 
causes / factors together affecting Z in the way expressed by equations.  191 

To reduce the number the standard Principal Component Analysis (PCA) is used which 192 
assesses the mutual linear relationship between the observed variables. This latent variable (see Eq. 5) 193 
- the first principal component - is expressed by the equation [38]: 194 

        
    , (5) 

where: ω1 … is determined by maximizing the variance of component Z1 across all vectors ω1 so as 195 
to fulfill the normalization condition ω1T ω1 = 1. The second principal component is defined in the 196 
same way.  197 

The verification of variables determined from the EFA is possible using a confirmatory factor 198 
analysis. Confirmatory factor analysis (CFA) is a form of structural equation modelling that 199 
specifically deals with measurement models. The CFA, unlike the exploratory factor analysis, is an 200 
attempt to find an appropriate number of factors to the original variables, which will describe them 201 
in sufficient detail, and then to determine these factors. In the CFA the number and nature of factors 202 
are already known and the aim is to determine whether they describe the original data with 203 
sufficient precision. The CFA, in the event that we have a sufficient theoretical basis for our data and 204 
their interconnectedness, can be used to explore for example which variables should be grouped into 205 
one factor or, as the case may be, what number of factors we need to express the data [39]. The 206 
results of CFA include estimates of factor variance and covariance, loadings of the indicators on their 207 
respective factors and the amount of measurement error for each indicator. All indicators specified 208 
to measure a common factor have relatively high standardized factor loading on the factor > 0.70 and 209 
estimated correlation between the factors are not excessively high < 0.90 in absolute value [40]. 210 

The basis of the SESGVA model is to determine benchmarking which refers to the value spread 211 
of the company. If you analyse the SV model it is essentially a measurement of the efficiency of units, 212 
naturally using the opportunity costs. What is the efficiency unit and how this can be applied to the 213 
SESGVA model? The production unit deals with the creation of any result that can be referred to as an 214 
output. It consumes a certain quantity of input in order to generate the output. The aim is to achieve 215 
a positive result, i. e. to achieve the highest possible output value [41]. On the other hand, there is an 216 
effort to minimise inputs. The efficiency can be defined as the ratio of the weighted output to 217 
weighted inputs. This ratio indicator enables us to easily compare a large number of homogeneous 218 
production units, e.g. such that have identical inputs and output. Charnes, Cooper and Rhodes [42] 219 
in their paper put together a model that measured the efficiency of such production units for the first 220 
time. It is called the model DEA. Basic DEA models differ in assumptions of returns providing 221 
economies of scale. Model (CCR model) assumes constant returns to scales [42]. Banker, Charnes, 222 
Cooper model (BCC model) assumes variable returns to scale [43]. 223 

In the design of the SESGVA model the essence of efficiency is used. It uses the additive Slack 224 
Based Measure (SBM) model which measures the efficiency directly through auxiliary variables, si+ 225 
and si- and therefore when formulating it it is not necessary to distinguish between the focus on 226 
inputs and outputs [44, 45]. Units that are identified as ineffective in this model can achieve 227 
efficiency by simultaneously reducing inputs and expanding outputs to the level of their virtual 228 
units. A model was used for the mathematical formulation which assumes constant economies of 229 
scale: 230 

max             , (6) 

under the conditions:           , (7) 

          , (8) 
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        , (9) 

          , (10) 

In this model, efficient are units that achieve the value of purpose function 1. Inefficient are 231 
units with value lower than 1. The main advantage of this model is that there cannot be a case where 232 
the unit achieves an effective score of 1 but in fact is inefficient because some of the auxiliary 233 
variables sj+* or si−* does not equal zero. 234 

3. Results and Discussion 235 

The empirical research is based on the hypothesis that the business performance and 236 
sustainability are influenced by the integrating environmental, social and corporate governance 237 
performance IESGi indicators. To determine the SESGVA model for measuring the sustainability of the 238 
manufacturing industry the IESGi indicators are in the number of 25 indicators (Appendix A) and their 239 
data. They were obtained during the period 2009-2013 according to CZ_NACE of 211 companies 240 
with over 250 employees that have EMS certification according to DIN EN ISO 14001. Data of IESGi 241 
indicators were from the companies: 10 - Manufacture of food products (3.3 %); 11-Manufacture of 242 
beverages (5.2 %); 13-Manufacture of textiles (2.8 %); 20-Manufacture of chemicals and chemical 243 
products (7.6 %); 22-Manufacture of rubber and plastic products (3.3 %); 24-Manufacture of basic 244 
metals (8.1 %); 25-Manufacture of fabricated metal products, except machinery and equipment 245 
(26.1 %); 26-Manufacture of computer, electronic and optical products 12.3 %); 27-Manufacture of 246 
electrical equipment (12.8 %) and 28-Manufacture of machinery and equipment (18.5 %). Data were 247 
initially analysed using descriptive statistics, which served for the description and identification of 248 
basic information contained in the data. The descriptive statistics (average, standard deviation, 249 
minimum and maximum) of this cross section (year 2009-2013). The IESGi indicators were evaluated 250 
by means of the correlation analysis of Spearman’s coefficient. 251 

The basic set of 25 IESGi performance indicators (Appendix A) was reduced using statistical 252 
methods, in particular the EFA and PCA to a total of 13 IESGi performance indicators, see Table 1. In 253 
terms of the appropriateness of using factor analysis individual variables were tested using the 254 
Kaiser- Mayer-Olkin rate (KMO) [46, 47]. KMO values for environmental, social and corporate 255 
governance variables exceed 0.6. The structure of relationships between variables was identified 256 
using the factor analysis with an estimate of factors using the method of principal components and 257 
the rotation of factors using the Varimax method. The EFA was performed in the SPSS 23 statistical 258 
programme. The next step is to determine the weight of the i-th IESGi indicator the reason being a 259 
higher preference in terms of the importance of indicators. A suitable method for determining 260 
weights of IESGi indicators is an exact process because of its statistical significance in contrast to the 261 
subjective approach (evaluation by experts). The method of principal components is suitable for the 262 
exact assessment of weights where the IESGi indicators are assigned weights wi on the basis of the 263 
component score. 264 

Table 1. Reduced IESGi performance indicators using the exploratory factor analysis. 265 

IEni - Environmental indicators ISoci - Social indicators ICgi - CG indicators 

IEn2 - Non-investment 

expenditures for the  

protection of the Environment 

[th.CZK] 

ISoc1 - Total amount of money of 

charitable work in support of local 

communities [th.CZK] 

ICg1 - Information about 

financial results [yes = 0.98; 

no = 0.02] 

IEn6 - Total annual consumption 

of water [m³] 

ISoc2 - Total amount of money for 

gifts  [th.CZK] 

ICg5 - Collective agreement.  

[yes = 0.53; no = 0.47] 

IEn7 - Total annual production 

of waste [t]   

ISoc6 - Number of terminated 

employments[number] 

ICg4 - Reports from 

environmental and social 

areas [yes = 0.60; no = 0.40] 

IEn8 - Total annual production ISoc5 - Total number of ICg6 - Code of ethics [yes = 0.70; 
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of hazardous  

waste [t] 

employments [number] no = 0.30] 

ISoc9 - Education and training 

expenditures [th.CZK] 

 266 
The factor structure was verified based on an EFA. Four variables were removed from the 267 

environmental area and one FEn factor was extrapolated which is filled with 4 variables. In the social 268 
area, four variables were removed due to their low factor load relative to the other variables and one 269 
FSoc factor was extrapolated which is filled with 5 variables. The structure of factors was further 270 
verified through the CFA in the SPSS AMOS 23 programme, particularly for the accuracy of the 271 
factor structure. The basic structure of the model is based on the results of the EFA. Thirteen IESGi 272 
performance indicators entered the CFA, see Table 1. To achieve acceptable levels of the indices it 273 
was necessary to modify the model and to leave out the ISoc2 indicator - Total amount of money for 274 
gifts. As a result of the removal of redundant variables and addition of the required covariance 275 
between the variables the quality of the model increased and the indices reached the desired values. 276 
The CFA model of Sustainable Performance Measurement is shown in the following Figure 1. 277 

 278 

 279 
Figure 1. CFA model Sustainable performance measurement. 280 

 281 
The process of balancing the model follows the recommended methodology [48]. The balancing 282 

of the model evaluates Goodness of Fit Index (GFI), Root Mean Square Error of Approximation 283 
(RMSE), Normed Fit Index (NFI), Tucker Lewis Index (TLI), Comparative Fit Index (CFI) and 284 
Incremental Fix Index (IFI), see Table 2. 285 

Table 2. Goodness-of-fit statistics for the CFA model Sustainable performance measurement. 286 

Model Chi-square  

( χ2 ) 

df Chi-square  

(χ2 )/df 

Probability 

(p-value) 

CFI RMSEA NFI TLI GFI IFI 

Criterion  Preferably 

small 

- ≤ 3 ≥ 0.05 ≥ 0.9 ≤ 0.08 ≥ 0.9 ≥ 0.9 ≥ 0.9 ≥ 0.9 

Results 43.868 40 1.097 0.311 0.996 0.021 0.961 0.994 0.938 0.996 

 287 
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The testing using CFA shows that the model is acceptable. The model is fit because data 288 
analysis resulted in the value of Chi-square (χ2)/df = 1.097 or Chi-square (χ2)/df ≤ 3. Another factor is 289 
also used to test the modeland shows that this measurement model is a close fit, see Table 2. Based 290 
on the results of the CFA the modified factor structure was confirmed. In the Environmental factor 291 
FEn and Corporate Governance factor FCg there was no change in the factor structure compared to the 292 
results of exploratory factor analysis. As for the Social factor FSoc, one variable was removed due to 293 
its weak factor load.  294 

The IESGi performance indicators from the EFA and CFA are used for the calculation of the 295 
SESGVA model, i.e. twelve IESGi performance indicators and their weights wi which give priority to IESGi 296 
indicators, see Table 3 and 4. These IESGi performance indicators are included as input (resources) 297 
indicators. The ISoc1 –Total amount of money of charitable work in support of local communities and 298 
ISoc9  - Education and training expenditures indicators are maximising indicators and this is why in 299 
the SESGVA model they are used in the transformed form. ISoc1 and ISoc9 were transformed to 300 
minimizing indicators. This step is presented as a "saving" compared to the worst scenario. For the 301 
same reason ICgi must be transformed which enter the model as negatively defined, i. e. for example 302 
ICg1 in the SESGVA model calculation is used as Non-information about financial results with values 303 
[yes = 0,02; no = 0,98]. Thus modified indicators can then be treated as minimisation indicators while 304 
the information provided by the indicator remains preserved. 305 

Table 3. IESGi performance indicators and their weights wi in the SESGVA model. 306 

IESGi - Input indicators   

IEni  - Environmental indicators ISoci  - Social indicators ICgi  - CG indicators 

IEn2 - Non-investment expenditures 

for the protection of the 

Environment [th.CZK] 

ISoc1 - Total amount of money 

of charitable work in support 

of local communities 

[th.CZK] 

ICg1 - Inform about financial 

results [yes = 0,98; no = 0,02] 

IEn6 - Total annual consumption of 

water [m³] 

ISoc6 - Number of terminated 

employments[number] 

ICg5 - Collective agreement 

[yes = 0,53; no = 0,47] 

IEn7 - Total annual production of 

waste [t]   

ISoc5 - Total number of 

employments [number] 

ICg4 - Reports from 

environmental and social 

areas [yes = 0,60; no = 0,40] 

IEn8 - Total annual production of 

hazardous waste [t] 

ISoc9 - Education and training 

expenditures [th.CZK] 

ICg6 - Code of ethics 

[yes = 0,70; no = 0,30] 

 307 
Weights determined by factor analysis are standardised in order to satisfy the condition: 308 

∑      
   , for i = 1, 2, …, k. The standardised weights wNi are shown in Table 4. 309 

Table 4. Standardised weights wNi of indicators IESGi in the SESGVA model. 310 

Indicators IEni2 IEn5 IEn6 IEn7 ISoc1 ISoc4 ISoc5 ISoc9 ICg1 ICg5 ICg4 ICg6 

wi 0.115 0.363 0.336 0.361 0.405 0.307 0.427 0.273 0.394 0.386 0.477 0.415 

wNi  0.027 0.085 0.079 0.085 0.095 0.072 0.100 0.064 0.093 0.091 0.112 0.097 

 311 
Economic indicators EBIT, EAT and EVA are gradually included in the SESGVA model as output 312 

indicators, see Table 5. 313 

Table 5. Economic output indicators in the SESGVA model. 314 

IEcoi – Economic indicators 

Output 1- Model AEBIT Output 2 – Model BEAT Output 3- Model CEVA 

IEco1 - Earnings before Interest and 

Taxes (EBIT) [th. CZK] 

IEco2 - Earnings after Taxes 

(EAT) [th. CZK] 

IEco3 – Economic Value Added 

(EVA) [th. CZK] 

 315 
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Modified SVA model based on [18] for the calculation of SESGVA model: 316 

                       , (11) 
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on condition:      {
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 )      . (15) 

Then         ∑     
 
   . (16) 

EnVA…Environmental Value of the company, SocVA…Social Value of the company, 317 
CgVA…Corporate Value of the company, R…Total amount of resources considered, 318 
wNi…standardized weight of i-th indicator Iij, IEcoi…Economic output of the company, 319 
IEcoi*…Economic output of benchmark, IEni…Environmental resource of the company, 320 
IEni*…Benchmark value of environemntal resource, ISoci…Benchmark value of social resource, 321 
ISoci*…Social output of benchmark, ICgi…Corporate governance resource of company,  322 
ICgi*…Benchmark value of corporate governance indicator. 323 

Individual economic indicators IEcoi were one by one used for the SESGVA model calculation and 324 
the model was applied to data of selected large Czech manufacturing companies. 42 companies that 325 
have positive economic indicators IEcoi were selected from the sample. The average SESGVA model in 326 
selected companies is negative even though all of them manifest positive economic indicators. On 327 
average, the corporate governance indicators contribute to the added value the most. Most 328 
businesses report that they publish their financial results and have established a code of ethics. 329 
Social indicators, in particular donations to the community (ISoc1) and expenditure on education (ISoc9) 330 
achieve the worst values and thus lower the SESGVA indicators in the social field. Even though they 331 
are large corporations, they spend relatively small amounts on the education of employees and 332 
contributions to the community. According to the descriptive characteristics of individual models 333 
shown in Table 6 it is obvious that Model AEbit shows the most deviated values. Model AEbit 334 
identified 21 % companies with positive SESGVA model, Model BEAT 17 % and Model CEVA only 12 % 335 
companies; this is obviously due to the robustness of applied output indicators. 336 

Table 6. Standardised weights wNi of indicators IESGi in the SESGVA model. 337 

Model 
 SESGVA descriptives 

N Mean Std. Deviation Std. Error Minimum Maximum 

Model AEBIT 42 -3 302 703,78 15 088 236,69 2 328 165,47 -98 118 216,77 1 074 447,48 

Model BEAT 42 -2 307 604,61 8 713 279,21 1 344 488,17 -56 424 267,84  1 094 196,71 

Model CEVA 42 -1 286 197,61 4 111 942,70 634 486,53 -26 549 905,76 464 628,07 

  338 

Table 7 shows the calculation of SESGVA model for company “A”. On this case study we 339 
demonstrate how different the results may be depending on the concept of the company value 340 
taking into account the ESG factors. The case study company generates positive EBIT, EAT and EVA, 341 
but SESGVA model is negative according to all models. The additive CCR model DEA was used to 342 
determine the benchmarks for environmental, social and economic indicators. Benchmarks for the 343 
corporate governance indicators have been set in such way that it is desirable for the company to 344 
publish reports and information about its activities and to have adopted a code of ethics, i.e. the 345 
benchmark is defined as a “yes”. The lowest SESGVA model comes out of the AEBIT model. The 346 
indicator assessing the consumption of water (IEn5) lowers the total SESGVA the most.347 
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Table 7. Calculation the SESGVA model for the case study company 348 

Indicators 
Company 

A 

Benchmark values of 

indicators 

Value added by indicators IESGi 

[th. CZK] 

Model 

AEBIT 

Model 

BEAT 
Model CEVA 

Model  

AEBIT 

Model  

BEAT 

Model  

CEVA 

IEn2 - Non-investment expenditures for the protection of the 

Environment 

[th. CZK] 

2 047 418 269 324 -15 576 -12 162 -12 319 

IEn5 - Total annual consumption of water [m³] 7 199 785 589 710 -102 710 -64 515 -66 626 

IEn6 - Total annual production of waste [t]   849 108 332 400 -80 533 -8 810 -7 618 

IEn7 - Total annual production of hazardous waste [t]  85 14 62 74 -64 701 -2 759 -1 062 

ISoc1 -Total amount of money of charitable work in support of local  

communities [th.CZK] 
8 348 1 032 1 127 6 083 -99 616 -41 451 -3 033 

ISoc4 - Number of terminated employments [number]  56 10 6 8 -51 060 -37 373 -38 095 

ISoc5 - Total number of employments [number] 295 99 130 157 -29 279 -9 199 -7 570 

ISoc9 - Education and training expenditures [th. CZK] 54 972 11 194 7 422 19 645 -37 014 -27 925 -9 868 

nonICg1 - Information about financial results [yes = 0,02; no = 0,98] 0.02 0.02 0.02 0.02 13 754 -646 7 974 

nonICg5 - Collective agreement [yes = 0,47; no = 0,53] 0.53 0.47 0.47 0.47 -1 718 -1 411 -996 

nonICg4 - Reports from environmental and social areas 

[yes = 0,40 ; no = 0,60] 
0.40 0.40 0.40 0.40 16 564 -778 9 603 

nonICg6 - Code of ethics [yes = 0,30; no = 0,70] 0.30 0.30 0.30 0.30 14 345 -674 8 317 

IEco1 - EBIT [th. CZK] 147 889 147 889           

IEco2 - EAT [th. CZK] 60 078   67 026         

IEco3 - EVA [th. CZK] 85 744     85 744       

 SESGVA according to Model AEBIT [th. CZK] -437 544   

 SESGVA according to Model BEAT [th. CZK]  -207 703  

 SESGVA according to Model CEVA [th. CZK]   -121 293 
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Models AEBIT and CEVA propose to maintain the level of economic output and to reduce only the input 349 
indicators IESGi allowing the company to create value in indicators ICg1, ICg4 and ICg6. The BEAT model 350 
recommends to adjust the values of both input and output economic indicators and therefore in case 351 
of this model the case study company “A” does not generate any positive added value for any IESGi 352 
indicator. Apparently there is a large gap between the actual values and indicator benchmarks. In 353 
order for the company to achieve the values of the best companies in the group it has to reduce the 354 
value of all environmental and social indicators significantly. 355 

5. Conclusions  356 

The economic concept of company value reflects a single aspect of the corporate sustainability 357 
while all other sources are put aside. The current corporate stakeholders are not interested only in 358 
the economic performance, they are increasingly interested in the company’s impact on the 359 
environment and society. SESGVA model enables the expression of values in financial units as 360 
conventional financial methods for determining the company value but on top of that it assesses the 361 
environmental and social inputs and the influence of corporate governance. Such a concept of values 362 
corresponds with the idea of sustainable development. The above-mentioned concept of SESGVA 363 
model is based on the idea of SVA by authors Figge and Hahn [14, 18, 20]. The opportunity costs, 364 
however, are determined individually for each company. The benchmark is calculated using the 365 
DEA method which determines the benchmark related to the best and most efficient companies in 366 
the group. DEA identifies best practices for each company which is not effective, quantifies the 367 
progress that must be achieved for the company to reach an optimum combination of ESG inputs to 368 
their economic outputs and thus maximise SESGVA model. The weaknesses of this method for 369 
determining the benchmark are the demands on data and sensitivity of the result to which 370 
companies are selected in the sample. The SESGVA model concept is based on the assumption that 371 
not all ESG indicators have the same impact on sustainability and this is why weights are allocated 372 
to individual indicators. SESGVA model is designed for the owners, investors and other stakeholders 373 
to support their decision-making and sustainability assessment. Thanks to the inclusion of ESG 374 
factors it is possible to discover the strengths and weaknesses of the company and it offers a broader 375 
view of the company than the one-dimensional methods based only on economic performance. 376 
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Appendix A  382 

Table A1. Environmental, social, corporate governance (IESGi) performance indicators. 383 

Measurement Area Indicators Measure (Unit) 

Environmental indicators 

Environmental  

Investment 

Acquired investments for  

environmental protection 

IEn1 - Total investments for environmental  

protection [th.CZK] 

Environmental non- 

investment expenditures 

IEn2 - Non-investment expenditures for the  

protection of the Environment [th.CZK] 

Emissions Total annual emissions IEn3 - Total emissions to air [t] 

(solid particulate matter, SO2, NOx, NH3, PM  

without CO) 

Total annual emission of  

greenhouse gases  

IEn4 - Total greenhouse gas emissions [t]  

(CO2, CH4, N2O, HFCs, PFCs, SF6) 

Consumption  Total annual energy  IEn5 - Total consumption of renewable energy 
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resources consumption  [GJ]  

Total annual consumption 

of water 

IEn6 - Total annual consumption of water 

[m³] 

Waste Total annual production  

of waste 

IEn7 - Total annual production of waste [t]   

Production of hazardous  

waste 

IEn8 - Total annual production of hazardous  

waste [t]  

Social indicators 

Society Community ISoc1 - Total amount of money of charitable  

work in support of local communities 

[th.CZK] 

Allowances to municipalities ISoc2 - Total amount of money for gifts  

[th.CZK] 

Customers’ safety and health  

protection 

ISoc3 - Total amount of money for non- 

compliance of regulations related to 

customer’s safety and health protection  

Human rights Equivalent opportunities ISoc4 - Total number of women [number] 

ISoc5 - Total number of employments [number] 

Labour Practices 

and Decent Work 

The rate of staff turnover ISoc6 - Number of terminated 

employments[number] 

Labour productivity from 

value 

added 

ISoc7  - Wage costs / Added value  

ISoc8  - Wage costs / Average number of  

Employees [CZK/number employees] 

Expenditure on education and  

training 
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Concept of open innovation assumes that firms can and should use external ideas as well as internal 
ideas to create value (Chesbrough, 2003). The focus in this Paper is on the transfer of know-how 
within an open innovation. Useful and meaningful transfer of external know-how could be a 
challenging task. The process should be effective to create value. It leads us to the research question: 
How to transfer know-how effectively?
Research Methodology: Qualitative research of data collected from existing body of knowledge.
Expected Conclusion: Research shows that learning outcomes based approach could be used for 
effective transfer of know-how. The framework developed in the Paper is applicable for transfer of 
know-how within an open innovation concept.
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Abstract

This paper deals with a research conducted in Riga Technical University (RTU) within the study 
course “Modern Research Methods” which was delivered to 49 international Master students from 
22 countries of Europe, Asia, Africa and Latin America in the autumn semester of 2015.  The 
research was conducted within the research project “Involvement of the society in social innovation 
for providing sustainable development of Latvia” which is part of the National Research Program 
“Economic Transformation, Smart Growth, Governance and Legal Framework for the State and 
Society for Sustainable Development ‒ a New Approach to the Creation of a Sustainable Learning 
Community (EKOSOC-LV)”. 

The purpose of the paper is to explore the advantages and challenges of organising university 
students’ learning to understand and conduct research by doing real research within scientific 
research projects. The approach is illustrated analysing the case of students’ study research in social 
innovation and the perspectives of using the outcomes of that study research for the Latvian national 
research project on social innovation. The paper provides a detailed analysis of the study process 
which is characterised by: 1) the unity of theory and practice; 2) all the students’ participation in 
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web-based data collection for ensuring high response rate; 3) the students’ co-learning to analyse the 
qualitative and quantitative data; 4) each student’s learning research by doing research passing 
through all the stages of it starting from goal setting, data collecting till the conduct of the analysis, 
interpretation, conclusions and writing the report; 5) using students’ reflections for improving study 
organisation; 6) the opportunity of  using students’ findings in the national research project on 
social innovation. This approach to the organisation of learning of research was elaborated by Karine 
Oganisjana having analysed the challenges observed within her experience of teaching research 
methods to international Master students in RTU. With the intention to make students understand the 
practical use of learning research, they were pushed into a real research project and motivated to 
participate in the joint data collection from their home countries for the creation of a joint data base 
for the joint use.  This team-based data collection ensured high response rate which is a real 
challenge in today’s overloaded world. Via Google Drive electronic forms, the students sent two 
questionnaires – “Involvement of people in the solution of problems in the society” (1 & 2) to 
representatives of different fields who live in their countries. The first questionnaire was for those 
who had had an experience of solving social problems and the second one - for those who had not 
had such an experience but would like to solve certain social problems. The authors of this paper 
analysed the students’ reports on their researches for revealing the advantages and challenges of the 
RTU approach and discussing the feasibility of disseminating this practice in universities and using 
such outcomes for scientific research projects. 

Key Literature Reviews 
Research-based learning tasks may be use-oriented, not use-oriented, focused on content and 
focused on practice (Aditomo et al., 2013); the research presented in our paper is focused on real-life 
problem-driven and use-oriented outcomes. It is argued that the greatest impact on students’ learning 
and understandings of research arises from their experiences of doing research in the research-based 
learning projects (Jiang & Roberts, 2011) introducing students the ways of thinking and acting like 
researchers (Valter & Akerlind, 2010). Research-based learning is related to a variety of educational 
objectives such as: conceptual, procedural, metacognitive, affective, epistemic, social and other 
objectives (Aditomo et al., 2013). Research-based learning covers a range of pedagogical learner-
centered approaches that empower students to conduct research, integrate theory and practice, and 
apply knowledge and skills to develop a viable solution to a defined problem (Savery, 2006) 
enhancing students’ research competency and critical thinking skills (Wannapiroon, 2014). 

Design of the research: 
Stage 1: Qualitative and quantitative analysis of the texts of the respondents’ feedbacks conducted 
by the students.
Stage 2:  Qualitative and quantitative analysis of the students’ reports conducted by the authors of 
the paper.  

 

 

Expected Findings: 
Analysis of the learning research by doing research in RTU. 
Systemisation of the advantages and challenges of organising university students’ learning to 
conduct research by doing research based on the case of RTU.
Feasibility analysis of using the learning outcomes for the national research project on social 
innovation.
Conclusions on the reasonability of using the RTU learning research by doing research approach 
more broadly. 

Research limitations where related mainly to data collection as: 
students sent the questionnaires to their friends and acquaintances; that limited the age of the 
respondents within the range of 20-35; 
only those people who speak English were able to participate in the survey;
participants of the survey were mainly with higher education.   

Keywords: learning by doing in university, learning research by doing research, research-based co-
learning, team-based data collection, social innovation 
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Abstract 

This paper discusses the relationship between the entrepreneurial ecosystem and stakeholders groups 
involved in sustainable development of regions. Findings from empirical research of Latvian regions 
brought researchers towards improvement/perfection of entrepreneurial ecosystem model. This 
paper develops an ecosystem model that assists in planning and fostering of regional sustainable 
development. Findings from empirical research might help to identify additional contribution of 
stakeholders groups for sustainable development of regional entrepreneurial ecosystem. Paper is 
aimed to improve understanding of the entrepreneurial ecosystem structure and suggesting ways for 
individual companies to flourish the components of entrepreneurial ecosystem. By summarizing the 
research results, the impact of stakeholders groups involved in the sustainable development of 
regional entrepreneurial ecosystem is explained. 
Purpose/ Research Question: The purpose of this paper is to investigate the impact of stakeholders 
groups involved in sustainable development of regional entrepreneurial ecosystem. The authors 
accomplish this objective by examining the relationship between the entrepreneurial ecosystem and 
stakeholders groups. Research question: What is the impact of stakeholders groups involved in 
sustainable development of regional entrepreneurial ecosystem?
Key Literature Reviews (About 3~5 papers):  
Design/ Methodology/ Approach: Empirical research, factor analysis.
(Expected) Findings/Results: This paper has practical contribution that incorporates the data from 
the regional companies of Metalworking industry of Latvia and their entrepreneurial ecosystem 
partners (stakeholders groups). This paper has its own unique place in creation of a regional 
entrepreneurial ecosystem strategy. The authors propose to distinguish between different types of 
stakeholders groups and their impact on sustainable development of regional entrepreneurial 
ecosystem and develop appropriate competitive advantage as a basis of a company strategy.

 

Research limitations/ Implications: The research covers regional entrepreneurial ecosystem of Latvia, 
but main research outcomes might be applicable to similar regions on European Union countries as 
well. 

Keywords: entrepreneurial ecosystem, stakeholders groups, sustainable development, regional 
development.
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Abstract 

Based on the endogenous model of economic growth, the role of regional development through 
innovation and the use of knowledge is increasingly seen as a source of economic development of 
the national economy. This requires entrepreneurs and other organizations (higher education 
institutions and research laboratories) to be actively involved in the process of development of the 
region. The Smart specialization as a new strategic approach to economic development through 
targeted support for research and innovation is aimed to facilitate this problem solving.
The concept of smart specialisation strategy emerged in 1995 considering the economic gap between 
Europe and the USA based on productivity problem evaluation and sector analysis (van Ark et al. 
2008, Foray et al. 2012). The Smart specialization is one of the most important regional 
development and innovation promotion areas within Europe 2020 strategy. The need to carry out 
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Abstract 

In this research, the basic methodology for the selection of compatible industry areas to the 

small and medium-sized enterprises (SMEs) in Korea was investigated by using the statistical 

data about the companies from 2010 to 2012 including the numbers of enterprises and 

employees, the annual sales, and the indicators of market concentration and growth potential 

as the quantitative evidences. The statistical data used in this study were obtained from the 

Statistics Korea and the KISTI Market Analysis and Prediction System (K-MAPS) and both 

data were based on the Korean Standard Industrial Classification (KSIC). First of all, the 

numbers of businesses and workers and the annual sales of all industrial fields were analyzed 

and the sector of manufacturing showed the largest number of employees and ratio of annual 

sales among all sectors of KSIC. Secondly, the top three divisions having the highest annual 

sales were found among all divisions of manufacturing sector. Thirdly, the subclasses which 

are included in the top three divisions showing high annual sales and SMEs proportions were 

selected. Fourthly, the analysis of market concentration was performed by using the 

calculated values of three-firm concentration ratio (CR3) and Herfindahl-Hirschman Index 
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(HHI) for the chosen subclasses. Finally, the growth potential of selected subclasses was 

studied by the Compound Annual Growth Rate (CAGR). By considering the above-

mentioned factors synthetically through the overall process of this research, it was possible to 

find the SMEs-recommendable industrial fields. 

 

Keywords: Compatibility for SMEs, Selection of SMEs-suitable field, Three-firm 

concentration ratio (CR3), Herfindahl-Hirschman Index (HHI), Compound Annual Growth 

Rate (CAGR) 

 

1. Introduction 

Due to the rapid progress of innovation for industry and technology with the globalization of 

world economy, the promising industry and future technology have received a great deal of 

attention by government and enterprises. Thus, in order to maintain the sustainable growth, 

government and companies should find the promising industry and technology compatible to 

the future demand by obtaining the competitiveness. For the accomplishment of this purpose, 

the study on the innovation has been widely performed recently (Guan and Ma, 2003; 

Martensen et al., 2007; Tura et al., 2008; Forsman, 2009; Paalanen et al., 2009; Damanpour, 

2010; Forsman and Rantanen, 2011; Oganisjana, 2015; Yusr, 2016; Yun et al., 2016). Also, 

the influence of research and development (R&D) support has been studied with great 

interest (Belderbos et al., 2004; Cassiman and Veugelers, 2005; Czarnitzki et al., 2007; Aerts 

and Schmidt, 2008; Hussinger, 2008; Czarnitzki and Hottenrott, 2011; Takalo et al., 2013; 

Kang and Cho, 2016; Kim et al., 2016). To achieve the innovation capability and R&D 

support for finding the prospective fields in the perspective of small and medium-sized 

enterprises (SMEs), they are dependent on the announcement of promising industry and 

technology from government and public institutions. This is because the SMEs have the 

difficulty in the selection of prospective areas autonomously induced by their limitations of 
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manpower and resources. However, many fields of industry and technology which are not 

compatible to the SMEs are contained in the promising areas presented by government and 

public institutions. This is because the process to select the promising industry and 

technology by government and public institution is mainly dependent on the opinion of 

experts working in the various fields (ex. Delphi method). In addition, in Korea, the 

polarization between large companies and the SMEs has not been resolved yet with the rapid 

expansion of business area of major enterprises. Therefore, it is necessary to develop the 

basic methodology of selecting the SMEs-suitable industrial fields for their survival in 

present and future market. 

Hottenrott and Lopes-Bento (2014) studied the impact and the effect of targeted public R&D 

support at the level of enterprise and they observed the influence of policy-induced R&D 

investment on the sales from the market novelties in the viewpoint of international 

collaborators and SMEs. Furthermore, they found the contribution of R&D supported by 

public subsidies to the innovation performance of SMEs. Saunila and Ukko (2014) 

investigated the intangible factors of innovation capability in the SMEs by using a web-based 

questionnaire. The results from their research showed that the intangible aspects of 

innovation capability in the SMEs are not affected by their size and industry. For this reason, 

the SMEs can have a higher potential for innovation than large enterprises. Ahmedova (2015) 

performed the research on the factors to enhance the competitiveness of SMEs. The reason 

for the focus on the SMEs in this reference was that their industrial field is very important to 

develop the national economics because of their great potential of flexible adaptation to the 

market circumstances. The author found the main aspects which are helpful to increase the 

competitiveness of companies: access to finance, innovation activities, internationalization, 

and so on. 

The goal of this study is the establishment of basic methodology for choosing the candidate 

pool of prospective areas compatible to the SMEs in Korea systemically by using the 
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statistical data as the quantitative evidences. To accomplish this purpose, annual sales, three-

firm concentration ratio (CR3), Herfindahl-Hirschman Index (HHI), and Compound Annual 

Growth Rate (CAGR) of companies were utilized based on the Korean Standard Industrial 

Classification (KSIC). 

 

2. Data and methodology 

The two kinds of data sources were used in this research: (1) public data of 2010 obtained 

from the statistical service by the Statistics Korea and (2) processed data from 2010 to 2012 

in the KISTI Market Analysis and Prediction System (K-MAPS). Both data are the statistical 

data based on the KSIC. The KSIC is the systematic classification of industrial activities 

performed by the Korean companies according to their similarity. It has 5 levels composed of 

sector (1-digit level, alphabet), division (2-digit level), group (3-digit level), class (4-digit 

level), and subclass (5-digit level) and the numbers of each level are 21, 76, 228, 487, and 

1,145, respectively. The statistical data of all companies in Korea containing their data (ex. 

the numbers of enterprises and workers, the annual sales, the business profits, and so on) 

could be gained in the Korean Statistical Information Service (KOSIS) which is a core 

service site of the Statistics Korea. In order to produce this public data, the Economic Census 

for the investigation of all companies by the Statistics Korea is being performed in every 5 

years. Thus, the data of 2010 is the newest now and the data of 2015 will be provided in 2017 

after the inquiry into all companies of Korea in 2016. For this reason, the public data for all 

businesses of 2010 was used in this study. In addition, the data for the subclass level of 

manufacturing sector of KSIC related to the market analysis (ex. the annual sales, CR3, and 

HHI) could be obtained in the K-MAPS site. Those market data from 2010 to 2012 were 

produced by using the database of corporate finance (about 370,000 companies in the 

manufacturing sector) provided by the Korea Enterprise Data (KED). 

In Table 1, total four factors having influences on the selection of industrial fields 
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appropriate for the SMEs are listed with their definition and usefulness in this study. Based 

on those factors, the industrial fields recommendable for the SMEs in Korea were selected 

through the following procedure. First of all, the annual sales of all KSIC sectors in 2010 

were used to find the industrial field having the highest annual sales because it can be one of 

the representative indicators for the market size of each industrial field. Secondly, for the 

investigation into the market concentration of subclasses in the manufacturing sector of KSIC, 

the values of CR3 and HHI from 2010 to 2012 were utilized. Finally, the Compound Annual 

Growth Rate (CAGR) of sales (period of time: 2010 ~ 2012) was employed in order to figure 

out the growth potential of chosen subclasses. After the process of this basic methodology, it 

was possible to find the SMEs-suitable industrial fields with the quantitative evidence. 

 

3. Results and discussion 

3. 1. Analysis of statistical data for all companies in the level of sector and division of the 

KSIC 

By using the statistical data of 2010 from the KOSIS of the Statistics Korea, the numbers of 

businesses and workers and the annual sales of all industries and 21 sectors of KSIC could be 

obtained (Table 2). Also, the proportions for those constituents were calculated. As shown in 

Table 2, the most numerous workers (3,417,698 people, 19.37 %) and the highest annual 

sales (1,464,336,545 million won, 33.80 %) of Korea in 2010 were observed in the 

manufacturing sector. From this data, it is expected that the industrial field related to the 

manufacturing was the main area of Korea industry in 2010. Thus, the manufacturing sector 

of KSIC was selected for studying the basic methodology to find the appropriate industry 

area of SMEs in Korea. 

In order to find the Top 3 divisions with the largest annual sales in 2010 among all divisions 

in the sector of manufacturing, the comparison of their annual sales was performed as listed 

in Table 3. The first place for the annual sales in the division of manufacturing sector was the 
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KSIC code 26 (Manufacture of electronic components, computer, radio, television, and 

communication equipment and apparatuses, 17.98 %). The KSIC code 30 (Manufacture of 

motor vehicles, trailers, and semitrailers) was in the second place (10.39 %). As the third 

place, the KSIC code 24 (Manufacture of basic metal products) was found (10.11 %). From 

these results, those three divisions were selected for the study on the ratio of SMEs in the 

annual sales. 

 

3. 2. Investigation into the selected subclasses of manufacturing sector 

To examine the proportion of SMEs in the annual sales of 2010 among all subclasses of top 

three divisions chosen from Table 3, the annual sales were calculated by utilizing the analysis 

service of K-MAPS and the subclasses having relatively high annual sales were listed (Table 

4). This is because the K-MAPS provides the annual sales of individual companies in the 

manufacturing sector of KSIC using the business finance database of about 370,000 

enterprises purchased from the KED. Also, the market share of individual enterprise can be 

obtained by using its annual sales (The analysis of market concentration will be discussed in 

the next section). For these reasons, the statistical data in the K-MAPS were analyzed instead 

of that in the KOSIS (The annual sales of individual companies are not provided in the 

KOSIS.). In addition, in this research, the number of employees was used to distinguish the 

SMEs. The criterion number of workers in the sector of manufacturing to separate the SMEs 

from the major company is 300 people by applying the Basic Law for SMEs of Korea from 

2010 to 2012. In other words, the number of workers in a company should be less than 300 

people to be recognized as a SME of Korea from 2010 to 2012. 

As illustrated in Table 4, most subclasses showed higher proportion of SMEs than 20 % in 

the annual sales but the subclasses with very low SMEs proportions in the annual sales were 

also observed. From these results, the five subclasses were excluded in the analysis of market 

concentration: the KSIC code (1) 24211 (Manufacture of smelting, refining, and alloys of 
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copper, 6 %), (2) 26120 (Manufacture of diodes, transistors, and similar semi-conductor 

devices, 13 %), (3) 26211 (Manufacture of liquid crystal flat display boards, 4 %), (4) 26422 

(Manufacture of mobile phone, 0.4 %), and (5) 30121 (Manufacture of passenger motor 

vehicles 0.01 %). Furthermore, the subclasses having “other” term in their designations were 

also excluded because they contain so many kinds of industrial fields which cannot be 

classified elsewhere in the subclasses of KSIC: the KSIC code (1) 24199 (Manufacture of 

other basic iron and steel n. e. c.), (2) 26429 (Manufacture of other wireless 

telecommunication apparatuses), and (3) 30399 (Manufacture of other parts and accessories 

for motor vehicles n. e. c.). As a result, total 12 subclasses were chosen for the investigation 

into the market concentration. 

 

3. 3. Analysis for the market concentration of selected subclasses 

To study the market concentration from 2010 to 2012 based on the annual sales of 

individual companies in the level of subclass of KSIC, the processed data about CR3 and 

HHI calculated by using the market share of individual companies in the K-MAPS were used 

(Table 5). The CR is the sum of market shares from a specified number of enterprises 

(Calkins, 1983). In this study, the CR3 (CR of three largest firms) was used and this can be 

obtained by using the following equation. 

Equation (1): CR3 (%) = ∑MSi

3

i=1

 

In this equation, the MSi is the market share of individual company having the ith highest 

value. The higher value of CR3 for a certain market means that the market is more 

concentrated. However, this CR3 has a limitation because the remaining companies except 

for top 3 firms are not considered (Sys, 2009). In order to compensate this defect of CR3, the 

value of HHI are also utilized and it can be computed from the following equation (Calkins, 

1983). 



8 

 

Equation (2): HHI = ∑MSi
2

n

i=1

 

In this formula, n is the number of firms and the unit of MSi value is the percentage. As can 

be seen in Equation (2), the market shares of all companies are taken into account in the HHI. 

Therefore, both CR3 and HHI should be considered when the analysis of market 

concentration is performed. Also, the HHI value can be used as a criterion value showing the 

degree of market concentration (Calkins, 1983; Sys, 2009; Titilayo and Victor, 2014). (1) 

When the value of HHI is lower than 1,000, the market is unconcentrated. (2) The HHI value 

between 1,000 and 1,800 means the moderate concentration of market. (3) When the HHI 

value is 1,800 or more, it indicates that the market is highly concentrated. As shown in Table 

5, there were four subclasses having the high HHI values greater than 1,800 with relatively 

large CR3 (from 56 % to 94 %): the KSIC code (1) 24132 (Manufacture of pipes and tubes of 

non-cast iron or steel), (2) 24191 (Manufacture of guilt, coloration, surface processing steel 

materials), (3) 24221 (Manufacture of rolled, drawn, and folded products of copper), and (4) 

26511 (Manufacture of television). These four subclasses were eliminated in the list of 

SMEs-suitable industrial fields because the values of CR3 and HHI should be low for the 

initial entry of SMEs to the market. In addition, it is expected that the market competition of 

the SME with other SMEs is much easier than that with large companies showing the high 

values of annual sales and market share. Thus, it is important to analyze the data related to the 

market including the annual sales, CR3, and HHI synthetically in the level of subclass of 

KSIC for the recommendation of promising industrial fields to the SMEs. 

 

3. 4. Study for tendency and CAGR of annual sales from 2010 to 2012 

For the analysis of growth potential of selected subclasses from Table 5, the tendency and 

the CAGR of annual sales from 2010 to 2012 were calculated (Table 6). For the 

recommendation of SMEs-suitable industrial field, the value of CAGR should be relatively 
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high and the sales from 2010 to 2012 should be increased continuously. Among eight 

subclasses remaining in the previous process, three subclasses showed very low values of 

CAGR: the KSIC code (1) 24121 (Manufacture of hot rolled, drawn, and extruded iron or 

steel products, 1.01 %), (2) 24222 (Manufacture of rolled, drawn, and folded products of 

aluminum, -0.06 %), and (3) 26110 (Manufacture of electronic integrated circuits, 0.61 %). 

Also, the high value of CAGR was observed in the KSIC code 30391 (Manufacture of power 

transmission for motor vehicles, 10.92 %) but its annual sales from 2010 to 2012 were not 

increased continuously. From these results, total four subclasses having the high CAGR and 

the continuous increase in the annual sales were chosen as the candidates of recommendable 

industrial fields to the SMEs: the KSIC code (1) 26221 (Manufacture of printed circuit boards, 

14.89 %), (2) 30310 (Manufacture of parts and accessories for motor engines, 9.16 %), (3) 

30320 (Manufacture of parts and accessories for motor vehicle body, 9.17 %), and (4) 30392 

(Manufacture of electrical equipment for motor vehicles, 16.18 %). 

 

3. 5. Selection of SMEs-suitable industrial fields 

To find the industrial areas appropriate to the SMEs, the values of annual sales, CR3, HHI, 

and CAGR should be considered synthetically. From this perspective, the subclass having the 

KSIC code 30392 (Manufacture of electrical equipment for motor vehicles) could not be 

included in the list of SMEs-recommendable industrial area due to its relatively high values 

of CR3 (51 %, 53 %, and 50 %) and HHI (1,163, 1,239, and 1,226) compared to those of 

other three subclasses (The KSIC code 26221, 30310, and 30320). According to the position 

of SMEs, it is possible for them to select the compatible industrial areas through two kinds of 

ways. The first one is that the SMEs can choose the industrial field with the higher CAGR 

when its growth potential is their first consideration. In this case, the subclass of the KSIC 

code 26221 (Manufacture of printed circuit boards) can be the best industry are by following 

the basic methodology of this work. On the other hand, the second one is related to this case: 
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the first consideration of SMEs is the stable entrance to the initial market having the lower 

HHI value. For this purpose, the SMEs can select the subclasses of the KSIC code 30310 

(Manufacture of parts and accessories for motor engines) and 30320 (Manufacture of parts 

and accessories for motor vehicle body) as their promising industrial fields through the 

selection process of SMEs-suitable industry area from this study. Therefore, the SMEs are 

able to find the recommendable industrial areas by applying their realistic position and 

purpose through the basic methodology of this research. 

 

4. Conclusions and future work 

This study was performed with the concept of sampling test for developing the system based 

on the basic methodology using the statistical data (quantitative evidence). Through the 

overall process of this study, it was possible to select the SMEs-suitable industrial fields with 

the consideration of their annual sales, market consideration (CR3 and HHI), and growth 

potential (CAGR). The final goal of this study is the development of the public system for the 

recommendation of SMEs-suitable industry/technology fields based on the mathematical 

model using the various statistical data. Also, it is expected that this public system can be 

utilized in the analysis and the forecast of trend for overall industries. For this purpose of the 

research, it is necessary to develop the methodology of this study by considering more factors 

such as the business profits, the information about the number of companies founded or 

closed, the analysis of emerging industry/technology, and so on. Through the continuous 

development of the basic methodology for the establishment of a public system of 

information analysis to recommend the industrial fields compatible for the SMEs studied in 

this research, it will be very helpful for them to find the specific area having the value of 

investment with high annual sales or business profits, low market concentration, the great 

potential of growth, and so on. From this work, the following effects on the SMEs will be 

achieved: (1) enhancement in their capabilities of business planning, (2) development of their 
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innovation, and (3) improvement of investment efficiency in the national R&D for them. 
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Table 1. Introduction to the various factors affecting the selection of SMEs-suitable industrial 

fields based on the KSIC 

Factor Definition Usefulness 

Annual sales 

Amount of income from 

selling goods or providing 

services during 1 year 

One of the representative 

indicators for the market 

size of industry 

Three-firm concentration 

ratio (CR3) 

Total market share (%) of 

top three companies 

Evidence for the degree of 

market concentration 

Herfindahl-Hirschman 

Index (HHI) 

Sum of squared value of 

market share percentage 

Evidence for the degree of 

market concentration 

Compound Annual Growth 

Rate (CAGR) of sales 

Mean annual growth rate of 

sales over a specified 

period of time 

Evidence for the growth 

potential of industry 

 

 

 

 

 

 

 

 

 



15 

 

Table 2. The numbers of companies and employees and the annual sales of all industries and 

21 sectors of KSIC in 2010 (The ratios for those components were also calculated.) 

KSIC 

code 
Sector of KSIC in all industries 

(a) Number 

of 
companies 

Ratio of 

(a) (%) 

(b) Number 

of 
employees 

Ratio of 

(b) (%) 

(c) Annual sales 

(Million won) 

Ratio of 

(c) (%) 

 
All industries 3,355,470 100.00 17,647,028 100.00 4,332,292,658 100.00 

A Agriculture, forestry, and fishing 2,354 0.07 30,418 0.17 9,207,983 0.21 

B Mining and quarrying 1,770 0.05 16,377 0.09 3,650,007 0.08 

C Manufacturing 326,813 9.74 3,417,698 19.37 1,464,336,545 33.80 

D 
Electricity, gas, steam, and water 

supply 
1,499 0.04 66,267 0.38 120,556,744 2.78 

E 

Sewerage, waste management, 

materials recovery, 

and remediation activities 

5,402 0.16 69,132 0.39 14,474,084 0.33 

F Construction 96,833 2.89 1,180,659 6.69 271,063,929 6.26 

G Wholesale and retail trade 876,654 26.13 2,617,891 14.83 819,828,179 18.92 

H Transportation 347,179 10.35 992,546 5.62 147,571,423 3.41 

I 
Accommodation and food service 
activities 

634,500 18.91 1,766,290 10.01 77,682,506 1.79 

J Information and communications 26,375 0.79 468,585 2.66 115,566,239 2.67 

K Financial and insurance activities 39,353 1.17 706,859 4.01 744,138,697 17.18 
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L 
Real estate activities and renting 

and leasing 
126,081 3.76 440,556 2.50 64,305,803 1.48 

M 
Professional, scientific, and 

technical activities 
70,601 2.10 750,393 4.25 117,677,853 2.72 

N 
Business facilities management 

and business support services 
35,910 1.07 788,674 4.47 36,393,804 0.84 

O 
Public administration and defense; 

compulsory social security 
11,929 0.36 663,673 3.76 97,290,425 2.25 

P Education 165,964 4.95 1,420,892 8.05 84,001,584 1.94 

Q 
Human health and social work 

activities 
107,012 3.19 1,084,758 6.15 69,552,877 1.61 

R 
Arts, sports, and recreation related 

services 
102,948 3.07 322,881 1.83 34,228,991 0.79 

S 
Membership organizations, repair, 

and other personal services 
376,293 11.21 842,479 4.77 40,764,985 0.94 

T 

Activities of households as 

employers; undifferentiated 
goods- and services- producing 

activities of households for own 

use 

N/A N/A N/A N/A N/A N/A 

U 
Activities of extraterritorial 

organizations and bodies 
N/A N/A N/A N/A N/A N/A 

 

* Since the characteristics of sector T and U are not applicable to calculate the numbers of 

businesses and workers and the sales, the values for them were not provided by the Statistics 

Korea. 

* Data source: Economic Census, Korean Statistical Information Service (KOSIS) which is a 

core service site of the Statistics Korea (http://kosis.kr) 
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Table 3. The annual sales and their ratio of manufacturing sector and its 24 divisions of KSIC 

in 2010 

KSIC 

code 
Division in the manufacturing sector of KSIC 

Annual sales 

(Million won) 

Ratio 

(%) 

C Manufacturing 1,464,336,545 100.00 

10 Manufacture of food products 66,303,956 4.53 

11 Manufacture of beverages 8,047,923 0.55 

12 Manufacture of tobacco products 3,100,366 0.21 

13 Manufacture of textiles, except apparel 26,372,142 1.80 

14 
Manufacture of wearing apparel, clothing accessories, and fur 

articles 
23,015,703 1.57 

15 
Tanning and dressing of leather, manufacture of luggage and 

footwear 
5,958,998 0.41 

16 
Manufacture of wood and of products of wood and cork; except 

furniture 
6,603,706 0.45 

17 Manufacture of pulp, paper and paper products 22,855,447 1.56 

18 Printing and reproduction of recorded media 7,914,757 0.54 

19 
Manufacture of coke, hard-coal and lignite fuel briquettes, and 

refined petroleum products 
113,218,854 7.73 

20 
Manufacture of chemicals and chemical products except 

pharmaceuticals and medicinal chemicals 
124,063,180 8.47 

21 
Manufacture of pharmaceuticals, medicinal chemicals, and botanical 

products 
14,210,794 0.97 

22 Manufacture of rubber and plastic products 60,710,165 4.15 

23 Manufacture of other non-metallic mineral products 37,852,453 2.58 

24 Manufacture of basic metal products 148,078,592 10.11 

25 
Manufacture of fabricated metal products, except machinery and 

furniture 
82,730,945 5.65 

26 
Manufacture of electronic components, computer, radio, television, 

and communication equipment and apparatuses 
263,295,000 17.98 

27 
Manufacture of medical, precision, optical instruments, and watches 

and clocks 
18,242,154 1.25 

28 Manufacture of electrical equipment 70,066,678 4.78 

29 Manufacture of other machinery and equipment 107,261,402 7.32 

30 Manufacture of motor vehicles, trailers, and semitrailers 152,108,349 10.39 

31 Manufacture of other transport equipment 83,082,252 5.67 

32 Manufacture of furniture 12,359,000 0.84 
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33 Other manufacturing 6,883,729 0.47 

 

* Data source: Economic Census, Korean Statistical Information Service (KOSIS) which is a 

core service site of the Statistics Korea (http://kosis.kr) 
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Table 4. The annual sales and their proportion of SMEs for the selected subclasses having 

high annual sales among all subclasses included in the top 3 divisions having the largest 

annual sales in Table 3 (2010): (1) Manufacture of electronic components, computer, radio, 

television, and communication equipment and apparatuses (17.98 %, KSIC code 26), (2) 

Manufacture of motor vehicles, trailers, and semitrailers (10.39 %, KSIC code 30), and (3) 

Manufacture of basic metal products (10.11 %, KSIC code 24) 

KSIC 

code 
Subclass in the manufacturing sector of KSIC 

Annual sales 

(Million won) 

Proportion 

of SMEs 

(%) 

24121 
Manufacture of hot rolled, drawn, and extruded 

iron or steel products 
6,425,208 23 

24132 
Manufacture of pipes and tubes of non-cast iron or 

steel 
13,902,211 22 

24191 
Manufacture of guilt, coloration, surface processing 

steel materials 
2,162,861 24 

24199 Manufacture of other basic iron and steel n. e. c. 10,810,477 46 

24211 
Manufacture of smelting, refining, and alloys of 

copper 
8,945,571 6 

24221 
Manufacture of rolled, drawn, and folded products 

of copper 
6,033,576 26 

24222 
Manufacture of rolled, drawn, and folded products 

of aluminum 
7,151,018 34 

26110 Manufacture of electronic integrated circuits 6,346,772 27 

26120 
Manufacture of diodes, transistors, and similar 

semi-conductor devices 
24,335,270 13 

26211 Manufacture of liquid crystal flat display boards 51,354,130 4 

26221 Manufacture of printed circuit boards 6,579,265 44 

26422 Manufacture of mobile phone 148,261,264 0.4 

26429 
Manufacture of other wireless telecommunication 

apparatuses 
8,477,261 70 

26511 Manufacture of television 2,972,917 21 

30121 Manufacture of passenger motor vehicles 80,394,434 0.01 

30310 
Manufacture of parts and accessories for motor 

engines 
9,379,206 32 

30320 
Manufacture of parts and accessories for motor 

vehicle body 
9,071,525 59 
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30391 
Manufacture of power transmission for motor 

vehicles 
6,849,358 31 

30392 
Manufacture of electrical equipment for motor 

vehicles 
1,446,523 50 

30399 
Manufacture of other parts and accessories for 

motor vehicles n. e. c. 
65,113,109 28 

 

* In Korea, to be recognized as a SME in the sector of manufacturing, the number of workers 

should be less than 300 people (Application of the Basic Law for SMEs of Korea from 2010 

to 2012). 

* Data source: Analysis of market concentration, KISTI Market Analysis and Prediction 

System (K-MAPS) (http://kmaps.kisti.re.kr) 
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Table 5. The values of CR3 and HHI from 2010 to 2012 for the selected subclasses (from 

Table 4) having 20 % or more proportion of SMEs in the annual sales 

KSIC 

code 

Subclass in the manufacturing 

sector of KSIC 

CR3 (%) HHI 

2010 2011 2012 2010 2011 2012 

24121 
Manufacture of hot rolled, drawn, 

and extruded iron or steel products 
35 35 37 770 786 836 

24132 
Manufacture of pipes and tubes of 

non-cast iron or steel 
59 57 57 2,326 2,210 2,148 

24191 
Manufacture of guilt, coloration, 

surface processing steel materials 
75 72 72 2,833 2,587 2,467 

24221 
Manufacture of rolled, drawn, and 

folded products of copper 
58 56 57 1,809 1,686 1,785 

24222 
Manufacture of rolled, drawn, and 

folded products of aluminum 
47 48 47 1,254 1,309 1,214 

26110 
Manufacture of electronic 

integrated circuits 
39 39 40 1,020 1,069 1,056 

26221 
Manufacture of printed circuit 

boards 
22 22 24 944 936 925 

26511 Manufacture of television 89 78 94 5,909 3,866 7,459 

30310 
Manufacture of parts and 

accessories for motor engines 
29 30 31 820 797 784 

30320 
Manufacture of parts and 

accessories for motor vehicle body 
19 19 20 677 643 644 

30391 
Manufacture of power transmission 

for motor vehicles 
44 46 48 1,253 1,455 1,621 

30392 
Manufacture of electrical 

equipment for motor vehicles 
51 53 50 1,163 1,239 1,226 

 

* Data source: Analysis of market concentration, KISTI Market Analysis and Prediction 

System (K-MAPS) (http://kmaps.kisti.re.kr) 
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Table 6. The annual sales and their value of CAGR from 2010 to 2012 for the selected 

subclasses (from Table 5) having the HHI lower than 1,800 which means the high market 

concentration 

KSIC 

code 

Subclass in the manufacturing 

sector of KSIC 

Annual sales (Million won) CAGR 

(%) 2010 2011 2012 

24121 
Manufacture of hot rolled, drawn, 

and extruded iron or steel products 
6,425,208 6,988,439 6,555,231 1.01 

24222 
Manufacture of rolled, drawn, and 

folded products of aluminum 
7,151,018 7,554,277 7,142,339 -0.06 

26110 
Manufacture of electronic 

integrated circuits 
6,346,772 6,587,213 6,424,311 0.61 

26221 
Manufacture of printed circuit 

boards 
6,579,265 7,480,920 8,684,789 14.89 

30310 
Manufacture of parts and 

accessories for motor engines 
9,379,206 11,077,627 11,175,734 9.16 

30320 
Manufacture of parts and 

accessories for motor vehicle body 
9,071,525 10,709,960 10,811,588 9.17 

30391 
Manufacture of power transmission 

for motor vehicles 
6,849,358 8,516,331 8,426,627 10.92 

30392 
Manufacture of electrical 

equipment for motor vehicles 
1,446,523 1,805,942 1,952,468 16.18 

 

* Data source: Analysis of market concentration, KISTI Market Analysis and Prediction 

System (K-MAPS) (http://kmaps.kisti.re.kr) 
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Abstract 
 When we consider new businesses or industries of nanotechnolgy(NT), it is especially 

indispensable to predict the innovation processes of it. We need to understand how the complex 

process of innovation, which is accomplished through more efficient products, processes, services, 

technologies or ideas, is adopted and diffused in the market and society. Furthermore, detecting 

“weak signals”(signs) of change in science and technology (S&T) is also very important to foretell 

events associated with innovations in nanotechnology. Thus we explored the dynamic behavior of weak 

signals of nanotechnology innovation using agent-based simulating tool NetLogo. This study provides 

a deeper understanding of the early stages of complex nanotechnology innovation, and the models 

which can explain complex interaction structures between components of nanotechnologies. 
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1. Introduction 

Predicting the innovation of new technologies is important when exploring a new business or new 

industry. Moreover, technological innovation increasingly involves the complex process of innovation, 

which is accomplished through more efficient products, processes, services, technologies, or ideas that 

are readily available to markets, governments, and society. Thus, the trend toward complexity increases 

over time.  

Modelling has been an important part of research on technological innovation. In particular, 

evolutionary economists developed a family of models to address technology adoption, diffusion, and 

increasing returns (Fisher and Pry, 1971;Arthur, 1989; Bruckner et al., 1996; Dalle, 1997; Bikchandani 

et al., 1998), and the role of technical change in industrial dynamics and economic growth (Winter, 

1984; Silverberg et al., 1988; Silverberg and Verspagen, 1994; Klepper, 1996; Malerba et al., 1999; 

Fagiolo and Dosi, 2003). Although these models were important in establishing an evolutionary 

understanding of technical change, their contribution to the understanding of the innovation process has 

been less significant.  

Models deal either with technology adoption given a set of technologies or with innovation as a 

simple stochastic process. This research strategy is legitimate if the main interest is to understand the 

role of technical change in the economy. Recently, a group of models has been developed that focus on 

technological innovation as a complex phenomenon using modelling techniques from complex 

sciences.  

The important contribution of the complexity theory is its ability to model more complex interaction 

structures with less parameters. In this way, realism can be added to previous models without 

sacrificing analytical rigor. Regarding technological innovation, two frames of reference are relevant: (i) 

complexity can refer to complex interaction structures of components in a technological system, and (ii) 

complexity can refer to structures of interactions between agents in innovation networks. The 

complexity theory proves to be applicable in both domains (Frenken, 2006). 

Here, we use the second frame to explore the structures of interactions between agents with weak 



signals (signs) of technological innovation. There have been numerous recent reviews on the 

complexity model subsets, including Cowan (2004) on network models of innovation, Dawid (2004) 

and Pyka and Fagiolo (2005) on agent-based models of innovation, Llerena and Lorentz (2004) on 

technical change and evolutionary macroeconomics, Silverberg (2003) on long waves in technical 

change, and Windrum (2004) on neo-Schumpeterian models of industrial dynamics.  

Early detection of emerging issues (signs) is the first important indication of a change. These 

indicators of change can be advanced, somewhat noisy, and generally socially situated trends and 

systems that constitute raw information to enable anticipatory action. Often such indicators can be 

difficult to detect because they represent an unknown, unexpected, or rare change, which makes them 

hard to distinguish as relevant. Therefore, they are usually referred at as “faint” or “weak” signals.  
The purpose of policy makers scanning for weak signals is to enhance resilient policy-making, 

address new issues, and identify business opportunities by anticipating consumer and societal needs, 

and to prepare society for these unexpected and rapid changes. 

Recently, the interest in future business and the demand for forecasting future trends in science and 

technology (S&T), especially by exploring weak signals of potential change, has increased. Although 

weak signals are uncertain and irregular, they may indicate future trends. Ansoff (1982) described 

weak signals as “…warnings (external or internal), events and developments which are still too 

incomplete to permit an accurate estimation of their impact and/or to determine their full-fledged 

responses.”  
The impact of weak signals cannot be estimated accurately (Ansoff, 1984), as new or existing events 

can have unknown impacts on a target in the future. For strategic planning, it is difficult to identify 

weak signals from the large number of existing signals. Literature proposes methodologies for weak 

signal identification that can be used to identify the future impact of weak signals on strategic 

directions. Specifically, weak signals cannot be found in the core area of an organization because 

strategic decision makers already know the internal events of an organization and their impacts. Thus, 

Ansoff shows that weak signals can be found in an organization’s environment by first using an 

environmental scanning procedure to identify signals. Second, a clustering approach can be used to 

group the large number of identified signals and identify clusters of weak signals (Thorleuchter, Scheja, 

and Van den Poel, 2014). 
Generally, the procedure for forecasting or early warning scanning consists of four steps: (1) 

exploring weak signals, (2) assessing weak signals, (3) transforming the signals into issues, and (4) 

interpreting the issues for new futures (Ansoff, 1980). Among the steps, exploring weak signals is a 

prerequisite for analyzing alternative futures. 

However, scanning for weak signals is possible because of the intuitive insight of experts, whose 

services are often costly and not widely available. Further, their findings can be subjective and 

contradictory.  

Weak signals are current oddities that are key to anticipating future changes in organizational 

environments. Scanning for and using them in scenario work is considered a successful way to look 

towards the future. However, defining weak signals is problematic, and various authors term the 

concept differently.  

There is an active debate about the characteristics of weak signals, especially in Finland. Hiltunen 

(2008) aims to develop a deeper theoretical understanding of weak signals. For this purpose, a semiotic 

approach, Peirce’s triadic model of sign in particular, is used as a new starting point for defining weak 

signals by using the novel concept of future sign, which consists of three dimensions: the signal, the 

issue and the interpretation. 

 

 
 

 



 
Figure 1. Strengthening the future sign (Hiltunen, 2008) 

 

In Figure 1, the axes (i.e., the dimensions of the future sign) are the signal, the issue, and the 

interpretation. The units of these dimensions are as follows: 

The signal: the number and/or visibility of signals. 

The issue: a variety of units that describe the diffusion of the phenomenon are possible (e.g., the 

number of events, the percentage of net sales, the percentage of internal sales, the amount of employees 

abroad). 

The interpretation: the receiver’s understanding of the meaning of the future sign. An organizational 

point of view considers the future importance of the sign for an organization. 

The Internet is a valuable source of information (Decker, Wagner, & Scholz, 2005) where many 

signals occur and can represent an organization’s environment. Additionally, most of the data available 

on the Internet are textual data, such as websites or blogs. As a result, existing weak signal 

identification approaches use environmental scanning of textual information from the Internet (Decker 

et al., 2005; Uskali, 2005). 

 With Internet-based environmental scanning, documents such as webpages can be identified. This 

scanning normally has a wide scope and, thus, leads to a large number of extracted Internet documents. 

This makes a (semi-) automatic approach more appropriate than a manual approach. Furthermore, the 

documents can contain text related to several different topics, and a document as a whole normally 

does not represent a signal. Rather, the specific textual patterns that occur within the document 

probably represent the signal (Uskali, 2005). Therefore, text mining can be used to extract textual 

patterns from the full text of documents. A specific clustering approach can then be applied to identify 

groups of textual patterns that represent weak signals (Yoo, 2009; Tabatabei, 2011; Thorleuchter & 

Van den Poel, 2013). 

Literature describes approaches that use Internet-based environmental scanning for weak signal 

identification (Schwarz, 2005; Decker et al., 2005; Uskali, 2005). Schwarz (2005) aims to identify 

arising technologies relevant to high tech companies in Europe. Unfortunately, this approach have not 

been applied in practice as it requires much manual effort because an automated environmental 

scanning tool was not available. Further, the results of the clustering approach are of low quality. In 

contrast, the approaches of Decker et al. (2005) and Uskali (2005) have been applied successfully. 

However, to avoid high levels of manual effort, these approaches restrict the number of retrieved 

documents to a small value and are thus not considered wide scope Internet-based environmental 

scanning approaches. Yoo (2009) provides an automated approach for Internet-based environmental 

scanning and clustering, and a further knowledge structure-based approach is provided by Yoon (2012) 

to detect weak signals from Internet news related to solar cells.  

In this paper, we propose a longitudinal analysis, particularly a time series analysis of words and/or 

co-word occurrences, based on the word frequencies extracted from full text S&T news articles. In this 

study, we provide a deeper understanding of the early stages of complex technology innovation. For 

technological innovation, we detected weak signals through text mining, assumed them to be 



technological innovation terms (TI-terms), and categorized them as emerging issues following a 

simulation period. These weak signals can grow to be strong signals, such as events.  

 

2. Background 

 

2.1. Complexity Models of Innovation 

2.1.1 Fitness landscapes 

Interpreting technologies as complex systems requires defining the elements and their interactions, 

by letting N be the number of elements in a system and i be the index for each element (i = 1, … , N). 

For example, a car can be described by the number of elements, including the engine, brakes, 

transmission, and steering device. When designing a technological system, there is generally more than 

one option for each element. Assuming, without a loss of generality, that there are two options for each 

element, the total number of possible designs is 2N (Frenken, 2006). 

Thus, even for systems with a small number of elements, the total number of possible designs is 

large. The space (hypercube) of possible designs is the design space of a technology. Technological 

innovation can then be understood as the movement of an agent (the designer) from its current location 

in the design space to a new location. Formally, this is equivalent to the mutation in biological 

organisms, which involves a move from one string (e.g., 00110) to another string (e.g., 10110) in 

genotype space. 

Generally, technological innovation involves a move in design space and an improvement in 

performance. Thus, a designer searches the design space of a technology for strings with high 

performance or “fitness.” A trial-and-error search is an algorithm that randomly changes one or more 

elements (from 0 to 1, or vice versa), evaluates whether the fitness of the newly found string exceeds 

the fitness of the old string, and moves the element to the new string if the fitness can be improved. If 

the designer searches myopically (Atkinson & Stiglitz, 1969), the innovation involves the mutation of 

only one element at the time. In other words, in a myopic search, a designer searches only in the direct 

neighborhood of the present design, where the neighborhood is the subset of strings that can be reached 

by a mutation in one element. A trial-and-error search will stop once a designer finds a string with a 

fitness that exceeds the value of its neighboring strings. Using the metaphor of a fitness landscape that 

maps the fitness values onto the strings in the design space, a myopic search stops at a peak in the 

landscape, which may only be locally optimal and not globally optimal, and requires a string to have 

the highest fitness of all strings in the design space. 

 

2.1.2 Complex Networks 

A second body of recent literature addresses how and to what extent network relations between 

innovating agents affect the rate of innovation and diffusion (for an extended survey, see Cowan, 2004). 

As with fitness landscape models, one can distinguish between models of exogenous networks and 

models of endogenous formation of network structures. More generally, the economics of networks has 

become an important topic of research as it relaxes some of the crude assumptions underlying 

mainstream economics.  

In the context of technological innovation, for example, studies have been conducted on coalitions, 

research and development (R&D) alliances, and innovation networks (Axelrod et al., 1995; Duysters & 

Hagedoorn, 1996; Powell et al., 1996; Hagedoorn, 2002; Pyka & Kuppers, 2002; Breschi & Lissoni, 

2003). 

Apart from networks defined at the level of agents, such as firms, the concept of networks is also 

applicable to technologies, referred to as network technologies, in particular, information and 

transportation infrastructures (e.g., airports, railways, Internet).We will discuss a model of complex 

network technologies when discussing endogenous network formation. 

 

2.1.3 Percolation 

Percolation models from physics are useful to model the dynamics of adoption (Stauffer & Aharony, 

1994; Grebel, 2004) and of the role of spillovers in innovation (Silverberg & Verspagen, 2005). 

Although we focus on models of technological innovation, we first discuss the basic percolation model 

as a model of technology adoption. 

 

2.2. Identification of weak signals and signal tracing 



A well-known concept for implementing an early warning system used in strategic planning that 

focuses on the identification of signals, specifically weak signals, was introduced by Ansoff (1975). 

Signals are defined as events, such as future trends, changes, or further emerging phenomena, that have 

a specific impact on a given target (Yoon, 2012). This can be used to distinguish between strong 

signals and weak signals. A strong signal influences a target at present above a specific threshold and is 

also expected to influence the target in the future (Mendonca, Cardoso, & Caraca, 2012). In contrast to 

this, a weak signal has a small to nonexistent impact on a target at present but will possibly influece the 

target in the future (Tabatabei, 2011).  

Thus, the identification of weak signals helps decision makers be aware of events in advance that 

may influence future decisions (Kuosa, 2010). A further definition of weak signals describes them as 

unstructured information that have low content value at present, but do have aspects of being an 

opportunity or threat without a specific target (Mendonca, Pina e Cunha, Kaivo-oja, & Ruff, 2004). If 

the content information becomes more concrete by determining the impact of the opportunity or threat 

on a specific target, then a weak signal becomes a strong signal (Holopainen & Toivonen, 2012). 

 May websites, news articles, and blogs mention strong signals because their impact on a specific 

target is already known. Thus, strong signals that influence a specific target occur frequently on the 

Internet. In contrast to this, weak signals occur less frequently on the Internet because they do not 

influence a target and, thus, are not attractive for discussion. However, this might be due to the small 

number of authors who recognize the future influence of a weak signal and describe it, and these few 

documents are among the large amount of information available on the Internet. The identification of 

these documents and thus, the identification of weak signals, is difficult and many practical approaches 

fail because of this information retrieval problem (Schwarz, 2005). 

 Literature introduces two approaches specifically built to identify weak signals within the large 

amount of Internet information. A knowledge structure clustering approach is introduced by Tabatabei 

(2011), and a semantic clustering approach is introduced by Thorleuchter and Van den Poel (2013a). 

Both approaches use document collection from the Internet at a specific point in time. However, they 

do not use a time series. A time series is defined as sequences of data chronologically arranged 

(Hamilton, 1994). Several methodologies exist for analyzing time series, such as the use of regression 

analysis for time series forecasting (Graff, Escalante, Cerda-Jacobo, & Gonzalez, 2013) and the use of 

pattern recognition for time series clustering (Rodpongpung, Niennattrakul, & Ratanamahatana, 2012). 

These methodologies are applied in several fields, including statistics, signal processing, and weather 

forecasting. The advantage of a time series is that events can be traced over time and, thus, event 

changes can be identified. This may also be useful for tracing weak signals on the Internet. 

In today’s competitive business environment, the “future” is more important because it can be 

directly connected with the identification of promising long-term business opportunities (Yoo, Park,  

Kim, 2009). Various methods for identifying future business opportunities exist, such as customary 

approaches (Seol, Lee, & Kim, 2011) and weak signal analysis (Ilmola & Kuusi, 2006; Kerr, Mortara, 

Phaal, & Probert, 2006; Kuosa, 2010). Among these approaches, weak signal analysis has received 

much attention as a method for analyzing businesses with an uncertain future. In studies about the 

future, it has been concluded that the future cannot be forecasted by past inertia and is transformed 

discontinuously by interrupting events (Dator, 2002).  

However, scanning weak signals has relied heavily on the intuitive insight of experienced experts, 

whose services may be costly, not widely available, and subjective. Furthermore, information sources, 

including scientific articles, news, and blogs, are increasing exponentially, so it is unreasonable to rely 

only on experts to scan weak signal topics for business intelligence.  

 

3. Methodology 
 

In previous studies, the three-dimensional model by Hiltunen (2008) that conceptually describes the 

conditions of weak signals by combining signal, issue, and interpretation in the concept of the “future 

sign” was adopted to detect signals quantitatively. Building on this model, we consider weak signals as 

emerging topics related to words that were not selected as the keywords for articles. For example, if the 

growth rate of the frequency of a word is odd, then the word relates strongly to future unfamiliar and 

unusual issues.  

 The method proposed in this paper identifies concepts that have a strong possibility of being weak 

signals, both quantitatively and automatically. Therefore, this paper describes the text-mining 



procedure “informetrics” for exploring weak signals. This proposed quantitative procedure generates 

the criteria of the growth rate of the occurrence of terms. This automated method is expected to 

complement the expert-based approaches. Further, it can be used to analyze large amounts of 

information (e.g., unstructured web data).  

In this study, we use the agent-based model of the cultural dissemination model (Axelrod, 1997), and 

culture is regarded as a group of weak signals of TI-terms. We define weak signals as TI-terms, which 

are then categorized as emerging issues after a given period of simulation.  

The culture dissemination model has the following three principles (Axelrod, 1997). 

1. Agent-based modeling: Mechanisms of change are specified for local actors, and the consequences 

of these mechanisms are examined to discover the emergent properties of the system when many actors 

interact. Computer simulation is especially helpful for this bottom-up approach, but its use predates the 

availability of personal computers (e.g., Schelling, 1978).  

2. No central authority: Consistent with the agent-based approach is the lack of a central coordinating 

agent in the model. Although important aspects of cultures can be standardized, canonized, and 

disseminated by powerful authorities, the present model deals with the process of social influence 

before or alongside the actions of such authorities. It seeks to understand how much culture emergence 

and stability can be explained without resorting to the coordinating influence of centralized authority.  

3. Adaptive rather than rational agents: The individuals are assumed to follow simple rules about 

giving and receiving influence. These rules are not necessarily derivable from any principle of rational 

calculation based on costs and benefits, or forward-looking strategic analysis typical of the game 

theory. Instead, the agents simply adapt to their environment. 

Culture is considered to have social influence. For our purpose, the emphasis is not on the content of 

a specific culture but rather on the way in which a culture is likely to emerge and spread. Thus, the 

model assumes that an individual’s culture can be described in terms of their attributes, such as 

language, religion, technology, and style of dress (Flache & Macy, 2011). Similarly, in this study, an 

individual’s TI-terms (pre-weak signals) have agent actor attributes, such as factors from the 

technological innovation process.  

Axelrod (1997) showed how tendencies toward the local convergence of cultural influence can 

preserve cultural diversity if the influence is combined with homophily, the principle that “likes attract.” 

We argue that the central implications of this model may change profoundly if integrated with social 

influence, as assumed by earlier generations of modelers who did not consider homophily. 

 



 
 

Figure 2. Procedure for exploring weak signals 

 

 

4. Text Mining Analysis of Technological Innovation: Case Study 
  

4.1 Data collection 
Nanotechnology (NT) was selected as our specific subject area, which concerns “technological 

convergence.” Nanotechnology is more appropriately described as the “nanotechnology-converged 

industry,” a combination of traditional and high-tech industries categorized according to specific 

applications, such as Information Technology (IT), Bio Technology (BT), Environment Technology 

(ET), Space Technology (ST), and Culture Technology (CT). 

For this study, full-text information from articles from the specialized Journal of the Korean 

Ceramic Society were used to explore weak signals of nano-materials in the nanotechnology area. The 

journal has a long history (50+ years) of publishing information relevant to this field. 

There were 130 article titles between 2008 and 2012 with references to nanotechnology, and 50 were 

extracted for analysis. As mentioned, it is useful to rely on a broad amount of recent information to 

explore weak signals for predicting the future. Especially in technology, articles, proceedings, letters, 

and conference materials are relevant sources of information; however, this study’s research regarding 

weak signals focused on findings published by specialized academic journals (Yoo & Won, 2013). 

 

4.2 Processing data 
Using a morphological analyzer (morpheme analyzer), terms were extracted for quantitative analysis 

based on the full texts that focused on nano-materials. Since extracted words included those with 

general meanings, these were deleted from the data selected for analysis. Then, terms with similar 

meanings were refined and pre-arranged. 

The occurrence frequencies of the extracted and refined words were shown in a matrix and the 

growth rate for the occurrence of each word (grade) were measured. A weak signal appears rarely and 



becomes stronger when merged with surrounding environments. Thus, the growth rates of the terms 

can be significant indicators of future forecasting. 

  

4.3 Quantitative analysis of searching weak signals 
Most of the terms used in the full-text articles focused on nano-materials, not the author's keywords, 

and were divided, extracted, and the occurrence frequencies were measured. General terms were 

eliminated and terms with similar meanings were classified into groups with representative names.  

Using the occurrence frequencies generated by this process, the annual growth rates of the 

occurrence frequencies of the terms were measured. For reference, the annual occurrence frequencies 

were measured by the total counts of the extracted terms annually. To recognize the changes in nano-

material fields, the number of occurrence frequencies of the extracted terms were divided by the total 

number of annually published articles and then normalized into the occurrence frequencies per article. 

Strictly speaking, the annual growth rates of the normalized occurrence frequencies reflect the 

changes in the average occurrence frequencies of terms per article. Numerous gaps between the 

measured and normalized figures can be indicative of future change. Certain findings from the 

measured results are shown in Table 1. 

 

Table 1. Annual growth rates of the occurrence frequencies for extracted terms  

Term Annual occurrence frequencies Annual occurrence frequencies 

(normalization) 

Annual 

growth 

rate 09 10 11 12 09 10 11 12 

Carbon 2 0 0 99 0.22  0.00  0.00  8.25  2.34  

Composite 1 0 35 40 0.11  0.00  3.18  3.33  2.11  

Filler 1 0 0 28 0.11  0.00  0.00  2.33  1.76  

Adsorption 1 6 0 24 0.11  0.46  0.00  2.00  1.62  

Coating film 3 0 38 70 0.33  0.00  3.45  5.83  1.60  

Calcination 1 0 1 18 0.11  0.00  0.09  1.50  1.38  

Nanoparticles 2 7 48 34 0.22  1.31  4.36  2.83  1.34  

Powder 1 0 0 16 0.11  0.00  0.00  1.33  1.29  

Dispersion 

stability 

1 0 0 15 0.11  0.00  0.00  1.25  1.24  

Grain growth 2 4 0 21 0.22  0.31  0.00  1.75  0.99  

Decomposition 3 20 6 27 0.33  1.54  0.55  2.25  0.89  

Catalyst 2 23 1 18 0.22  1.77  0.09  1.50  0.89  

Crystal grain 4 13 14 34 0.44  1.00  1.27  2.83  0.85  

Low temperature 1 7 0 8 0.11  0.54  0.00  0.67  0.82  

Chain 1 2 1 8 0.11  0.15  0.09  0.67  0.82  

Microsphere 1 1 0 7 0.11  0.08  0.00  0.58  0.74  

Liquid phase 1 3 1 7 0.11  0.23  0.09  0.58  0.74  

Nanotube 3 0 0 18 0.33  0.00  0.00  1.50  0.65  

Densification 3 1 4 18 0.33  0.08  0.36  1.50  0.65  

Resin 1 0 2 6 0.11  0.00  0.18  0.50  0.65  

Insulation 1 0 0 6 0.11  0.00  0.00  0.50  0.65  

Chamber 1 1 8 6 0.11  0.08  0.73  0.50  0.65  

Remain 1 5 1 5 0.11  0.38  0.09  0.42  0.55  

Mass ratio 1 0 1 5 0.11  0.00  0.09  0.42  0.55  

Penetration 1 6 4 5 0.11  0.46  0.36  0.42  0.55  

Chemicals 1 0 4 5 0.11  0.00  0.36  0.42  0.55  

Strength 8 31 24 39 0.89  2.38  2.18  3.25  0.54  



Precipitate 4 4 0 19 0.44  0.31  0.00  1.58  0.53  

Plasma 16 48 14 65 1.78  3.69  1.27  5.42  0.45  

Gas 1 5 4 4 0.11  0.38  0.36  0.33  0.44  

Bulk 1 1 4 4 0.11  0.08  0.36  0.33  0.44  

Amorphous 1 0 1 4 0.11  0.00  0.09  0.33  0.44  

Relative density 1 1 0 4 0.11  0.08  0.00  0.33  0.44  

Biological 1 0 0 4 0.11  0.00  0.00  0.33  0.44  

Fiber 1 90 26 4 0.11  6.92  2.36  0.33  0.44  

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

․ 

*Original terms were in Korean. 

 

5. Structure of the Simulation Model  
5.1 Innovation Indicators 

The study of new media adoption is based on the innovation diffusion theory (Rogers, 2003). The 

innovation diffusion theory has been used as a framework to analyze innovation diffusion in society 

and innovation adoption at the individual level. The innovation diffusion theory analyzes the causes of 

differences in the time of employment and the rate of innovation diffusion of new ideas. Empirical 

studies based on the innovation diffusion theory reveal that the characteristics needed to recognize 

innovation are the most influential factor concerning innovation adoption. In other words, the 

characteristics needed to recognize innovation have higher explanatory power than consumer-related 

characteristics. Various studies based on the innovation diffusion theory have results showing five 

typical characteristics concerning the adoption of innovation, as shown in Figure 3 (Won, Lim & Yoo, 

2013). 
 

 
 

Figure 3. Innovation-decision process 
Source: Rogers (2003) 
 

First, relative advantage describes innovations that provide benefits and value superior to existing 

products and services. Second, compatibility refers to the degree recognized to meet needs, experience, 

and existing values. Third, trialability means the ability to experience products and services prior to the 

adoption of the innovation. Fourth, observability means the degree of the results of adopting the 

innovation can be confirmed. Fifth, complexity refers to the degree to which the technological 



innovation can be understood. These five characteristics are used to determine the most important 

factors that can explain about 50 percent of the diffusion rate of an innovation.  

Rogers (2003), among others, explained that relative advantage and compatibility are particularly 

important in describing the adoption of innovations. The results of a meta-study on innovation 

characteristics and innovation adoption show that relative advantage, compatibility, and complexity 

exhibit a high degree of explanatory power concerning innovation adoption.  

 

5.2 Design of the Simulation Model  
 

5.2.1 Netlogo Model: Axelrod's Cultural Dissemination  

The Axelrod model of cultural dissemination is an agent-model designed to investigate the 

dissemination of culture among interacting agents on a society. The Axelrod model consists of a 

population of agents, each occupying a single node of a square network the size L. The culture of an 

agent is described by the vector of F integer variables called “features.” Each feature can assume q 

values between 0 and q-1. In the original Axelrod model, the interaction topology is regular bounded 

(non-toroidal) and each agent can interact only with its four neighbors (von Neumann neighborhood). 

The dynamics of the model are based on two main mechanisms: (1) agents tend to choose culturally 

similar neighbors as interaction partners (homophily), and (2) during interaction, agents influence each 

other such that they become more similar. The interplay of these mechanisms either leads to cultural 

homogeneity where all agents are perfectly similar, or to the development of a multicultural society 

with culturally distinct regions. The model allows for studying the likelihood of these two outcomes 

depending on the size of the population, the number of features of the agents, the number of traits 

(values) each feature can adopt, and the neighborhood size (interaction range).  

 

5.2.2 Description of simulation 

Each agent is located at a patch of the grid with a default shape. Agents have an F number of features, 

and each feature is a nominal variable that can adopt a certain number of values (called traits) from 0 to 

q - 1. Initially, agents adopt randomly chosen traits. However, we can modify randomly chosen traits to 

become given traits based on the extracted value of the text mining. 

At each time step (tick), agents update their cultural value by asynchronous-random updating such 

that the computer makes a list where all agents are included in a random order and the list is followed 

until all agents are chosen. Each agent then becomes a focal agent and one of the focal agent’s 

neighbors is selected at random. Neighbor agents are those who are within a distance less than the 

value of the parameter “radius.” If the radius is equal to one, then it is von Neumann neighborhood. 

The cultural overlap between these two agents is computed, which is equal to the percentage of similar 

features. When the probability is similar to the overlap, the two agents interact. Otherwise, the program 

continues to the next agent until the list is exhausted and it follows the next time step.  

An interaction consists of randomly selecting one feature where the two agents differ and changing 

the focal agent’s feature to the interaction partner’s trait. If the overlap is zero, an interaction is not 

possible and the respective agents refuse to influence each other.  

Each agent adopts a color to represent its culture. Once these parameters are set, we can begin the 

simulation and changes to the agents culture can be detected according to the color. Furthermore, a 

graph reports the number of cultures in the society and the number of possible and real interactions. A 

possible interaction occurs when agents share features, and a real interaction occurs when focal agents 

actually change the value of one of its features. The simulation stops when the number of possible 

interactions reaches zero, indicating that each agent shared trait values with its neighbors. 

 Upon completion of the simulation, the number of cultural regions in the population and the number 

of agents in the largest population (also normalized) are calculated. A region is a set of agents that have 

similar features. We included an extension of the Axelrod model and allowed the agents to move.  

 

5.3 Simulation of weak signals 

 
Although we set toroidal boundaries, the simulation can also function with the original non-toroidal 

boundaries. In this case, the four von Neumann neighbors have a radius distance of one, and the model 

permits changes to the value of the radius to explore the implications of other neighborhood sizes. The 

agents are also permitted to move.  



At the absorbing final state when calculating for the number of regions, the model creates different 

visible networks that include all neighbors agents with the same culture. When counting the number of 

cultural domains, two domains are considered different if they are not connected, even if agents in both 

domains share the same culture. It is important to note that two agents could have similar cultural 

values with zero overlap, causing the corresponding colors to be similar. Thus, it is important to verify 

whether the cultural values are the same.  

 

 

 

 

Figure 4. Agent-based Model simulation of weak signals 

 

5.4 Weak signal search and interpretation 

 
In the nano-material field, a weak signal search was conducted to investigate an indistinct signal, and 

this type of investigation differs from megatrends. The terms with high annual growth rates for their 

average occurrence frequencies and those with high growth rates in normalized occurrence frequencies 

are shown in Table 2. 

 It was necessary to confirm the original sentences from the articles to discover the meanings of 

terms extracted from the full text. This also allowed us to verify the extracted terms with high growth 

rates and interpret their meanings.  

 

Table 2. Words with possible weak signals and high growth rates 

Category Words* 



Growth rate of the 

number of occurrences 

(Upper 15%) 

Carbon, composite, filler, adsorption, coating, calcination, particles, powders, 

dispersion stability, particle growth, decomposition, catalysts, grains, low-

temperature 

Growth rate of the 

normalized number of 

occurrences 

(Upper 15%) 

Carbon, composite, filler, adsorption, coating, agglomeration, calcining, 

nanoparticles, conductive powders, dispersion stability, absorption, particle size, 

spherical 

*Original terms were in Korean. 

 

This paper describes knowledge from the nanotechnology field, especially nano-materials, as being 

highly dynamic and representative of an increasing number of new fields. Such growth is coupled with 

a strong interrelationship among fields. Our results facilitate gathering insights, mainly from a 

scientific perspective, into the array of capabilities and competencies underpinning the R&D associated 

with the future generation of nanotechnology. 

 

6. Conclusion  

 

We explored the dynamic behavior of a weak signal of a specific technological innovation using the 

agent-based simulating tool NetLogo to provide a deeper understanding of the early stages of complex 

technology innovation.  

We explored weak signals in the nano-material field, as such signals are insignificant but may be 

predictive of megatrends in support of R&D decision making for nano-material technologies. By 

searching weak signals to perceive future technology trends, the terms with high occurrence rates were 

extracted using informetric analysis to reinforce the prevailing expert-based detection method. It is 

likely that more meaningful interpretations of these extracted terms can be obtained through 

comparisons with the full texts.  

 For more realistic and evidence-based predictions of the future and a deeper understanding of 

technology innovation, it is necessary to aggregate weak signals in markets and surrounding 

environments, to simulate various innovation models, and to develop objective indicators for detecting 

weak signals based on unstructured S&T information from various sources, such as web information.  
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Abstract:  This paper was intended to understand people's happiness and market dynamics 13 
through basic utility based purchasing decision model in their economic activities. Through this we 14 
focused to know how human needs were reflected in the market, how several technological and 15 
political policy affect market share and satisfaction of human desire and happiness. The market is 16 
working efficiently through the development of new products and technologies which reflect the 17 
interaction of businesses and the needs of consumers. The different innovation is generated in this 18 
process. In this paper, we want to understand the dynamics of the consumer decision-making of 19 
technology products in the market by simulating these market conditions through the text mining, 20 
ABM modeling and the like. In this study, we present a new marketing model which is based on 21 
human needs, wants and demands, and focuses on holistic and social perspective. In particular, we 22 
would like to present the direction of technological innovation in the country, through the market 23 
model for developing technologies and products that maximize the utility value of the consumer, 24 
for pharmaceutical market as an example. The purpose of this thesis is to get a better national 25 
policy of how customer happiness can impact the growth and sustainability of an industry. 26 

Keywords: Human Needs; Consumer Happiness; Market Dynamics; Consumer Decision Making; 27 
Sustainable Market Policy 28 
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 38 

1. Introduction 39 

 40 

This paper was intended to understand people's happiness and market dynamics through basic 41 

utility based purchasing decision model in their economic activities. Through this we focused to 42 

know how human needs were reflected in the market, how several technological and political policy 43 

affect market share and satisfaction of human desire and happiness. 44 

Recently the quality of life and welfare considered a national or an enterprise policy. According 45 

to statistics, the average age of the population is increasing. From 1990 to 2013, the average life 46 

expectancy at birth of the world’s citizens increased from 65 to 71 years (The World Bank, 2016). 47 

Additionally, as patients get older, treatment becomes more complex; patients have a greater burden 48 

of disease and are on more medications. As the complexity and risks of providing care increase, the 49 

benefits accrued from better-designed systems from a human factor perspective also increase.  50 

But conservative growth-oriented technology policy and distribution-oriented technology 51 

policy have been treated as conflicting idea. This is because welfare or the quality of life has been 52 

recognized as a cost which is far from advanced technology or consumer satisfaction.  53 

In recent years, social marketing is also being explored as a method for social innovation, a 54 

framework to increase the adoption of evidence-based practices among professionals and 55 

organizations, and as a core skill for public sector managers and social entrepreneurs (Kotler& 56 

Zaltman, 1971). It is being viewed as an approach to design more effective, efficient, equitable and 57 

sustainable approaches to enhance social well-being that extends beyond individual behavior 58 

change to include creating positive shifts in social networks and social norms, businesses, markets 59 

and public policy (Lefebvre, 2013). 60 

 In this study, we present a new marketing model which is based on human needs, wants, and 61 

demands and focuses on holistic and social perspective. Here, needs are things required for a state of 62 

well-being, such as physical (food, safety, and shelter) and mental (belonging, affection, and 63 

self-expression) well-being. And wants are socially accepted ways to meet needs. Also, demands are 64 

wants that are supported by resources, such as money, that allow the wants to be fulfilled.  65 

In this model, we assume that the core value is consumer needs that are embodied in wants, 66 
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demands stages. Through the adjustment of the government, consumer satisfaction and human 67 

happiness (well-being) is to be the best at each stage (Figure1). The best performance of this model is 68 

that prolonged customer loyalty, and achieve the sustainability of the market. 69 

 70 

 71 

Figure 1. Holistic Social Marketing Framework 72 

 73 

2. Literatures 74 

 75 

When a consumer become long-term loyal?  There is a variable that lies before the customer 76 

loyalty that is consumer happiness.  Consumer happiness is the feeling of a consumer when a 77 

consumer expressing human happiness or joy. This research is conducted for the reason to find that 78 

how consumer can be happier.  79 

Happiness is defined by Seligman’s (2002) work on authentic happiness focuses on an enduring 80 

experience of happiness. Sustainable happiness is relevant to essentially every definition of 81 

happiness. If the intention is made to pursue happiness or life satisfaction without exploiting other 82 

Needs Wants Demands 

Target market  Target policy Target industry 

Government 

(Enabler of social  

innovation) 

Performance Social expectation 

Consumer loyalty Sustainability 

Sustainable Innovation (long-term) 

Communication (policy) Human happiness 
Consumer satisfaction 
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people, the environment or future generations, then considerable shifts in behavior and policy 83 

would be required. This is where happiness studies could have substantial influence, as outlined in 84 

subsequent sections of this article. 85 

The quality of South Korean people’s lives has been increasingly improved in general due to the 86 

development of medical technology. According to the theory of Herzberg’s motivation hygiene 87 

1(Herzberg, 1966), health hygiene factor as to maintain the continuity of the happiness is health care. 88 

Research on happiness and health triggers intriguing questions with respect to sustainable 89 

happiness. Researchers have demonstrated that an individual’s subjective experience of happiness 90 

corresponds with numerous positive health outcomes (Steptoe, Wardle, & Marmot, 2005). 91 

Veenhoven (2008) completed an extensive survey of studies regarding the relationship between 92 

happiness and physical well-being and found that there is a significant relationship between 93 

happiness and longevity. He discussed the implications for preventive health care and 94 

recommended further research into the possibility that individual health can be enhanced through 95 

interventions that increase happiness. However, Diener and Seligman (2004) did note that the study 96 

of well-being and physical health is important for both research and policy, as well as implications 97 

for health care costs. 98 

Human needs are the basic requirements and include food clothing and shelter. Without these 99 

humans cannot survive. An extended part of needs today has become education and healthcare. 100 

While, Customer satisfaction is a term frequently used in marketing (Adcock, Dennis; Al Halborg; 101 

Caroline Ross: 2001). It is a measure of how products and services supplied by a company meet or 102 

surpass customer expectation. Customer satisfaction is defined as "the number of customers, or 103 

percentage of total customers, whose reported experience with a firm, its products, or its services 104 

(ratings) exceeds specified satisfaction goals. 105 

Brown and Kasser (2005) concluded that it is possible for individuals to experience high levels 106 

of subjective well-being without excessive consumption. There is also evidence that once basic needs 107 

are met, substantial increases in income do not translate into substantial increases in happiness 108 

(Stutz, 2006). 109 

                                                 
1 According to the Two Factor theory of Frederick Herzberg, people are influenced by two factors. Satisfaction and psychological growth 

was a factor of motivation factors. Dissatisfaction was a result of hygiene factors. 
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In a consumer society, where consumption and happiness have become inextricably linked, 110 

individuals are confusing the “good life” with the “goods life” (Kasser, 2006:200). Municipal, 111 

provincial and national governments are embedded in these consumer societies and public policy is 112 

influenced by a public that is being socialized to pursue happiness through material consumption. 113 

A few studies have examined the relationship between customer satisfaction and economic 114 

growth. They argued that, since customer satisfaction has positive effects on corporate performance, 115 

increases in average customer satisfaction would also lead to increases in overall economic growth 116 

(Fornell, 2003; Fornell and Stephan, 2002; VanAmburg, 2004). 117 

However, a few studies (Ikeshoji and Enkawa, 2004) argued that increases in customer 118 

satisfaction only improve the relative position of companies in their markets and do not lead to 119 

aggregate increases in economic output. Conversely, more recent studies argued that 120 

macroeconomic processes affect the average customer satisfaction. 121 

Our objectives are to solve the contradiction between these two existing theories and to explore 122 

the internal mechanisms within the relationship between economic growth and customer 123 

satisfaction. We rather assume that human happiness based social marketing process affects the 124 

long-term customer satisfaction. Since the perceived happiness is the main driver of customer 125 

satisfaction. This mechanism is mediated by the ability of income to improve life through 126 

consumption and is thus based on largely the same psychological patterns as the formation of 127 

customer satisfaction (Easterlin, 2001).  128 

 129 

3. Selection of Target Industry 130 

 131 

An international team of economists just released its fourth “World Happiness Report”, which 132 

measures well-being in countries around the world to help guide public policy. Denmark topped the 133 

list of the happiest nations, and all of the top seven countries were in the global north. Denmark was 134 

followed by Switzerland, Iceland, Norway, Finland, Canada, and the Netherlands.  The United 135 

States ranked 13th, a slight improvement from the last report, in which South Korea ranked 15th. 136 

The World Happiness Report isn't without a scientific basis. One of its key findings, based on 137 

decades of economic, sociological, and psychological research, is that being happy seems to rely on 138 
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at least six main factors: 1) being mindful and allowing ourselves to feel "captured" by emotions like 139 

awe or joy, 2) access to necessary material resources, 3) stimulating work and decent work 140 

conditions, 4) personal freedoms, 5) good governance, and 6) strong social ties and the 141 

opportunity to spend time with family and friends. Happiness helps us live longer, healthier, and 142 

more productive lives, and cultivating that emotion early in life is key, according the 2016 report. 143 

On the other hand, Information Technology and Innovation Foundation (ITIF) in USA has 144 

published the report titled “How National Policies Impact Global Biopharma Innovation: A 145 

Worldwide Ranking” report by specifically examining the extent to which the public investment, 146 

intellectual property, and drug pricing policies of 56 countries contribute proactively (or detractively) 147 

to global life-sciences innovation. Countries with robust life-sciences innovation policies contribute 148 

disproportionately to the global stock of innovation in life-sciences fields, as the benefits of this 149 

innovation exceed what is captured by the host country, spilling over into the global public 150 

commons. 151 

We have analyzed the relationship between national happiness index and bio-innovation index, 152 

on the subject of 56 countries that are matched to each other in the investigation reported by ITIF and 153 

the “World Happiness Report” (Table1). 154 

 155 

 156 

 157 

 158 

 159 

 160 

 161 

 162 

 163 

 164 

 165 

 166 

 167 
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 169 

 170 

Table 1. National happiness index and bio-innovation index 171 

Country 
Happi

ness* 

R&D 

Compo

site 

Score 

Govern

ment 

Health 

R&D 

 

Govern

ment 

R&D as 

a Share 

of GDP 

 

Extent of 

Price 

Controls 

 

country 
Happine

ss 

R&D 

Compos

ite Score 

Govern

ment 

Health 

R&D 

Govern

ment 

R&D as 

a Share 

of GDP 

Extent 

of Price 

Controls 

Denmark 1 1 2 3 3 Spain 29 6    4 24 3 

Switzerland 2 13 13 10 1 Slovakia 30 27 14 37 2 

Iceland 3 17 35 2 2 Malaysia 31 41 40 41 2 

Norway 4 2 6 8 3 Italy 32 24 21 26 2 

Finland 5 28 41 7 2 Japan 33 34 38 21 2 

Canada 6 32 33 20 2 Russia 34 39 51 14 2 

Netherlands 7 23 28 18 2 Poland 35 14 10 31 2 

New Zealand 8 25 22 27 2 

South 

Korea 

36 21 39 6 2 

Australia 9 31 18 38 3 Lithuania 37 43 45 42 2 

Sweden 10 3 9 4 2 Slovenia 38 15 16 16 2 

Israel 11 52 55 29 1 Peru 39 46 37 53 2 

Austria 12 12 25 1 2 Latvia 40 51 47 55 2 

United States 13 7 12 5 1 Romania 41 47 44 46 2 

Costa Rica 14 53 52 44 2 Estonia 42 16 24 11 2 

Germany 15 22 34 13 2 Hong Kong 43 50 50 43 3 

Brazil 16 37 43 22 2 Turkey 44 56 56 48 2 

Belgium 17 48 53 28 2 Indonesia 45 44 30 51 1 

Ireland 18 38 36 35 3 Philippines 46 54 48 56 2 

Mexico 19 35 27 40 1 China 47 26 19 32 3 

Singapore 20 9 11 9 1 Hungary 48 18 15 25 2 

United 

Kingdom 

21 4 1 30 3 Portugal 49 8 8 19 2 

Chile 22 33 17 50 2 Vietnam 50 40 31 52 2 

Argentina 23 36 32 34 1 Greece 51 29 26 33 2 

Czech 

Republic 

24 19 23 17 2 

South 

Africa 

52 30 20 39 3 

Colombia 25 11 3 49 2 India 53 42 49 23 3 

France 26 20 29 12 3 Kenya 54 10 5 45 2 

Thailand 27 49 42 54 3 Ukraine 55 45 46 36 2 

Taiwan 28 5 7 15 1 Bulgaria 56 55 54 47 2 

*This is a ranking of the sampled countries, not the actual order. **Extent of Price Controls: 1; low, 2; moderate 1; high 172 
Sources: - J. John Wu; Stephen J. Ezell , How National Policies Impact Global Biopharma Innovation: A Worldwide Ranking, Information Technology & Innovation Foundation, 2016. 173 

-UN, World happiness report, UN/Sustainable Development Solutions Network,2016. 174 
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 175 

The statistical test gives us as a result r (rho) = 0.367, which indicates a low correlation (not 176 

parametric) between the two sets of values (Figure 2). The p-value < 0.05(p-value = 0.005595) allows 177 

us to accept the value of r calculated, being statistically significant. We have r of 0.37. This indicates a 178 

weak positive relationship between the ranks individuals obtained in the “Ranking of Happiness 179 

Score” and “Overall Ranking of Countries’ Contributions to Global Life-Sciences Innovation”. Based 180 

on support from statistical test, we assume that national happiness (Happiness) has a positive 181 

impact upon the national R&D composition (R&D Composite Score). This indicates a weak positive 182 

relationship between the ranks individuals obtained in the “Ranking of Happiness Score” and 183 

“Overall Ranking of Countries’ Contributions to Global Life-Sciences Innovation”. Each element of 184 

the chain are connected with positive impacts. Therefore, it is important to confirm that this 185 

relationship is also valid at the aggregate level.  186 

 187 

 188 

r : 0.33 (p<0.01) 
Happiness 

Government Health 

R&D  

R&D Composite  

Score 

Government R&D as

 a Share of GDP  

R : 0.62 (p<0.01) 

r : 0.52 (p<0.01) 

r : 0.37 (p<0.01) 

r : 0.58 (p<0.01) 
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Figure 2. Correlation network among the factors 189 

 190 

For the practical application of these relationships, we will re-examine this aggregate relationship 191 

by structural model. Having established measurement model, structural model is tested by running 192 

PLS-SEM algorithm and bootstrapping. A major emphasis in PLS-SEM analysis is on variance 193 

explained as well as establishing the significance of all path estimates (Maha Mohammed Yusr , 194 

2016).  195 

Hypothesis of this analysis is the healthcare, which makes the firms constantly looking for 196 

customers’ needs and their expectations, which leads the firms to have human needs based 197 

perspective. Also, it is about delighting customers and this requires a firm to do what is creative to 198 

exceed those needs and expectations. 199 

For example, Technological capability is regarded as a human happiness’s critical factor to 200 

deploy resources, with a new capacity to create value. Moreover, technological capability is the skill 201 

and knowledge needed to effectively absorb, master and improve healthcare capability, and to 202 

create new ones. Meanwhile, healthcare industry is critical antecedents to achieve long-term 203 

consumer loyalty, which provides the long-term potential for consumer happiness. To sum up, 204 

healthcare capabilities in general, have been considered as the antecedents for good performance of 205 

the technology investment. Since healthcare is one of the aspects that organizations perform to 206 

achieve many organizational aims, it can be argued that technological capabilities are positively 207 

related to performance of human happiness.  Therefore, the following hypothesis is introduced: 208 

Hypothesis: Healthcare capabilities positively influence long-term performance of technology 209 

investment which is regarded as human happiness’s critical factor to deploy resources, with a new 210 

capacity to create value (Figure 3).  211 

 212 

 213 

 214 

 215 
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Figure 3. Describes the direct and mediated relationships that enhance human happiness 216 

 217 

 218 

The measurement model was evaluated using Confirmatory Factor Analysis (CFA) to confirm 219 

the construct validity. After establishing the construct validity, the structural model was examined 220 

to test the proposed hypotheses. To guarantee that only reliable and valid constructs’ measures were 221 

used, before assessing the nature of relationships in the overall model, the validity and reliability of 222 

the items and constructs in the measurement model were tested.  223 

Table 2 and 3 depict the results of confirmatory factor analysis (CFA) and construct reliability 224 

(CR). They shows that all the items comprising the measurement model met the threshold level 225 

suggested by Hair et al. (2011) recommended that the standardized loading estimates should be 0.5 226 

or higher and ideally 0.7 or higher.  227 

Table 2. Average Variance Extracted (AVE) 228 

 229 

 Original 

Sample 

Sample 

Mean 

Standard 

deviation 

T Statistics P Value 

Healthcar

e 

Investmen

t 

0.517 0.544 0.045 9.597 0.000 

Technolog

y 

Investmen

t 

0.834 0.831 0.050 16.657 0.000 

 230 

Table 3. Composite Reliability 231 

 232 

 Original 

Sample 

Sample 

Mean 

Standard 

deviation 

T Statistics P Value 

Healthcar

e 

Investmen

t 

0.642 0.635 0.096 6.680 0.000 

Technolog 0.910 0.908 0.030 30.382 0.000 
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 233 

The content validity and construct reliability were tested. As for content validity, individual 234 

construct reliability is assessed by examining the loadings of respective items on their respective 235 

latent construct.  According to the reported results in Table 3, all the direct relationships postulated 236 

in this study were found to be positive and significant at 0.001 level of significance, except the 237 

hypothesis that proposed a positive influence of healthcare practice on human happiness was found 238 

to be insignificant. 239 

Table 4.  Direct path coefficients 240 

 Original 

Sample(β) 

Standard 

deviation 

T 

Statistics 

P Value 

Healthcare Investment 

-> Happiness 

-0.290 0.184 1.582 0.114 

Healthcare Investment 

-> Technology Investment 

0.739 0.040 18.556 0.000 

Technology Investment 

-> happiness 

0.655 0.149 4.382 0.000 

 241 

As Figure. 4 demonstrates, the result of PLS-SEM points to a significant impact of “Healthcare 242 

Investment” on “Technology Investment” (β = 0.739, t = 18.556, p < 0.001) with high beta value and 243 

the t > 1.99. And thus, the first direction is fulfilled. With regards to the second direction, the result 244 

also confirms the significant impact of innovation capability on innovation performance (β = 0.655, t 245 

= 4.382, p < 0.001), where the beta value is considered high and t > 1.99. The third direction, which 246 

refers to the direct relationship between “Healthcare Practice” and “human Happiness”, is not 247 

significant (β = -0.290, t = 1.582, p =0.114) (Table 4). Therefore, this analysis established healthcare 248 

practice as one of the critical requirements of human happiness. 249 

 250 

Figure 4. Path network among the factors 251 
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 252 

4. Selection of Target Market 253 

 254 

4.1 Demand Opportunity Clustering  255 

 256 

To investigate potential interactions between demand signals (factors), network analysis of 257 

significant word co-occurrence patterns may help to decipher the structure of complex system across 258 

psychological or temporal gradients. Our text data consists of the title of healthcare sector of the 259 

BRIC (Biology Research Information Center) database (http://www.ibric.org) from 2009 to 2015 260 

(Figure 5). 261 

Technology 

Investment 

Healthcare 

Practice 

Human 

Happiness 

0.739*** 

-0.290 

0.655*** 

*** p<0.001 
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 262 

Figure 5. Demand Clustering by Social Network Analysis 263 

 264 

A recent breakthrough idea, the notion of “persistent homology ", has helped to make TDA 265 

(Topology Data Analysis) a practical tool for data analysis. Persistent homology algorithms look for 266 

topological invariants across various scales of a topological manifold Peter (Peter Bubenik, 2015). 267 

Efficient algorithms have been developed for computing both the homology groups themselves and 268 

a way to visualize them. A “barcode” plot is a qualitative visualization of a homology group that 269 

looks like a collection of horizontal line segments. The x axis represents the parameter e and the y 270 

axis is an arbitrary ordering of homology generators. When examining a barcode plot you are 271 

looking for lines that span a good portion of the x axis. Short lines are most likely just topological 272 

noise, long lines that persist across a good bit of the e scale may tell you something about your data. 273 

The following barcode plot for the data set was drawn with functions from R package “phom”. The 274 

plot show that there are probably 12 clusters in the data set (Figure 6). 275 
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 276 

Figure 6. Barcode Plot 277 

 278 

We can see twelve of the main topics in these words cluster these here. The vertical distance is 279 

the degree of including semantic relationships. The co-occurrence words based social network 280 

analysis is one of the simplest topic models and it's very widely used. It's a psychological model, 281 

which means that it is a sort of social perspective (Figure 7). 282 

 283 

 284 

Figure 7. Hierarchical Clustering with Euclidean distance 285 

The characterization parameters are sort of regression parameters which are an intercept and a 286 

steepness. The parameter "a" is controlling the sensitivity of the probability function. The higher is 287 

parameter "a", the greater is probability of infection. The Parameter "b" is the degree factor of inertia. 288 

The higher is parameter "b", the more stress is for the activation (Table5).  289 
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 290 

Table 5. Classification and characterization of clusters 291 

 292 

NO Group (Cluster) 
Steepness 

(a) 

intercept 

(b) 

0 Pharmaceutical investment 0.2 0.7 

1 Clinical Infrastructure 0.2 0.9 

2 Bio-technology Development 0.2 0.9 

3 Health food development 0.2 0.6 

4 R &D investment 0.1 1.4 

5 Expanding commercialization 0.1 2.2 

6 Development of medical equipment 0.1 1.5 

7 New drug Infrastructure 0.2 0.8 

8 Health care development 0.2 0.8 

9 Fostering new industries 0.2 1 

10 Technology Development 0.2 0.9 

11 Medical Complex Development 0.2 1.1 

 293 

4.2 Hysteresis Effect Model for Demand Opportunity Analysis  294 

 295 

The central statistical concept that underlies logistic regression is the logit, which is the natural 296 

logarithm of an odds ratio. For the probability to become activated for output variable Y, what is the 297 

best to way to model the conditional probability P(Y = 1|X = x) as a function of x? The most obvious 298 

idea is to let “p” be a linear function of “x”. Every increment of a component of x would add or 299 

subtract so much to the probability. The conceptual problem here is that p must be between 0 and 1, 300 

and linear functions are unbounded. The next most obvious idea is to let ln(p) be a linear function of 301 

x, so that changing an input variable multiplies the probability be a fixed amount. The problem is 302 

that logarithms are unbounded in only one direction, and linear functions are not. Finally, the easiest 303 
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modification of ln(p) which has an unbounded range is the logistic (or logit) transformation, ln 304 

(p/(1-p)) . This transformation makes a linear function of variable x.  305 

Formally, the logistic regression model is can be written as following: 306 

Logit (Y) = ln (odds) = ln (π/ (1-π) = αX -αβ  307 

If we solve the logit (Y) for p - Probability(Y = 1|X = x, a specific value of X), we have 308 

π = e (αX -αβ)/ (1+ e (αX -αβ)) = 1/ (e (-(αX -αβ))) 309 

Where π is once again the probability of the event, a(=α) and b(=αβ) are regression 310 

coefficients, and X is a set of predictors. Parameters “a” and “b” are typically estimated by the 311 

maximum likelihood methods. Here, hysteresis is the time-based dependence of a system's output 312 

on current and solidarity strength between elements in the past. 313 

“X” is the total amount of stress on symptom i. The amount of stress consists of the individual 314 

stress level of symptom i, the amount of external activation (the amount of stress on the whole 315 

network) and the influence of the activation of the neighbors of symptom i. The influence of the 316 

neighbors depends on whether or not they are activated and on the strength of the connection 317 

between the activated neighbor and symptom i. The strength of the connections determines the 318 

degree to which the activation signal of a symptom is sent to the other symptoms. The external 319 

activation can be seen as influences from the environment (e.g., stressful life events like a recession 320 

or unemployment). 321 

Parameter “a” is a symptom-specific parameter that controls the steepness of the probability 322 

function. When “a” is high, a change in X results larger change in the probability of becoming 323 

infected.  324 

Parameter “b” is a symptom-specific parameter with “a”, for the threshold (b=αβ) of a symptom; a 325 

symptom with a higher threshold needs more activation (from its neighbors for example) to become 326 

infected than symptoms with a lower threshold. 327 

 328 

 329 

 330 

4.2.1. Scenario 1  331 

 332 
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The first question we're interested in is: Does the connection strength between the demand 333 

opportunities affects the frequency of demand factors? 334 

 335 

 336 

Figure 8. Results of the hysteresis in the case of changing the connection strength between the factors 337 

 338 

The answer to this question is that in the case of weak demand, the frequency of disasters could 339 

be decreasing, but the frequency variation is difficult for large demands (Figure 8). (7: New drug 340 

Infrastructure, 8: Health care development) 341 

 342 

4.2.2. Scenario 2  343 

 344 

The second question we're interested in is: What characteristics are between the demand factor 345 

groups according to the impact strength from the outside? 346 

 347 
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 348 

Figure 9. Comparison results between the risk groups according to the impact strength of the external (if the 349 

external impact is weak) 350 

 351 

 352 
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Figure 10. Comparison results between the risk groups according to the impact strength of the external (if the 353 

external impact is strong) 354 

The answer to this question is that preventive measures are needed to get management of a strong 355 

external shock hazard, but constructions of ex-post infrastructure are needed to get management of 356 

the weak disaster that occurs frequently (Figure 9, 10). (0: Pharmaceutical investment, 4: R & D 357 

investment, 5: Expanding commercialization)  358 

 359 

4.3 Target market  360 

 361 

As described above, through hysteresis analysis, we found five major topics of twelve of the 362 

main topics; New drug infrastructure, Health care development, Pharmaceutical investment, R & D 363 

investment, expanding commercialization. By the analysis of the common area of the five themes 364 

that have been adopted, we selected the pharmaceutical market for the target market. 365 

As shown in Figure 11, pharmaceutical market plays an important role in such R&D, 366 

commercialization, and infrastructure in healthcare systems of South Korea. 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 
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Figure 11. Healthcare systems in South Korea. 382 

 383 

5. Selection of Target Policy 384 

 385 

AS mentioned above, we targeted pharmaceutical sector, in which both sides of perspectives for 386 

growth and welfare is coexist and highly associated. Government carried out market intervention 387 

through policies for expanding the competitiveness of products through new technology drug 388 

development and policies for improving national protection and welfare of the country.  389 

In particular, the long-term chronic disease patients due to the extension of human life are 390 

increasing rapidly and the social crisis caused by the sudden illness like swine epidemic throughout 391 

the world has occurred. So appropriate technology development policy and price policy makes a 392 

powerful influence on the increasing sales of related companies, quality of life of the patients and the 393 

diffusion of social unrest. And in considering of the risk such as disaster like South Korean issue, 394 

Sewol ferry and MERS (Middle East Respiratory syndrome Information), the variable impact factors 395 

by socio-cultural and subjective perception is increasingly important apart from the technical 396 

scientific point of view (Won et al., 2015). 397 

We utilized Agent Based Model, which is based on the individual’s decision and that is possible 398 

to measure changes of system, in order to study the relationship between happiness and maximum 399 

sales of the society including corporate, consumer and potential consumers. And we supposed 400 

different scenarios for policy making and evaluated them in the point of view of business success 401 

and the satisfaction for human needs. And ultimately we analyzed the possibilities to enhance the 402 

sustainability and social soundness by the comparison of policy for the greatest success of business 403 

or the greatest happiness for the greatest number. 404 

 405 

5.1 Model  406 

Human decisions, such as the purchase decision can be explained by the process to maximize 407 

the effectiveness in the various alternatives through a combination of analysis of uncertainty and 408 

risk through Bayesian probability theory, multi-attribute utility. This cognitive decision-making 409 
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process can be divided into recognition step, the information gathering stage, alternative evaluation 410 

stage, decision stage of the buying stage, and post purchasing stage (Engel JF, 1995). In addition, the 411 

purchase decision of the various alternatives is to determine and maximize the value of goods by 412 

considering a number of properties of product (Keeney 1993).  413 

However, in real market, these rational decisions are affected on the personal traits and 414 

socio-economic interactions and it shows different motivations and buying behavior for each 415 

individual on external influences such as changes in technology innovation (Azjen and Fishbein, 416 

1997). 417 

Purchase decision is divided into parts in which sum of personal utility values for each attribute 418 

of products constitute the rational desirability for product and the post-purchase evaluation opinion 419 

about attribute affect the personal utility. And the desirability for product was affected by the people 420 

who are using that product in social interaction. The change in risk recognition by social issues such 421 

as epidemics of infectious disease and side effects of medicines affect the motivation to buy product 422 

(Figure 12).  423 

Purchase decisions of consumers can be expressed as the sum of the values that is provided to 424 

consumers by the utility of specific properties. Consumer i’s utility for product j that has the 425 

n-numbered attribute can be expressed as follows. 426 

 427 

Utility i,j = ∑n A n ⅹ product attribute n  428 

 429 

 430 

Figure 12. Consumers Purchase Decision process 431 
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Product attribute refers to the N-properties of the product, such as price, brand and A is a 432 

coefficient value for an individual property. The weight of the major independent attributes and 433 

their attributes to act important in the decision-making was constructed by utilizing the conjoint 434 

analysis results in pharmaceutical market (Park CW, 2012)(Table 6). And the personal utility value 435 

was randomly distributed to give diversity at ABM Model. 436 

 437 

 Table 6. The weight of attributes for Multi Attribute Utility Decision 438 

 439 

Attribute Definition Weight 

Brand Brand Awareness  1.3 

Price The money to pay for 1 dose of pills 21.7 

Efficiency Medical effect to decrease main symptom of disease 9.5 

Convenience Improve inconvenience including administration method, number, etc. 7.1 

Side- effect Unwanted non-therapic effect caused by a drug 12.8 

Marketing Advertisement to increase the product awareness 6.7 

 440 

Consumers as actors interacting within social network structure, were affected by the 441 

proportion of product selected by the people around them. The influence of surrounding people 442 

about product j for consumers can be expressed as follows. 443 

 444 

Social Effect i,j = ∑ Neighbor,j  / (∑ Neighbor j + ∑ Neighbor j’) 445 

 446 

Purchasing decisions of consumers is achieved through the sum of individual utility value and 447 

social effects. 448 

 449 

Purchase decision i,j = α* Utility i,j + β* Social effect i,j 450 

 451 

We intended to simulate market model in politic perspective rather than corporate marketing 452 

perspective. So in this model, product represent characteristic position in market as  market leading 453 
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product, low-cost product and new-technological product rather than specific product of 454 

company(Table 7). 455 

 456 

 457 

Table 7. Classification and characterization of product 458 

Product 
Price 

(won) 

Efficiency 

(%) 

Dosing 

Convenience 

Side- 

effect 
Brand Marketing 

Market leading 

product (A) 
500~1000 100 No 

Yes or 

No 
High High 

Low-cost product (B) 500~600 100 No 
Yes or 

No 

Middle 

or Low 
Middle 

New technology 

product (C) 
600~1000 100~200 Yes or No 

Yes or 

No 

High, 

Middle, 

Low 

High or 

Middle 

 459 

5.2. Market 460 

 461 

In this paper, we targeted the prescription drug market for high blood pressure, which increases 462 

significantly with aging of the global population and development of new technologies in this 463 

market has a great influence on the quality of life of a large number of the elderly population. 464 

Because it is a huge market, pharmaceutical companies continue to develop new products to secure 465 

a competitive advantage and there are products on the market at the same time with a variety of 466 

price points and various utility values. However, it takes a huge amount of development costs until 467 

it undergo procedures such as clinical trials for proving safety and effect. So government is 468 

supporting a variety of policies to foster the development of new technologies. In addition, by 469 

changes in the external environment such as the emergence of new technology products or crisis on 470 

specific factors , the changes in the value of the buyers is carried out, so satisfaction and desire of the 471 

welfare are closely related with appropriate technological policy. 472 

 473 

5.3. Scenario 1 474 

 475 
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When only Market leading product of global company has monopolized market, low- price 476 

product was developed by the company, the brand power and financial power is relatively weak.  477 

To what extent can the market share of low price product grow? And what is the best point of price 478 

for sales and profits? And if price support policy was performed, what point of price is the optical 479 

to maximize the national happiness on a limited budget? (Table 8) 480 

 481 

Table 8. Characterization of product in Scenario 1 482 

Product 
Price 

(won) 

Efficiency 

(%) 

Dosing 

Convenience 
Side- effect Brand Marketing 

Market leading product (A) 800 100 No No Very High High 

Low-cost product (B) 500~800 100 No No Low Middle 

 483 

The market penetration of lower-price product was faster and deeply processed, the lower the 484 

price was (Figure 13A, 13B). The market share and sales of product B was increased as the price was 485 

lowered.  But when calculating the profit considering the initial development costs, the best sales 486 

point of price was not lowest price point. When we assumed the cost as 400won, the best price of 487 

Product B for business success was 600 won (Figure 13D). 488 
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489 

  490 

Figure 13. Changes of Market Share of Product A (A) and Product B (B) according to the price changes of 491 

Product B (Low-priced product, which entered market). Changes of Market Share, Sales (C) and Profits (D) of 492 

Product B in several conditions of Product B.  493 

And if the price policy was supported for the national welfare to allow the elderly to live the 494 

good medicine affordable, optimal price point for letting down the price through the budget 495 

support was 700won, and the second good point was 600won (Figure 14). When changed the price 496 

of Product B by policy, changed utility values for Product B in that society was calculated as 497 

follows. 498 

Changed Utility values for Product B = 499 

(∑ Utility value for Product B n) - (∑ Utility value for Product B n-1)/ (Price of B n) - (Price of B n-1) 500 

 501 
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 502 

Figure 14. The Sum of Utility Values for the Product B in the society member, according to the changed 503 

price of Product B by price policy  504 

5.4. Scenario 2 505 

 506 

After the successful market penetration of low-price product, new-technology product 507 

was developed. What is the best technology policy in several conditions, when this product try to 508 

enter the market or existing companies utilize several strategies to keep their former position in 509 

the market? Low price product was set as 600won for maximal profits and market leading 510 

product was set as 800won (Table 9). Product B holds a leading share of market at 70% and 511 

Product A holds at 30%. 512 

 513 

Table 9. Characterization of product in Scenario 2 514 

Product 
Price 

(won) 

Efficiency 

(%) 

Dosing 

Convenience 
Side- effect Brand Marketing 

Market leading product (A) 800 100 No No Very High High 

Low-cost product (B) 600 100 No No Low Middle 

New-technology product©  600~1000 150 No or Yes No Low Middle 

 515 
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 516 

Figure 15. Changes of Market Share of Product A, Product B and Product C according to the price 517 

changes of Product C (New-technology product, which entered market) (A). Changes of Market Share when 518 

the price of product C is over 900won (B), when the price of Product C is from 750won to 850wom (C), and 519 

when the price of Product C is 700won or less (D).  520 

 521 

Depending on price changes in product C, reactions of market shows two inflection points 522 

(Figure 15A). When the price of product C is more than 900won, it is difficult to New-technology 523 

products to enter the market (Figure 15B). And low-price products dominate the market. When the 524 

price of Product C is less than 850won and more than 750won, Product B is most sensitive for the 525 

changes of price of Product C (Figure 15C). It means that the main competitor in this price range of 526 

Product C is Product B. Interestingly, in the case of Product A, the rate of decrease in market share 527 

has slightly decreased. When the price of Product C falls below 700won, the market share of 528 

Product C has risen steeply and that of Product B did not receive the other big impact. But the 529 

decline rate and decline speed of market share of Product A was sensitive to the changes of price of 530 

Product C and Product C replaces Product A rapidly in this area.  531 

Assuming a New-technology product development costs per products as 500won, the price 532 

point to get the best profit is 700won (Figure 16).  533 

 534 
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 535 

Figure 16. Changes of Market Share, Sales (A) and Profits (B) of Product C according to the price changes 536 

of Product C. 537 

 538 

And if the price support for New technology product was supported, optimal point in terms of 539 

cost-effectiveness is 850won (Figure 17). When changed the price of Product C by policy that may 540 

be intended for the welfare or development of new technologies, changed utility values for Product 541 

C in that society was calculated as follows. 542 

 543 

Changed Utility values for Product C = 544 

(∑ Utility value for Product C n) - (∑ Utility value for Product C n-1) / (Price of C n) - (Price of C n-1) 545 

 546 

 547 

Figure 17. The changes of Utility Values for the Product C, according to the changed price of Product C 548 

 549 

If a company develops new technologies that meet a number of utility, what is its impact on 550 

the market?  We assumed the situation that new technologies for efficiency and dosing 551 

convenience were developed.  552 
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 553 

Figure 18. Changes of Market Share of Product A, Product B and Product C according to the price changes 554 

of Product C (New-technology product, two functions have been improved) (A). Changes of Market Share 555 

when the price of product C is over 900won (B), when the price of Product C is from 750won to 850wom (C), 556 

and when the price of Product C is 700won or less (D). 557 

 558 

Although two features were improved by new technological development, there were no 559 

significant differences in the pattern of the market share comparing with that of previous 560 

technology product (Figure 18, Figure 19A). This indicates that the importance of development area 561 

of appropriate new technologies depending on the situation of consumer needs and market. 562 

Assuming that the initial cost is more than the previous New-technology product, the cost can be 563 

assumed as at least over 600 won (Fig 19B). In this case, profit is about half comparing with that of 564 

previous New-technology product and appropriate price point is 750 won. However, if that can be 565 

developed in the initial cost of the previous New-technology product level (500won), it is possible 566 

to leave a little high profits and the optimal price is 700won.  567 

 568 
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 569 

Figure 19. Changes of Market Share, Sales (A) and Profits(B) of Product C (New-technology developed 570 

product in two selected utility area) according to the price changes of Product C.  571 

 572 

6. Conclusion and Policy Recommendations 573 

 574 

Literature has seen no interpretations of how economic processes and customer happiness affect 575 

each other. To solve the questions, we used structural equation model, text mining and ABM to 576 

illustrate the strength and direction of the relationship between economic growth and consumer 577 

happiness. We conducted these simulation analyses using data of pharmaceutical sector in South 578 

Korea. Our results show that there is a meaningful, positive, unidirectional impact of economic 579 

growth on consumer happiness in South Korea. 580 

Based on consumer happiness concepts, we hypothesized that economic growth impacts 581 

sustainable consumer satisfaction via the national policy for consumer happiness in human needs 582 

based sector, for example, the health care industry. This is probably because in these industries, 583 

image is not effective in preventing consumers from rigorous comparisons of the quality-price ratio. 584 

The overall impact of national policy on consumer happiness is stronger in these industries, where 585 

the gap between owned and currently offered products reduce relatively fast. 586 

This study has important implications for policy maker. The results of consumer happiness in 587 

healthcare industry, as a barometer, may not only influence a sustainable consumer satisfaction, but 588 

also are influenced by the industrial policy. Forecasting the impact of national policy on consumer 589 

happiness and consumer satisfaction is crucial for designing sustainable R&D and for drawing the 590 

right national vision. 591 
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This means that nations must not only prioritize public funds for life-sciences research but must 592 

also ensure that their drug pricing and intellectual property (IP) policies support robust 593 

private-sector biopharma innovation.  594 

Governments’ support for life-sciences research and innovation not only improves health 595 

outcomes domestically, but also generates spillover effects, especially among a country’s trade 596 

partners. In an international context these spillovers cross national borders, implying that the R&D 597 

of one country impacts not only the future R&D costs of domestic firms, but also the future R&D 598 

costs of foreign firms (David et al., 2008)”. 599 

 600 
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Abstract: Global competition in economy has been raising patent to a powerful means for market 18 
participants to protect and strengthen their technology or competitiveness. The purposes of our 19 
study are to identify what industries in South Korea are strong or weak in terms of patent 20 
application and to obtain some strategies to make weak industries to become strong. For this, we 21 
gathered the statistics on 7 variables as follows: number of businesses; number of employees; R&D 22 
investment; number of researchers in full time equivalent; number of research institutions; 23 
domestic market size; number of patent applications. Especially, comparison between the ratio of 24 
patent application and the ratio of domestic market size by industry classified all the industries 25 
into three categories as follows: strong-, weak-, and no-patent industry. Furthermore, data 26 
envelopment analysis, DEA, suggested some strategies for each industry to strengthen patent 27 
application. In the DEA analysis, number of patent application is used for output variable and the 28 
other 6 variables are used for input variables. Our study, we argue, will be helpful to the 29 
industries where protection by patent is an important means to run their businesses.    30 

Keywords: patent-strengthening strategy; industry analysis; patent analysis; market size; R&BD 31 

infrastructure; data envelopment analysis;  32 
 33 

1. Introduction 34 

Under the stimulus of the potential of AlphaGo, an artificial intelligence program by Google 35 
DeepMind or Watson, a question answering computer system by IBM, the term ‘the fourth 36 
industrial revolution’ has become a hot issue in the related governments or industry sectors in 37 
South Korea. For South Korea, it is a shortcut for survival to break through in the era of industrial 38 
revolution through appropriate strategies because South Korea shows the manufacturing 39 
industry-leading, export-oriented economic structure. In this context, we have an interest in the 40 
strategies for strengthening output by industry in South Korea. 41 

                                                 
1 Pilot analysis with different data was presented before [32]  
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Many governments or global companies exert all the endeavors in their power for sustainable 42 
growth and improvement of global competitiveness in a rapidly changing business environment 43 
and due to lack of available resources. South Korea’s government is faced with a difficult situation 44 
such as growing demand of welfare due to growing of the number of elderly people and difficulties 45 
in tax revenues caused by recession depresses. Therefore, the increasing rate of public R&D, 46 
research and development, investment, shows a decreasing trend [1]. For a sustainable growth and 47 
an enhancement of competitiveness in the limit of available resources, we need a new approach and 48 
the ‘open innovation’, introduced by Chesbrough [2], has received the attention of many 49 
researchers [3-8]. The term ‘open innovation’, in short, refers to the use of outer knowledge as well 50 
as inner one to improve internal innovation.  51 

Meanwhile, Data Envelopment Analysis, DEA, has been widely used in the analysis of 52 
efficiency and productivity. Yang and Anderson pointed out that the open innovation approach 53 
was not a single, unique strategy for firms to succeed in innovation competition [9]. They aimed to 54 
study 18 global companies’ open innovation strategies with DEA method, where they used 55 
companies’ R&D investment, patents, revenue, market capitalization, intangible assets, and 56 
goodwill published in each company’s annual reports. But the study did not suggest companies’ 57 
efficiency on open innovation. It’s difficult to find some studies effectively adopting both open 58 
innovation and DEA for the analysis of efficiency or strategy. We presume that it is difficult to use 59 
both the two methods in the same point of view because the term ‘open innovation’ is involved in 60 
practical strategy while the term ‘DEA’ is a method of efficiency analysis. Therefore, we restrict the 61 
scope of our study in finding strategies to strengthen output by industry in South Korea using 62 
DEA. 63 

Patent has been widely used as a surrogate variable in the study of measurement of output, 64 
technology innovation activity, or strategy of technology management [10-14]. We also use patent 65 
as a surrogate variable of output or endeavor of technology innovation. Here, there are two types of 66 
patents: applied patent and registered one. When we analyze technology innovation or output of 67 
R&D, the statistics of applied patent is more appropriate rather than the registered one. Because the 68 
time difference between R&D and patent application is shorter and the dispersion of the difference 69 
is lower than the case of patent registration [15]. Therefore, we use applied patent in our study.   70 

Patent system gives a set of exclusive rights to assignee or inventor for a limited time in 71 
exchange for public disclosure of the invention. Therefore, the system has a conflicting function, 72 
exclusion and diffusion of knowledge. Although an inventor or assignee applies for a patent under 73 
the above mentioned patent system, there are various reasons for patent applications. In other 74 
words, exclusive right is not a single unique reason for patent application. For example, the reasons 75 
for patent application are as follows: (1) technical monopoly, (2) intangible property, gaining of 76 
property about technology, (3) set-up or boosting of technology development, (4) solution of patent 77 
dispute, (5) return on investment, (6) expectation on government assistant, (7) method of sales or 78 
contract, (8) commercialization of technology. There are some studies investigating on determinants 79 
of patent application [16, 17]. Pakes and Griliches developed an equation for patent production 80 
activities where independent variables were R&D investment, time, and function of difference 81 
between research productivity and patent tendency among firms and dependent variable was 82 
patent production [16]. Jeong [17] also referred and modified the Pakes and Griliches’ model. She 83 
studied on determinants of patent applications in Korea at a firm level. She checked R&D 84 
investment, sales for surrogate variable of firm’s size, depreciable assets divided by number of 85 
employees for surrogate variable of capital intensity, change of patent system, CR3 for market 86 
structure2. She found that the most influencing variable for patent application was sales for 87 
surrogate variable of firm’s size. In her study, R&D investment, capital intensity, and change of 88 
patent system were also significant variable while CR3 was not an explanatory variable for patent 89 
application. Park and Sung estimated the science and technology knowledge production function 90 

                                                 
2
 In economics, CRk which means the market share of the k largest firms is frequently used to check market 

intensity and CR3 is used for the published index of the Statistics Korea [19]. 
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using principal component regression model [18]. They utilized the above mentioned model to 91 
solve the multicollinearity among multiple variable in regression analysis. The study started from 92 
the hypothesis as follows: ‘The three independent variables such as patent stock, R&D stock, and 93 
number of researchers have a positive effect on patent production.’ They argued that most of the 94 
technology innovation of the present year was the result of knowledge and experience accumulated 95 
before. Therefore, they argued, knowledge or capability for technology innovation of a country, 96 
industry, or firm can be expressed by the stock of knowledge and experience the entity has. They 97 
used a function of cumulative sum from the time series data of paper, patent, and R&D investment 98 
for paper stock, patent stock, and R&D stock, respectively. They concluded that “the principal 99 
component regression model was useful to estimate the effect of the highly correlative production 100 
factors and showed that the number of researchers, R&D stock, paper or patent stock had all 101 
positive effect on the production of paper or patent.”  102 

Meanwhile, Acemoglu and Linn developed a simple relation between innovation and potential 103 
market size [20]. They argued that “a key determinant of innovation is the potential market size of 104 
users.” Especially, they gave a concrete example as follows: “a 1 percent increase in the potential 105 
market size for a drug category leads to approximately 4-7.5 percent growth in the entry of new 106 
drugs approved by the FDA.” They, however, explained that their result might be 107 
non-representative: “especially because the pharmaceutical industry might be more research 108 
oriented than other industries.” Kortume investigated the explanations for the decline of the 109 
patent-to-R&D ratio over the past three decades till the late 1980’s [21]. Kortum concluded that the 110 
reasons for the decline in the patent-R&D ratio were as follows: (1) technological opportunities 111 
decreased; (2) the economic value of inventions rose due to growth in the size of markets; (3) cost of 112 
dealing with the patent system rose.  113 

We found from the literature review that there were many variables which could have an 114 
effect on patent production and the variables could be crossly related. In this study, we are 115 
interested on Jeong’s study [17] where the most influencing variable for patent application is 116 
surrogate variable of firm’s size. Furthermore, we concentrate on Acemoglu and Linn’s result [20] 117 
where the potential market size is a key determinant of innovation. Moreover, most of the reasons 118 
for patent application we mentioned above could be summarized to business opportunity, where 119 
market size for a surrogate variable could be used. 120 

We pay attention to the fact that there is a large difference in patent application by industry in 121 
South Korea. To check the difference, we compare the ratio of number of patent by industry. In this 122 
process, we use market size as well as other R&BD (Research and Business Development) 123 
infrastructure such as R&D investment and number of businesses, employees, researchers, and 124 
research institutions. Lastly, we develop some strategies for strengthening patent application by 125 
industry in South Korea. For this purpose, we adopted DEA method, which has the merit that there 126 
is no assumption about functional relation among variables.  127 

2. Data: R&BD Infrastructure in South Korea 128 

2.1. Domestic market size: surrogate variable for economic activity 129 

In our study, market size as well as number of patent application is the most important 130 
variable. We want to check the number of patent application compared to market size by industry 131 
in South Korea. Meanwhile, gross domestic product, GDP, or the total sales by industry is also 132 
frequently used to measure economic activity. Therefore, we briefly check the relation between 133 
market size and the other two variables and why the market size variable is preferred to the other 134 
ones in our study. Figure 1 shows a rough relation among the three variables though it does not 135 
follow the clear definition of the variables. The target of total sales is domestic companies and the 136 
total sales are composed of domestic sales, export, and import-and-domestic sales by the domestic 137 
companies. GDP is a monetary value of all final goods and services produced within a country’s 138 
borders in a specific period (yearly or quarterly). GDP is not a complete measure of economic 139 
activity because it accounts for just final output excepting intermediate transactions in the 140 
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intermediate stages of production. Roughly speaking, GDP is composed of domestic sales, export, 141 
and stock. Domestic market size is the total size of consumption market and is composed of import 142 
and domestic sales. 143 

 144 

 145 
Figure 1. Crude Description on Relationship among Domestic Market Size, GDP, and Total Sales 146 

 147 
For total sales by industry in South Korea, there are three different statistics published by the 148 

related governments. The first is the economy census conducted every five years by Statistics Korea. 149 
The target of the census is all the companies (about 3,300,000 companies) [19]. The second is the 150 
business activity survey performed every year by Statistics Korea [19]. The target of the survey is 151 
about 13 thousands companies in which the number of employees is over 50 and the gross capital is 152 
over three hundred million won (about US$ 300,000). The last is the national tax statistics published 153 
by National Tax Service [23]. But it does not show the total sales in the detailed classification of 154 
industry. We can find the GDP statistics in the economic statistics system of the Bank of Korea [24]. 155 
The targets of this variable are all the economic entities such as households, companies, and 156 
governments who are engaged in economic activities. The statistics of domestic market size of 157 
South Korea can be found in the inter-industry relation table, targeting all the companies of South 158 
Korea, published by the Bank of Korea [19]. Actually, we estimated the domestic market size of 159 
South Korea using the equation (1) proposed by Korea Institute for Industrial Economics & Trade 160 
[25].  161 

 162 

Domestic market size = (nominal) total production – export + import, (1) 

 163 
The exclusive rights, given by the Intellectual Property Office of a nation, to the assignee of the 164 

invention are restricted to the nation. Therefore, the business opportunities expected by the patents 165 
applied to Korean Intellectual Property Office are also limited to the market size of South Korea. 166 
Anyone who has an interest on Korean market can apply a patent to Korean Intellectual Property 167 
Office. According to the official announcement, there were 204,589 patent applications in South 168 
Korea in 2013. Among them, the number of the applied patents by foreigners and South Koreans 169 
are 44,611 (22% of the whole ones) and 159,978 (78% of the whole ones), respectively [22]. Market of 170 
one nation is also shared by all players who have an interest on the market. For example, foreign 171 
car exporters such as General Motors Group, Ford, BMW, or Volkswagen sell their cars in the car 172 
market of South Korea.  173 

 To sum up, there is a limit of nation on the exclusive rights of patent while anyone can apply 174 
a patent to the related patent office. Domestic market size variable meets the two conditions of 175 
patent system. GDP statistic does not reflect the whole economic activities while it also satisfies the 176 
two conditions. Total sales variable produced by the related government does not meet any of the 177 
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two conditions. As a result, we argue, domestic market size variable is more appropriate than the 178 
other two variables for our study to compare with the number of applied patents by industry in 179 
South Korea.  180 

2.2. Statistics of R&BD infrastructure by Industry  181 

We want to compare R&BD infrastructure by industry in South Korea for the purpose of 182 
checking what industry sector produces many patent output considering its own input factors. We 183 
also need the R&BD infrastructure statistics to obtain appropriate strategies for strengthening 184 
patent output by industry in South Korea. Therefore, we checked many available statistic variables 185 
which are related to the R&BD infrastructure and recorded in accordance with the Korean Standard 186 
Industrial Classification [26]. Many variables related to the determinant factors of patent 187 
application mentioned in the introduction section of this paper failed to be used in our study 188 
because they did not disclosed in accordance with the Korean Standard Industrial Classification, 189 
which is the unit of our analysis. In the same manner, it’s difficult to gather R&BD infrastructure 190 
data in detailed classification. Table 1 shows the classification codes and their explanations used in 191 
our study and it covers all the industries classified by the Korean Standard Industrial Classification. 192 
In economy of South Korea, the industry of manufacturing is very important and produced about 193 
87 percent of all the patent application in 2013 [22]. Therefore, we gathered and analyzed the 194 
statistics of the industry of manufacturing in detail one step further. The number of targeted 195 
classifications mentioned in Table 1 is 44, among which 33 codes are contained in the industry of 196 
manufacturing. 197 

 198 
Table 1. Korean Standard Industrial Classification List used in this study 199 

Code Explanation of industrial classification (code) 

A Agriculture, forestry and fishing 

B Mining and quarrying 

C10 Manufacture of Food Products 

C11 Manufacture of  Beverages 

C12 Manufacture of Tobacco Products 

C13 Manufacture of Textiles, Except Apparel 

C14 Manufacture of wearing apparel, Clothing Accessories and Fur Articles 

C15 Tanning and Dressing of Leather , Manufacture of Luggage and Footwear 

C16 Manufacture of Wood Products of Wood and Cork ; Except Furniture 

C17 Manufacture of Pulp, Paper and Paper Products 

C18 Printing and Reproduction of Recorded Media 

C19 Manufacture of Coke, hard-coal and lignite fuel briquettes and Refined Petroleum Products 

C20 Manufacture of chemicals and chemical products except pharmaceuticals, medicinal chemicals 

C21 Manufacture of Pharmaceuticals, Medicinal Chemicals and Botanical Products 

C22 Manufacture of Rubber and Plastic Products 

C23 Manufacture of Other Non-metallic Mineral Products 

C24 Manufacture of Basic Metal Products 

C25 Manufacture of Fabricated Metal Products, Except Machinery and Furniture 

C26 Manufacture of Electronic Components, Computer, Radio, Television and Communication 

Equipment and Apparatuses 

C27 Manufacture of Medical, Precision and Optical Instruments, Watches and Clocks 

C28 Manufacture of electrical equipment 
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C29 Manufacture of Other Machinery and Equipment 

C30 Manufacture of Motor Vehicles, Trailers and Semitrailers 

C31 Manufacture of Other Transport Equipment 

C32 Manufacture of Furniture 

C33 Other manufacturing 

D Electricity, gas, steam and water supply 

E Sewerage, waste management, materials recovery and remediation activities 

F Construction 

G Wholesale and retail trade 

H Transportation 

I Accommodation and food service activities 

J Information and communications 

K Financial and insurance activities 

L Real estate activities and renting and leasing 

M Professional, scientific and technical activities 

N Business facilities management and business support services 

O Public administration and defense; compulsory social security 

P Education 

Q Human health and social work activities 

R Arts, sports and recreation related services 

S Membership organizations, repair and other personal services 

T Activities of households as employers; undifferentiated goods- and services- producing activities 

of households for own use 

U Activities of extraterritorial organizations and bodies 

 200 
Table 2 shows the statistics of R&BD infrastructure by industry in South Korea in 2013. All the 201 

data of Table 2 can be obtained by the related Korean governments. Statistics of number of 202 
businesses (B) and number of employees (E) are published in the Census on Establishments of 203 
Statistics Korea [19]. Next, statistics of R&D investment (R&D), number of researchers in full time 204 
equivalent (R-FTE), and number of research institutions (I) can be obtained from National Science & 205 
Technology Information Service (NTIS) operated by Ministry of Science, ICT & Future Planning [1]. 206 
Statistics of domestic market size (M) can be calculated from the input-output table base price of the 207 
inter-industry relation table published by the Bank of Korea [19]. Lastly, statistics of number of 208 
patent applications (P) can be obtained from the statistics of intellectual property in Korean 209 
Intellectual Property Office [22]. 210 
 211 

Table 2. Statistics of R&BD infrastructure by Industry in South Korea in 2013 212 

Code B E R&D R-FTE I M P 

All 3,676,876 19,173,474 59,301 321,842 25,882 3,432,302 198,669 

A 2,708 34,527 26 174 30 68,446 2,612 

B 1,883 15,872 25 43 4 179,589 397 

C10 53,832 286,875 405 3,955 614 102,445 3,500 

C11 1,300 16,479 26 278 51 10,953 148 

C12 13 1,983 33 96 1 2,480 128 
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C13 21,201 150,098 124 1,129 357 29,565 629 

C14 24,129 144,266 202 2,017 314 30,988 537 

C15 5,378 36,865 39 242 69 11,600 1,092 

C16 6,240 35,299 13 173 61 8,997 463 

C17 6,256 73,734 55 578 145 24,521 215 

C18 17,921 69,864 35 350 111 7,523 302 

C19 289 10,930 291 688 32 128,178 358 

C20 8,611 146,956 2,657 14,687 1,307 144,231 12,789 

C21 906 34,786 1,083 5,750 336 18,461 9,544 

C22 20,282 265,353 725 3,905 728 66,858 4,507 

C23 10,141 107,993 317 1,634 360 46,830 6,011 

C24 7,647 159,586 620 2,571 438 124,319 2,539 

C25 63,092 425,722 549 4,492 1,040 120,027 4,231 

C26 12,433 443,605 23,415 89,824 2,434 163,428 42,863 

C27 10,472 108,597 823 7,783 1,240 33,996 18,758 

C28 19,240 218,200 1,033 9,002 1,584 74,999 20,337 

C29 39,602 421,448 2,665 18,307 3,424 113,677 25,974 

C30 9,307 337,027 5,276 26,142 991 104,300 7,399 

C31 3,498 175,782 735 5,217 240 25,680 4,066 

C32 11,572 66,932 65 505 135 13,321 1,432 

C33 17,254 63,838 71 956 326 53,464 4,633 

D 1,668 68,297 323 985 27 105,789 855 

E 6,965 77,910 33 316 105 17,485 1,933 

F 117,153 1,040,207 960 6,208 2,019 190,336 5,464 

G 960,388 2,879,955 707 6,995 1,611 210,449  

H 371,639 1,014,030 111 522 32 114,668  

I 686,225 1,991,476 9 94 12 97,957  

J 35,541 516,208 1,953 26,127 3,056 117,372 14,953 

K 41,508 700,421 2 23 4 137,142  

L 132,630 466,719 9 108 23 158,591  

M 87,722 861,716 1,041 10,374 1,716 128,928  

N 46,447 943,283 72 656 83 46,256  

O 12,069 644,981 0   112,024  

P 173,485 1,492,354 15 247 46 104,052  

Q 125,703 1,325,849 4 75 18 105,386  

R 103,973 360,621 3 51 12 30,127  

S 398,553 936,830 13 168 49 46,863  

T        

U        

Code: Korean Standard Industrial Classification (KSIC); B: number of businesses; E: number of 213 
employees; R&D: R&D investment (billion won); R-FTE: number of researchers in full time equivalent; I: 214 
number of research institutions; M: domestic market size (billion won); P: number of patent application; All the 215 
references of these statistics are mentioned in the main text above the caption. 216 
 217 
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It is possible to know what R&BD resource is concentrated on which industry                  218 
from Table 2. For example, number of businesses has the largest value (960,388/3,676,876 = 26.1%) in 219 
the industry of ‘Wholesale and retail trade (G).’ In the same way, number of employees and 220 
domestic market size show the largest value in the industry of ‘Wholesale and retail trade (G).’ 221 
R&D investment, number of researchers in full time equivalent, and number of patent application 222 
have the largest value in the industry of ‘Manufacture of Electronic Components, Computer, Radio, 223 
Television and Communication Equipment and Apparatuses (C26).’ Lastly, number of research 224 
institutions shows the largest value in the industry of ‘Manufacture of Other Machinery and 225 
Equipment (C29).’ 226 

3. Comparison between patent application and R&BD infrastructure 227 

In this section, we distinguish strong patent industries from weak ones through comparing the 228 
two ratios, one of which is the ratio of patent application and the other is the ratio of domestic 229 
market size. In addition to domestic market size, the other R&BD infrastructure variables are also 230 
worthwhile to compare with patent application. We adopt a simple method to compare patent 231 
application with the other R&BD infrastructure variables by industry like equation (2). We use the 232 
term ‘Relative intensity of patent application’ because it represents how intensively patent 233 
application is concentrated on each industry compared to the other R&BD infrastructure values. 234 

 235 

ratio of patent application
Relative intensity of patent application = 

ratio of R&BD infrastructure
 (2) 

 236 
Table 3.  Relative intensity of patent application compared to R&BD infrastructure 237 

Code B E R&D R-FTE I M 

C27 33.15 16.67 6.80 3.90 1.97 9.53 

C21 194.96 26.48 2.63 2.69 3.70 8.93 

C28 19.56 9.00 5.88 3.66 1.67 4.68 

C26 63.81 9.33 0.55 0.77 2.29 4.53 

C29 12.14 5.95 2.91 2.30 0.99 3.95 

C31 21.51 2.23 1.65 1.26 2.21 2.74 

C23 10.97 5.37 5.66 5.96 2.18 2.22 

J 7.79 2.80 2.29 0.93 0.64 2.20 

E 5.14 2.39 17.27 9.91 2.40 1.91 

C32 2.29 2.06 6.59 4.59 1.38 1.86 

C15 3.76 2.86 8.47 7.31 2.06 1.63 

C20 27.49 8.40 1.44 1.41 1.27 1.53 

C33 4.97 7.00 19.45 7.85 1.85 1.50 

C30 14.71 2.12 0.42 0.46 0.97 1.23 

C22 4.11 1.64 1.86 1.87 0.81 1.16 

C12 182.23 6.23 1.18 2.16 16.68 0.89 

C16 1.37 1.27 10.31 4.34 0.99 0.89 

C18 0.31 0.42 2.56 1.40 0.35 0.69 

A 17.85 7.30 29.76 24.32 11.34 0.66 

C25 1.24 0.96 2.30 1.53 0.53 0.61 

C10 1.20 1.18 2.58 1.43 0.74 0.59 



Sustainability 2016, 8, x 9 of 16 

F 0.86 0.51 1.70 1.43 0.35 0.50 

C13 0.55 0.40 1.52 0.90 0.23 0.37 

C24 6.14 1.54 1.22 1.60 0.76 0.35 

C14 0.41 0.36 0.80 0.43 0.22 0.30 

C11 2.11 0.87 1.73 0.86 0.38 0.23 

C17 0.64 0.28 1.16 0.60 0.19 0.15 

D 9.49 1.21 0.79 1.41 4.13 0.14 

C19 22.93 3.16 0.37 0.84 1.46 0.05 

B 3.90 2.41 4.68 14.96 12.93 0.04 

     Explanations of column heads are the same with the Table 2. 238 
 239 
Table 3 shows the relative intensity of patent application measured by equation (2) and is 240 

sorted by the last column ‘M’, domestic market size, which is dealt with as an important variable in 241 
our study. The relative intensity of patent application compared to domestic market size can be 242 
written by equation (3).  243 

 244 

Relative intensity of patent application compared to domestic market size

ratio of patent application
= 

ratio of domestic market size

 (3) 

 245 
We classify all the industries into three categories according to the relative intensity value 246 

which are shown in the last column ‘M’ in table 3 measured by equation (3). The first category is 247 
‘strong-patent industry’ which has the relative intensity value over 1. The first two industries of this 248 
category are ‘Manufacture of Medical, Precision and Optical Instruments, Watches and Clocks 249 
(C27)’ and ‘Manufacture of Pharmaceuticals, Medicinal Chemicals and Botanical Products (C21).’ 250 
The second category is ‘weak-patent industry’ which shows the relative intensity value below 1. 251 
The two sample industries of this category having the smallest relative intensity are ‘Mining and 252 
quarrying (B)’ and ‘Manufacture of Coke, hard-coal and lignite fuel briquettes and Refined 253 
Petroleum Products (C19).’ The last category is ‘no-patent industry’ which does not produce patent 254 
application. The industries of this category can be easily identified in Table 2 and 4. We checked the 255 
ratio of domestic market size by the three categories and stated the results in Table 4. As a result, 256 
the strong-, weak-, and no-patent industries divide Korean domestic market size by 29.3%, 33.0%, 257 
and 37.7%, respectively. 258 
 259 

Table 4.  Strong-, Weak-, and No-Patent Industries and their Market Size 260 

Category Industry codes 
Sum of domestic 

market size 

Strong-patent industry 
C27, C21, C28, C26, C29, C31, C23, J, E, C32, C15, 

C20, C33, C30, C22 
29.3% 

Weak-patent industry 
C12, C16, C18, A, C25, C10, F, C13, C24, C14, C11, 

C17, D, C19, B 
33.0% 

No-patent industry G, H, I, K, L, M, N, O, P, Q, R, S, T, U 37.7% 

 261 
Meanwhile, compared to the ratio of number of businesses or employees, the relative intensity 262 

of patent application has the largest value in ‘Manufacture of Pharmaceuticals, Medicinal 263 
Chemicals and Botanical Products (C21).’ Next, compared to the ratio of R&D investment or 264 
number of researchers in full time equivalent, the relative intensity shows the highest value in 265 
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‘Agriculture, forestry and fishing (A).’ Lastly, for the ratio of number of research institutions, 266 
‘Manufacture of Tobacco Products (C12)’ holds the highest rank in the relative intensity. 267 

4. DEA Analysis 268 

Data envelopment analysis, DEA, is a non-parametric method in economics or industrial 269 
engineering to estimate relative efficiency among entities such as firms or countries which are 270 
usually called as decision making units or DMUs. DMU efficiency is defined “as the ratio of the 271 
sum of its weighted outputs to the sum of its weighted inputs” [27]. The DEA method finds the best 272 
practices which are usually called as efficiency frontiers or peers and have an efficiency score of 1 273 
(or 100%) and the method compares the inefficient entities with the efficient ones for the purpose of 274 
benchmarking. In other words, after calculating an efficiency score and identifying the best 275 
practices or frontiers, the DEA method enables us to judge whether an entity is efficient and 276 
determine what inputs or outputs need to be analyzed for the purpose of improving its efficiency. 277 
Meanwhile, the DEA method has the benefit of not assuming a functional relationship among 278 
inputs and outputs because it is a non-parametric approach. This characteristic leads the method to 279 
be widely used in benchmarking or efficiency studies of entities. 280 

The DEA method was formulated by Charnes, Cooper, and Rhodes [28] for the purpose of 281 
evaluating a US federal government program. The method, usually called as CCR model, assumed 282 
constant returns to scale, CRS, and had an input orientation which indicates how much an entity 283 
should decrease its inputs for given outputs to improve its efficiency. Banker, Charnes, and Cooper 284 
proposed a variation of the CCR model, usually called as BCC model, which assumed variable 285 
returns to scale, VRS [29]. In economics, the term ‘returns to scale’ represents “the behavior of the 286 
rate of increase in output relative to the associated increase in the inputs in the long run [30].” If 287 
output changes by the same rate as input’s change, then the case is called as constant returns to 288 
scale, CRS. On the contrary, if output changes by a different rate as input’s change, then the case is 289 
called as variable returns to scale, VRS, one of which is decreasing returns to scale, DRS, and the 290 
other is increasing returns to scale, IRS. The CRS model is appropriate when all entities are 291 
operating at an optimal scale, where all entities “evolve in a perfectly competitive environments, 292 
which is seldom case [30].” Whereas the VRS model is appropriate when all entities are not 293 
operating at an optimal scale, where all entities “face imperfect competition, government 294 
regulations, etc. [30].” Therefore, the VRS model is more realistic than the CRS one. The CRS and 295 
VRS methods have been widely used while many variations of the DEA method have been 296 
developed. As a result, we adopted an input-oriented VRS model of DEA method.  297 

4.1. Summary of DEA analysis 298 

The input variables of the DEA analysis in our study are 6 R&BD infrastructure mentioned in 299 
Table 2 and output variable is number of patent application and the decision making unit is 30 300 
industries marked by Korean Standard Industrial Classification code. Table 5 shows a summary of 301 
DEA analysis results using DEAP software, a free data envelopment analysis computer program 302 
[31]. In Table 5, three types of efficiency are calculated and their meanings are as follows: CRS TE 303 
for technical efficiency from CRS DEA; VRS TE for technical efficiency from VRS DEA; SE for scale 304 
efficiency. On average, pure technical efficiency of industries is 0.670 which means that a better 305 
reorganization of industries could leads to reduce input resources by 33.0%. In other words, the 306 
Korean economy strongly needs to be reorganized for the strong-patent industries. Similarly, there 307 
is a possibility of reducing input resources from the viewpoint of scale. If an industry shows a 308 
pattern of DRS returns to scale, then it faces decreasing returns to scale. On the contrary, if an 309 
industry shows a pattern of IRS returns to scale, then it faces increasing returns to scale. Cause of 310 
inefficiency is determined as follows: 311 

 IF VRS TE or CRS TE > SE THEN cause of inefficiency is ‘Scale’ 312 

 IF VRS TE or CRS TE < SE THEN cause of inefficiency is ‘Pure technology’ 313 
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If the cause of inefficiency of an industry is scale, the industry should improve its efficiency 314 
through adjusting scale. By the way if the cause of inefficiency of an industry is pure technology, 315 
the industry should improve its efficiency through adjusting pure technical factors. Best practices or 316 
peers in which technical efficiency, VRS TE, is equal to 1 build up the efficient frontiers. 13 efficient 317 
industries are identified in Table 5. The other industries (i.e., DMUs) are still a room for further 318 
improvement in terms of efficiency.  319 

Table 5. Efficiency Summary of DEA Analysis 320 

 CODE CRS TE VRS TE SE Returns to Scale  Cause of Inefficiency 

A 1.000  1.000  1.000  -  - 

B 1.000  1.000  1.000  -  - 

C10 0.288  0.289  0.996  DRS  Pure technology 

C11 0.154  1.000  0.154  IRS Scale  

C12 1.000  1.000  1.000  - -  

C13 0.139  0.243  0.574  IRS Pure technology 

C14 0.097  0.176  0.552  IRS Pure technology 

C15 0.890  0.961  0.926  IRS Pure technology 

C16 0.561  1.000  0.561  IRS Scale  

C17 0.087  0.414  0.209  IRS Pure technology 

C18 0.243  0.718  0.339  IRS Pure technology 

C19 0.289  0.298  0.970  IRS Pure technology 

C20 0.441  0.492  0.896  DRS Pure technology 

C21 1.000  1.000  1.000  - -  

C22 0.365  0.366  0.996  DRS Pure technology 

C23 1.000  1.000  1.000  - -  

C24 0.257  0.265  0.972  IRS Pure technology 

C25 0.243  0.255  0.956  DRS Pure technology 

C26 0.609  1.000  0.609  DRS Scale  

C27 1.000  1.000  1.000  - -  

C28 0.864  1.000  0.864  DRS Scale  

C29 0.558  1.000  0.558  DRS Scale  

C30 0.245  0.251  0.976  DRS Pure technology 

C31 0.578  0.586  0.988  IRS Pure technology 

C32 0.707  0.787  0.898  IRS Pure technology 

C33 1.000  1.000  1.000  - -  

D 0.319  0.429  0.745  DRS Pure technology 

E 1.000  1.000  1.000  - -  

F 0.204  0.234  0.871  DRS Pure technology 

J 0.320  0.322  0.994  DRS Pure technology 

MEAN 0.549  0.670  0.820      

CRS TE: technical efficiency from CRS DEA; VRS TE: technical efficiency from VRS DEA; SE: scale 321 
efficiency = CRS TE / VRS TE;  322 

4.2. Strategies for Improving Efficiency 323 
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The DEA analysis suggests an industry move to an efficient point, which is written as 324 
‘projected value’ in the printed result through the DEAP software. For an industry to be efficient, 325 
the input resources of the industry should be changed to the efficient frontier, where the projected 326 
value is located. There are two types of the change, one of which is ‘radial movement’ and the other 327 
is ‘slack movement’. The radial movement refers to “the movement an inefficient DMU has to take 328 
in order to be located on the frontier [27].” The slack movement represents “the additional 329 
movement a DMU located on a segment of the frontier running parallel to the axis has to take in 330 
order to become efficient [27].” The projected value or target value considers both the two 331 
movements. We can develop a strategy for an industry to be efficient using the projected value and 332 
the original one of input resources. The input resources should be reduced by the difference 333 
between the projected value and the original one by each input resource. The ratio of reduction is 334 
represented in equation (4).  335 

Ratio of reduction (%) = (projected value – original value) / original value * 100 (4) 

Table 6 shows the ratio of reduction, or inefficiency by each input resource. For example, 336 
‘Manufacture of Food Products (C10)’ has a very low technical efficiency of 0.289 and if it wants to 337 
be efficient for patent application, it should reduce number of businesses, number of employees, 338 
R&D investment, number of researchers in full time equivalent, number of research institutions, 339 
and domestic market size by 88.6%, 75.7%, 71.1%, 75.4%, 71.1%, and 71.1%, respectively. Meanwhile, 340 
under the input orientation, the input resources should always be changed or reduced for a DMU to 341 
be efficient. This method does not tell the increase of the input resources. Therefore, it is widely 342 
used under lack of resources while it is the main limit of the method.  343 

Table 6. Summary of Inefficient Input Value 344 

CODE VRS TE 
Inefficiency (%) by Input Variable 

B E R&D R-FTE I M 

C10 0.289 -88.60% -75.70% -71.10% -75.40% -71.10% -71.10% 

C13 0.243 -87.50% -82.80% -75.70% -85.60% -90.00% -75.70% 

C14 0.176 -94.30% -88.30% -82.40% -91.90% -92.00% -82.40% 

C15 0.961 -31.40% -3.90% -9.20% -3.90% -12.90% -3.90% 

C17 0.414 -58.60% -71.70% -58.60% -58.60% -64.70% -58.60% 

C18 0.718 -85.30% -75.80% -28.20% -62.40% -75.60% -28.20% 

C19 0.298 -70.20% -70.20% -81.90% -70.20% -73.90% -96.80% 

C20 0.492 -53.00% -57.70% -54.00% -50.80% -50.80% -82.80% 

C22 0.366 -65.10% -70.50% -78.80% -63.40% -63.40% -63.40% 

C24 0.265 -73.50% -84.50% -86.10% -73.50% -76.40% -73.50% 

C25 0.255 -84.60% -80.70% -74.50% -74.50% -74.60% -74.50% 

C30 0.251 -87.60% -90.60% -85.00% -83.90% -74.90% -74.90% 

C31 0.586 -64.30% -86.10% -41.40% -56.50% -41.40% -41.40% 

C32 0.787 -68.70% -38.30% -21.30% -24.90% -40.80% -21.30% 

D 0.429 -57.10% -84.40% -87.30% -82.90% -57.10% -81.50% 

F 0.234 -90.00% -91.20% -76.60% -76.60% -83.00% -76.60% 

J 0.322 -69.10% -81.30% -67.80% -77.10% -67.80% -67.80% 

Explanations of column heads are the same with the Table 2. 345 
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To improve the efficiency of an industry, the industry should have to analyze the best practices, 346 
benchmarks, or peers. The DEA result using the DEAP software shows the peers to be 347 
benchmarked and their peer weights usually called as ‘lambda weights.’ Table 7 represents the 348 
peers and their peer weights by industry code. For instance, ‘Manufacture of Food Products (C10)’ 349 
industry should consult a ‘virtual’ industry comprising ‘Manufacture of Pharmaceuticals, Medicinal 350 
Chemicals and Botanical Products (C21)’, ‘Agriculture, forestry and fishing (A)’, ‘Manufacture of 351 
Medical, Precision and Optical Instruments, Watches and Clocks (C27)’, and ‘Sewerage, waste 352 
management, materials recovery and remediation activities (E)’ with peer weights of 2.7%, 21.3%, 353 
7.2%, and 68.7%, respectively. But the fact that the virtual industry does not exist in reality leads us 354 
to concentrate on the peer with the highest peer weight. For the example of ‘Manufacture of Food 355 
Products (C10)’, ‘Sewerage, waste management, materials recovery and remediation activities (E)’ 356 
industry with the highest peer weight should be intensively analyzed. 357 

Table 7. Summary of Peers 358 

Code Peers Peer weights (in same order as left) 

C10 C21 A C27 E 0.027 0.213 0.072 0.687 

C13 E C12 C16  0.251 0.605 0.144 
 

C14 C12 C27 E  0.805 0.003 0.192 
 

C15 C12 C27 E C33 0.55 
 

0.397 0.053 

C17 C12 C16 C11 B 0.052 0.275 0.672 0.001 

C18 C12 E C16  0.582 0.023 0.394 
 

C19 C12 A C27 C21 0.962 0.019 0.001 0.018 

C20 C27 C21 C26  0.316 0.674 0.010 
 

C22 E C21 C27 A 0.759 0.005 0.147 0.089 

C24 E C27 A C12 0.018 0.071 0.423 0.488 

C25 C23 E C33 C27 0.173 0.571 0.193 0.064 

C30 A C21 C12  0.184 0.724 0.092 
 

C31 A C21 E C12 0.076 0.379 0.100 0.445 

C32 E C27 C12  0.485 0.023 0.492 
 

D A C12 C21  0.257 0.733 0.009 
 

F C27 E C23 C33 0.030 0.131 0.552 0.287 

J C33 E C27 A 0.156 0.051 0.747 0.046 

 359 
Meanwhile, ‘Sewerage, waste management, materials recovery and remediation activities (E)’ 360 

is stated 12 times as a peer and gained the first rank as a benchmark. ‘Manufacture of Tobacco 361 
Products (C12)’ and ‘Manufacture of Medical, Precision and Optical Instruments, Watches and 362 
Clocks (C27)’ are stated 11 times as a peer. 363 

5. Discussion 364 

We found through the literature review that the determinants of patent application are very 365 
diverse, complicated, and mutually correlated. Our study does not consider which variables are 366 
more determinate than the others. However, we started from the assumption that business 367 
opportunity or domestic market size of a country can be one of main determinants for patent 368 
application. Then, considering the domestic market size of each industry, we checked what 369 
industry produces more patents than the other ones.  370 
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The industry with the most patent application is ‘Manufacture of Electronic Components, 371 
Computer, Radio, Television and Communication Equipment and Apparatuses (C26)’ which gains 372 
the first rank in R&D investment and number of researchers in full time equivalent while takes the 373 
fourth rank in domestic market size among 30 industries except no-patent ones. The above simple 374 
fact tells us that patent application tends to appear strong in the R&D-intensive industries and the 375 
domestic market size is not the most deterministic factor for patent application. Nevertheless, we 376 
argue that it is very important to compare patent application with domestic market size because 377 
patent does essentially have business opportunities in mind. Our study classified all the industries 378 
into three categories such as strong-, weak-, and no-patent industries. Especially, the representative 379 
strong-patent industry includes pharmaceutical or medical one. It implies that the industries are 380 
R&D-intensive while their domestic market sizes are smaller than the other case of well-developed 381 
industries in South Korea.  382 

Meanwhile, this study aims to gain some patent-strengthening strategies for inefficient 383 
industries through the DEA method. The method makes a proposal for an inefficient entity, 384 
industries in our study, to be efficient through benchmarking the frontiers, peers, which have the 385 
efficiency score of 100%. The DEA in our analysis discovered 13 peers, 8 of which are used as a 386 
benchmark from the other industries. Three industries among eight ones are belong to the 387 
weak-patent industry while five ones belong to the strong-patent industry. Let’s check why the 388 
three industries belong to the weak-patent industry leaving the other five industries aside because 389 
it is reasonable for them to be belonged to the strong-patent industry. The three industries are as 390 
follows: (1) ‘Manufacture of Tobacco Products (C12)’; (2) ‘Agriculture, forestry and fishing (A)’; (3) 391 
‘Manufacture of Wood Products of Wood and Cork; Except Furniture (C16)’. We identified that the 392 
relative intensities of the industry of ‘Manufacture of Tobacco Products (C12)’ compared to number 393 
of businesses and research institutions are number two and number one among 30 industries, 394 
respectively. Likewise, two relative intensities of the industry of ‘Agriculture, forestry and fishing 395 
(A)’ compared to R&D investment and number of researchers in full time equivalent rank the 396 
highest. Lastly, the industry of ‘Manufacture of Wood Products of Wood and Cork; Except 397 
Furniture (C16)’ shows the fourth rank in the relative intensity compared to R&D investment. 398 
However, the relative intensities in comparison with the domestic market size of three industries 399 
are located in the upper ranks within weak-patent industries. 400 

The strategies through DEA can be helpful in adjusting the R&BD infrastructure for changing a 401 
weak-patent industry into a strong-one. However, the fact that the method of our analysis is based 402 
on the input-orientation leads to focus on the decrease of input resources. Hereby, the 403 
input-orientation based DEA is the cause of popularity with government sector facing lack of 404 
economic resources while it is a weakness from the viewpoint of research methodology. Our study 405 
considers only the data produced within the year 2013 and composed of available statistic variables 406 
sorted by Korean Standard Industrial Classification. Furthermore, some of the weak-patent 407 
industries, we guess, have poor relation with patent application. In other words, a company 408 
belonging to the weak-patent industry has no difficulty in doing his business without a patent. 409 
Therefore, it is impracticable to generalize and apply our result to all the cases. In conclusion, our 410 
study, we argue, will be helpful to the industries where protection by patent is an important means 411 
to run their businesses. 412 
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opportunities reduced the productivity of the research sector (Robert Evenson, 1991); (ii) “markets 
expansion raised the value of patents and competition in the research sector resulted in greater R&D 
expenditure per patent” (Kortum, 1992); (iii) “rising cost of dealing with the patent system led 
researchers to patent fewer of their inventions” (Zvi Griliches, 1990). Acemoglu and Linn (2003) 
developed a simple relation between innovation and potential market size. They argued that “a key 
determinant of innovation is the potential market size of users.” Czarnitzki and Toole (2011) studied 
the relation among patent protection, market uncertainty, and R&D investment. They found that 
“firm-level R&D investment falls in response to higher levels of uncertainty as perceived through 
revenue volatility.” They also found that “patent protection mitigates the influence of uncertainty on 
the firm’s R&D decision and leads to greater current R&D investment when patenting is an effective 
means to appropriate the returns to R&D investment.” This study is based on statistical data such as 
R&D investment, Korean market size, and the numbers of business, worker, researcher, research 
institution, and patent application by industry in Korea. Also, the comparison between the ratio of 
the number of patent application and that of the R&BD infrastructure by industry is performed. Data 
envelopment analysis (DEA) is used to to measure the productive efficiency of each industry. The 
study finds  strong and weak industries in the aspect of productivity of patent application can be 
found by considering their R&BD infrastructure. In sequence, some strategies can be developed by 
industry to strengthen the patent application based on DEA. For example, the technological 
capability of some industries producing many patents and having low pure technical efficiency 
should be enhanced. The other industries showing the Increasing Returns to Scale (IRS) with the 
scale inducing the inefficiency of technique should increase their scale.

Keywords: Patent–strengthening strategy, market size, patent application, DEA, R&BD 
infrastructure, innovation, R&D investment

 

Characterizing the Technological Expectation: 
Claim and Evidence of Graphene
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Abstract 

Technological expectation is considered to have a major role in research and commercialization of 
science and technology, since recently it is reported to show the power of legitimation, cooperation 
and mobilizing resource in R&D activities according to the works of STS scholars. However, few 
instruments are available to evaluate the characteristics of it. In this paper I explore the 
characteristics of technological expectations based on both of quantitative and qualitative 
approaches which include the text network analysis, topic-modeling and the contents analysis. Using 
data from about 10 years of coverage at The Times, Guardian, and New York Times, I have 
characterize the future expectation of graphene which is usually touted as ‘wonder material’ as one 
of prospective new emerging science and technology(NEST). Yet there are many facets of 
technological expectations but I focus on two dimensions: there first one is expectation level with 
tech-level about technological potential and limits, sector-level about commercialization application, 
regulations, government plans and frame-level about the deep thinking about the graphene and the 
other is stakeholder with researcher, policy maker, firms and etc. This study provides several 
explanations regarding the characteristics of expectations which include narrative structure, relations 
between claim and evidence of expectation by the levels and stakeholders and discuss the insights of 
them.

Keywords : technological expectation, graphene, text network
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Abstract 

This research is purposed to investigate the R&D expenditure and its effect on sales, operating 
income, and employment in listed firms in Korea. We collected 14,389 firm data for 11 years in total. 
As of analysis results, the electrics and electronics industry has had the most R&D expenditure as 
well as highest R&D intensity for the recent 11 years, which denotes that Korea has strength on 
manufacturing the electric and electronic parts and products. We analyzed the R&D effect on sales, 
operating income and employment through adopting the technology diffusion model of Bass (1969) 
and estimated the coefficient of innovativeness in the R&D effect on three variables by listed market, 
firm size and industry sector. As of analysis results, the KOSPI has higher coefficient of 
innovativeness in the R&D effect on all three variables than KOSDAQ. When it comes to firm size, 
small and medium firms show the highest coefficient of innovativeness in all R&D effects and large 
firms appear to have the weakness in the R&D effect on employment and intermediary firms on 
operating income. As far as concerned with the industry sector, information communication industry 
is recognized to have the highest coefficients of innovativeness in R&D effects on sales and 
operating income. Bio and pharmaceutical industry and construction industry have relatively high 
coefficient of innovativeness in the R&D effect on sales. In the effect of R&D expenditure on 
employment, energy and resource industry marks highest coefficient of innovativeness. 

Keywords: innovativeness, R&D activities, R&D expenditure, R&D effect, innovation
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Abstract 

This research is purposed to investigate the R&D expenditure and its effect on sales, operating 
income, and employment in listed firms in Korea. We collected 14,389 firm data for 11 years in total. 
As of analysis results, the electrics and electronics industry has had the most R&D expenditure as 
well as highest R&D intensity for the recent 11 years, which denotes that Korea has strength on 
manufacturing the electric and electronic parts and products. We analyzed the R&D effect on sales, 
operating income and employment through adopting the technology diffusion model of Bass (1969) 
and estimated the coefficient of innovativeness in the R&D effect on three variables by listed market, 
firm size and industry sector. As of analysis results, the KOSPI has higher coefficient of 
innovativeness in the R&D effect on all three variables than KOSDAQ. When it comes to firm size, 
small and medium firms show the highest coefficient of innovativeness in all R&D effects and large 
firms appear to have the weakness in the R&D effect on employment and intermediary firms on 
operating income. As far as concerned with the industry sector, information communication industry 
is recognized to have the highest coefficients of innovativeness in R&D effects on sales and 
operating income. Bio and pharmaceutical industry and construction industry have relatively high 
coefficient of innovativeness in the R&D effect on sales. In the effect of R&D expenditure on 
employment, energy and resource industry marks highest coefficient of innovativeness. 
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Abstract 

This study wants to compare the distance between technology and market among Fortune 50 firms, 

Non 500 firms, Start-ups, Laboratory, and University. The distance between technology and market is 

measured by the breadth of open innovation in R&D step, the ratio of co application patents, and the 

depths of open innovation in R&D step, the intensity of open innovation which is the average number 

of co applications in each patent. By comparing with the number of citation, reference, any Family 

patents, we validated ration of open innovation, and intensity of open innovation.  

Keyword: open Innovation, ROI, IOI, patents, Distance between technology and market 

 

 

1. Research Question? 

 

 

 

1) Is there any difference in the distance between technology and market among university, 

national lab, MNCs(Fortune 500), MNCs(Fortune non 500), and SMEs and Start-ups ? 
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- If then, how about the differences? 

2) How about the difference in the distance among 4 entities according to the national 

innovation system (NIS)? 

- U.S., U.K., China, Japan, and Korea 

 

2. Research Scope and Research Method 

 

1) Research Scope  

(1) Contents Scope 

- First, among all patent which were applied at USTPM in Computer Industry, and 

Information and Communication Industry.  

- Second, Applicants from U.S., U.K., China, Japan, Korea 

(2) Time Scope 

- 2002, 2007, 2012 Time interval Analysis  

 

2) Research method 

(1) Measure of the distance between technology and market 

- Open Innovation in patent application: ROI, IOI, number of family patents 

- Number of reference, Number of citation.  

 

(2) Measure of performance of firms 

- Number of Patents application 

- Number of Sub IPC  
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3. Literature Review and Research Framework 

 

1) Literature Review 

Regionally asymmetric knowledge capabilities and open innovation: Exploring 'Globalisation 2'—A 

new model of industry organisation(Phil Cooke, 2005) 

Regional innovation systems: the integration of local 'sticky'and global 'ubiquitous' 

knowledge(Asheim & Isaksen, 2002) 

Learning at the boundaries in an “Open Regional Innovation System”: A focus on firms' innovation 

strategies in the Emilia Romagna life science industry(Belussi, Sammarra, & Sedita, 2010) 

The industrial dynamics of Open Innovation—Evidence from the transformation of consumer 

electronics(Christensen, Olesen, & Kjær, 2005) 

Regional knowledge capabilities and open innovation: Regional innovation systems and clusters in 

the asymmetric knowledge economy(Philip Cooke, 2005) 

Applying open innovation in business strategies: Evidence from Finnish software firms(Harison & 

Koski, 2010) 

Specialized organizations and ambidextrous clusters in the open innovation paradigm(Ferrary, 

2011) 

Neither invented nor shared here: The impact and management of attitudes for the adoption of 

open innovation practices 

 

2) Research Framework 
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Dynamics of Social Enterprises 

-Shift from Social Innovation to Open Innovation 
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, KYUNGBAE PARK, 

CHOONGJAE LM, CHANGHWAN SHIN, and SOOIN LEE, 
 

Abstract 

 
This paper looks into dynamics of open social enterprises. First, we developed a research framework, expressed as the social open innovation dynamics model, 

through a literature review on the following concepts: social economy, sharing economy, collaborative innovation, open innovation and social enterprise. 

Second, we applied the research framework to well-known cases of interest—Burro Brand Ghana LTD. and microfinancing in Bangladesh—to increase the 

validation of the open social innovation dynamics model.  

Third, we applied the model to ten Korean social enterprises and determined the success factors of social open innovation, as well as the concrete dynamics 

behind it. 

For this paper, we used several research methods—literature review, content analysis and case studies through intensive interviews that use a semi-structured 

questionnaire. Study data was gathered from available literature, including intensive interviews and communications via e-mail. For the literature review, the 

following were examined: How Do We Conquer the Growth Limits of Capitalism? Schumpeterian Dynamics of Open Innovation (Yun, 2015), The Process of 

Social Innovation (Mulgan, 2006), Conceptions of Social Enterprise and Social Entrepreneurship in Europe and United States: Convergences and Divergences 

(Defourny & Nyssens, 2010) and Corporate Social Responsibility and the Social Enterprise (Cornelius, Todres, Janjuha-Jivraj, Woods, & Wallace, 2008). In 

addition, to develop a framework, Design Thinking for Social Innovation IDEO (Brown & Wyatt, 2010) and Introduction: From Third Sector to Social 

Enterprise (Defourny, 2001) and Rediscovering Social Innovation (Phills, Deiglmeier, & Miller, 2008) were also examined. 

Among the study findings were the major factors and dynamics of open social innovation. First, direct interaction with closed innovation economy was observed 

and issues of funding, knowledge and social reputation were discussed, including the results of their direct interactions with an open innovation economy. 

Second, in the context of direct interaction with the government, the issues of knowledge, funding, welfare and social service were discussed. Finally, indirect 

interaction from an open innovation economy—through a closed one—to a social innovation economy was presented. 

 

Keywords: Open Social Innovation, Direct and Indirect Interactions, Role of Government, Open Innovation 

 

 

Introduction 

 

As the sharing economy is vitalised, interests in social innovation have been increasing in a more specific form 

(Lowitt, 2013, p. 24; Zervas, Proserpio & Byers, 2014). While innovators in the business world measure their 

success and effectiveness in a straightforward manner (i.e., profits and return on investment (ROI)), by 

definition, social innovators need to take social change into account as the ultimate goal of their strategy 

(Chesbrough & Di Minin, 2014). However, social innovation in a sharing economy or a collaboration economy, 

in particular, falls under Open Social Innovation (OSI). OSI is the application of either inbound or outbound 

open innovation strategies, along with innovations in the associated business model of the organisation, to social 

challenges (Chesbrough & Di Minin, 2014). In fact, most social innovations are the open type because social 

innovation in an open innovation paradigm consists of open innovation that has a goal of solving a social 

problem. 

Therefore, this research, sought to answer the following two study questions: 

What are the success factors of open social innovation? 

What are the dynamics of open social innovation? 

To answer, first, a literature review on social economy, sharing economy, collaborative innovation, open 

innovation and social enterprise was conducted. Through this, a research framework on the success factors and 

dynamics of open social innovation, the object of this research, was set. Second, by applying the research 

framework to foreign social economy and social innovation cases found through the literature review, this paper 

identifies the success factors and dynamics of open social innovation. This research analyses the case of Burro 

Brand Ghana LTD. (Burro), a battery company, as a success case and the case of the microfinancing system of 

Bangladesh as a case that casts doubts on success (Deaton, 2013; Karim, 2011; McInerney, 2011). Third, using a 

semi-structured questionnaire for the intensive interview method, specific success factors and dynamics of open 
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social innovation in ten social enterprises were identified. Based on the most number of newspaper articles 

within the past two years, from 2014 to 2015, the subjects for analysis were selected from social enterprises in 

Korea. Information on these ten social enterprises, including the dates of intensive interviews and their websites 

are listed in Appendix 1. The semi-structured questionnaire used in the said interviews is shown in Appendix 2. 

Through this study, we want to find out the reflective balance between the needs principle versus the works 

principle of welfare economics (Sen A., 1973, p. 87). The OSI approach will be a new paradigm in the 

entitlement approach, which concentrates on each person’s entitlements to commodity bundles including food, 

and views starvation as the result of a failure to be entitled to a bundle with enough food (Sen A., 1981, p. 45). 

In addition to the already accepted entitlement relations—such as trade-based entitlement, production-based 

entitlement, own-labour entitlement, inheritance and transfer entitlement—open social innovation entitlement 

can be considered (Sen A., 1981, p. 2). In addition, the institutional approach to the study of self-organisation 

and self-governance in common property research—when a situation is uncertain because of the lack of 

knowledge—can be expanded by this study of open social innovation. Thus, it may be the catalyst for 

institutional solutions such as social enterprises or cooperatives (Ostrom, 2015, p. 33). 

 

 

Literature Review 

 

Success Factors of Social Innovation 

 

TABLE 1 

Literature Review of Success Factors of Social Innovation 

 
Success Factors of Social Innovation Source Implication 

- Aging population 
- Growing diversity of countries and cities 

- Rising incidence of chronic diseases 

- Many of the behavioural problems 
- Difficult transitions to adulthood 

- Crime and punishment in some countries 

- Mismatch between the growing GDP and stagnating happiness 
- Glaring challenges that threaten the surrounding climate change 

(Mulgan, 2006) 
Where severe social innovation 
deficits exist 

- Social mission that will benefit the community or the creation of social 

value 

- Production of goods and services, as well as their relation to the social 

mission, on a continuous basis 

- Economic risk, which means that the resources of social enterprise may 
come from trading activities, from public subsidies, or from voluntary 

resources  

- Governance structure mainly embedded in the third-sector tradition 
across Europe or social enterprises in the US 

(Defourny & Nyssens, 

2010) 

Convergence and divergences 

between the European and 
American social enterprises 

- Resource and key activities: internal value chain and external value 

network such as social network and economic network 

- Strategy positioning with target customer, such as social customer and 
economic customer; value such as social value and market value 

- Value capture using the revenue model and growth logic 

(La, 2010) 
Components of the business 

model of social enterprise 

- The aim of serving members or the community, rather than generating 
profit 

- Independent management 

- A democratic decision-making process 
- Primacy of people and labour over capital in income distribution 

Defourny, J. (2001) Components of social economy 

- High degree of autonomy 

- Significant level of economic risk 

- Minimum amount of paid work 

- Explicit aim to benefit the community 

Defourny, J. (2001) Components of social enterprise 

- Deviants with a powerful new idea 

- People who are discovering that entrepreneurship can help them 
simultaneously meet community needs and become more financially 

self-sufficient 

- Pioneers who are discovering that entrepreneurship can help them 
simultaneously meet community needs and become more financially 

self-sufficient 

- Non-profit executives 

(Galera & Borzaga, 

2009) 

Four different definitions of 
social entrepreneurs that refer to 

individuals endowed with a 

vision for social change and the 
financial resources needed to 

support their ideas 

- Pursuit of the social goal (Galera & Borzaga, Three salient features of social 
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- Non-profit distribution constraint 

- Assignment of owner rights and control of stakeholders’ power other 
than investors, alongside an open and participatory governance model 

2009) enterprises 

- The Open University 

- Fair trade  
- Greenpeace 

- Grameen 

- Amnesty  
- Oxfam International 

- Linux software 

- NHS Direct 
- Participatory budgeting models 

(Mulgan, Tucker, Ali 

& Sanders, 2007) 

Ten world-changing social 

innovations 

- Opportunity: responses to market failure 

- Context: interaction between a social venture’s mission and 
performance measurement system 

- People and resources: difficulties in resource mobilisation 

- Deals: ambiguities associated with performance measurement 

(Austin, Stevenson & 

Wei‐Skillern, 2006) 

Difference of social 
entrepreneurship by PCDO 

(people, context, deal and 
opportunity) 

- Continuous activity for the production of goods and/or selling services 
- High degree of autonomy 

- Significant level of economic risk 

- Minimum amount of paid work 
- Explicit aim to benefit the community 

- Initiative launched by a group of citizens 

- Decision-making power not based on capital ownership 
- Participatory nature, which involves various parties affected by the 

activity 

- Limited profit distribution 

(Defourny & Nyssens, 

2008) 
Definition of social enterprise 

 

Through the literature review, as shown in Table 1, we were able to find four different success factor categories 

of social innovation with regard to severe social innovation deficits, components of social enterprises and the 

economy, mechanism of social innovation, definition and components of social entrepreneurs as well as social 

entrepreneurship and world-changing social innovations. The aforementioned success factor categories of social 

innovation are social value, start-ups including SMEs, big businesses and the government, which are shown in 

Table 2. 

 

TABLE 2 

Four Different Success Factor Categories of Social Innovation Garnered from the Literature Review 

 
Four Success Factor Categories Examples Literature 

Social value category 

- Severe social innovation deficits 

- Social mission to benefit the community or the creation of 

social value 
- Aim to serve members or the community rather than 

generating profit 

- Meet the community’s need 
- Pursuit of the social goal 

- Explicit aim to benefit the community 

- Initiative launched by a group of citizens 
- Primacy of people and labour over capital in income 

distribution  

(Mulgan, 2006) 

(Defourny & Nyssens, 2010) 

(Defourny, 2001) 
(Galera & Borzaga, 2009) 

(Defourny & Nyssens, 2008) 

Start-ups including category of 
SMEs 

- Governance structure mainly embedded in the third-sector 

tradition across Europe or social enterprises in the US 
- Production of goods and services, as well as their relation to 

the social mission, on a continuous basis 

- Internal value chain and external value network such as 
economic network 

- Interaction between a social venture’s mission and 

performance measurement system 
- Continuous activity for the production of goods and/or selling 

services 

(Defourny &Nyssens, 2010) 

(La, 2010) 
(Austin et al., 2006) 

(Defourny & Nyssens, 2008) 

Big business category 

- Economic risk, which means that the resources of social 
enterprise may come from voluntary resources 

- Grameen 

- Fair trade 
- Difficulties in resource mobilisation 

- High degree of autonomy and limited profit distribution 

- Value capture with revenue model and growth logic 

(Defourny & Nyssens, 2010) 

(Mulgan et al., 2007.) 

(Austin, et al., 2006) 
(Defourny & Nyssens, 2008) 

(La, 2010) 
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Government category 

- Response to the market failure 

- Economic risk, which means that the resources of social 
enterprise may come from public subsidies 

- Significant level of economic risk 

- Assignment of owner rights to stakeholders other than 
investors 

(Austin et al., 2006) 
((Defourny & Nyssens, 2010) 

(Defourny & Nyssens, 2008) 

(Galera & Borzaga, 2009) 
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Dynamics of Social Innovation 

 

TABLE 3 

Literature Review of Dynamics of Social Innovation 

 
Dynamics of Social Innovation Source Implication 

- Apprenticeship; studies the field and gains entrepreneurial 

skills 
- Concept and launch of first pilot project; envisages and 

creates a pilot for an innovative solution to a social problem 

- Success and development; spreads the solution until it 
becomes a reference point in the field on a national or 

international level 
- Global impact; thinks and acts globally, making their best 

ideas accessible worldwide 

(Sen P., 2007) The life cycle of a social entrepreneur 

- Generating ideas by understanding needs and identifying 

potential solutions 
- Developing, prototyping and piloting ideas 

- Assessing, scaling up and diffusing good ideas 

- Learning and evolving 

(Mulgan, 2006) The process of social innovation 

- Generating ideas by understanding the needs and identifying 

potential solutions 

- Developing, prototyping and piloting ideas 
- Assessing, then scaling up and diffusing the good ones 

- Learning and evolving 

(Mulgan et al., 2007) Stages of social innovation 

- Why: Leadership 

Mission statement, trends and grand challenges, motivational 
and inspirational leadership 

- How: Management 

Open innovation, both outside–in and inside–out 
- How: Business Process 

Finding the problem, ideation, conception, implementation 

- What: Innovation as a Process Identification of drivers, 
levels, directions, sources and locus 

- What: Innovation as an Output 

Identification of forms, magnitude, referent and type of 
innovation 

(Spruijt, Spanjaard & 

Demouge, 2013) 

The golden circle of innovation; what 

companies can learn from NGOs 
when it comes to innovation 

- Prompts, inspirations and diagnoses 

- Proposals and ideas 
- Prototyping and pilots 

- Sustaining 

- Scaling and diffusing 
- Systemic change 

(Murray, Caulier-Grice & 

Mulgan, 2010, pp. 12–13) 
The six stages of social innovation 

- The State: support in the public sector 

- The Grant Economy: support in the grant economy 
- The Market: support in the market economy 

- The Household: support in the informal or household 

economy 

(Murray et al., 2010, p. 143) 
Social economy as the interfaces 

among the four entities 

- Interaction among opportunity, capital and people 
- Environmental contexts including regulatory, sociocultural, 

macroeconomy, political, demographics and tax 

(Austin et al., 2006) 
Centrality of the SVP (social value 

proposition) 

- Exchange of ideas and values between public, private and 
nonprofit sectors; socially responsible investment 

- Shifting roles and relationships between government and 

nonprofit businesses: emissions trading 
- Blending of market-based principles and mechanisms with 

public and philanthropic support: affordable home 

ownership and secondary mortgage market 

(Defourny, 2001) Mechanisms of social innovation, 
which refers to any novel and useful 

solution to a social need or problem 

that is better than existing approaches 
and for which the value created 

primarily accrues to the society as a 

whole rather than to private 

individuals 

- Open innovation economy 

- Closed innovation economy 

- Social innovation economy  

(Yun, 2015) 
Dynamics of the open innovation 
economy system 

 

According to the Table 3, the dynamics of social enterprises or social innovation has three different categories—

liner model, cycle model and interaction model. The liner model includes studies by Sen (2007), Mulgan (2006) 

and Murray et al. (2010). On the other hand, the cycle model includes Spruijt et al. (2013) and Yun (2015), 

while the interaction model includes Murray et al. (2010) and Austin et al. (2006). Based on the literature 
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reviews in Tables 2 and 3, we may create our own dynamic model of success factors of social innovation. 

 

 

Creating a Dynamics Model of Success Factors of Social Innovation Research Model 

 

FIGURE 1 

Dynamic Model of Success Factors of Social Innovation 

 

 
 

We created a research model as shown in Figure 1, which shows the three different dynamics of success factors 

of social innovation. The first dynamics is the circle dynamics, which refers to the flow of capital. Capitals that 

were donated or investments of big businesses and social enterprises move from being a social enterprise to an 

SME when it catches up with the market value in addition to the original social value, which was the starting 

base of the firm. Next, capitals in SMEs become big businesses through a good relationship between the SMEs 

and big businesses. The second dynamics is the interaction between revenue and cost. Social enterprises provide 

big businesses with social reputation and future customers, as well as take donations and economic support from 

them (Crowther & Aras, 2008, p. 10). Social enterprises give SMEs a new market business model. In addition, 

they receive expertise and manpower from SMEs. Third, governments provide supports to social enterprises and 

regulate big businesses and SMEs to ensure the survival of social enterprises. 

 

Application of the Research Model to the Cases of Burro Brand Ghana and Microfinancing in 

Bangladesh 

 

TABLE 4 

The Social Innovation Dynamics of Burro Brand Ghana 

 
Dynamics Concrete Dynamics Contents 

Circle A 

- Increasing market revenue by increasing the rental of Burro batteries  
- Increase in list of rentals, such as mobile phone charger, flashlights, etc., which are operated 

using Burro batteries, other than the batteries (manufactured by Burro) themselves; seizing of 

growth opportunities by locals who participate in additional businesses through their gradual 
development into independent SMEs 

- Through the expansion of Burro branches in all parts of Ghana, there is a continued earning 
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of steady profits and gained momentum for profit increase; expected growth of their 

participation as an independent corporation 

B 

- M&A to P&B Unilever (in consideration) 

- Investment from China’s big businesses (in consideration) 

- Received investment from big businesses including MS 

C 
- Sold the Cranium board game company at USD 75 million dollars to Hasbro, a professional 

toy company 

Interaction 

a 

- Burro’s focus on affordable products for the low-income group and the ability to personally 

improve productivity and services 
- Burro’s values: first, respect; second, innovation; and third, empower more people in Africa 

to do more things 

b 

- Founder who used to work at MS received stock option and founded a business after building 

up experiences and through investments, founded Burro with MS Network 
- Pursuing to grow the business into a franchise chain based on investments, etc., from big 

businesses (consideration) 
- Selling the branch network expanded based on investments from big businesses to investors 

for USD 100 to 200 thousand (in consideration) 

c 
Burro investments from big businesses, such as MS and expansion of branches to recruit large-

scale resellers for Burro, etc. 

Support and 

regulation 

α 

Burro’s battery design and performance improvement support from the Greenlight Planet and 

organisation officers of Engineers Without Borders  

World Bank’s ‘Lighting Africa Meeting’ 

β 
- Exerting various efforts on the national level for big foreign businesses such as MS’s 

investment in Ghana’s social innovation economy in the current circumstances where Ghana 

does not have its own big businesses in the country 

γ 
- Supplementing the lack of experience in SMEs and start-ups by locally attracting American 

MBA interns and European SMEs or start-ups, thereby contributing to the growth of Burro’s 

social enterprises 

Source: (Alexander, 2012) 

 

Above all, the social innovation dynamic circle is concrete in the Burro case. Also, according to Table 4, the 

interaction between social enterprises and SMEs, as well as social enterprises and big businesses, remains active. 

The founder of Burro worked at MS—a big business—and started his own company Cranium, which he later 

sold to a large company. Then, he started his own social enterprise through donations, fund from MS and diverse 

microfunding sources. As shown in Table 4, the biggest characteristic of the Burro case is the shared growth of 

the social innovation economy and the open innovation economy. That means, along with the social value 

related to Ghana’s light, which improves the quality of life, the economical profits of Burro has been 

concurrently increasing. Resulting from the possibility that a large-scale production system may be transformed 

through foreign big businesses because of the lack of big businesses in Ghana, it is clear that Burro’s positive 

circle structure within Ghana has limitations. However, the case of Burro—which has been experiencing social 

values as a social company as well as market values as an SME—shows the meanings of performance factors 

for the success dynamics of social enterprise. 

 

Microfinancing in Bangladesh 

 

TABLE 5 

Social Innovation Dynamics of Microfinancing in Bangladesh 

 

Dynamics 
Concrete 

Dynamics 
Contents 

Circle 
A 

- Grameen Danone is an enterprise found by Grameen Bank and Danone, a French dairy company, 

with the object of producing yogurt in Bangladesh. It spread a business wherein Grameen 
borrowers sell Grameen Danone’s yogurt. However, it failed to grow as an SME or as a new start-

up because of the lack of demand for expensive yogurt. 

- Grameenphone is an enterprise of which 62% of its shares are owned by Telenor, a Norwegian 
telecommunications giant, and the remaining 38% shares are owned by Grameen Telecom 

Corporation. It spread a business in which it sold phones to Grameenphone ladies, who are thereby 

allowed to lease such phones. Despite the high demand in phone sales, there was no steady stream 
of income, and competition was too high. Thus, it mostly failed to grow as an SME or a new start-

up. 
- Building Resources Across Communities’ (BRAC) poultry farming program allowed microfinance 

borrowers to farm chickens, but as most chickens died, they failed to grow as SMEs and fell deeper 

into microfinancing. 

B - Established Grameen Danone from the investments of the French company, Danone  
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- Established Grameenphone from the investments of Norwegian company, Telenor  

C 
- Non-existent cases on growth from weak SMEs and start-up open innovation ecosystems to big 

businesses because of the closed innovation ecosystem  

Interaction 

a 

- Public shame was given to males and females who defaulted to receiving loans amidst NGO 

officials’ pressure.  

- Operation of a strong forced-repayment system, which is based on a new connection and 
combination between technology and markets and does not have an inflow of new ideas 

b 
- Among the 2006 aid funds for microfinancing in Bangladesh, 80% of the amount was monopolised 

by Grameen Bank (GB), BRAC and the Association for Social Advancement (ASA).  

c 
- Because of not only the lack of big businesses within Bangladesh, but also the strong repayment 

system that causes social enterprises to fail from growing into SMEs or start-ups, there is almost no 

interaction between SMEs and big businesses.  

Support and 

regulation 

α 

- The relationship between the country and NGOs was formed through continuous adjustments and 
negotiations. 

- BRAC received funds from aid organisations during the 1998 flood for the re-establishment of 

farming area roads, but it used the funds to pave roads to a mosque, instead of public roads. 
- As a power structure, microfinancing gives leverage to creditors in controlling the acts of 

borrowers for goals set by an NGO. Also, national regulations regarding such have been gradually 

weakened in negotiations. 

β 
- No regulation of the Bangladeshi government over big businesses as most of them are not local but 

from advanced countries 

γ 

- In the circumstances where not enough SME growth exists in Bangladesh, no role or system is 

established by the Bangladeshi government in promoting the development of SMEs by imposing 
regulations on social enterprises, or on the contrary, promoting or regulating SMEs to deploy 

expertise and knowledge in social enterprises. 

Source: (Bateman & Chang, 2009; Karim, 2011; Khandker, 2003; Yunus, 2007) 
 

Almost all social and economic problems of the world will be addressed through social businesses (Yunus, 2007, 

p. 233). However, without the knowledge or experience of open innovation by SMEs or start-ups, a creative 

social business cannot be actualised according to the microfinancing structure in Bangladesh. In summarising 

the case of microfinancing in Bangladesh, as shown in Table 5, it is the imbalance between the social innovation 

economy and the open innovation economy that is the reason behind such failure. Many seeds of social 

enterprises that were based on microfinance failed to develop into SMEs or start-ups. Moreover, the knowledge 

and experiences of SMEs and start-ups—i.e., experiences of a creative connection and the collaboration of 

technology and markets—are not sufficiently deployed in a social innovation economy. 

 

Case Study of Korean Social Enterprises 

 

We categorised ten Korean social enterprises into three groups based on intensive interviews, press releases and 

website analysis: first, a group of enterprises with a high level of market values and social values; second, a 

group of enterprises with a high level of social values but a low or medium level of market values; and third, a 

group of enterprises with a high level of market values but a low medium level of social values. This 

categorisation framework uses the approach and logic of the analytical hierarchy process (AHP) method 

(Gaudenzi & Borghesi, 2006; Yu, 2002). The year-on-year rate of increase is used as the essential objective data 

for the market values, yet the AHP method by the co-authors is used based on interviews and literature analysis. 

The AHP method, based on the interview results and literature analysis, is used for social values. The purpose of 

categorising into three groups is not to evaluate the 10 social enterprises, but to more clearly understand the 

social innovation dynamics and the success factors of these group enterprises creating enterprises that yield 

similar values.  

 

 

Group shifted from social innovation to open innovation: Five Firms 

 

TABLE 6 

Social Innovation Dynamics of Five High Social Value and High Market Value Firms 

 

Dynamics 
Concrete 

Dynamics 
Contents 

Circle A 

① It has been growing as a city re-development business SME and not only as a social enterprise 
promotion business, but also as an active host for the re-development business of Daegu’s old central 

part of the city. 

②It expanded the recycled computer assembly production line and the production base for SMES, 
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going beyond the computer recycling business and the social creation of employment opportunities. 

⑧ It is equipped with large-scale production facilities and capacities beyond the support for low-
income class heating as the domestic and international consumption of heated tents rose. 

⑨ It grew into a design production business with various designs that are beyond the level of 

translating comfort women’s designs as social values. 

⑩ It developed into a distribution company that goes beyond marketing its hanger production to 
create employment opportunities for the homeless. 

B 

② As the computer recycling business grows into a large-scale production business with yearly sales 
of about 7 billion—with regard to consumers—it deepened into a new dimension for the existing 

major computer production corporations. Also, it expanded the business by collaborating with 

desktop computer—not PC—production companies that supplies public institutions, Moreover, its 
structured collaboration with big businesses has also become part of this positive circle of expansion. 

The built collaboration structure thus became a new market for the SW consumer attraction of MS as 

the computer sales partner of the e-commerce market such as eBay. Thus, it appeared as a new 
partner for big businesses in this era of computer markets. 

⑧ Secured investments from Mirae Asset, LG Electronics, etc., and moved toward large-scale 
production beyond SMEs 

⑨ Through collaborations with major Korean cosmetics product corporations such as Aekyung, 
Mamonde, etc., it secured new paths to large-scale production.  

⑩ Through collaborations with major service commercial industry corporations, such as LG 

Household & Health Care, Uniqlo and Angel-in-us Coffee, it secured new paths to large-scale 
production. 

C 

② Through the recycled computer supply business for low-income families by Korea Land & 
Housing Corporation, Shinhan Bank, etc., it is able to support REMANN’S social value production 

function. In addition, beyond the computer recycling business and the social creation of employment 

opportunities, it expanded the recycled computer assembly production line and the production base 
for SMES. 

⑧ BYMOM sufficiently satisfied the supplement of heated tents to low-income families through E-
Land Group’s fabric supply. 

⑨ It received start-up support from Hyundai Group, as well as social enterprise space support and 
consulting, which is provided by Hyundai Marine & Fire Insurance Group’s Root Impact. 

⑩ It received social enterprise space support and consulting, which is provided by Hyundai Marine 
& Fire Insurance Group’s Root Impact. 

Interaction 

a 

① CEO TaeSu Eon, who has a long experience in starting and operating a mid-sized business, 
created the social value of social entrepreneurship’s promotion business through the Social 
Entrepreneur Hub. Moreover, he actively executed the redevelopment business of Daegu’s central 

area with Booksung-ro and Gonggu streets as the centre. 

② CEO JaDeok Gu, who has experience in starting a successful used computer lease company, 
called E-Rencom. He created social value by providing employment opportunities to senior citizens, 

low-income families and the handicapped by deconstructing and rebuilding computers, as well as 

recycling computers. In addition, he created market value by producing recycled computers. 

⑧ CEO MinWook Kim, who has experiences in a business credit valuation institution and various 
short-term works, connected the production value of heated tents with the improvement of the quality 

of life of the socially weak. In addition, he has been connecting the business model, which resulted in 
the improvement of heating for the socially weak, with the domestic and international consumption 

expansion of the new indoor heated tent business. 

⑨ Doson provided distribution services to the start-up business, Wadiz, through distribution services 
from hiring the homeless for labour. Moreover, it suggests to other venture companies a new business 

model that utilises the homeless as a labour force. 

b 

② LSIS donated computers to the less privileged in Indonesia through REMANN. The computers 

donated by LSIS included desktops, laptops, monitors, etc., exceeded the durability period and were 
later reproduced by REMANN as usable and low-cost finished products.  

⑧ BYMOM created tents from fabrics donated by E-Land World and together, the two businesses 
donated 100 heated tents to Eunpyung-gu. 

c 

② By obtaining a Microsoft Accredited Refurbisher (MAR) qualification that provides official MS 
Windows and Office programs, it solved the SW problems of recycled computers and secured 

sustainable growth paths, while MS found a new SW market. 

⑨ Mamonde launched the ‘Moisture Ceramide Intense Cream: Rose of Sharon/Hibiscus Edition’, 
the second collaborative product with Marymond. Mamonde, a major cosmetics brand, utilised the 

blooming flower patterns of Marymond as its product design. 

⑩ Doson supplied paper hangers with the logo of LG Household & Health Care. LG Household & 
Health Care obtained a new marketing method and means for customer relationship management.  

Support and 
regulation 

α 

① It received direct government support from being awarded a contract for a social entrepreneur 
promotion business and by executing it on behalf of the government. 

② It achieved groundbreaking record in online sales for recycled computers with Gyeonggi-do’s, a 
Korean provincial government, provision of a special space online. 

⑧ It was elected as the Korean government’s young social entrepreneur promotion business and 

received specific financial support from the government during the enterprise’s establishment in 
2012. 
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β 

⑨–⑩ It was selected for the Korean government’s ‘Star Social Entrepreneur Discovery Project’, 
which was conducted by the Korea Social Enterprise Promotion Agency and Woori Bank, and 

actively marketed the entrepreneur and the enterprise on a national level. 

⑧ The provision of markets and supports for the enterprise through the H-On Dream Audition is a 

business designed by the Hyundai Automobile Group and the Chung Mong-koo Foundation to find 
and nurture young social entrepreneurs, as well as through the Korean government’s social 

entrepreneur promotion business; BYMOM received the grand prize for the business and received 

supports. 

γ 

⑧ It received support from being selected by the Korean preliminary social enterprise certification 

business. Preliminary social enterprise means an enterprise equipped with minimum requirements to 
be a social enterprise as an SME, i.e., achieving social purposes while creating profits through sales. 

Korea encourages and supports the creation of social values of such enterprises by selecting 
preliminary social enterprises among SMEs. 

 

To summarise Table 6—i.e., the characteristics of five Korean social enterprises with both a high level of social 

value and market value—it can first be seen that social dynamics is active in all cycles. Second, these 

enterprises have active interaction with not only big businesses but also SMEs. Third, they have been effectively 

utilising the Korean government supports, including direct supports and supports through big business or SMEs. 

Fourth, the enterprises that have particular prior experiences in open innovation start-up or have strong network 

with such groups tend to create a high level of market value or social values. 

 

Group staying at social innovation: Three Firms 

 

TABLE 7 

Social Innovation Dynamics of Three High Social Value and Low or Medium Market Value Firms 

 

Dynamics 
Concrete 

Dynamics 
Contents 

Circle 

A 

③ As of January 2016, through the process franchise system, the headquarters and six branches—
while keeping a horizontal relationship—placed efforts into building a national distribution network 

of recycled products. The headquarters provided business guidelines (manual) with cumulative 
knowledge to branches. However, there is no profit model for processing franchises. 

④ ‘Various Co-Op’ is a producer cooperative association that aims to vitalise the community in 
Goyang City, including its local economy. It actively conducts various businesses, such as local 

woodwork, but it is still at the early stages for it to independently vitalise local companies or 
businesses or to grow into an SME. 

⑤ Established in 1997, ‘Yaho Daycare’ is a social cooperative association with the goal of 
communal childcare. It has been working toward the goal of growing into an SME by securing an 

independent real estate and building. Moreover, it has set a goal to lease spaces and strengthen 
incidental economic activities. However, it is yet to reach the stage of independent operation and 

growth without the government’s support because of its significant debt. 

B 

③ Through LG Electronics’ ‘development support for preliminary social enterprise in the green 
growth part of businesses’, a big business—Kumjadonge—contributed to the creation of social 

values. In 2012, the ‘Art-Up Festival with Joy’ was held in Ilsan Lake Park and through the 
handiwork of about 100 artists, transformed twenty tons of thrown-out toys into a new artwork. 

In 2010, it was awarded first place in the ‘World’s Social Enterprise Contest’, held by SK Happiness 

Sharing, and received KRW 30,000,000 as support. 

④ Awarded the grand prize in the eco-friendly social enterprise support business of LG Social Fund 

Festival and received KRW 50,000,000 as support.  

C 
- Because of the non-growth into or activities as SMEs, there is no explicit economic flow that 

contributes profits to big businesses as SMEs.  

Interaction 

a 

③ CEO JunSung Park, who used to work in the field of religious education, introduced and executed 
a toy junk art program, which targeted children across the country through ‘SseulMo’, a toy school. 

SseulMo school provided motivation to ‘Various Co-Op’, which makes eco-friendly wooden 
educational tools through its waste wood education program. However, the Co-Op is closer to being a 

social enterprise rather than an SME. 

b 

- In the circumstances where growth into SMEs or the growth of business activities does not lead to 

economic functions, supports from big businesses are limited—as a social enterprise-related 
selection program—including the awarding of certificates and the receipt of funds. In this case, the 

government controls such corporation’s social enterprise selection.  

c - Non-existent 

Support and 

regulation 

α 
③ Paju City Kumjadonge’s marketing support  

④ Received the Korean government’s preliminary social enterprises support 

β 
③ Selected as a preliminary social enterprise in the green growth part of LG Electronics and defined 
the standard for the operation process and supports 

γ - There is almost no interaction with big businesses, because they are social enterprises with no 
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growth or activities as an SME. 

③ However, as Kumjadonge rapidly grew during its early stages, SK’s investments were on the 
negotiation table until it reached the stage of an SME, but it was a fruitless effort. 

 

The three social enterprises in Table 7 were conducting activities that produce a high social value—i.e., 

environmental value, local community vitalisation value, communal rearing value of next generation, etc.—and 

also have been successful in producing such social value. Because enterprises are selected, awarded and receive 

funds as a part of the social enterprise selection programs of big businesses and the government, such fact is 

objectively demonstrated. The entrepreneurs of this group have such characteristics as they have been mainly 

working in the social economy area or have experiences as SME operators without success. However, the 

enterprises in this group have yet to be successful in continuously creating and increasing their economic value 

as they have been experiencing stalled sales or assets in both the short and long term. They desire to be 

evaluated based on their creation of social value and distribution. However, they also want the support of or 

purchase from the government for their success and growth. 

 

Group expanding from open innovation to social innovation: Two Firms 

 

TABLE 8 

Social Innovation Dynamics of Two Low Social Value and High Market Value Firms 

 

Dynamics 
Concrete 
Dynamics 

Contents 

Circle 

A 

⑥ CEO SeSang Park, who has experiences in starting ‘I Am Goong’ and vitalising the culture and 
local economy in the area around Chungnam National University, started the ‘Impossible Factory’ in 

the Jeonju Hanok Village. 

The enterprise has been rapidly growing through the operation of guest houses and the Hanbok rental 
places 1 and 2. During the process, the enterprise has created a new cultural trend in the Korean 

youth—the wearing of the traditional Korean clothing, hanbok, everywhere in the country. ‘Hanbok 

Day’, ‘Hanbok Street’, and ‘Hanbok Club Party’ are some of the various hanbok-related businesses it 
has spread. Moreover, it created an opportunity for about twenty hanbok rental enterprises to open 

within the Jeonju Hanok Village. Currently, it has triggered the start of traditional cultural contents of 

SMEs, which includes activities, such as the youth cultural hanbok rental business, as well as water 
gun festivals. 

⑦ CEO JoYang Joo, who worked in a culture-related private company for a long time and gradually 
accumulated experiences in social enterprise, established ‘GongGong’, a real estate leasing platform 

that uses the communal economy concept in its business operation. GongGong utilises a new real 
estate business type, which combines the space sharing-based real estate rental business with the 

platform for young entrepreneurs’ food service start-ups. 

B 

① Received the ‘Creative Tourism Venture Award’ from Korea Tourism Organization, as well as 
funds 

- There is almost no contribution or investments for social enterprises made by big businesses in this 
category, which shows that there is rarely support from big businesses to enterprise activities in 

creating social values without the express goal to create social values. 

C  

Interaction 

a 

⑥ CEO SeSang Park, based on his experience in running a start-up in his third year of college, has 
been providing reasons to start various SMEs based on traditional culture contents. Moreover, he has 

been continuously developing his business into an SME himself. Such influence has been offering an 
opportunity to many SMEs to grow and pursue the social value of vitalisation of the traditional 

Korean culture. 

② Grounded in ‘GongGong’, young entrepreneurs who wish to start businesses have been given an 
opportunity to start various types of food services in the Osan Ohsaek Market. They have been 
independently finding space-sharing rentals and related investments for such start-ups. 

b 

- The enterprises that have been creating the social value of traditional culture contents or local 

economy vitalisation based on the creation of economic value have yet to interact with the big 

businesses with regard to such social value. 

c 

- The social value SMEs based on the economic value have received no contribution from the big 

businesses with regard to the creation of social value, as well as the absence of collaboration with 

regard to the economic value they produce.  

Support and 
regulation 

α 

⑥ It received the Young Entrepreneur Commendation and was chose as the government’s young 

enterprise support business at the time that ‘I Am Goong’ started. Also, it executed ‘Hanbok Day’ and 
other projects through the requests and supports from Jeonju City. 

⑦ With support from the Korean Small and Medium Business Administration and Osan City’s 
cultural tourism market promotion business, ‘GongGong’ executed its platform function for Osan 

Market’s young entrepreneur’s food service start-ups. 

β - Absent 
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γ - Absent 

 

The type of social enterprises shown in Table 8 have been executing the function of creating social value based 

on their SME-based business without the official support of the Korean government for social enterprises. 

However, with the strong base in economic value, the enterprises have been able to create considerable social 

value. They independently have a strong motive to derive the continual creation and distribution of economic 

value. Moreover, based on their economic value, they have such motive in creating and contributing to social 

value. This group of enterprises were not selected as the target of the Korean government’s social enterprise 

support business. Moreover, they are excluded from the target of the Korean big businesses’ social enterprise 

contribution projects. The two enterprises in this category have already been creating economic value or 

intending to do so, but such activities do not create opportunities to connect with big businesses and grow. 
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Discussion 

 

Values and Limitations of Government’s Support for Social Enterprises 

 

In the case of Korean social enterprises, the governmental level of social enterprise support for such businesses 

is shown to provide a significantly important role for the start of almost all social enterprises, except for 

enterprise ⑥ and ⑦. It is also true that in comparison with other businesses by the government, they have 

resulted in significantly high efficiency in the creation of employment opportunities and social values per 

invested budget. 

However, the government’s social enterprise support system has restricted the creation of sufficient 

economic values that would allow the continuous existence of social enterprises, as shown by social co-op ⑤, 

which ran into limitations with regard to economic value promotion because of the profit-making limitations. 

On the other hand, enterprises like ②, ⑥ and ⑧are reluctant or have given up the chance to receive social 

enterprise certification because of limitation in economic value promotion, which is caused by the restriction in 

ownership or the right to make decisions. 

Moreover, they are not equipped with a social enterprise certification and support system as ⑥ and ⑦, 

which continuously and explicitly pursue social value based on its strong pursuit for economic value. 

The Korean government’s social enterprise support system demonstrates its strong function in the early 

stages of social enterprises. However, the system can be supplemented in assisting the social enterprises to 

create economic values and to continuously grow. Within the legal system on social enterprises, a systematic 

supplement for assisting social enterprises to create and increase economic values, as well as social values, is 

also needed. 

 

Positive Cycle Relationship between a Big Business and a Social Enterprise 

 

We were able to see significant contributions made by some big businesses to the Korean social enterprise 

ecosystem. Among the ten Korean social enterprises, only two enterprises, ⑥ and ⑦, did not receive supports 

from big business or do not have experience in collaborating with big businesses. These two enterprises do not 

expect to continue the operation of their business without any connection to big businesses. However, the social 

economical support activities of the Korean big businesses are not a simple form of support for social 

enterprises. Rather, they are a part of company marketing. Thus, they have limited in methods such as the 

selection and awarding of social enterprises. There are very few contributions by big businesses that simply 

have the goal of assisting social enterprises. The amount spent by big businesses for social economic support is 

less than 4 billion per year, which is less than what a mid-sized American corporation spends for social 

economic support.  

However, with regard to ②, ⑧, ⑨ and ⑩ enterprises—which developed into SMEs from social 

enterprises—the big businesses have been focusing on the economic value they have created as well as on new 

ways to collaborate such as making partnerships or investments. The value that these four enterprises create is 

based on a new innovative business model that does not overlap with the existing business models of the big 

businesses. In fact, such new business model can become a worldwide large-scale production through major 

investments of big businesses. This means that the new business model of social enterprises has value as a 

prototype of the new future business model for big businesses.  

 

 

Conclusion 

 

First, we developed a dynamic model of the success factors of social innovation by conducting advanced 

research with regard to the social economy and social enterprises, as well as by analysing Burro Brand Ghana 

and microfinancing in Bangladesh. Second, we analysed the various aspects of Korean social enterprise 

activities by applying the same model in analysing the dynamics of the ten chosen Korean social enterprises.  

This development and application of the dynamic model of success factors of social innovation carry a 

useful value in inquiring into the meaning of social economic or social enterprise values within economic 

activities, as a whole, or the dynamics in the economic system. They also carry significant value in concurrently 

analysing the multidimensional aspects of social enterprise activities and the values that such aspects have in 

their relationships with SMEs, big businesses and the government.  

Moreover, we were able to confirm in the cases of the ten Korean social enterprises we analysed that the 
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Korean government’s social enterprise policies strongly contribute to the success in the early stages of the 

establishment of social enterprises. On the other hand, for the continual growth of social enterprises in Korea, it 

has also been confirmed that there is a need to remedy the Korean government’s social enterprise system, so that 

social enterprises would be allowed to concurrently pursue sufficient market values. 

Lastly, we confirmed the necessity in the promotion of genuine contributions of big businesses in the social 

economy by remedying the systems in Korea as well as creating a conducive social atmosphere. 

The dynamic model of success factors of social innovation that this research suggested needs to be 

developed into a model that has richer meanings through further research and case studies. In addition, there is 

also a need to not only check the values of this model, but also to majorly strengthen its quantitative part by 

conducting a comprehensive statistical data collection and analysis on social enterprises and social economies of 

the world. 
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Appendix 

Korean Social Enterprises Interview List 

 

Interview Day Firms 
Interviewee: 

CEO of Social Enterprises 
Interview Firm’s Home Page 

2015 December 02 ① Social Entrepreneur Hub  TaeSue Yem www.facebook.com/hubcmdg 

2016 January 13 ② Remann Co., Ltd. Jadeok Gu  www.remann.co.kr 

2016 January 22 ③ Kumjadonge JunSung Park www.kumjadonge.co.kr 

2016 January 29 ④Various Co-Op MinGeol Jeon www.variouscoop. 

2016 February 17 
⑤ Yaho Gongdong Infant Care 
Co-Op  

JaeYoung Park www.gongdong.or.kr/cafe 

2016 February 16 ⑥ World Impossible Factory SeSang Park 

www.facebook.com/WORLD.i

mpossiblefactory/posts/9065102
99395505 

2016 February 18 
⑦ Shared Space Platform 
GongGong  

JoYang Joo 
www.ohmycompany.com/projec
t/prjView.php?seq=580 

2016 February 23 ⑧ BYMOM MinWook Kim  http://bymom.org/ 

2016 February 26 ⑨ Marymond HongJo Yoon www.marymond.com/ 

2016 March 12 ⑩ Doson Company ChanJae Park www.dohands.com/ 

 

  

http://www.ohmycompany.com/
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Semi-structured Questionnaire 

 
 
First, we would like to know about the social enterprise you operate.  

- Organisation, human resources, technology and achievements of the enterprise  

- Major business model  

- Current status and future of this social enterprise  

 
Second, we would like to know about you as a social entrepreneur. 

- Work experience prior to this enterprise  

- Reasons for starting or operating a social enterprise  

- Experiences in operating social enterprises  

- Knowledge about, difficulties in and outlook toward social enterprise operation  

- Origin of ideas and new knowledge as a social entrepreneur  

- Outside support such as big businesses, government, etc., for social enterprise operation  
 

Third, we would like to know about the enterprise’s social value aspect. 

- Social resources network of the social enterprise  

- Method in obtaining social resources used by the social enterprise  

- Contents of sustainable social value and efforts in its acquisition and maintenance 
 

Fourth, we would like to know about the enterprise’s market value aspect. 

- Market value network of this social enterprise (human network, knowledge, economic supports, etc.) 

- Production, expansion, maintenance and current status of the market value  

- Origin of ideas for new business model, technology and market creation  
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1. Introduction 

 

1.1. Research Question 

 

The way people innovate and create new ideas and bring them to the market is undergoing a fundamental 

change [1, 110]. Open innovation is not necessarily activated by factors that weaken closed innovation, such as 

the growing mobility of highly experienced and skilled people, the growing presence of private venture capital 

(VC), and decreasing required time for products and services to get into markets, but can only be implemented 

when wise responses are made to those traditional factors that have hindered coupling between technologies and 

markets—mainly, the Arrow information paradox, death valley [2], or chiasm [3]. Now, open innovation—

including open source, outsourcing, and crowdsourcing—is activating not just at firm level but open innovation 

of national innovation system or global open innovation by such as an intermediate country [4,5,6,7]. 

In this study, reasons for firms to perform open innovation and their method of doing so will be concretely 

investigated. This study’s research question is as follows[108]. 

Do the network structures of joint patent applications by firms moderate the effects of open innovation to 

the innovation performance? 

To answer this research question in an objective manner in this study, first of all, firms’ open innovation 

will be objectively measured first through the measure of firms’ joint patent applications. In addition to this, the 

effects of open innovation level to open innovation structure, the effects of open innovation level to innovation 

performance, and the effects of open innovation structure to innovation performance will be analyzed. In the end, 

the research question will be answered. We want to know the effects of open innovation structure, such as 

moderating effects, which were not analyzed by other researches [109]. 

 

1.2. Research Scope 

 

For the study mentioned above, first, the subjects of analysis were selected among patents in the patent 

database available in the United States Patent and Trademark Office (USPTO). Among the patents that belong 

to H03 and H04 under the International Patent Classification (IPC) of the World Intellectual Property 

Organization (WIPO), those that were applied for between 2000 and 2011 were set as the subjects of analysis. 

The number of patents included in the analysis was 340,119, and the number of applicants that participated in 

the patents was 5,449. Among them, the top 500 patent applicants and Samsung, Apple, Nokia, and Research In 
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Motion were set as the subjects of intensive analysis. The subjects of patent analysis were selected to examine 

the area of core technologies for smartphones that are currently leading the second IT revolution throughout the 

world. For in-depth analysis beyond quantitative analysis, the top 500 firms were selected. In addition, those 

firms that were ranked first and second in smartphone market shares worldwide as of January 2014 and those 

firms that were ranked first and second in the drop of market shares over the last 3 years were chosen as the 

subjects of individual in-depth analyses. 

 

2. Materials and Methods  

 

2.1. Joint Patent Applications 

 

At first, we should look into diverse contexts of the open innovation of Intellectual Property Rights (IPRs) 

including patents. Basically, according to industries and firm sizes, the effects of intellectual property rights on 

innovation and economic performance are different [8]. A patent among IPRs is the legal right of an inventor to 

exclude others from making or using a particular invention as an incentive for innovation [9]. So, even though at 

first glance the two concepts, such as open innovation and IPRs, seem irreconcilable, open innovation and patent 

have deep relation like a two-edged sword [10]. Patent can be used to assist in the management of open 

innovation in a number of ways such as the necessary codification of an invention or technology, patent 

commons on diffusion of patented technologies, and cross licensing even though it has limits compared to the 

open science model [10,11]. But, making patents accessible royalty-free did not result in any significant increase 

in diffusion as measured by citing patents in clean and green technology [12]. In recent years, even though 

policy discourse has placed much emphasis on the patenting of the outcomes of academic research, it could not 

confirmed that among several forms of IP (patents, copyright, open source IP, and non-patented innovations) 

patents are the most effective route for knowledge dissemination of the so-called open innovation channel in the 

economy [13]. 

Patent applications encompass valuable information about the inventive activities of firms such as the 

degree of open innovation by firms from collaborative assignees as defined by the USPTO [14]. By analyzing 

visualizing patent statistics through patent applicant network analysis, network construction among joint patent-

applying firms that participated in joint patent applications and the effects of the construction were studied [15]. 

In firms who have open search strategies—those who search widely and deeply—the benefits of openness are 

subject to decreasing returns, which indicate that there is a point at which additional open innovation becomes 

unproductive [16,17,18,19,20]. Companies are increasingly rethinking the fundamental ways in which they 

generate ideas and bring them to the market [21]. Therefore, as those who performed funding innovation, 

generating innovation and commercializing innovation are different in innovation performed by a firm based on 

its in-house R&D as the applicants or assignees of a patent developed through open innovation in particular are 

shown to be multiple firms or identities [21,22,23,24,25,26]. Thus, the measurement of levels of open 

innovation through patents can be divided into the measurement of the breadth of open innovation, which refers 

to how much is open innovation performed through various channels, and the measurement of the depth of open 

innovation, which refers to how intensively open innovation is performed. In particular, when open innovation 

is analyzed through patents, the ratio of the number of joint patent applications of a firm to the total number of 

patent applications of a firm, that is, the ratio of open innovation patents (ROI) corresponding to the breadth, 

and the number of applicants per patent of a firm, that is, the intensity of open innovation patents (IOI) 

corresponding to the depth. 

Open innovation is considered to occur mainly when the actor of the patenting of ideas and the actor of 

external or internal licensing are different from each other; that is, when there are two actors within the entrance 

of the knowledge funnel [1,30]. There are two directions of open innovation, namely, inside-out open innovation, 

(cases in which patents made within a firm are licensed out to create larger markets and profits) and outside-in 

open innovation (cases in which a firm license in external patents to create larger markets and profits) [29,7]. 

Open innovation in the stage of joint patent application is distinguished from other existing open innovation 

channels in that the first part of the knowledge funnel is entered jointly with others. Even among open 

innovation studies regarding various aspects of open innovation—such as open innovation in value networks, 

open innovation in SMEs, and open innovation in consumer electronics—joint patent applications are yet to be 

studied [31,32,33]. All three open innovation process archetypes—outside-in, inside-out, and coupled—focus on 

firms’ activities performed within company boundaries [34].  

 
Table 1. The effect of open innovation.1 

 

 Contents Characteristics Related papers and implications 

Shape of OI An inverted U-shape The effect of OI in any Chesbrough and Crowther 2006; Christensen et al. 
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industry in raw OI is 
positive. 

The effect of OI in any 

industry in active OI is 
negative. 

2005 
Keupp and Gassmann 2009 

Laursen and Salter 2004, 2006 

Laursen 2011 
Lee et al. 2010 

van de Vrande et al. 2009 

 
→ 

IT-based business model patent industry(H03, 04) is 

high OI industry. So, OI effect is negative to firm’s 
performance 

Benefits of OI Internal technology, which is not 
used is externalized 

External technology, which is 
useful and exists outside 

internalized 

 

New revenues from spin-
off, license, sale/divestiture 

Cost and time savings from 
leveraging external 

development 

Chesbrough 2006, p 17. 
 

→ 
As knowledge-based economy develops, the benefits 

of OI increases. 

But, the benefits of OI in any industry could not 
increase infinitely. In the end, the benefit of OI 

arrives at maximum, and decrease. 

Cost of OI Transaction cost The cost, which needs to 

arrive at cooperation 

Parkhe 1993 

Williamson 1979, 1981 

Amsden and Tschang 2003 
Czarnitzki et al. 2007 

Kim and Park 2009 

→ 
If OI increases, the cost to coordinate between 

components increase. 
1Sources: Alice H. Amsden and Ted Tschang. ”A New Approach to Assessing the Technological Complexity of Different Categories of R&D 
(With Examples from Singapore)” Research Policy 32 [2003]: 553–572.; Dick Czarnitzki, Bernd Ebersberger, and Andreas Fier. “The 

Relationship between R&D Collaboration, Subsidies and R&D Performance: Empirical Evidence from Finland and Germany” Journal of 

Applied Econometrics 22 [2007: 1347–1366.; Hyukjoon Kim and Yongtae Park. “Structural Effects of R&D Collaboration Network on 
Knowledge Diffusion Performance,” Expert Systems with Applications 36 [2009]: 8986–8992.; Keld Laursen. “User–Producer Interaction as 

a Driver of Innovation: Costs and Advantages in an Open Innovation Model,” Science and Public Policy 38 [2011]: 713-723.; Arvind Parkhe. 

“Strategic Alliance Structuring: A Game Theoretic and Transaction Cost Examination of Interfirm Cooperation,” Academy of Management 
Journal [1993]: 794–829.; Oliver E. Williamson. “Transaction–Cost Economics: The Governance of Contractual Relations. Journal of Law 

and Economics 22 [1979]: 233–261.; Oliver E. Williamson. “The Economics of Organization: The Transaction Cost Approach,” American 

Journal of Sociology 87[1981]: 548–577. 
 

The innovation performance will increase when the level of open innovation goes up in the case of firms 

with low levels of open innovation but will decrease when the level of open innovation goes up in the case of 

firms with sufficiently high levels of open innovation [35,31,36,37,38,32].  

Open innovation has two aspects such as OI benefits and OI cost. OI benefits include diverse opportunities 

to meet new markets and technologies, in addition to the benefits of Table 1. OI costs include uncertainty and 

complexity, in addition to transaction cost of Table 1.  

So, if OI increases in high OI industry such as industry belonging to H03, 04 patents, which are a 

combination of IT and system technology, a kind of open innovation between IT and other industry. So, we 

build H 1-1 and 1-2. The largest patent holder in the world, IBM, altered their corporate policy on the creation 

and management of patents substantially in 2006, and released about 100 business method patents to the public. 

The target patents of this research are business method patents, which IBM released. A skeptic could argue that 

the IP being given up by large firms, such as IBM, is not very valuable to them, and that pledging allegiance to 

open innovation is merely a convenient way of saying that they are open to taking others’ ideas without giving 

up any of their own patents [10]. The policy of IBM about business model patents exists in same context of H 1-

1 and 1-2. 

 

Hypothesis 1-1-1: The ratio of joint patent applications to the entire patent applications of a firm—that is, 

the ROI of the firm—will negatively affect the firm’s innovation performance. 

 

Hypothesis 1-1-2: The number of applicants per patent of a firm—that is, the IOI—will negatively affect 

the firm’s innovation performance. 

 

2.2 Network of Patents 

 

In various fields, such as the World Wide Web or citation patterns in science, the independence of the 

system and the identity of its constituents, the probability P(k) that a vertex in the network interacts with k, other 

vertices decay as a power law, following P(k) ~ k−γ, which indicates that large networks self-organize into a 

scale-free state, which is a feature unexpected by all existing random network models [39,40]. The power law is 
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observed in various social phenomena such as the rise in financial data when trading behavior is optimal, 

distribution of wealth in society, and cognitive lock-in [41,42,43,44]. 

 

Hypothesis 1-2-1: At least a majority of the joint patent application networks of the 500 largest firms 

should be located in the largest component of firms’ joint patent application networks. 

 

Hypothesis 1-2-2: At least a majority of the 500 largest firms should be located in the joint patent 

application network structures within the 500 largest firms as well as in the entire subject joint patent 

application network structures. 

 

Hypothesis 1-2-3: The current global leading smartphone firms, Apple and Samsung, and those firms that 

were the global leading smartphone firms until recently, Nokia and BlackBerry, should show different 

characteristics in the joint patent application network structures within the 500 largest firms, as well as in 

the entire subject joint patent application network structures.  

 

If the power law is effective in joint patent application networks, the 500 largest firms’ networks should 

belong to the largest component, and at least a majority of the 500 largest firms should naturally belong to the 

largest network. Therefore, Hypotheses 1-2-1 and 1-2-2 should be valid. Furthermore, two firm groups that 

create results contrary to each other can be inferred to have joint patent application network structures that are 

contrary to each other [45,46,47]. Therefore, Hypothesis 1-2-3 should be valid.  

The centrality of the dominant is measured by using Freeman’s concept of “betweenness” [48,49]. The 

important idea here is that an actor is central if it lies between other actors on their geodesics, implying that to 

have a large “betweenness” centrality, the actor must be between many other actors via their geodesics [50]. In a 

similar yet different manner, the degree centrality of any group can be defined as the number of nongroup nodes 

that are connected to group members [51]. A firm’s network centrality in an alliance network affects the “twin 

tasks” in exploration—novelty creation on the one hand and its efficient absorption on the other [52]. Patent or 

paper citation and patent application networks, betweenness, and degree of centrality have been shown to result 

in better innovation performance by firms [53,48,54,55]. Therefore, Hypothesis 1-3-1 is inferred to be valid. 

 

Hypothesis 1-3-1: Firms with higher centrality should produce better innovation performance. 

 

A structural hole, which means the degree of connectivity or the lack thereof between a firm’s partner, 

indicates that the people on either side of the hole have access to different flows of information [53, 56,57]. 

Innovative firms that bridge structural holes get a higher performance boost, which suggests that firms need to 

develop network-enabled capabilities accruing to innovative firms that bridge structural holes [58]. In fact, from 

the perspective of the structural hole theory, ego networks—in which a firm’s partners have no links with each 

other—are prepared to form networks in which the firm’s partners are densely tied with structural holes on the 

resource-sharing benefits of the network. This reveals a conclusion that is almost diametrically opposite to that 

reached by knowledge spillover to the same network. There are conflicting positions regarding the effects of 

structural holes. The hole effect of players rich in structural holes leads to higher rates of return on investment in 

entrepreneurial motivation research [56,59]. At the same time, ego networks with fewer structural holes might 

promote trust generation and reduce opportunism, leading to more productive collaboration from the perspective 

of resource sharing [53,60,61. There is a trade-off between the benefits of connecting non-neighboring nodes 

and the cost of the effort to maintain links—including settings in which the costs are nonuniform—which 

reflects the increased difficulty in spanning different parts of a hierarchical organization [61]. Regarding the 

firms examined in this study in the area of information communication, including smartphone firms, the scope 

of connection and modulation that occurs between different firms increases explosively in the process of their 

cooperation with different technologies and sizes for technology development and collaboration for patent 

applications [62,22,63,64,65. Therefore, Hypothesis 1-3-2 is inferred to be valid. 

 

Hypothesis 1-3-2: Firms with larger structural holes will achieve lower innovation performance. 

 

Figure 1 (b) shows a structure with closure represented by A, B, and C. In such a structure with closure, B and C 

can combine to provide a collective sanction or reward the other for sanctioning A [66] (Coleman 1988). 

However, B and C in Figure 1 (a) have no relations with one another, but have relations with the others instead 

(D and E). Because of this, they cannot combine forces to sanction A in order to constrain actions. 
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Figure 1. (a) Networks without closure; (b) Networks with closure. 
(Source: James S. Coleman, “Social capital in the creation of human capital,” American Journal of Sociology [1988]: S95–S120.) 

 

Closure has two effects. The first is that information quality deteriorates as it moves from one person to the 

next in a chain of intermediaries. The second effect is the benefit more emphasized by Coleman—network 

closure facilitates sanctioning, which makes it less risky for people in the network to trust one another [67]. 

However, forward citation can be negatively predicted by the closure position in the early and mature stages 

[68]. According to another study, the effect of closure on a firm’s innovation performance has a U shape, which 

means that, at a low level, closure has negative effects of constrained creativity and innovation [69]. According 

to Coleman, closure generates positive effects in learning, while closure in a parental network has negative 

effects [70]. This study infers that the direct effects of closure will be more positive, as indicated by Hypothesis 

1-3-3, when more firms implement joint patent applications in the form of closure because it can logically be 

inferred that collaboration between any two firms that collaborate with a given firm may directly lead to joint 

patent applications with the given firms. 

 

Hypothesis 1-3-3: Firms with larger closure will achieve better innovation performance. 

 

In Korean SMEs, networking has been an effective way to facilitate open innovation among SMEs [38]. 

Well-orchestrated companies’ networks allow them to sufficiently commercialize their innovations [33]. Strong 

dyadic interfirm ties can be the basis of a distinctive lead firm’s relational capability when it is integrated with a 

core of strong ties [71]. Thus, even cyber community networks can have positive effects on individual or team 

performance [72]. The innovation itself, the innovator, and the environment (particularly, the characteristics of 

networks of innovators), have modulating effects on innovation diffusion, that is, innovation performance [73]. 

The results of previous studies suggest that the characteristics of firms’ joint patent application network 

structures, that is, centrality, structural holes, and closure, have direct and indirect effects on firms’ open 

innovation. Firms’ joint patent application network structures should have modulating effects on the quantitative 

performance of firms’ joint patent applications, that is, the relationship between ROI/IOI and innovation 

performance [74,75,76,77,78]. 

 

Hypothesis 2-1-1: The relationship between ROI and a company’s innovation performance is moderated by 

(degree and betweenness) centrality. Firms that have high centrality in the network of joint patent 

applications will have lower innovation performance. 

 

Hypothesis 2-1-2: The relationship between IOI and a company’s innovation performance is moderated by 

(degree and betweenness) centrality. Firms that have high centrality in the network of joint patent 

applications will have lower innovation performance. 

 

Hypothesis 2-2-1: The relationship between ROI and a company’s innovation performance is moderated by 

structural holes. Firms that have many structural holes in the network of joint patent applications will 

have higher innovation performance. 

 

Hypothesis 2-2-2: The relationship between IOI and a company’s innovation performance is moderated by 

structural holes. Firms that have many structural holes in the network of joint patent applications will 

have higher innovation performance. 

 

Hypothesis 2-3-1: The relationship between ROI and a company’s innovation performance is moderated by 
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closure. Firms that have closure in the network of joint patent applications will have lower innovation 

performance. 

 

Hypothesis 2-3-2: The relationship between IOI and a company’s innovation performance is moderated by 

closure. Firms that have closure in the network of joint patent applications will have lower innovation 

performance. 

 

With regard to the direction of the modulating effects in Hypothesis 2, centrality and closure are inferred to 

have positive effects and structural holes are inferred to have negative effects for the same reason as that for 

Hypothesis 1-3.  

 

3. Research Framework and Variables 

 

3.1. Research Model 

 

 
 

Figure 2. Research model of co-patenting effect on performance. 

 

The research model of this paper is shown in Figure 2. The level of joint patent applications affects not 

only innovation performance (Hypothesis 1-1) but also the networks of joint patent applications to some extent 

(Hypothesis 1-2). The latter is only analyzed using qualitative method with attention to the power law of the 

joint patents applicants. The networks of joint patent applications directly affect innovation performance 

(Hypothesis 1-3) and modulate the relationship between the level of joint patent applications and innovation 

performance (Hypothesis 2). Hypothesis, which have direct relations with innovation performance such as 

Hypothesis 1-1, Hypothesis 1-3, and Hypothesis 2, are analyzed by statistical approaches. 

Based on H 1-1, 1-2, 1-3, through H 2, we mainly want to know the moderating effect of open innovation 

structure. 

 

3.2. Variables  

 

3.2.1. Dependent Variables: Innovation Performance 

 

The count of patent applications may not be the most appropriate proxy for innovation performance of a 

firm because the differences in the qualitative levels of individual patents between important patents such as 

“standard-essential,” and other patents. However, the impression that the patent application at firms is an 

effective means of product/process protection or a direct promoter of new product sales has been rapidly 

disappearing as the economic value of patents have rapidly increased since the 2000s [79,80]. 

The innovation performance of companies has been studied extensively from R&D inputs, patent counts, 

and patent citations to new product announcements [81,82]. As the knowledge-based economy gradually 

develops, the ratio of patents to the total amount of knowledge existing in the world continues to increase, and 

the ranges in which patents overlap with R&D and new products substantially expand throughout all industrial 

areas are shown in Figure 3 [83]. So, we could see that innovation policies to developing a knowledge-based 

economy policy from Bulgaria, Finland, and Scotland include increasing patents [84]. 
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Figure 3. Changing of the relationship between patents, R&D, and new products. 
(Source: Bjørn Basberg. “Patents and the Measurement of Technological Change: A Survey of the Literature,” Research Policy, 16 [1987]: 
131–141; Henry W. Chesbrough. “Open innovation: The new imperative for creating and profiting from technology,”[2003]; John 

Hagedoorn and Myriam Cloodt “Measuring Innovative Performance: Is There an Advantage in Using Multiple Indicators?” Research Policy, 

32 [2003]: 1365–1379.) 

 

So, the value of patent as the measure of firms’ innovation performance has been increasing like Figure 3.  

 
Table 2. The patent as innovation performance.2 

 

Variables Related papers Definition Characteristics 

Patent numbers Acs and Audretsch 1988 

Brouwer and Kleinknecht 1999 
Wu and Lee 2007 

Lv 2014 

The number of patent which 

is applied by the firm 

The breadth of innovation 

performance, which is 
measured by the patent 

IPC co-occurrence Chen and Chang 2010 

Ejermo 2003 

Phelps 2010 
Suzuki and Kodama 2004 

The number of subclasses of 

patent, which is applied by 

the firm 

The depth of innovation 

performance, which is 

measured by the patent 

2Sources: Zoltan J. Acs, Luc Anselin, and Attila Varga, A. “Patents and Innovation Counts as Measures of Regional Production of New 

Knowledge,” Research Policy 31[2002]: 1069–1085; Erik Brouwer and Alfred Kleinknecht. “Innovative Output, and a Firm’s Propensity to 
Patent: An Exploration of CIS Micro Data,” Research Policy 28[1999]: 615–624; Ping Lv. “How Does Openness Affect Innovation? 

Evidence from National Key Laboratories in China,” Science and Public Policy 41[2014]: 180-193; Yu-Shan Chen and Ke-Chiun Chang. 
“The Relationship Between a Firm’s Patent Quality and its Market Value—The Case of US Pharmaceutical Industry,” Technological 

Forecasting and Social Change 77[2010]: 20–33; Olof Ejermo. “Patent Diversity as a Predictor of Regional Innovativeness in Sweden,” 

CESPRI Working Paper No. 140[2003]; Corey C. Phelps. ”A Longitudinal Study of the Influence of Alliance Network Structure and 
Composition on Firm Exploratory Innovation,” Academy of Management Journal, 53[2010]: 890–913; Jun Suzuki and Fumio Kodama. 

“Technological Diversity of Persistent Innovators in Japan: Two Case studies of Large Japanese Firms,” Research Policy 33[2004]: 531–549. 

 

Of course, it is also true that many problems cannot be avoided when the number of patent is simply used 

to measure firms’ innovation performance. 

So, we used patent as dependent variables in two ways together such as the number of patent application 

and the number of subclasses of patent, which is applied by the firm like Figure 2.  

Most of all, the number of patents, which is a traditional means of measurement of firms’ innovation 

performance through patents, was set as one dependent variable for the measurement of firms’ innovation 

performance like Table 1 [85,79,86]. This is the basic measure of innovation performance of firms by patent 

even though it has several limits. 

Many recent studies have been measured the diversity of various of patents as innovation performance 

[79,87,88,89]. When multiple IPC codes exist in a single patent and those codes belong to different technology 

fields, this is called a case of “IPC co-occurrence,” by which technological diversity is measured; this kind of 

innovation is common in Japanese firms [89]. The Herfindahl-Hirschman index of patents (HHI of patents), 

which describes the concentration of patents across patent classes and measures the concentration level of a 

firm’s technology capability in many patent classes, is negatively related to their market value in the case of U.S. 

pharmaceutical firms [87]. Another study applied an alternative measure of exploratory innovation from prior 

research and computed this measure as the number of new three-digit technology classes in which Firm i is 
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patented in Year t, classifying a technology class as new if the firm had not patented in that class in the past 

seven years [88]. The number of subclass is a kind of result of a firm’s strategy. So, any creative firm, which 

does not use open innovation strategy, can have a large number of IPC subclass at any period and oppositely, 

any open innovation strategy-using firm can have a small number of IPC subclass during that time. 

According to the increasing value of patents as measure of a firm’s innovation performance, the number of 

patents, as the length of innovation performance, and the number of subclasses, as the depth of innovation 

performance of firms were used together in this study [87,90,88,89].  

 

3.2.2. Independent Variables About Network Structure of Joint Patent Applications 

 

a. Centrality 

 

This study made use of the betweenness centrality of a vertex, which is the proportion of all geodesics 

between pairs of other vertices that include this vertex [91]. If 𝑔𝑖𝑗 is defined as the number of geodesic paths 

between i and j, and 𝑔𝑖𝑘𝑗  is the number of these geodesics that pass through k, k’s betweenness centrality is 

defined as [92,93]. 

 

∑ ∑
𝑔𝑖𝑘𝑗

𝑔𝑖𝑗
𝑗𝑖 , i≠j≠k. 

 

The degree centrality, which is an original concept of centrality, is additionally used to measure centrality. 

 

b. Structural holes 

 

The absence of a tie between an actor and the third party is known as a structural hole, which may be 

exploited by the ego [91]. This study measured structural holes as a constraint using the network constraint by 

Pajek 3.10 [56,67] and used the ratio of nonredundant contacts to total contacts for the i
th

 firm to measure the 

structural holes in the ego network of a firm. This is expressed as [53,94,56,95]. 

 

∑j( 1 − ∑q Piqmjq)/Ci, 

where  

Piq is the proportion of i’s relations invested in the connection with contact q, 

mjq  is the marginal strength of the relationship between contact j and contact q, 

and Ci is the total number of contacts for firm i. 

This study measured structural holes using this formula. 

 

c. Closure 

 

This study measured closure using Pajek 3.10 as follows [96]: 

 

7Ci  =  
(number of pairs of neighbors of i that are connected)

(number of pairs of neighbors of i)
. 

 

This was originally used as a clustering coefficient for a single vertex. However, according to the original 

concept of closure, this formula can be used for the said purpose [66,70,97].  

 

3.2.3. Independent Variables Regarding the Number of Joint Patents  

 
Table 3. Breadth and depth of open innovation measured by joint patent application.3 

 

Division Contents Equation Meaning and relation 

ROIi 
 

The ratio of joint patent applications to all patents of Firm i 
The breadth of open innovation of Firm i measured through 

joint patent applications 

Pi-Pi,alone/Pi, Breadth of open innovation 

IOIi 

 

Average number of applicants per patent of Firm i 

The depth of open innovation of Firm i measured through 
joint patent applications 

Ai/Pi, Depth of open innovation 

 

Pi is the total number of patents of Firm i, 
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Pi,alone is the number of patents applied for solely by Firm i among the patents owned by Firm i,  

and Ai is the total number of applicants of Firm i. 

 
3Source: V. Acha. “Open by Design: The Role of Design in Open Innovation,” Academy of Management Proceedings [2008]; Linus 

Dahlander and David M. Gann. “How open is innovation?” Research Policy 39 [2010]: 699–709; Ellen Enkel, Oliver Gassmann, and Henry 

Chesbrough. “Open R&D and Open Innovation: Exploring the Phenomenon,” R&D Management 39 [2009]: 311–316; Keld Laursen and 
Ammon Salter. “Open for Innovation: The role of Openness in Explaining Innovation Performance among UK Manufacturing Firms,” 

Strategic Management Journal 27 [2006]: 131–150; Zhenzhong Maand Yender Lee. “Patent Application and Technological Collaboration in 

Inventive Activities: 1980–2005,” Technovation, 28 [2008]: 379–390; Zhenzhong Ma, Yender Lee, and Chien-Fu Patrick Chen. “Booming 
or Emerging? China’s Technological capability and International Collaboration in Patent Activities, Technological Forecasting and Social 

Change 76 [2009]: 787–796; Christian Sternitzke, Adam Bartkowski, and Reinhard Schramm. “Visualizing Patent Statistics by Means of 

Social Network Analysis Tools,” World Patent Information 30 [2008]: 115–131; JinHyo Joseph Yun, Mohan V. Avvari, Eui-Seob Jeong, and 
Dong-Wook Lim. “Introduction of an Objective Model to Measure Open Innovation and Its Application to the Information Technology 

Convergence Sector,” Internaiona Journal of Technology, Policy and Management 14 [2014]: 383-400. 

 

Collaboration in the patent application stage corresponds to the first part of the knowledge funnel for open 

innovation. In this study, the level of collaboration in this early stage will be measured through ROI and IOI like 

Table 3. 

 

4. Results 

 

4.1 General facts about Networks of Joint Patent Application  

 

In Figure 4, the total number of nodes that constitute the total network—that is, the number of patent 

applicants—is 5,444. The number of components constituted by these nodes is 299. Among the components, the 

largest one consists of 2,970 nodes, the second largest one consists of 659 nodes, and the third largest one 

consists of 244 nodes. The 2,970 nodes of the largest component are mostly individuals, and the 659 nodes of 

the second largest component are mostly firms. At this, 2970 is not individual-type assignees in patents data but 

the number of individual applicants among the total of 5,444 applicants. Node sizes on the network show the 

numbers of patent applications made, which are diverse, ranging from 1 to 12,907.  

 

 
 

Figure 4. Total network. 

 

In Figures 4 and 5, the 500 largest firms are shown in blue. As seen in Figure 5, few of the 500 largest 

firms are located in the giant component. It is inferred that they are located in the 2
nd

 component, and some of 
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them are located in the 3
rd

 component. Therefore, Hypothesis 1-2-1 was dismissed. Thus, it cannot be confirmed 

that only the power law is valid in joint patent application networks. On the contrary, it can be inferred that a 

long tail phenomenon appears in which not only the patent application activities of some huge firms, but also 

those of various firms and individuals, coexist [98,99].  

 

 
 

Figure 5. Three major components. 

 

Next, to review the 500 largest firms, 562 nodes—as an approximate value—were examined. These nodes 

constituted a total of 272 components. The largest component consisted of 124 nodes (22.06%), and the second 

largest component consisted of 36 nodes. Note that 234 firms or 41.6% of all nodes had no network with the 

firms included in the 500 largest firms. Therefore, Hypothesis 1-2-2 was dismissed. In Figure 6, different circles 

represent different components. It can be seen that differing forms of collaboration appear among the 500 largest 

firms. While 124 firms centering on Samsung actively collaborate with each other in the research and 

development stage, 234 firms that exist around the former firms in the form of points show a phenomenon 

extremely contrary to the foregoing by having no cooperation with any firms included in the 500 largest firms at 

all.  
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Figure 6. Network in the largest 500 firms in patent application. 

 

These 500 largest firms applied for a minimum of 50 patents and a maximum of 12,907 patents, which 

indicate that substantial differences exist in their research and development activities. Therefore, drastic 

differences in collaboration can be inferred to be relevant to the differences in research and development 

activities.  

 
Table 4. Networks among the 500 firms and the total of Apple, Nokia, Research in Motion, and Samsung. 

 

Firm Degree centrality Betweenness centrality Structural hole Closure 

Apple 
In 500=0 

Total=0 

In 500=0 

Total=0 

In 500=0 

 

In 500=0 

 

Samsung 
In 500=19.0 

Total=104.00 

In 500=0.0194 

Total=0.00632 

In 500=0.28618 

Total=0.12714 

In 500=59.00 

Total=59.00 

Nokia 
In 500=4 

Total=7 

In 500=0.00061 

Total =0.00031 

In 500 =0.63460 

Total=0.47467 

In 500=1.00 

Total=3.00 

Research In 

Motion 
In 500=0 

Total=5 

In 500=0 

Total=0.00018 

In 500= 

Total=0.32791 

In 500=0.00 

Total=1.00 

 

When the four firms are divided into two groups based on degree centrality as shown in Table 4, among 

the characteristics of their joint patent application networks using the analytic hierarchy process (AHP) method, 

Apple and Research In Motion, with small numbers of joint patent applications, are classified into a group and 

Samsung and Nokia, with relatively large numbers of joint patent applications, are classified into another group. 

Therefore, Hypothesis 1-2-3 is dismissed. Apple has made no joint patent applications with the 500 largest firms 

or in any of its networks. This is because Apple rarely cooperates with other companies in the research and 

development stage; therefore, it rarely performs open innovation in the research and development stage. This is 

contrary to Apple’s open innovation in the production stage because Apple performed a total of 54 cases of open 

innovation through the acquisition of firms in the production stage by implementing mergers and acquisitions 

(M&A) with various companies ranging from Network Innovations in 1988 to SnappyLabs in January 2014 

(Wikipedia, 1 Feb 2014, List of mergers and acquisitions by Apple). As shown in Appendix 1, Samsung has 

applied for joint patents not only with the companies included in the 500 largest firms but also with various 

other firms in its entire networks, thereby showing a very active open innovation in the research and 

development stage. Samsung, unlike Apple, has implemented approximately six cases of M&A-type open 

innovation (Wikipedia, 1 Feb 2014, Samsung). As shown in Appendix 2, Nokia has applied for a limited 

number of joint patents at a limited level with four firms included in the 500 largest firms and seven firms in its 
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entire networks. On the other hand, similar to Apple, Nokia has very actively implemented M&A to the extent 

that it implemented 47 cases of M&A with various firms in contrast with its joint patent application activities 

(Wikipedia, 1 Feb 2014, List of mergers and acquisitions by Nokia). Lastly, Research In Motion has not applied 

for any joint patent with any of the 500 largest firms, but it has applied for joint patents with a limited number of 

firms and individuals in its entire networks as shown in Appendix 3.  

 

4. 2 Regression Results 

 

Using information on the 562 firms that have made a significant number of patent applications, including 

the 500 largest firms, the correlations between the variables used in this study were analyzed. The number of 

IPC subclasses was shown to have significant correlations with all variables such as IOI, ROI, degree centrality, 

betweenness centrality, structural holes, and closure. As shown in Table 5, the number of patents had 

statistically significant correlations with all variables except closure. Therefore, the correlations between the 

dependent variables and independent variables in this study can be considered significant. 

 
Table 5. Correlations between variables 

  

  No patents No IPC IOI ROI 
Degree 

centrality 

Between 

centrality 

Structural 

holes 
Closure 

No patents 
Pearson 

correlation 

1        

No IPC 
Pearson 

correlation 

0.689* 1       

IOI 
Pearson 
correlation 

−0.165* −0.421* 1      

ROI 
Pearson 

correlation 

−0.185* −0.449* 0.884* 1     

Degree 

centrality 

Pearson 

correlation 

0.290* 0.118* 0.541* 0.440* 1    

Between 
centrality. 

Pearson 
correlation 

0.720* 0.522* −0.104** −0.087** 0.422* 1   

Structural holes 
Pearson 

correlation 

−0.161** −0.263* 0.000 0.261* −0.506* −0.223* 1 −0.367* 

Closure 
Pearson 

correlation 
0.037 −0.085** 0.511* 0.345* 0.813* 0.087** −0.367* 

1 

Note: N=562; however, structural holes analysis includes N=229. 
*Correlation is significant at the 0.01 level (two-tailed). 
**Correlation is significant at the 0.05 level (two-tailed). 

 

Hypotheses 1-1, 1-3, and 2 can be tested through Tables 6, 7, and 8. In summary, as shown in Table 8, 

Hypothesis 1-1-1, and 1-1-2 were accepted entirely, and in the case of Hypotheses 1-3-1 and 1-3-3, they were 

accepted, but 1-3-2 was accepted only when structural holes were added to IOI, and it was not accepted when 

structural holes were added to ROI. Therefore, Hypotheses 1-2-1 and 1-2-3 were accepted but 1-2-2 was not. In 

addition, moderating effect-related hypotheses should be reviewed in terms of increases in adjusted R
2
. In the 

case of the ROI model under Hypothesis 2-1, the adjusted R
2
, which

 
was 0.200 when the model only had ROI, 

increased to 0.323 and 0.434 when degree centrality and betweenness centrality were added, respectively, and 

finally, to 0.504 and 0.448 when ROI*degree centrality and ROI*betweenness centrality were added, 

respectively. This indicates that the model, including modulating effects, had a considerably greater explanatory 

power compared to the simple model. In the case of the IOI model under Hypothesis 2-1, the adjusted R
2
, which

 

was 0.176 when the model only had IOI, increased to 0.344 and 0.406 when degree centrality and betweenness 

centrality were added, respectively, and finally to 0.405 and 0.424 when IOI*degree centrality and 

IOI*betweenness centrality were added, respectively. This indicates that the model, including modulating 

effects, had a considerably greater explanatory power compared to the simple model. The adjusted R
2 

of the 

simple ROI model under Hypothesis 2-3 was 0.205, but that of the model with ROI*closure modulating effects 

added was 0.379. This indicates a drastic increase in the explanatory power of the model. Similarly, the adjusted 

R
2 

of the simple IOI model under Hypothesis 2-4, which was 0.197, increased considerably to 0.257 when 

IOI*closure modulating effects were added. Hypothesis 4-2 was not accepted because only ROI*structural holes 

showed some positive modulating effects in the relevant regression equation. 

 
Table 6. Results of moderated regression analysis for the number of IPC subclasses. 
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Variab

les 

Step 1-1 Step 1-2 Step 2 

RO 

I 
IOI 

ROI 

Deg

ree 

ROI 

Bet

wee

n 

IOI 

Deg

ree 

IOI 

Bet

wee

n 

ROI 

Stru

ctur

al 

Hole 

IOI 

Stru

ctur

al 

Hole 

ROI 

Clos

ure 

IOI 

Clos

ure 

ROI*

Degre

e 

ROI*

Betwe

en 

IOI*

Degr

ee 

IOI*B

etwee

n 

ROI*St

ructura

l Hole 

IOI*St

ructur

al Hole 

ROI*

Closu

re 

IOI*

Closu

re 

Consta
nt 

34.6
67 

29.8
22 

34.1
17 

36.6
76 

33.8
08 

31.0
74 

19.3
15 

18.4
52 

34.7
13 

30.2
79 

32.60
6 

36.724 
24.97
8 

30.99
8 

15.034 11.728 35.009 
28.23
3 

A.C.A.

P. 
                  

- ROI 

−11.

903*

** 
 

−16.

081*

** 

−12.

764*

** 
  

−15.

485**

* 
 

−11.

880*

** 
 

−7.93

9*** 

−11.99

6***   
−8.446*

**  
−10.8

53***  

- IOI  

−10.

985*

** 
  

−16.

871*

** 

−11.

341*

** 
 

−12.

781**

* 
 

−11.

609*

** 

  
−8.99

3*** 

−10.2

70***  −4.243  
−10.2

99*** 

N.A.C.

P. 
                  

- 

Centr
ality 

                  

Deg

ree 
  

10.1

39***  
12.0

40***      
18.58

3*** 
 

13.70

9***      

Bet

ween
ness 

   
15.2

47***  
14.7

70***      
15.290
***  

8.662*

**     

- 

Struct

ural 
hole 

      
−1.6

42 

−5.3

82***       
−2.648*

** −2.267   

- 

Closu

re 

        
1.96
7*** 

3.99
5***       

12.758
*** 

7.606*

** 

A.C.A.
P. 

N.A.C.

P.a 

                  

-
Centr

ality 

                  

Deg

ree 
          

−14.3

22***  
−7.61

2***      

Bet
ween

ness 

           
−3.805
***  

−4.31

8***     

- 

Struct
ural 

hole 

              2.071*** −0.321   

- 

Closu
re 

                
−12.5

69*** 

−6.76

1*** 

F 
141.

673 

120.

660 

135.

111 

216.

357 

148.

327 

192.

802 

137.

228 

96.1

59 

73.1

34 

69.9

24 

191.3

34 

152.54

0 

128.2

72 

138.8

07 
94.248 63.886 

115.11

0 

65.58

3 

Adjust

ed R2 

0.20

0 

0.17

6 

0.32

3 

0.43

4 

0.34

4 

0.40

6 

0.54

4 

0.45

5 

0.20

5 

0.19

7 
0.504 0.448 0.405 0.424 0.551 0.453 0.379 0.257 

*p<0.05, **p<0.01, ***p<0.001, aA.C.A.P. = amount of joint patent application patents; N.A.C.P. = network structure of joint patent 

application patents 

 

5. Discussion and Policy Implication 

 

5.1. Discussion 

 

5.1.1 Power Law or Long Tail in the Network of Joint Patent Applications 

 

The fact that the 500 largest firms with the largest numbers of joint patent applications on the networks of 
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joint patent applications do not exist in the largest network component indicates that the power law is invalid 

among firms with regard to the firms’ patent applications [39]. The power law is also called the Pareto principle, 

and it indicates a ratio of 8:2; thus, the top 20% accounts for 80% of the whole, that is, the phenomenon of 

concentration on a few actors. On the other hand, the long tail principle refers to the phenomenon that appears in 

online and mobile transactions such as e-book transactions through Amazon.com and user-produced contents 

markets in which many small actors form significant scales comparable to those of a few large actors. Although 

Anderson [100] argues that these two are the same, the power law indicates the principle of concentration on a 

few actors, and the long tail principle indicates the value of many small actors comparable to that of a few large 

actors. Therefore, these two have contrasting definitions [100,98]. The fact that the 500 largest firms in terms of 

patent applications do not constitute the largest component in the networks but exist in networks smaller than 

the middle size should be noted. Networks for collaboration in patent applications among applicants that apply 

for small numbers of patents are more developed than those among applicants that apply for large numbers of 

patents. This proves that, in the process of patent applications, SMEs actively perform technological innovation 

activities through joint patent applications, which indicates that the long tail phenomenon appears in patent 

applications through various joint patent application networks among many working firms [98,101]. The 

appearance of the long tail phenomenon in joint patent applications is closely associated with large activated 

joint patent application networks at the long tail part of the phenomenon. Therefore, for SMEs with few patent 

applications to create new technological innovation outputs, they may want to aggressively form networks in the 

early stage of the knowledge funnel to perform joint patent application activities.  

 

 
 

Figure 7. Coexistence of the power law and the long tail potential in relation to the number of patent applications. 

 

Firms that applied for patents were arranged in order of the number of patent applications beginning with 

the firm with the largest number of patent applications. The numbers of patent applications of these firms were 

specified, and the 500 largest firms and giant components in joint patent application networks were illustrated to 

produce Figure 7. The firms within the 500
th

 place in patent applications (562 firms, including joint 500
th

 place 

firms) corresponding to approximately 10% of all applicants account for 89% of all patent applications; thus, it 

can be seen that a strong power law exists. However, the remaining 11% of patent applications are spread over 

various firms in a very wide area. In addition, it is notable that giant components spread widely from part of the 

end of the tail of the 500 largest firms to the end of the long tail. The reinforcement of industry–academic 

cooperation in the research and development of small firms on the long tail that concentrate on technological 

innovation can activate the long tail, thereby activating small firms’ technological innovation and increasing 

various firms’ opportunities for new technological innovation and advancement into markets.  

 

5.1.2 Number of Patents and IPC Subclasses as Measures of Innovation Performance 

 

In this study, both the number of IPC subclasses and the number of patents of firms were used as 

innovation performance measures. As seen in Figure 3, the range of measurement of firms’ innovation 

performance through patents has been gradually increasing because of the development of a knowledge-based 

economy. In this study, the diversity of subclass areas of patent applications by each firm was identified to be 
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sufficiently usable as an indicator of firms’ innovation performance in terms of increases in the area of IP 

properties in studies of certain industrial areas. Along with the number of patents, which is a quantitative 

indicator of IP, the diversity of areas of IP properties owned by firms is a useful measure for innovation 

performance of firms [102,83,103].  

 

5.2. Policy Implication: Structure of Collaboration Networks has Both Direct and Indirect Effects 

 

The fact that both the quantitative level of collaboration and the structure of a collaboration network have 

important effects on firms’ innovation performance has been proven through this study. In particular, the fact 

that the structure of joint patent application networks has both direct and indirect modulating effects has been 

identified through this study. Therefore, to examine collaboration between firms for open innovation, network 

structures should be considered simultaneously. Although IOI and ROI have negative effects on firms’ 

innovation performance, centrality and closure have direct positive effects, as well as indirect negative effects, 

to reinforce the effects of IOI and ROI. In line with this, although structure holes were shown to have a partial 

direct negative effect, they have indirect positive modulating effects on ROI when the dependent variable is the 

number of IPC subclasses. Therefore, when establishing open innovation strategies, firms should consider the 

structure of collaboration as well as the level of collaboration itself [104,105]. So, aside from the amount of 

collaboration, the network structure should also be considered when making a collaboration project in R&D. 

The structures of R&D collaboration networks in which firms have higher centrality and closure, as well as 

lower levels of structural holes, should be designed. 

 

5.3. Additional Research Topics and Implications for Practice 

 

This study analyzed data on patent applications by all firms in the USA that applied for patents at a certain 

period in a certain area. In-depth case analyses are required as follow-up studies to examine the reality of open 

innovation in the process of joint patent applications that center on concrete cases of firms, concrete shapes of 

resultant firms’ innovation performance, and related expenses. These follow-up studies should identify the 

concrete forms and characteristics of collaboration at the entrance of the knowledge funnel, network structures 

in this process, the direct relationship between the network structures and firms’ performance, as well as the 

effects of the network structures on firms’ collaborative activities. Especially, we should find out special 

benefits and cost of open innovation in research steps compared to development, partnership in business, or 

M&A to find out the strange aspects of open innovation of R&D, except joint patent application [106], the 

intensive case study on the open innovation at the entrance of knowledge funnel.  

The follow-up studies should also establish the relationship between open innovations in the early stage of 

the knowledge funnel, that is, collaboration in applications for patents as well as in later stages and the 

characteristics of the long tail that appear during the process of patent application and registration. First, whether 

the long tail phenomenon universally exists in firms’ innovation activities, such as patent applications, should be 

determined. Second, it should be determined whether there are any causes of the long tail phenomenon that are 

completely different from those that have been pointed out, such as the characteristics of mobile and online 

platforms in markets and marketing, including consumer production and diversity. That is, the effects of 

quantitative and network structural characteristics of networks or open innovation among small participants on 

the long tail phenomenon should be resolved as well. 
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Appendix A. Samsung network in the 500 largest firms 

 

Joint Patent Application Firms in the 500 Largest Firms 
Number of Joint Patent Application 

Patents 

Electronics and Telecommunications Research Institute 137 

Korea Advanced Institute of Science and Technology 85 

Seoul National University Industry Foundation 75 

SK Telecom Co., Ltd. 60 

KT Corporation 60 

Hanaro Telecom Corporation 59 

Postech Academy Industry Foundation 33 

Sungkyunkwan University Foundation for Corporate Collaboration 11 

Samsung Electro-Mechanics Co., Ltd. 10 

Georgia Tech Research Corporation 9 

Tsinghua University 6 

Palo Alto Research Center Incorporated 4 

Toshiba Corporation 1 

Matsushita Electric Industrial Co., Ltd. 1 

Hitachi, Ltd. 1 

Sanyo Electric Co., Ltd. 1 

Pioneer Corporation 1 

Regents of the University of California 1 

Fraunhofer Gesellschaft Zur Föerderung Der Angewandten 

Forschung E.V. 
1 
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Appendix B. Nokia network in the 500 largest firms and total networks 

 

Joint Patent Application Patent Firms  
In 500

th
 

Firms 
Total Network 

Nokia Siemens Networks Oy 14  

Infineon Technologies AG 2  

STMicroelectronics Corporation 1  

Commissariat à l'Énergie Atomique 1  

Et Aux Énergies Alternatives 
 

1 

RF Micro Devices Inc. 
 

1 

M. K. Vehvilainen 
 

1 
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Appendix C. Research In Motion network in total networks 

 

Network Firms in Total Structure Number of 

Joint Patent 

Application 

Patent 

Firm or 

Individual 

A Corporation Organized Under the Laws of the Province of Ontario 7 Firm 

McMaster University 5 Firm 

Ascendent Telecommunications Inc. 3 Firm 

Certicom Corporation 1 Firm 

Ontario, Canada 1 Individual 
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Abstract 

The purpose of this study is to address the two following issues. 

What are the causes behind the difference in the effects of open innovation such as the different 

 points on the inverted-U curve? 

What is the difference of the open innovation effect according to the situations in which firms are located? 

Depending on the specific size of the firm existing in various time dimensions, the industry where the firm 

belongs to (i.e., open innovation characteristic of the corresponding industry or open innovation intensity), on 

the time dimension where the corresponding open innovation is in progress, open innovation creates various 

forms of performances. 
 

Keywords: Airways, Airplane, Flight, Aeronautic, Aviation, Aerospace, Aero, Airport, Aircraft, Airplane, Aeroplane, Air and Transport, Air 

and Logistics, Air and Cargo, Air and Operation 

 

 

Research Question 

 

As the knowledge-based economy develops, open market connections with technologies existing in the world 

(or open innovation) are becoming an important decision factor in the growth of businesses, the regional 

innovation system (RIS), and the national innovation system (NIS). Although open innovation research is 

becoming active in various areas throughout the world, after a book related to Chesbrough was published in 

2003, this study focuses on the open innovation effect on which sufficient research is yet to be carried out. In the 

case of open innovation research, the performance portion refers to the accumulation of significant quantitative 

researches—various quantitative data analyses, including surveys, patent analysis, business performance 

analysis, and so on—along with many other case studies. In the case of quantitative data analysis, based on the 

research results to date, the relationship between the performance and the activation of open innovation of 

businesses is represented by an inverted-U curve (Barge-Gil, 2010; Drechsler & Natter, 2012; Laursen & Salter, 

2006). However, almost no research on the specific decision factors and contents of the inverted-U curve exists. 

Therefore, the purpose of this study is to address the two following issues. 

a. What are the causes behind the difference in the effects of open innovation such as the different 

 points on the inverted-U curve? 

b. What is the difference of the open innovation effect according to the situations in which firms are located? 

To achieve the objective, this study will first review the existing research on the impact of the degree of open 

innovation on the performance, as well as develop a quantitative relation model between open innovation and 

the firms’ performance. Second, this study will develop a math model that would mathematically explain the 

model above and ensure logical validity through a simulation within the model. Third, this study will examine 

the relationship between open innovation and performance of the aero industry, which is one of the oldest 

Hyundai industries, through a quantitative patent analysis. In other words, through case studies of positivistic 

industries, this study will deduct and analyze the time sequential relationship between open innovation and the 

firms’ performance in the relevant sector. Fourth, this study will apply experimental values deducted from 

positivistic case studies to an agent-based model that realizes the math model, conduct a simulation, and make a 

comparative analysis of the experimental model. Fifth, this study will logically compile research on the degree 

of open innovation and business performance to present a causal loop model and derive the implications. 

 

 

Literature Reviews and Research Model Building 
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TABLE 1 

Quantitative relation between open innovation and performance from literature review 

 
Relation between open innovation and 

performance 
Key factors of open innovation’s effects Source 

Inverted-U curve relation between innovative 

performance, and the breadth and depth of search 
through external sources of innovation 

Scope of search through external sources of 
innovation 

Depth of search through external sources of 

innovation 

① 
(Laursen & Salter, 2006) 

Smaller firms and less R&D-intensive firms opt 
for closed strategies. 

Medium-sized firms and firms with medium R&D 
intensity opt for open strategies. 

Larger firms and more R&D-intensive firms opt 

for semi-open strategies. 

Firm size 

Sector that belongs 
R&D 

Absorptive capacity 

② 
(Barge-Gil, 2010) 

Open innovation in technology development 

Open innovation in product development 

Open innovation in manufacturing 

Open innovation in commercialization 

Joint technology development 
Joint product development 

Joint manufacturing and sharing equipment 

Joint access to new markets and joint bidding 
for new contracts 

③ 
(Theyel, 2012) 

On average, medium-sized firms are more heavily 

involved in open innovation than their smaller 

counterparts. 

SMEs pursue open innovation primarily for 

market-related motives such as meeting 
customer demands or keeping up with 

competitors. 

④ 
(Van de Vrande, De Jong, 

Vanhaverbeke, & De 

Rochemont, 2009) 

Different open innovation activities are beneficial 

for different innovation outcomes. 

Technology sourcing is linked to radical 

innovation performance. 

Technology scouting is linked to incremental 
innovation performance. 

⑤ 
(Parida, Westerberg, & 

Frishammar, 2012) 

There are several factors that have effects on a 

firm’s openness decisions in innovation. 

A lack of market and technological knowledge, 

ineffective intellectual property protection 

mechanisms, and competitors’ threats—such as 
market entries and imitation—prevent firms 

from being open. 

A firm’s need for financial funding and the 
effectiveness of IP protection mechanism 

increase a firm’s open innovation. 

⑥ 
(Drechsler & Natter, 2012) 

Open innovation in SMEs can perform in an 
intermediated network model. 

R&D focused on cross-functional consortium 
families (CF2) for radical innovation 

Manufacturing-focused CF2 for incremental 

innovation 
Marketing-focused CF2 for incremental 

innovation 

New business-focused CF2 for radical 
innovation 

⑦ 
(Lee, Park, Yoon, & Park, 
2010) 

SMEs have five different open innovation 

strategies such as closed innovator, supply-chain 
searcher, technology-oriented searcher, 

application-oriented and demand-driven searcher, 

and full-scope searcher. 

SMEs choose different open innovation 

strategies according to their organizational 

context, internal requirements, and their ability 
to improve innovation performance. 

⑧ 
(Brunswicker & Vanhaverbeke, 

2011) 

In leveraging external sources of innovation, there 
is a need for a four-phase model that contains a 

liner process.  

Obtaining by searching, enabling/filtering, and 
acquiring 

Integrating 

Commercializing external innovations 
Interaction between the firm and its 

collaborators through feedback or reciprocation 

⑨ 
(West & Bogers, 2014) 

 

Through quantitative literature reviews of recent open innovation, Table 1 shows the various arguments about 

the relationship between open innovation and business performance and summarizes the various factors that 

determine the open innovation of firms. By classifying and integrating the common points of these reviews and 

extracting the research results from theses on the recent quantitative analysis of open innovation, the conclusion 

can be summarized in Figure 1, which will be used to establish the research framework of this study. 

 

 

FIGURE 1 

Research model: the quantitative relation model between open innovation and the firms’ performance 
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First, one research sheds light on the relationship between the breadth and depth of a search through external 

sources of innovation, including innovative performance, with the inverted-U curve. Another research pursues 

the strategies of closed innovation, open innovation, and semi-open innovation in accordance with business 

growth. Both quantitatively explain that the effect of open innovation does not grow infinitely but has limited 

growth(Jeon, Kim, & Koh, 2015). 

Second, a different open innovation activity, a different open innovation intermediated network of SMEs, a 

different open innovation strategy, and four phases of searching knowledge models discuss the intensity of open 

innovation.  

Third, the extent of knowledge amount—including the stages of technological development, product 

development, manufacturing and commercialization—the degree of technological knowledge, and the different 

open innovation strategy, are being expressed in various forms(Patra & Krishna, 2015). This means that as the 

knowledge amount differs, open innovation appears in various stages of the value chain, and a different open 

innovation strategy emerges. 

Fourth, the four-phase model in leveraging external sources of innovation and the changes in business 

volume and business innovation capacity reveal the various time contexts of technological innovation(Kodama 

& Shibata, 2015). 

Examining prior researches on open innovation—quantitative studies in particular—the quantitative relation 

model between open innovation and the firms’ performance can be established with open innovation intensity, 

knowledge amount, and time that asserts an influence on the inverted-U curve (i.e., performance with the 

limitation of open innovation) like the research model shown in Fig. 1. 

 

 

Mathematical modeling of open innovation and validation by internal simulation 
 

Mathematical modeling of open innovation 

 

T: time period for the interactions 

K^((0)): the amount of initial inside knowledge 

x: level of open innovation = the number of this study’s innovators 

y: the number of other innovators 

x+y=N: total amount of innovators (constant) 

 

For each x, let P_x^((t)) be the outcomes at the time t=0, 1, 2, ⋯, T. 

For each x, let O_x^((t)) be the outcome newly created at the time t=0, 1, 2, ⋯, T. 

The outcome, O_x^((t_1)), created at the time that t_1 decays as time goes by, so that at time t_2, the 

outcome becomes O_x^((t_1)) Γ(α,β)(t_2-t_1), where Γ(α,β)(t) is the gamma function with the parameters 

α,β evaluated at t. 

 

Thus, we get: 

P_x^((t))=O_x^((0)) Γ(α,β)(t)+ O_x^((1)) Γ(α,β)(t-1)+⋯+ O_x^((t-1)) Γ(α,β)(1)+O_x^((t)) 

Also, assume that the initial outcome is proportional to the amount of initial inside knowledge K^0, so that: 

O_x^((0) )=δ_1 K^((0)) where δ_1 is a constant. 
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How can we define O_x^((t))? 

 

At each time t, innovators are categorized into three states: 

X(t): the number of this study’s innovators not having interactions with other innovators  

Y(t): the number of other innovators not having interactions with our innovators  

I(t): the number of this study’s innovators doing interactions with other innovators  

 

When one of this study’s innovators meets one of outside innovators, they are interacting with each other. In 

this case, X(t) and Y(t) decrease by 1, respectively, and I(t) increases by 1. In addition, after some interaction 

time has passed, let this interaction time τ be separated and produce some output. The evolution equation for 

X(t), Y(t), I(t) becomes the following system of differential equations: 

(dX(t))/dt= -b X(t)Y(t)+c I(t- τ), X(0)=x  

(dY(t))/dt= -b X(t)Y(t)+c I(t- τ), Y(0)=y (*) 

(dI(t))/dt= b X(t)Y(t)-c I(t- τ), I(0)=0.  

 

For all t, the following is its equality: 

X(t)+Y(t)+2I(t)=x+y=N. 

Discrete version for (*) is the following: 

X(0)=x, Y(0)=y, I(0)=0  

X(t+Δt)= X(t) -b X(t)Y(t)Δt+c I(t- τ)Δt 

Y(t+Δt)= Y(t) -b X(t)Y(t)Δt+c I(t- τ)Δt,  

I(t+Δt)= I(t)+ b X(t)Y(t)Δt-c I(t- τ)Δt.  

 

Also, define O_x^((t) ) by 

O_x^((t) )= δ_2 I(t) 

where δ_2 is a constant. 

 

Validation of mathematical model of open innovation by internal simulation  

 

This study constructed an internal simulation of a mathematical model as follows. 

Differentiations were made using colors: Innovator Inside [I] is red while Other Innovator [O] is cyan (Refer 

to Fig. 2). 

Interaction occurs between I and O. I does a random move at each tick. If I and O meet each other, an 

interaction occurs during a tick (10 ticks). During the interaction between I and O, Outcome—which is the 

Revenue Agent (Rev)—occurs. Rev changes according to time. 

 

 

FIGURE 2 

Innovator Inside [I] is red, Other Innovator [O] is cyan, and Revenue Agent is enclosed in a square 
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Rev=(𝑡;𝛼,𝛽) 

 

Occurring time is 𝑡_0, while Initial Rev is 𝑅_0. In addition, this study supposes that Rev is a random 

variable with an average of 20, a standard deviation of 10, and is in a normal distribution. Also, a random 

sampling Rev was conducted from the aforementioned supposition. The study supposed Rev as an increasing 

coefficient according to time, gamma curve, and randomly selected a shape/scale parameter. Shape parameter (𝛼) 

was randomly selected between 1–4, and a 1/scale parameter (𝛽) was also randomly selected between 1–4. 

 

The Revenue according to time (𝑡) is (𝑡). (𝑡)=𝑅_0∗𝐺𝑎𝑚𝑚𝑎 (𝑡−𝑡_0, 𝛼, 𝛽). 

 

 

FIGURE 3 

Rev=(𝑡; 𝛼, 𝛽) 

 

 
 

In simulation factors, the number Population is the sum of the total numbers of [I] and [O]. An example 

given in the simulation is 100 and 200. 
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The number of [I] among Population is 1–population number. 

Time span means the total time (tick number of interaction between [I] and [O]) when the number of 

population and the number of [I] were decided. There are three time spans such as 50, 200, and 800. Time scale 

𝑘 means the change speed of Revenue according to the time. 

Scale=1: (𝑡)=𝑅_0∗𝐺𝑎𝑚𝑚𝑎 (𝑡−𝑡_0, 𝛼, 𝛽) 

Scale=k: (𝑡)=𝑅_0∗𝐺𝑎𝑚𝑚𝑎 (𝑘(𝑡−𝑡_0), 𝛼, 𝛽)  

K has three such as 1, 0.5, and 2. 

The internal simulation of the mathematical model is implemented under the above conditions. First, the 

initial number of internal innovators of business, which simulates the changes in open innovation performance 

following the internal knowledge amount of business. That is, increasing the number of [I] from 1 to the 

population number simulates the changes of Rev. 

 

 

FIGURE 4 

Outcome change according to the Internal Innovators: number of [I] = 1–100, number of [I] = 10–100 

 

 
 

Based on Fig. 4, the outcome exhibits an inverted-U curve. In addition, the more the internal initial 

innovators (or the initial knowledge amount), the greater the performance of open innovation will be. 

 

 

FIGURE 5 

Outcome changes according to the total number of innovators 
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Based on Fig. 5, the simulation result shows that the outcome generates a bigger inverted-U curve form 

according to the overall number of innovators—the overall increasing knowledge amount. 

 

 

FIGURE 6 

Outcome changes according to the time span 
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Based on Fig. 6, the longer the time span, the higher the inverted-U curve climbs. Thus, open innovation 

performance increases to a very high level. Open innovation performance in the short-, medium- and long-term 

display an inverted-U curve, but as time is extended, the simulation result shows that open innovation 

performance can rise and fall to a great extent. 

 

 

FIGURE 7 

Outcome changes according to open innovation intensity 

 

 
 

In Fig. 7, time scale corresponds to open innovation intensity in the gamma coefficient. This simulation 

result shows that as the intensity of open innovation increases, business performance becomes sharply 

augmented. For the low-level open innovation, this study can also confirm that that business performance does 

not show up. 

 

 

Open innovation changes in the aero industry 

 

For the analysis of this chapter and for the patent analysis of researchers from the Korea Institute of Science and 

Technology Information (KISTI), data was collected by searching keywords from the constructed GPASS 

database (https://gpass.kisti.re.kr). GPASS has 88,674,540 patents of 77 nations and organizations, including EU 

and WIPO (as of Feb 15, 2015). In this study, US patent data related to the aero industry was used. 

 

 

FIGURE 8 

Trends of the total patents by year 
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Based on Fig. 8, the total number of application patents for the aero industry followed the inverted-U curve 

several times after mid-1950s and once in the 2000s; now, it is on the upward trend again. Thus, it becomes 

known that inverted-U curves in the short and the long term, which appear in the mathematical model, clearly 

exist in reality. 

 

 

FIGURE 9 

Trends of open innovation (ROI and IOI) of the total patents by year 
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Based on Fig. 9, the Ratio of Open Innovation (ROI)—i.e., the width of open innovation—which signifies 

the importance of jointly applied patents among all other patents, generally went through fluctuations but gained 

an overall increase then faltered a little in the late 2000s. 

The Intensity of Open Innovation (IOI)—i.e. the depth of open innovation—which signifies the average 

number of joint applications per patent, also went through fluctuations and began to show slight signs of 

slowing down near 2010. 

In general, the width or depth of open innovation does not decrease or increase. In the Intensity of Open 

Innovation, the short- and the long-term period and the knowledge amount that appear in the mathematical 

model, the situation that an individual firm faces can be very different, even for a specialized industry. Therefore, 

the IOI undergoes fluctuations rather than move in a fixed direction. 

 

 

FIGURE 10 

Aero industry output like the total patents in the 1970s and 2000s 

 

 
 

 

FIGURE 11 

Comparison between the 1970s and 2000s in open innovation of aero industry 

 

 
 

 

Based on Figs. 10 and 11, it is possible to make a comparative analysis of the years 1970 to 1980 when the 

knowledge amount was low and the years 2000 to 2010 when the knowledge amount considerably increased. 

While open innovation decreased and then increased in the 1970s, the total number of patents has generally 

reduced and does not have any upward growth. On the other hand, while open innovation increased and 

subsequently decreased in the 2000s, the total number of patents is still on the rise, if anything. In other words, 

the characteristics of the second half of the inverted-U curve can be seen in the 1970s, but the total number of 
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new patents has been rising in the 2000s. This shows that changes due to time, changes due to knowledge 

amount, and changes due to the short and the long term that appear in the mathematical model overlap one 

another in the open innovation performance in the aero industry, which refers to a change in the total number of 

patents. 

 

 

Simulation of open innovation effects according to time, initial knowledge amount, and open innovation 

intensity. 

 

Simulations in this section concretely materialize the simulations through changes in the Game of Life model 

previously established based on a mathematical model. Many preexisting studies have simulated dynamics 

through the Game of Life model, through the “Statistical mechanics of a dynamical system based on Conway’s 

Game of Life” (Schulman and Seiden, 1978). Through the Game of Life model, three-dimensional simulations 

are sometimes carried out using this research model (i.e., initial knowledge amount, open innovation intensity, 

and time) (Bays, 1987, 1992). Through this, implementation of the logical functions in the Game of Life 

becomes feasible. Moreover, the effect of boundary conditions on scaling in the Game of Life can be 

materialized (Blok & Bergersen, 1997; Rennard, 2002). This study proceeded with the simulations using the 

current Game of Life model proposed by Conway as the base. 

 

 

TABLE 2 

Simulation model 

 

 
 

If we organize the Simulation F Model based on Fig. 1, eight types of simulations, as shown in Table 2, can 

be deducted. Through the interpretation of the eight simulation model results that are applicable in real life, a 

more concrete, overall understanding of the specific open innovation strategy and the business performance it 

brings about will become possible by suggesting in advance the various situations where open innovation effects 

under the eight conditions can actually appear. 

The highs and lows of OI in this model are determined by the conditions of the traditional Game of Life. 

When neighbors are three days, a new agent is born; when neighbors are less than two days or more than three 

days, a corresponding agent dies. These conditions of the traditional Game of Life are deemed low open 

innovation. When neighbors are two days, a new agent is born; when neighbors are less than one day or more 

than two days, a corresponding agent dies. These are presumed to be high open innovation. In cases when the 

initial knowledge is small, the patent number of the US aero industry in 1970 was taken to have an initial value 

of 251. On the contrary, in cases when the initial knowledge is big, the patent number of the US aero industry in 

2000 was taken to be 419. Also, the short term presupposes 120 ticks, which means one year, whereas the long-

term presupposes 1,200 ticks, which means ten years. 

 

A–D. Starting Knowledge Condition Small 

 

FIGURE 12 

Starting Knowledge Condition Small, Simulation 
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In Fig. 12, the inverted-U curve appears in both time short and time long under OI low condition. The patent 

application of the US aero industry in 1970 and 1971 seems to be showing this result. In contrast, a high 

standard performance was brought about in both time short or time long under high OI condition, but a state of 

very high complexity continues in either the short or the long term. 

 

E-H Starting Knowledge Condition Big 

 

FIGURE 13 

Starting Knowledge Condition Big, Simulation 
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Fig. 13 shows the four simulation results of the case when the initial knowledge amount is big. When the OI 

intensity is low, the performance cycle takes the form of big waves regardless if it is a short or a long time. That 

is to say, when the initial knowledge amount is huge, when open innovation is regularly maintained at a low 

level, business performance is not maintained, but it exists within the range of a rather big wave. 

 

In Fig. 13, when the OI is high, regardless if it is a short or long time, business performance is maintained at 

a very high complexity at a high level. The trend of the aero industry in the 2000s is that E and G are mixed in 

the short term, while F and H are mixed in the long term. While uncertainty is very high, a high-performance 

level is reached. 

 

Through the abovementioned eight simulations, although the relationship between open innovation and the 

firms’ performance statistically shows an inverted-U curve, the contents show that open innovation performance 

of various forms are emerging, as seen in the eight simulation cases. Even the patent trend of the US aero 

industry, in accordance with the dynamics of open innovation and business performance, is emerging in the 

statistical aggregate as inverted-U curves of diverse scales. However, examining the individual business, the 

specific sector, and the specific period, one can be fully aware that the relationship between open innovation and 

performance can exist as inverted-U curves, fluctuations, and complexity of various levels. Also, it can be 

deduced that there is a need to cope with them. 

 

 

Logical synthesis: Causal loop modeling of open innovation effect 

 

By discussing the important variables of the Causal Model, two types of Innovation Effort (or Innovation 

Investment) can be thought of: Open Innovation Effort, which creates shared knowledge stock (SKS), and 

Closed Innovation Effort, which crates proprietary knowledge stock (PKS). In addition, two types of Knowledge 

Stock such as SKS, and PKS exist. A portion of SKS can be converted into PKS. Firm performance (or profit) 

can come from PKS or from SKS. There are two coefficients of knowledge stock (KS). SKS is a coefficient of 

SKS growth through OI. PKS is a coefficient of PKS growth through CI; two coefficients of Knowledge Stock 

(KS) increase the efficiency through innovation effort. A coefficient of SKS grows through OI (CoSKSGr_OI). 

The researchers assume that it will decrease over time, thus meaning that there will be maturation. A coefficient 

of PKS grows through CI (CoPKSGr_CI), which is assumed to remain unchanged. However, in a future study, 
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the case where the “Coefficient of PKS Growth through CI” also decreases over time or with PKS Maturation 

(Maturation Effect of PKS Building through CI) can be studied. There are three preconditions or Initial 

Knowledge Stocks such as Initial SKS, Initial PKS, and Initial Proprietary Portion in SKS. This study accepts 

the effect of Time Span from the short term to the long term.  

 

“Time Span” ↑ →  “Coefficient of SKS Growth through OI” ↓  

 

The causal loop in Fig. 14 shows that the balancing effect of OI Effort and the negative effect of OI Effort, 

as well as the reinforcing effect of CI Effort and the basic loop related to OI Effort—as shown in Table 3—exist. 

While open innovation effects have statistically been the cause of the inverted-U curve through the action of the 

balancing loop B1 and the reinforcement loops R1 and R2, very diversified forms of open innovation effects 

continue to appear. A better understanding of these logical developments can be gained through an intuitive 

grasp of Table 3. 

 

TABLE 3 

Major feedback loops 

 

(R1, Basic Loop, OI Effort) Reinforcing Effect of OI Effort 

OI Effort ↑  Shared Knowledge Stock (SKS) ↑  Proprietary Knowledge Stock (PKS) ↑  Firm 

Performance↑  OI Investment ↑ 

(R2, CI Effort) Reinforcing Effect of CI Effort 

CI Effort ↑  Proprietary Knowledge Stock (PKS) ↑  Firm Performance↑  CI Effort ↑ 

(B1, Negative Effect of OI Effort) Balancing Effect of OI Effort 

OI Effort ↑  Proprietary Portion in SKS ↓  Proprietary Knowledge Stock (PKS)↓  Firm Performance↓ 

 OI Effort ↓ 

 

 

FIGURE 14 

Causal model of relationship between OI Effort, Knowledge Stock, and Firm Performance 

 

 
 

 

Based on the above discussion, if the argument for “Effect of Time Span (Short  Long)”—that is, the 

Maturation Effect of OI Effort—unfolds, this causal loop can be better explained. 
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If it is assumed that “Coefficient of SKS Growth through OI” goes down as time goes by (Short → Long), 

maturation effect occurs: Time Span ↑  Coefficient of SKS Growth through OI ↓  Shared Knowledge Stock 

(SKS) ↓  Proprietary Knowledge Stock(PKS) ↓  Firm Performance ↓  OI Effort ↓. 

Thus, if it is also assumed that “Coefficient of PKS Growth through CI” remains unchanged, it will be more 

profitable to “focus on the CI Effort rather than the OI Effort in a later stage.” As a Result, “in earlier stage  

focus is on OI” and “in later stage  focus is on CI.” 

Next, “Effect of Initial Knowledge Stock” will be discussed. If the “Initial PKS” is high enough and the 

“Coefficient of PKS Growth through CI” also remains high enough, then more focus can be given on R2 (CI) 

rather than R1 (OI), because R2 (CI) can provide enough efficiency in PKS building by itself. But, focus must 

be given on OI rather than CI with a low “Initial PKS” and a low “Coefficient of PKS Growth through CI.”  

Also, with a high “initial proprietary portion in SKS,” it may somewhat be harmful to use OI because it will 

lower the “proprietary portion in SKS” much more, thus also reducing PKS and firm performance. Such effect 

will be more severe when the OI Maturation effect occurs. Earning is not possible from OI because SKS is 

already matured, and “proprietary portion in SKS” will only be lost. When Shared Knowledge Stock (SKS) is 

too small and “Coefficient of SKS Growth through OI” is also small, it will be of no help to use OI; focus must 

be on CI rather than OI. 

Finally, even the short- and long-term effects that open innovation efforts exert on business performance in 

the relationship with R1, R2, and B1 are important factors that decide the content structure and the direction of 

performance that open innovation exerts on business performance. In the early stages, open innovation effects 

rode on the open innovation reinforcement loop of R1 and acted more greatly than the balanced loop B1, thus 

providing a positive impact on business performance. However, if open innovation efforts become bigger, the 

close innovation effects of R2 will gradually become bigger than open innovation effects. Furthermore, as B1 

has also grown bigger, business performance stops growing and, sometimes, may even deteriorate. 

Through the logic model of the causal loop in Fig. 14, the reinforcement loops R1 and R2, and the balanced 

loop B1 each perform mutual interaction with the Effect of Time Span, Effect of Initial Knowledge Stock, and 

Open Innovation Effort. Going over the general inverted-U curve, the point that connects business performance 

in various forms can be concretely and logically understood. 

 

 

Discussion and Conclusion 

 

Discussion 

 

If firms augment open innovation, will business performance inevitably increase? According to previous studies, 

the answer is no. If open innovation of firms were augmented, open innovation might increase business 

performance to a certain level, after which business performance will start to ride on the decreasing inverted-U 

curve. However, depending on the specific size of the firm existing in various time dimensions, the industry 

where the firm belongs to (i.e., open innovation characteristic of the corresponding industry or open innovation 

intensity), on the time dimension where the corresponding open innovation is in progress, open innovation 

creates various forms of performances. Therefore, it cannot simply be concluded that that through an initial 

augmentation of open innovation and a later reinforcement of closed innovation, firms can improve business 

performance. Understanding relationships between open innovation and business performances as a simple 

inverted-U curve is the most certain and the quickest way to fall into an innovator’s dilemma (Christensen, 1997, 

p. 14). Furthermore, open innovation affects economic dynamics on a more macroscopic level and not only 

through the relationship between open innovation and closed innovation but also through the dynamics of open 

innovation and social innovation (Yun, 2015). In other words, through several feedback loops, such as open 

innovation of knowledge city and open innovation of national innovation system, powerful open innovation 

reinforcement loops exist on the macro level (Yun, Jeong, & Yang, 2015; Yun, Won, Hwang, Kang, & Kim, 

2015). Also, the development and application of various business models that connect the firms and the market 

together with open innovation have to be newly understood and explained through a reinforcement of open 

innovation or balanced loops (Yun, Won, Jeong, Park, Yang, and Park, 2016). 

 

Conclusion 

 

The researchers’ of this study have made several attempts, which precedent researches have not, to explain the 

various relationships between open innovation and business performance, examples of which include 

mathematical modeling of open innovation, ABM simulation of open innovation, causal loop modeling of open 

innovation. The three open innovation effect modeling that this study presented aims to vividly show the 

concrete context of the equivocal and complex aspect that the relationship between open innovation and 
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business performance has—the impact that open innovation gives to business performance based on the actions 

of several factors, including the initial knowledge amount, open innovation condition for the firms’ locations, 

and the time category that firms are faced with, which are very dynamic and appears in unpredictable forms. 

From the viewpoint of someone showing this through a simulation model in various dimensions, one cannot 

ignore the value and results of this study. However, a future assignment of this study is to conduct follow-up 

research that can develop a systematic analysis, which will explain and present the form or appearance that open 

innovation activities specifically influence business performance from the aspects of specific time, open 

innovation condition, and knowledge or technology accumulation. 
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1. Introduction 

 

Discovery involves collaboration among men’s intelligent activities [1]. That is, new knowledge can be 

found by having collaboration with the environment or other colleagues [34]. In addition, learning plays a vital 

role in the development of autonomous agents [2]. The ability to learn new knowledge is one of the major 

characteristics of humans who are autonomous agents [35]. Humans are able to accumulate knowledge 

exponentially and conduct various social activities through very large amounts of additional autonomous 

learning in addition to direct learning. Meanwhile, some researchers present a novel unsupervised learning 

method for human action categories [3,4,5]. However, because human learning has various nonhomogeneous 

kinds of learning in itself, the concepts to specify human learning separately are utilized in order to specify 

human learning differentiated from the foregoing concept. They are direct learning, which means learning by 

direct teaching, and autonomous learning, which means learning by humans’ recombination of the results of 

direct learning [6,7,8,9,10,11]. Social learning, which is done with the presence of many individuals, has 

allowed humans to build up extensive cultural repertories, enabling them to adapt to a wide variety of 

environmental and social conditions [12]. The Distributed Knowledge Management (DKM) approach or swarm 

intelligence is also a kind of social or organizational approach [13,14]. The present study includes the learning 

within the boundaries of organizations like firms in an open regional innovation system [30].  

Computers cannot accumulate additional knowledge that surpasses their given programming. For 

computers to accumulate additional knowledge, additional program coding is necessary. The main characteristic 

of the methods of knowledge accumulation of humans is autonomous learning which is sometimes differently 
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called such as implicit learning, solving a problem, or introspective measures of learnings [31]. That is, through 

autonomous learning, each individual accumulates additional knowledge that is beyond the scope of direct 

teaching. Therefore, if computers can conduct additional autonomous learning that surpasses direct 

programming as with humans, they will also be able to accumulate knowledge autonomously as with humans 

[15]. 

What do we need for the sustainable artificial intelligence which is not harmful but beneficial human life? 

Can autonomous learning models for the autonomous knowledge accumulation in a form similar to that of 

humans or firms be designed? If so, how should they be designed? 

The purpose of the present study is to provide an answer to these research questions. 

Herbert Simon, who prepared a momentum of epoch-making development of computer engineering by 

applying the bounded rationality model of humans to artificial intelligence, also formed a foundation for the 

development of computer engineering through the modeling of human rationality [16,17,18,19,20]. The present 

study is intended to construct a knowledge learning model through the modeling of humans’ or firms’ way of 

learning knowledge in open innovation condition such as “learning from open innovation,” or “learning at the 

boundaries in an open regional innovation system” [30, 32,33]. The value of this study is high because 

autonomous learning is required in many business areas, such as intelligent robots, autonomous vehicles, next-

generation individual smartphones, or open innovation strategy and business model building as a core function 

of products [36]. 

In this study, the concept model is developed by reviewing the previous studies first and brainstorming 

about the humans’ cognitive learning processes and firms’ learning processes during open innovation [37]. 

Second, we construct the causal model of IMBDAL and develop a mathematical model for it. Third, we 

discover cases that would be the targets of application of IMBDAL, thereby securing the validity of the model 

as well as fixing the value and limitation of the model. 

 

2. Model Building 

 

2.1 Basic Concept Modeling of Human and Firm Learning  

 

Materials and Methods should be described with sufficient details to allow others to replicate and build on 

published results. Please note that publication of your manuscript implicates that you must make all materials, 

data, computer code, and protocols associated with the publication available to readers. Please disclose at the 

submission stage any restrictions on the availability of materials or information. New methods and protocols 

should be described in detail while well-established methods can be briefly described and appropriately cited. 

Research manuscripts reporting large datasets that are deposited in a publicly available database should 

specify where the data have been deposited and provide the relevant accession numbers. If the accession 

numbers have not yet been obtained at the time of submission, please state that they will be provided during 

review. They must be provided prior to publication. 

Interventionary studies involving animals or humans, and other studies require ethical approval must list 

the authority that provided approval and the corresponding ethical approval code. 
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Figure 1. Basic model of the relationship between direct learning and autonomous learning of humans. 

 

In human learning, “proven knowledge” is established through direct learning through knowledge directly 

inputted from the external environment through various ways and channels, and “confirmed information” is 

established from proven knowledge through the combinations of the pieces of such knowledge by conducting 

activities in line with human consciousness. Thereafter, “hypothetical knowledge” is obtained through the 

various recombinations of these pieces of information in the process of autonomous learning. This hypothetical 

knowledge is then converted into “non-confirmed information,” which has certain branches through the 

interactions between environments and humans [21,22].  

Non-confirmed information acts as a core element of proven knowledge creation through direct learning. 

The learning in human cognitive processes is composed of loops of direct learning and autonomous learning. In 

this learning process, proven knowledge and hypothetical knowledge are converted into confirmed information 

and non-confirmed information, respectively, and the boundaries between the two are relatively set so that they 

can circulate [1,6].  

Human beings complete direct learning by going through kindergarten, elementary school, secondary 

education, including high school, and higher education including undergraduate and graduate school. However, 

they continue direct learning for life through various channels, such as work life, travel, hobbies, and social 

relationships. In line with this, a considerable or major part of the knowledge accumulated by humans, utilized 

as the basis of various decision-making processes and behaviors in life, is in fact derived from confirmed 

information, which is the result of direct learning. It also undergoes autonomous learning to create hypothetical 

knowledge and additionally obtains non-confirmed information. However, the knowledge or information 

accumulated by computers is limited to confirmed knowledge that has been entered in the form of programs that 

have been internally completed through direct learning, that is, direct coding processes. At present, computers, 

in particular, absolutely lack the autonomous learning process similar to those of humans. 

Humans’ main direct learning is conducted mostly at similar levels and amounts. However, many pieces of 

knowledge that determine the amounts and qualities of individual humans’ decision-making and behaviors are 

of fundamental differences because of the variations among individuals, which are made through autonomous 

learning that surpasses humans’ direct learning. 

 

2.2. Open the Black Box of Autonomous Learning  

 

With regard to humans’ learning, there have been previous studies, such as those on adaptive network 

models of human learning to solve some of the perennial problems of theoretical psychology [23]. To develop 

new machine learning models, the present study utilizes only the concept of this theory to infer the 

characteristics of human learning in order to establish conceptual models. Autonomous learning separates 

existing subjects and predicates from the four pairs of confirmed information—Aa, Bb, Cc, and Dd—and adds 

possible subject–predicate networks to derive additional 12 pairs of non-confirmed information—Ab, Ac, Ad, 

Ba, Bc, Bd, Ca, Cb, Cd, Da, Db, and Dc.  

In line with this, before a full-scale discussion of autonomous learning, the characteristics of computer 

programs that correspond to subject–predicate combinations should be established. Both Java and C++, which 

are object-oriented languages, have program structures that include subjects–predicates. Therefore, through the 

autonomous learning processes, additional knowledge can be established from programs as shown in Figure 2. 
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Figure 2. Extension of nonconfirmed information and hypothetical knowledge from proven knowledge and confirmed 

information. 

 

With regard to the relationship between proven knowledge and hypothetical knowledge, first, as shown in 

Figure 3, the differences between proven knowledge and hypothetical knowledge are not fixed, but their 

positions can be flexibly changed through the interactions with the environment, such as decision-making and 

actions. However, attention should be paid to the fact that hypothetical knowledge is utilized as a foundation for 

new decision-making and actions. If this is proven through the interactions with the external environment, it will 

be proven knowledge, that is, proven knowledge has uncertainty. In particular, through autonomous learning, 

proven knowledge is not accumulated, but the dynamics of proven and hypothetical knowledge come to occupy 

the major learning processes [2]. 

Second, attention should be paid to the fact that the basis of decision-making and actions is never proven 

knowledge but is new uncertain knowledge, that is, hypothetical knowledge in most cases. Attention should be 

also given to the fact that the ground for humans’ creative activities is not proven knowledge but hypothetical 

knowledge. 

Third, hypothetical knowledge is verified as ex post facto through decision-making and actions to become 

the basis of proven knowledge. 
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Figure 3. Relationship between proven knowledge and hypothetical knowledge. 

 
Fourth, proven knowledge, which gradually increases hypothetical knowledge that is suitable for the 

exponentially increasing number of networks, is obtained through autonomous learning. 

 

2.3. The Relationship between Open Innovation and Autonomous Learning  

 

 
 

Figure 4. Learning Model in an open innovation-centered paradigm. 

 

As shown in Figure 4, open approaches to external ideas and knowledge activate autonomous learning, 

thereby actively increasing hypothetical knowledge all the more. Therefore, based on this knowledge, more 

creative decision-making and other activities that have not been conducted previously come to be actively 

carried out. This is to say that open innovation can be characterized by the increase in the decision-making 

processes and activities based on hypothetical knowledge despite the fact that these decision-making processes 

and activities had not been conducted previously [24,25,26].  

On the other hand, closed approaches to innovation that are blocked from external ideas and knowledge, as 

shown in Figure 5, activate direct learning to increase proven knowledge through direct learning. Therefore, this 

knowledge is more efficient for decision-making and actions in accordance with the patterns that are already 

established. That is, closed innovation can be characterized through the efficient implementation of the decision-

making processes and actions that are already established based on proven knowledge.  

Therefore, the setting of the ratio between autonomous learning and direct learning comes to act as a major 

determinant that identifies the characteristics and scope of learning in artificial intelligence. 
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Figure 5. Learning model in closed innovation-centered paradigm. 

 

The hybrid models that combine these two learning methods, for instance, novel learning model CLARIO 

can be proposed [27]. However, the efficiency of hybrid models is not high because hypothetical knowledge and 

proven knowledge are not in synergic relationships. That is, as far as hypothetical knowledge acts as an input 

into direct learning and proven knowledge acts as an input into autonomous learning, hybrid models in which 

both are activated simultaneously cannot be postulated. Of course, because both set the condition of each other, 

even if a condition in which a certain learning is to be activated more intensively has been established, both act 

as limitations and teach other in certain activities, thereby limiting their individual growths. 

 

3. Expansion of Autonomous Learning 

 

3.1. First Expansion of Autonomous Learning: Denial of Differentiation between Subjects and Predicates 

 

In line with this, before developing learning models, the absoluteness of the differentiation between 

subjects and predicates should be thought of. That is, although no additional information is provided through the 

links between self-nodes, the qualitative differences between the knowledge provided by the relationship 

between self-nodes and other subject nodes and the knowledge provided by the relationship between subject 

nodes and predicate nodes cannot be clearly established. That is, subjects and predicates are not qualitatively 

differentiated completely. In particular, the basic element of knowledge production is the combination of at least 

two nodes. However, the combinations of self-nodes are self-evident, and no additional knowledge is provided. 

In Fig. 2, in situations in which there are four pieces of direct learning—A-a, B-b, C-c, and D-d—if the 

qualitative differences between subject and predicate nodes are not acknowledged, direct learning will be 

defined as A->a, B->b, C->c, and D->d, whereas the 12 pieces of autonomous learning that will first occur as 

the 12 pieces in Figure 2 from the additional links between subjects and predicates have directional links. 

However, if the homogeneity between subjects and predicates is postulated, first, the 12 pieces of 

autonomous learning will additionally occur from the links among the existing subjects. They are A->B, A->C, 

A->D, B->A, B->C, B->D, C->A, C->B, C->D, D->A, D->B, and D->C. Second, 12 pieces of autonomous 

learning will occur from the links among the existing predicates. They are a->b, a->c, a->d, b->a, b->c, b->d, c-

>a, c->b, c->d, d->a, d->b, and d->c. Third, 16 pieces of autonomous learning from the links among the 

predicates, and the subjects will be added. They are a->A, a->B, a->C, a->D, b->A, b->B, b->C, b->D, c->A, c-

>B, c->C, c->D, d->A, d->B, d->C, and d->D. That is, if the differentiation between the subject nodes and the 

predicate nodes is denied, in addition to the existing 12 pieces of autonomous learning, 40 additional pieces of 

autonomous learning will occur from direct learning in Figure 2. 

The major conditions and results of the first expansion of autonomous learning can be summarized as 

follows. 

First, non-directional links are changed into directional links. When subjects and predicates are 

distinguished from each other, directional links per se are not meaningless in situations in which subjects and 

predicates are specified. However, when the two are not qualitatively distinguished from each other, directional 

links appear. 
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Second, when each node is linked to itself, the value of learning is defined as 0 because no additional 

knowledge is provided. This is interpreted as non-occurrence of learning. 

Third, more pieces of autonomous learning occur than when subjects and predicates are distinguished from 

each other. Because of the additional quantity of autonomous learning, 52 pieces of autonomous learning occur 

in the four pieces of direct learning in which eight different nodes are linked to each other. This is different from 

the 12 pieces of autonomous learning based on the four different subjects and four different predicates in Figure 

2. This means the expansion of autonomous learning as shown in Appendix 3. 

 

3.2. Second Expansion of Autonomous Learning: Vertical Expansion 

 

In the discussion of Figure 2, the first expansion of autonomous learning that denies the differentiation 

between subjects and predicates has the nature of horizontal expansion. That is, it includes the knowledge made 

through additional combinations between the two nodes as the targets of autonomous learning. 

However, two kinds of learning with natures contradictory to each other exist in autonomous learning. Of 

course, although the two may coexist in reality, refined models for them should be developed because if the 

directions and effects of learning are different from each other, their results will also be different. That is, the 

refined models are new forms of combinations among nodes, that is, the occurrence of additional pieces of 

autonomous learning brought about by increases in the number of links resulting from the addition of 

autonomous learning, which have the same number of links to the given number of nodes. 

As shown in Figure 2, 52 pieces of autonomous learning occurred in the first expansion. If the number of 

links is expanded to two from the existing one link as vertical expansion, 52×6=312 pieces of autonomous 

learning will occur because six different nodes can be added to each of the 52 pieces of autonomous learning. If 

the number of links is expanded to three, 312×5 pieces of autonomous learning will occur and if the number of 

links expanded to four, five, six, or seven, 312×5×4, 312×5×4×3, 312×5×4×3×2, or 312×5×4×3×2×1 pieces of 

autonomous learning will occur.  

This vertical autonomous learning has the following characteristics. 

First, the repeated appearances of the same node are ruled out. Autonomous learning is based on the 

addition of knowledge of individual nodes and the knowledge made by new combinations of the new added 

nodes. Therefore, the vertical expansion of certain autonomous learning is characterized by the circulations of 

different nodes through different directional links and nodes linked with each other without repetition. 

Second, whereas horizontal expansion is the subject of the first expansion, vertical depth expansion is the 

subject of the second expansion. Horizontal expansion and vertical expansion are distinguished by the numbers 

of nodes and links of direct learning. That is, the cases in which knowledge is made through new combinations, 

whereas the same numbers of nodes and links as those of direction learning correspond to horizontal expansion, 

which is the first expansion of autonomous learning. On the other hand, the cases in which additional pieces of 

knowledge are made based on the increases in the numbers of nodes and links correspond to vertical expansion, 

which is the target of the second expansion of autonomous learning. This means the expansion of autonomous 

learning is in depth as shown in Appendix 3. 

 

4. Key Characteristics of IMBDAL: Autonomy Invades Certainty 

 

In the process of the dynamic development of human recognition, the development of autonomy brings 

about the decline of certainty, and these two progress in opposite directions [27]. Of course, because of the 

limited growth of autonomy, the decline of certainty also has a certain lower limit in terms of value. 

Incidentally, these limits are reciprocal. That is, autonomous learning cannot grow infinitely because it is 

limited by direct learning. In line with this, direct learning cannot grow infinitely either because it is limited by 

autonomous learners. If these situations are substituted by autonomy and certainty, the growth of autonomy is 

limited by the minimum certainty, and the growth of certainty is limited by a certain degree of autonomy. 

Autonomy cannot completely sacrifice certainty, and certainty cannot entirely sacrifice autonomy.  

If this discussion is applied to the accumulation of knowledge in autonomous learning models, the 

existence of knowledge growing, as shown in Figure 6, is concluded. 
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Figure 6. Knowledge growth in IMBDAL. 

 

The increase model in which hypothetical knowledge 1 increases based on proven knowledge 1, proven 

knowledge 2 increases based on hypothetical knowledge 1, and hypothetical knowledge 2 increases based on 

proven knowledge 2 does not lead to exponential divergent increases. It eventually leads to an S-shaped 

convergent growth. This is in the same form as the convergent knowledge increase in human autonomous 

learning. This makes us expect the same form of growth as the basic model of knowledge diffusion [28].  

Therefore, if this mechanism is introduced into autonomous learning, autonomous learning will limit direct 

learning to bring about great changes to the possibility of unlimited expansion of direct learning in existing 

computer systems. If the mechanism of autonomous learning is introduced into computer programming or 

machine learning, the same limit of direct learning as that in human learning will be introduced into machine 

learning systems. Therefore, selectively constructing large-scale direct learning systems and autonomous 

learning systems based on their own functions and purposes is reasonable. 
 

5. Mathematical Modeling 

 

5.1. Causal Modeling of IMBDAL 

 

The causal model of interaction between direct and autonomous model is explained in Figure 7. There 

exist three important characteristics in the interactions between autonomous learning (AL) and direct learning 

(DL). 

These are “AL and DL reinforcing themselves (self-reinforcement),” “AL and DL Synergy (synergic to 

each other),” and “AL and DL conflict (conflict to each other).” They are also discussed more deeply. 

 

1. AL and DL self-reinforcement and existence of capacity limit  

 

There are three reinforcing loops of “DL self-reinforcement,” such as (R-DL-1), (R-DL-2), and (R-DL-3). 

(R-DL-1) is a reinforcing loop between DL and DLKS (knowledge stock from direct learning). (R-DL-2) is a 

reinforcing loop between DL and Total KS (total knowledge stock). Total knowledge stock is assumed to be the 

sum of DLKS and ALKS (knowledge stock from autonomous learning). The amount of direct learning (DL) is 

determined by DL effort and DL effectiveness. 

 

• (R-DL-1) DL Self-reinforcement from “DLKS” growth: DL↑  DLKS↑  DL Effectiveness↑  DL↑ 

 

• (R-DL-2) DL Self-reinforcement from “Total Knowledge Stock”: DL↑ DLKS↑ Total KS ↑ DL 

Effectiveness↑ DL↑ 

 

The reason why we distinguish (R-DL-1) and (R-DL-2) is as follows. We expect that the coefficient (let us 

say, c-DLKS) in the relationship between “DLKS  DL effectiveness” and the coefficient (let us say, c-Total 

KS) in the relationship between the “Total KS  DL effectiveness” can be different with each other. In general, 



Sustainability 2016, 8, 494 9 of 17 

it is expected that DL effectiveness will be more greatly affected by DLKS than the Total KS. However, there 

can be other possibilities also. First, if “c-total KS” is greater than “c-DLKS,” it means DL Effectiveness can be 

improved much more by the Total KS rather than by DLKS. As such, it means AL and ALKS have more 

positive effects on DL effectiveness. Second, “c-DLKS” can be lowered to almost zero level as “DLKS” gets 

close to the “DL capacity limit.” It is because the efficiency of DLKS’s impact onto DL Effectiveness is 

expected to be lowered as DLKS grows near to the DL capacity limit. 

Distinguished from (R-DL-1) and (R-DL-2), (R-DL-3) is a reinforcing loop between DL and DL 

propensity. Here, the amount of knowledge stock is not directly related.  

 

• (R-DL-3) DL Self-reinforcement from “DL Propensity (or DL Inertia)”: DL↑  DL Propensity↑ DL 

Effort ↑  DL↑ DL propensity is the inertia or tendency to keep the current learning method. As such, DL 

propensity means “behavioral inertia” on DL. It is because individuals or organizations have the tendency 

to keep more easily doing “what they have been doing” because it is familiar and behaviorally easy. 

 

There are also three very similar AL self-reinforcement loops like DL, such as (R-AL-1), (R-AL-2), and 

(R-AL-3). The clearest difference between DL and AL self-reinforcement loops is the existence of “DLKS 

capacity limit” DLKS has a capacity limit, and it is expected that as DLKS grows to the capacity limit, and its’ 

impact on DL effectiveness will be slowed down to zero level. However, we anticipate that such a limit in AL 

and ALKS does not exist. As such, in a long term, ALKS can achieve much more growth level rather than 

DLKS. 

The existence of the three strong reinforcing loops in AL and DL makes us anticipate that there will be a 

“critical mass” in the learning process and the accumulation of knowledge stock. The “critical mass” in the 

learning process and the accumulation of knowledge stock is anticipated to exist in all kind learning and 

knowledge stock process, such as individual, organizational, and national economy-level learning and 

knowledge accumulation.  

If a knowledge stock starts to grow, whether AL or DL, it follows the reinforcing loop growth pattern. 

Thus, although learning and knowledge stock is small at the early stage, if only it reaches the “critical mass,” its 

growth can increase in a very fast pace. This kind of phenomena has been observed in many cases of the growth 

of economic knowledge stock, such as in Korea and recently in China. 

The most important is that because of the “capacity limit” that restricts the long-term growth in DLKS, for 

an economy continue to further grow, AL is inevitable. 

 

 
 

Figure 7. Causal relationship model of autonomous learning and direct learning. 
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2. AL and DL synergy 

 

Synergy exists between AL and DL, which is caused by the “Total KS” growth. This is (R-Synergy). 

 

• (R-Synergy) AL and DL Synergy from “Total KS” Growth: DL↑  DLKS↑  Total KS ↑  AL 

Effectiveness↑  AL↑  ALKS↑  Total KS↑  DL Effectiveness↑  DL↑ 

 

(R-Synergy) is a reinforcing loop that comes from the combination of (R-AL-2) and (R-DL-2). (R-Synergy) 

have “8” shapes, and it comes from the interaction of the Total KS with each learning method of AL and DL. It 

is not important where we start our learning from AL or DL. Regardless of the starting point, if the Total KS 

starts to grow at some level, the other learning methods can also be helped much. 

However, if we take into account the possibility of external resource and external help, then DL can be 

more effective in early stage of KS building. 

 

3. AL and DL conflict  

 

A conflict between AL and DL also exists because each comes from “resource constraint” and “AL or DL 

propensity.” 

As explained, the propensity is the behavioral inertia in learning, and it can be defined as “learning inertia.” 

As the dependency on the single learning method grows (AL or DL), the propensity or inertia onto that 

learning method is reinforced, and it restricts the usage of the other learning method because of the resource 

constraint. In fact, if there is an infinite resource, it would not be a problem. 

There are two types of AL and DL conflict, such as (R-Conflict1), and (R-Conflict2). Also, they are 

“reinforcing loops” that makes “the rich richer and the poor poorer.” It means that if just one of the AL or DL is 

going to be mainly used, the other learning method will be less and less used. 

 

• (R-Conflict1) DL↑ è DLP (DL Propensity) ↑ è ALP↓ è AL Effort↓ è AL↓ è ALP↓ è DLP↑ è DL Effort↑ è 

DL↑ (not through KS but through propensity) 

 

• (R-Conflict2) DL↑ è DLP↑ è ALP↓ è AL Effort↓ è AL↓ è ALKS↓ è (Total KS↓) è AL Effectiveness↓ è 

AL↓ è ALP↓ è DLP↑ è DL↑ (through ALKS and Total KS as well as AL effectiveness) 

 

Because AL and DL conflict each other, the excessive reliance on single learning method can harm the 

usage of the other method, and as a result, the total long-term outcomes in knowledge stock can be harmed. This 

means that these conflicts are the “reinforcing loops” that makes “the rich richer and the poor poorer.” This 

means, without proper policy intervention, as time goes, just one of the AL or DL is going to be mainly used, 

whether the other learning method will be less and less used. 

In addition, the excessive reliance on single learning method can also harm itself in a long term through 

(B-Self-Conflict) loop. This is a strong balancing loop that can harm the entire learning process through self-

restriction. 

 

• (B-Self-Conflict) DL↑ è DLP↑ è ALP↓ è AL Effort↓ è AL↓ è ALKS↓ è Total KS↓ è DL Effectiveness↓ è 

DL↓ (It also exists the same in the AL part.) 

 

This “self-conflict” means as follows. First, the excessive reliance on single learning method can harm the 

Total KS that is built significantly. Second, strong restricting loops exist because of the reliance on single 

learning method. We should cautious so that excessive reliance on single learning method will not negatively 

affect the entire learning process. 

 

4. Possibility of external resource injection 

 

We hereby assume that external resource injection can be used solely for DL because autonomous learning 

cannot be achieved through external forces or other aids because of its nature. If it is possible that external 

resource can be used for “DL effort,” it can speed up the entire KS building process by accelerating AL and DL 

self-reinforcement as well as AL and DL synergy. 

Because DL can be boosted through external resource injection, in the early stage of building knowledge 

stock, it may be proper to use DL more than AL with external resources and aids. However, because DLKS may 

have the capacity limit, the usage of AL is inevitable to boost long-term Total KS growth. We have three 

necessary considerations, which are as follows: 
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• DLP (DL propensity) + ALP (AL propensity) = 1  

 

• DL effectiveness is expected to decrease with DLKS (or Total KS) growth (DLKS capacity limit). 

 

• AL effectiveness is expected to maintain or grow with ALKS (or Total KS) growth. 

 

5.2. Mathematical Model Building 

 

5.2.1 Basic Condition for Mathematical Modeling 

 

As described in Figure 1, consider a simple model of the accumulation of knowledge by times whose 

process consist of two parts, DL and AL. DL creates proven or confirmed knowledge (PK) from the input of 

hypothetical knowledge (HK) which are created by AL. Whereas AL creates HK from PK which are created by 

DL. 

 

1. We assume that the accumulation of knowledge determines the rewards at each situation, so as the 

concern about the size of knowledge. Knowledge stock consists of two parts: the sum of PK, let DLKS, as well 

as the sum of HK, let ALKS. The accumulation of PK also interacts with the accumulation of HK. These are 

different from the perspective of machine learning in several facts [28].  

 

2. The increase of DLKS in accordance with direct learning requires cost in that the difference of input 

resource based on time is allocated automatically by DL propensity. The output of DL is proportional to the 

input size of DLKS. The increase of DLKS is finite in each time interval because knowledge creation in finite 

time cannot be infinite. In addition, there is a memory decrease cycle, DL forget coefficient [29], deleting of old 

DL which does not fit with changed environment.  

 

3. ALKS has different aspects with DLKS in several factors. Autonomous learning offers from 

horizontal and vertical expansion of DLKS. The creation of knowledge by AL is much bigger than that of DL, 

but the increase of ALKS is finite in each time interval as in DLKS. This process requires cost of injecting 

resource at each time step which is allocated by AL propensity. DL helps AL since AL increases by proportional 

to DLKS. Also DL conflicts with AL in that DL propensity + AL propensity=1, which means that if DL 

propensity increases, then AL propensity decreases. There is also a memory decrease cycle based on AL forget 

coefficient. 

 

4. At each time step, resources are divided into two parts by DL propensity and AL propensity whose 

sum is one. Propensities represent the behavioral inertia which prevents the rapid change from one side to 

another but continuous success of one side result in the increase of that propensity. Propensities are controlled 

by the coefficient DL_min, DL_max that sets the minimum and the maximum bound of DL propensity. 

 

5.2.2. Building Up Activating Model 

 

At time t, let the available (or input) resource be R_t. 

Resource allocation based on the effort functions is as follows. 

Resource R_t is partitioned by DL and AL propensities  

〖DL Effort〗_t=DLP_(t-1)×R_t 

〖AL〗_t=〖AL Effectiveness〗_(t-1)×〖AL Effort〗_t 

〖AL Effort〗_t=〖ALP〗_(t-1)×R_t 

The propensities based on the function of behavior inertia are as follows. 

(DLP_t,ALP_t )= Inertia (∆DL_t,∆AL_t,DLP_(t-1),ALP_(t-1,) 

Inc_(_min),Inc_(_max),〖DL〗_(_min),Inc_(_min))  

DLP_t+ALP_t=1  

〖DL〗_(_min) ≤ DLP_t ≤ 〖DL〗_(_max) 

1-〖DL〗_(_max) ≤ ALP_t ≤ 1-〖DL〗_(_min) 

Inc_(_min) ≤ DLP_t-DLP_(t-1) ≤ Inc_(_max) 

The effectiveness (output of knowledge by the unit resource) is as follows.  

〖DL Effectiveness〗_t=DL Effective(ALKS_t,DL_(_coefficients)) 

Knowledge creation based DL in unit time step has the upper bound.  

〖AL Effectiveness〗_t=AL Effective(DLKS_t,AL_(_coefficients)) 
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Knowledge creation based on AL in unit time step has the upper bound that is much bigger than that of 

DL. 

The learning functions for direct learning and autonomous learning are as follows.  

DLt = DL Effectivenesst-1 × DL Effortt  

ALt = AL Effectivenesst-1 × AL Effortt  

The increase of knowledge stocks is as follows.  

〖DLKS〗_t=〖DLKS〗_(t-1)×(1-DL_(__forget__coefficient) )+〖DL〗_t 

〖ALKS〗_t=〖ALKS〗_(t-1)×(1-AL_(__forget__coefficient))+〖AL〗_t 

DL creates proven knowledge, and AL creates hypothetical knowledge.   

 

5.2.3. Simulation Results 

 

If we do not use the logic of resource allocation based on behavior inertia but use the constant 

propensities (DLPt, ALPt) = (0.5, 0.5), then we have the curves of PK and HK as in Figure 8. As time goes by, 

the increase of (PK, HK) slows down to zero and (PK, HK) converges to some value. 

 

 
 

Figure 8. Simulation result in DL and AL when the propensities are constants. 

 

Now, let us look at the result when we use the logic of resource allocation based on behavior inertia. As 

we can see in Figure 9, the knowledge sizes of PK and HK have the upper bound, respectively. 

 
 

Figure 9. Simulation result in DL and AL when using the behavior inertia. 

 

The result of DL Propensity DLPt and AL Propensity ALPt is also shown in Figure 10. We set the 
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propensity minimum to 0.1, the propensity maximum to 0.9, and the initial values of DLP1 and ALP1 to 0.5. 

DLP increases to the maximum value where the HK in Figure 10 stays at the local maximum. It stays at it for 

some time then goes down to 0.5 where DK in Figure 10 has the global maximum, and goes down again to 

minimum and stays at it where DL and HL converge to some values, respectively. 

 

 
 

Figure 10. Simulation result in DLP and ALP when using the behavior inertia. 

 

In Figure 11, the result of knowledge effectiveness is shown. As defined, DL Effectiveness is the 

productivity of creating DL from HK by using the unit resource. As times goes, it increases to the first 

productivity constant that is set by the initial condition, then goes up to the second productivity constant and so 

on. The productivity constants of AL effectiveness are set much bigger than those of DL effectiveness. 

 
 

Figure 11. Simulation result in DL and AL Effectiveness. 

 

6. Discussion and Application  

 

6.1. Discussion from Findings at Simulation 

 

First, autonomous learning can increase much bigger than direct learning because it increases from 

horizontal or vertical expansion of direct learning without direct learning and autonomous learning have 

constant propensity or behavior inertia like Figure 8 and Figure 9. However, autonomous learning cannot 

increase without enough direct learning. This situation is same in human learning and firms’ learning. In 

particular, a firm cannot succeed in creative open innovation without the core capability that is based on internal 

research and development. 
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Second, direct and autonomous learning propensities are not constant. Direct learning propensity is high in 

the early stage, and autonomous learning propensity is high in the late stage like in Figure 10. A firm should 

invest more resources on accumulating internal capability at early stage, but it invests more resources on open 

innovation after growing up. The situation is similar in human learning. 

Third, direct and autonomous learning neither grow constantly nor smoothly, but tiredly like in Figure 11. 

Even direct learning in effectiveness grows tiredly, not to talking of autonomous learning. This is same in the 

firms’ internal research and development. If any firm invests in internal research, the innovation results occur 

not at once but after a little interval with tired type. Even though any firm does open innovation such as M&A or 

partnership, the result does not occur at once. The situation is same in human learning. 

Fourth, direct and autonomous learnings increase in diminishing amounts in the given time like in Figure 

11 and arrive at maximum like in Figure 9 and Figure 10. Infinite increase of knowledge in firms cannot be 

possible. As such, destructive innovation is not selective but essential for any firm to survive in markets. Human 

beings also have their maximum in learning even though they can increase their autonomous learning until late. 

 

6.2 Application to Machine Learning 

 

The areas of machine learning or artificial intelligence to which IMBDAL can be applied are various. In 

this paper, the areas in which autonomous learning models can be applied immediately at the level of conceptual 

models will be presented. 

First, cleaning robots can be included. The current cleaning robots do not have the action mechanism to 

change their moving speeds and intensity of suction based on the wastes to be sucked or the characteristics of 

floors to be cleaned. If autonomous leaning is introduced as per the model in Appendix 1, the learning of the 

cleaning robots will increase as they undergo step n-1, step n, and step n+1 so that they can adapt to various 

types of wastes and floors, and thus, the cleaning efficiency will increase. However, these processes will involve 

additional costs because the robots’ speeds will be reduced in the process of application of autonomous learning 

and energy consumption will increase. In addition, if the time in which learning can be applied becomes longer 

than the normal time assigned to be 80%, the enhancement of cleaning efficiency will reach its limit. That is, 

when autonomous learning has been introduced into cleaning robots, the cleaning efficiency will not improve 

infinitely, but there will be a limit. Also, in this case, the fact that if the pieces of learning in different stages are 

contradictory to each other, the substitution of eventual learning with the former learning is a conclusion 

naturally derived based on the logic of autonomous learning. This idea has been already enrolled as a business 

model patent at Korea patent office. 

Second, intelligent navigation systems can be included. In the existing navigation systems, the operation 

records of vehicles are not accumulated into the navigation database for the next operation. However, in 

intelligent navigation systems, as shown in Appendix 2, information on vehicle operation time and routes is 

accumulated and provided as the foundation of the next utilization of navigation along with the existing 

navigation database. In this case, the navigation systems of vehicles that frequently operate in a certain region 

can accumulate more accurate information suitable for reality, thereby being able to provide customized 

navigation information. Even with the same navigation system, different pieces of navigation information can be 

provided depending on the operating regions and time of the person utilizing it. This navigation information is 

not infinitely individualized, but only those pieces of navigation information update information that are 

contradictory to the existing database information are additionally accumulated. If the pieces of information to 

be accumulated are different from the information accumulated in earlier stages, the information in the last stage 

will prevail. These intelligent navigation systems provide navigation information that fits the individuals’ 

inclinations but sacrifice the normalized database information. If conflicts between individuals’ pieces of 

navigation utilization information occur frequently, the individuals’ accumulation of navigation information will 

be limited, that is, although intelligent navigation systems provide differentiated information, there are 

limitations in learning, such as limits in deviation from the database and limits in the accumulation of 

information. This idea is under review process to be enrolled as business model patent at Korea patent office. 

Third, intelligent Web search engines can be included. For instance, if three pieces of direct learning occur 

in stage n-1 as shown in Appendix 3, autonomous learning with a breadth of 27 and a much larger depth will 

occur. In this situation, the search attempts for stage n will lead to five pieces of direct learning and much wider 

and deeper autonomous learning. If autonomous learning in stage n-1 and direct learning in stage n are different 

from each other, the former relevant autonomous learning will be deleted. Of course, direct learning in the 

earlier stage that is contradictory to direct learning in the eventual stage and autonomous learning derived from 

the latter will also be deleted. Direct learning in search engines means cases in which the relevant knowledge 

was not made by the operation of the search engines but made by information producers and accumulated. 

These autonomous learning search engines cannot only expand information quantitatively but can also produce 

qualitatively deeper various pieces of information. Of course, there are limits in quantitative expansion and 
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qualitative accumulation, and the uncertainty of information is not completely relieved in the stage of searching. 

Web searches for autonomous learning are characterized by the coexistence of small percentages of proven 

knowledge with uncertain boundaries and high percentages of non-proven knowledge. Therefore, the creative 

search results and uncertain search results appear simultaneously. 

 

7. Conclusion and Future Work 

 

IMBDAL presents a newly conceptualized learning model that can be applied to machine learning that is 

centered on the characteristics of humans’ autonomous learning. This model is presented at the level of concepts 

and developed as a mathematical model through the causal loop model. However, the targets that may actually 

be applied to machine learning were derived, and algorithms for autonomous learning models for the relevant 

targets were developed to verify the characteristics and limitations that appear when the models are applied to 

actual machine learning in advance. If IMBDAL is applied to machine learning or computer science through this 

process, the machine learning that satisfies users’ conditions will be deepened depending on the users’ demands 

and expectations so that the relevant machines or computers are differentiated from other machines or 

computers that are made similar. They will also accumulate knowledge or information that is specialized for 

individuals. In addition, if IMBDAL is applied to machine learning or computer science, the characteristics, 

such as certainty, completeness, and continuous maintenance of the acquired information that have been 

regarded as the characteristics of machines and computers, will be replaced by uncertainty, non-completeness, 

and acquired information under the continuous feedback processes of revision, supplementation, addition, and 

deletion.  

In further studies, through simulations in various conditions, this model should be developed to be more 

sophisticated, and the characteristics and elements of IMBDAL should be presented more clearly. In addition, 

this model should be directly applied to various kinds of realistic machine learning to enhance the models’ 

suitability for reality. 

In addition, we could understand the essence of open innovation in the learning process from IMBDAL. 

Open innovation increases the emergence of new knowledge for creativity from the sacrifice of the efficiency of 

direct learning accumulation. We have to choose the ratio between creativity and efficiency when we build up 

open innovation strategy for any firm if we follow the implication of IMBDAL. However, we should develop 

more sophisticated conditions for individual open innovation or closed innovation strategy through simulations 

in several situations to apply IMBDAL and establish open innovation strategy directly. 
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Appendix A. Autonomous learning algorithm of a cleaning robot 
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Appendix B. Autonomous learning algorithm of intelligent navigation 
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Appendix C. Autonomous learning algorithm of an intelligent Web search engine 
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Abstract  

This paper studies the agenda-setting process of "International Science Business Belt" 

pledge until the 17th Presidential Election in Korea based on Kingdon’s Multiple Streams 

framework. Policy entrepreneurs founded here had hooked their favoring proposal to 

problems whatever existed at that time, rather than developing alternatives to solve specific 

policy problem. Even an upcoming predictable political window, the 17th Presidential 

Election, made the environment around the proposal ambiguous and unstable that some of 

leading actors among advocates were easily changed. As a result, the agenda-setting process 

and its outcome of International Science Business Belt pledge became non-rational as 

Kingdon argued in his framework. Such nature of the agenda-setting led to a long period of 

policy drift after election. 

 

Keywords:  
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presidential election pledge 

 



 

Ⅰ. Background 

 

International Science Business Belt(here after ISBB) aims to build a network that blending 

of basic science and business for national growth, by constructing creative research 

environment and resultant attracting global brains. The first appearance of ISBB is founding 

as one of presidential election pledges of Candidate Lee Myung-bak during the 17th 

Presidential Election process in 2007. After election, ISBB has met with policy drift for a 

long time. The elected President Lee Myung-bak had begun to make the pledge as a policy 

from late 2008. The establishing of the basic law, Special Act on Establishment of and 

support for International Science and Business Belt(here after Special Act for ISBB), and 

<Master Plan> were in 2011. These events had fueled national conflict with Sejong City issue 

and competition within local governments. Even in end of 2014, 7 years after 17th election 

and 2 years after 18th election, details like position of the heavy ion accelerator were still at 

beginning. 

There are many reasons of policy drift in ISBB. But researches dealing with ISBB have 

trended to practical rather than academic. One of a few academic researches is Lee Seong-

neung(2011)’s comparison of news frames about ISBB in journalism study perspective. Jeong 

Joo-yong(2011) analyzes policy conflict during executing ISBB pledge. As a result Jeong’s 

study heavily focuses on competition among local governments for location selection of ISBB. 

Researches focusing on agenda-setting process, which including the beginning and 

developing of the ISBB’s policy ideas have been merely active. 

This paper pays attention to the agenda-setting process for the presidential election pledge 

from the beginning of ideas. The pledge was far from its origin. After the 17th Presidential 

Election, ISBB had unusual character that ideas from disparate fields with different goals 

were integrated into one policy agenda. The presidential election is the process for electing 

one of the most influential policy actors in the agenda setting-process(Kingdon, 2011), so 

election pledges of a powerful candidate can get national attention and be a important policy 

agenda during election. In that case, we can find the reason of long policy drift after election 

by analyzing the agenda-setting process before election. 

The origin of ISBB was a dream among some artists and scientists. Now we study how the 

dream had changed to the national agenda as ISBB pledge during the 17th Presidential 

Election, with Kingdon’s Multiple Streams. 

 

 

Ⅱ. Theoretical Background: Kingdon’s Multiple Streams 



 

1. Kingdon’s Multiple Streams 

 

Researches dealing with policy process are usually upon the premise of stage model, in 

other words rational decision making model, because of its parsimonious. Two of major 

characters of the rational model are the premises; the relative stable policy environment and 

the clear preferences of policy actors. After defining of some problems, actors with limited 

rationality set the goals and search for alternatives. They would compare alternatives and 

select one that would satisfy them on their priority(Cohen et al. 1972; Zahariadis, 2007). As a 

result, the policy process of the rational model goes along linear stages; agenda-setting, 

searching for alternatives, decision making, and implementation of the decision(Sabatier, 

2007).  

But a policy process in the real world could be different from the model. The environment 

could be unstable that major actors continually change to others with different preferences. 

The actors themselves could not define their own preferences. In this situation, defining ‘the 

problem’ is so changeable that setting the policy goal for solving it becomes uncertain and 

ambiguous. Then getting attention to be the agenda among competing issues is more 

important than searching for alternatives. The rational model is not appropriate to explain a 

policy process in this situation(Cohen et al. 1972; Zahariadis, 2007). Kingdon’s Multiple 

Streams framework aims to analysis this non-rational policy processes focusing on the 

agenda-setting(Kingdon, 1984; 2011; Choi and Park, 2012). 

The origin of Kingdon’s Multiple Streams is the garbage can model of Cohen, March, and 

Olsen(1972) in organization theory. In the process of developing the garbage can model to 

decision making model in policy process, Kingdon suggested some core concepts; three 

streams, the policy window, and the policy entrepreneurs. Three streams are consisted with 

problems, policy alternatives, and politics. Usually each stream is independently developed 

and flowing. The policy window is open when there are some pressure to solve an urgent 

problem(problem windows)or there is important turnover in personnel by election, transfer, 

etc(political windows).1Once the window is open, garbage can model describes that each 

independent stream being combined into one by accident, while Multiple Streams 

framework explains that policy entrepreneurs who have been prepared their ideas and 

softened people up until time comes combine streams on purpose(Kingdon, 2011; Zahariadis, 

                                           

1
 The policy window can be a chance for actors who supporting specific policy alternatives or 

concerning particular problems can draw attention of decision makers to raise their ideas as a policy 

agenda(Kingdon, 2011). 



2007).2The policy entrepreneurs3might strategically hook any problems attracting public 

attention at that time(problem stream) to their favoring alternatives as if were proper 

solutions(policy stream), and might accelerate the importance of problems 

politically(political stream).If the government was under pressure by public that should do 

anything, it can present some plausible actions for avoiding blames for a while, rather than 

try “to solve” the problems effectively. Then particular alternatives those have already been 

favored and prepared by some specialists and policy entrepreneurs in policy stream can be 

hooked to the problems lately defined(Kingdon, 2011; Zahariadis, 2007). 

One of the important features of Kingdon’s framework is emphasis on non-rationality in the 

policy process(Choi and Park, 2012). ISBB had been so set national agenda before the 17th 

Presidential Election rapidly that even the scientific community who is the most relevant to 

the project couldn’t reach a consensus among themselves. After election the project always 

have faced with unpredictable and unstable situations, such as every national or local 

elections related with Sejong City issue and, especially, the serious conflict among local 

governments to be selected as the location of ISBB(Jeong, 2011). The goals which are 

expected to be achieved through ISBB also have been ambiguous not only during agenda-

setting process but also during planning to get the decision agenda into shape as a policy. In 

conclusion, Kingdon’s framework would be suitable to analysis the agenda-setting process of 

ISBB case. 

 

2. Empirical Studies Using Kingdon’s Framework 

 

There have been plenty of empirical studies applying Kingdon’s framework in Korea. Even 

though setting limits to time after 2010, there has been many studies from manifold policy 

field; The case study of process of private school policy changes in Roh administration(Yang 

and Han, 2011), policy of forcing to wear electronic anklet to child sexual abusers(Kim et el., 

                                           

2 The key concepts in policy stream are the process for selecting and softening-up of ideas. If there 

wasn’t enough time for the process that a few of policy entrepreneurs just rode the wave of chance 

without getting general consensus, the policy community of that field would not support the agenda 

easily even after it being a policy(Kingdon, 2011). 

3 The policy entrepreneurs support specific policy ideas or alternatives and invest their resources in 

order to get reward from the policy in the future. Their major motive is reflecting their self-interests 

and favoring ideas into the policy, and they have strong will for it(Kingdon, 1994; 2011; Zahariadis, 

1998). Specialists, politicians, interest groups and so on can be the policy entrepreneur. But some 

persons who also functions as a part of policy system, for example, the president, ministers, member of 

the National Assembly, high-ranking bureaucrats, need separate activity from their official position 

functions if they want to be seen as policy entrepreneurs(Choi and Park, 2012). 



2012), policy process of Balanced Development of National Land Plan(Park et al., 2012), 

transition of government adoption against hijacking by Somali pirates(Lee and Yang, 2013), 

comparing policies of nuclear power plant between Korea and German after Fukushima 

nuclear catastrophes(Jin and Park, 2012), legalization of long-term drifted policy cases (the 

case of the Parliamentary Provisions: Hur and Jeong, 2012; the case of Personal 

Information Protection Act: Seong, 2013), policy of constructing bio-medical 

complexes(Jeong and Kim, 2013), coherence problems in establishing process of the 

National Education Committee(Cho and Kwon, 2013), policy making process of Artists 

Welfare Law(Choi et al., 2013), policy change of Half Tuition Policy(Kim and Lee, 2014), 

policy process of Measure for the Protection of Public Sector Non-Regular Workers by Seoul 

City(Jeong and Lee, 2014), etc. 

Researches stated above deal with a wide policy fields, but show a little difference in 

theoretical discussion and analysis method. Also, there is a trend that almost of researches 

are heavily focusing on describing policy process itself, rather than the ambiguous 

environment and resultant non-rational policy process, which are the most important 

features of Kingdon’s framework(Choi and Park, 2012). We also conduct a case study based 

on Kingson’s framework, but focus on ambiguous environment and non-rational policy 

process that would cause conflicts and long-term policy drift after agenda-setting process, 

the 17th Presidential Election. 

 

 

Ⅲ. Analysis on the Agenda-Setting Process through the Presidential Election 

Pledge with Kingdon’s Framework 

 

The origin of ISBB was the Rencontre Group in November 2004. The history from the event 

to announcing of the Master Plan in December 2011 is on the figure 2.1. 

 

Figure 2.1 A Shortened History of ISBB(2004-2011) 

Milky Way City 

Project 

(2004.11.~2007.12.) 

2004 

11.27. ‘The Rencontre Group of Scientists and Artists’ started. 

 

2006 

4. Professor Min Dong-pil suggested ‘Milky Way City Project’ to Lee Myung-bak, the 

Mayo of Seoul. 

12. Milky Way Forum on Research Town of Science-Meets-Arts registered as a 

corporation. 

 

2007 



1. The Forum discussed ‘International Science-Business City’ (ex-mayo Lee Myung-bak 

attended) 

8.20. Ex-mayo Lee was chosen as the candidate representing the Grand National Party 

for the 17th Presidential Election. 

11. Grand National Party announced ISBB as one of the main pledges in the science field. 

12. Candidate Lee won the 17th Presidential Election. (day 19) 

The Transition Team-affiliated TF assessed pre-feasibility of ISBB. 

<Comprehensive 

Plan> 

Announcement 

(2008.1.~2009.1.) 

2008 

1.  The Transition Team announced Deregulations in capital region and it became 

politicized. 

4.9. The Grand National Party defeated in Chungcheong Province at the 18th General 

Election. (won just one among 24 districts) 

10.  Overall scientific community began to make a consensus for ISBB. 

 

2009 

1.  <The Comprehensive Plan of ISBB> announced. 

Sejong City 

Amendment 

Controversy 

(2009.2.~2010.12.) 

2.  The cabinet meeting decided the special bill for ISBB. 

Special bill for Sejong City foundered in the Assembly plenary session. 

Lee Sang-min, a member of the Liberty Forward Party, raised a doubt whether 

absorbing ISBB into Sejong City lead to reduction of Sejong City Project(called 

Sejong City Amendment controversy later). 

9.  Sejong City Amendment controversy getting harder and harder. 

 

2010 

1.  <The Proposal of the Comprehensive Plan of ISBB> announced. 

6.2. The Grand National Party defeated in Chungcheong Province at the 5th Local 

Election. (8 won among 36 elementary districts and no mayors and governors) 

6.22 Sejong City Amendment was actually rejected through voting in the stand 

committee. 

12.8. The special bill for ISBB was passed the Assembly plenary session during the Grand 

National Party passing budget proposal unilaterally. 

Competition in 

Location Selection 

and <Master Plan> 

Announcement 

(2011.1.~2011.12.) 

2011 

1.4.  Special Act for ISBB established. 

The local governments began competition for location selection. 

5.16. Chungcheong Province was selected as location for ISBB. 

12.  <The Master Plan of ISBB> announced. 

 

In this chapter, we analysis how ideas from independently separated fields those combining 

into one is non-rational had been integrated as an agenda, and one of presidential election 

pledges as ISBB. The scope of analysis is from the first meeting of the Rencontre Group in 

November 2004 to the 17th Presidential Election in December 2007. We use Kingdon’s 

Multiple Streams framework to analyze data from various literatures, such as forums and 

hearings held inside scientific community, plans and policy information announced by 



government, comments and statements from major actors and stakeholders, and the press 

reports. 

 

1. Problems Stream 

 

The goals, namely the problems which would be solved by ISBB project, are not clarified in 

<Comprehensive Plan> announced by Lee Myung-bak administration(2008-2013; here after 

Lee administration) in 2009 or in the official homepage of ISBB. Alternatively we can find 

the background of project. The need to secure the long-term sustainable new growth engine 

for national growth is pointed out(NSTC, 2009).This awareness of problem also had been 

shared by Roh Moo-hyun administration(2003-2008; here after Roh Administration), not 

only by Lee administration. For example, President Roh Moo-hyun emphasized the need of 

some new strategies for developing new growth engine in his inaugural speech from the first 

paragraph(Munhwa Ilbo’s reporting,2003-02-25). 

‘Securing the long-term sustainable new growth engine’, the vision of ISBB, was not fresh 

slogan in the time of Lee administration, because it was one of conditions which Korea in 

21C has been placed. Roh administration had defined this condition as “a problem needs to 

be solved” and proceeded an industrial policy supporting10 core growth engines for next 

generation “as its solution”.4 In case of ISBB, however, the beginning of the project didn’t 

seem like recognizing the same situation as a problem of their time. The vision of ISBB 

declares that it would handle the need for developing new growth engine by epoch-making 

promotion of basic science. Establishing Institute for Basic Science and building some large 

research facilities, like the heavy ion accelerator, are proposed as means. Then the condition 

defined as “a problem needs to be solved” by actors who had worked for shaping ISBB 

agenda and pledge would be “the absence of large institute and research facility for basic 

science”. If so, we need to identify what had been generally recognized as major problems 

among policy makers and the public relating to the basic science field before 17th 

Presidential Election. 

Actually there were two kinds of problems standing out from the science filed during 5 

years of Roh administration. One was needs to expand of R&D investment and the other one 

was a trend of avoiding natural science and engineering among students.5 Awareness that 

                                           

4 So the goal of Roh administration was transformation of industrial structure by the 10 core growth 

engines policy. This is the main difference from ISBB of Lee administration that focusing on the basic 

science. 

5 The Grand National Party and Citizens’ Coalition for Scientific Society had issued an official statement 



the weakness of basic science research was shared broadly, but what attracted attention at 

the national level were those two issues. We could hardly find the notion that “the absence of 

large institute and research facility for basic science” or “the poor ties between basic science 

and business” is problem. Even if they were actually problems, it didn’t seem shared broadly 

by overall science field or government. Many scientists attending at several forums of 

scientific community doubted goals and necessity of ISBB during the process of shaping 

<Comprehensive Plan>in late 2008.6 The goals of ISBB had little relation with the major 

issues of science field during Roh administration. 

Now we can question to the reason of short relation between ISBB project and the main 

issues at the time of Roh administration. Professor Min Dong-pil gave some interviews to 

presses in 2004 and 2006 and explained the purpose of Milky Way City Project, which was 

proto-model of ISBB pledge. Milky Way Forum on Research Town of Science-Meets-

Arts(here after, Milky Way Forum) supporting the project, established in 2006, had 

succeeded the Rencontre Group and its idea from 2006. The Forum sought “constructing an 

ideal research environment that can lead creative ideas through interaction between various 

fields”(Economist’s reporting, 2006-09-19; Joongang Ilbo’s reporting, 2006-09-07; Donga 

Ilbo’s reporting, 2006-12-13). This idea had not developed based on a need to solve specific 

problems(for example, lack of basic science research). Rather than, as an agenda or a pledge, 

ISBB have been built on hooking to any problems at that time after the policy idea(Milky 

Way City Project) had developed.7 

The brain drain and avoiding natural science problems had gotten the highest attention 

during Roh administration. But these problems hardly had a direct link with “constructing 

are search environment that can lead emergence of creative ideas through interaction 

between various fields”. After Candidate Lee accepting the proposal and beginning to 

develop it as a pledge, the idea had expanded to broader policy fields; globalization, economy, 

education, medical treatment, finance, etc. Connecting ISBB to the need of new growth 

engine would be in the similar context. These can be one of basis that the supporters of Milky 

Way City Project had advocated the policy idea itself rather than solving some specific 

problems. 

                                                                                                                                   

about these same problems every Science Day from 2005 to 2008. 

6 Refer to several proceedings of KOFST for details which had recorded from October to November in 

2008. Korean Federation of Science and Technology Societies (https://forum.kofst.or.kr/index.html) 

7 It is open to doubt that professor Min had hooked the Milky Way Project ideas to the main issues of 

science field on purpose for appealing to Lee Myung-bak. He suggested Lee, the mayo of Seoul at that 

time, to develop the ideas as one of presidential election pledges in the future so could prevent brain 

drain and solve the trend of avoiding natural science problems(Donga Ilbo’s reporting, 2011-02-07). 



Furthermore, entirely different definition of problem had begun to be mixed after the 

leading Candidate Lee intervene the project officially from January 2007. The urgent needs 

to build some follow-ups idea for replacing the Administrative Capital Relocation Project of 

Roh administration after the project had foundered. 

In October 2004, the Constitutional Court ruled that the project of Roh administration to 

relocate the administrative capital to Chungcheong Province is unconstitutional. Either of 

Roh administration and the Grand National Party should have to prepare alternatives for 

calming anger of people in Chungcheong Province. Roh administration presented 

Multifunctional Administrative City plan moving several administrative agencies to 

Chungcheong Province, which would be called Sejong City Project later. While the Grand 

National Party suggested abstract alternatives including some concepts similar with 

Innovation City and Enterprise City of Roh administration which are, as like the Relocation 

of Administrative Capital project, parts of Balanced Development of National Land Plan. The 

Grand National Party opposed to Roh administration’s alternative plan and insisted that the 

city would barely be self-sufficient.8 However, it would be more accurate reason that the 

Grand National Party had not so favored Balanced Development of National Land Plan. Like 

his party, Candidate Lee took a strong stand against relocating capital when he was the 

mayor of Seaoul. After election, as the 17th president, he pushed deregulations in capital 

region contradicting Balanced Development of National Land Plan. The Grand National 

Party could not block the alternative plan of Roh administration, Sejong City Project, at last. 

It could be possible that the party had incentive to join their alternatives in late 2004 and 

Milky Way City Project together for the 17th Presidential Election. Actually, a lot part of the 

alternatives of the Grand National Party replacing the relocating capital plan have succeeded 

to ISBB pledge. We will analyze it later in the policy stream and political stream. 

As we see, the ISBB pledge was hardly seen as a solution for solving some specific problems. 

The goal, the problem which the project should achieve was vague. 

 

2. Policy Stream 

 

The supporters of Milky Way Project or ISBB had been influenced by plenty of ideas and 

policies. There are various policy ideas from widespread fields in policy stream like the 

primeval soup of ideas. The point is not origin of the idea but that which ideas can survive 

                                           

8 Candidate Lee mentioned “International Science Business City” with same idea in Daejeon, where the 

most important city in Chungcheong region and his first campaign held(Ohmynews’s reporting, 2007-

11-28). 



and be selected from the soup(Kingdon, 2011). Now we figure out ideas and policies existing 

before the 17th Presidential Election which are similar to ISBB, and we will examine how 

those things had been crystallized into ISBB pledge. 

 

1) Former Similar Policies and Ideas 

There are several ideas and policies seem like had affected ISBB pledge; the City of Science 

and Culture9, Innovation City and Enterprise City of Roh administration and the alternatives 

of the Grand National Party replacing the relocating capital plan, Daedeok Innopolis10, 

foreign institutes possessing ion accelerators and science city like Tsukuba. Which having the 

most significant influence over ISBB pledge was Innovation City and Enterprise City of Roh 

administration and the alternatives of the Grand National Party replacing the relocating 

capital plan. 

Innovation City and Enterprise City were parts of Balanced Development of National Land 

Plan of Roh administration. Innovation City, running from 2003, aims founding some 

strategic strongholds of local growth by relocating government agencies so relating 

businesses, universities, research institutes would be attracted that finally construct the 

industry-university-institute cluster. Enterprise City, started from a suggestion of the 

Federation of the Korean Industries(here after FKI)in June 2004, aims expanding 

investment of businesses and organized development of national land through self-sufficient 

city lead by private enterprises. These ideas are so similar with <Comprehensive Plan> of 

ISBB, which mentions “selecting the local-stronghold and constructing the global level 

environment for basic science research” and “improving the integrated synergy effect by 

collaboration of education-research-industry from surrounding areas”(NSTC, 2009). 

After the decision of the Constitutional Court on October 21 2004, Chungcheong province, 

where primarily had been planned to be the place of new capital, was significantly 

considered by both of Roh administration and the Grand National Party. Particularly, the 

Grand National Party who had been hardly against the relocation of capital suggested some 

                                           

9 The city of science and culture program(running from 2004) is a scientific cultured movement for 

common citizen in local area. Local governments lead the program and build cultural environment that 

citizens could be more familiar with science. The model is ‘Stadt der Wissenschaft’ of German. 

10 One of alternatives of the Grand National Party replacing the relocating capital plan was appointing 

Daedeok, a city in South Chungceong Province, as Research and Development Special Zone, in other 

words, Innopolis. In April 2004, a press reported about meaning of Daedeok Innopolis as global 

innovation cluster, cooperation with business, connection with Multifunctional Administrative 

City(Sejong City), etc(Joongang Ilbo’s newpaper,2007-04-16). These themes also had been presented 

in the developing process of ISBB pledge. 



plans to develop Chungcheong province. The Grand National Party even drew ideas from 

policies of Roh administration actively, such as Innovation City and Enterprise City, while 

the party made alternatives.11These alternatives would revive in Candidate Lee’s ISBB pledge 

during presidential election. 

 

Figure 2.2 Follow-ups of the Grand National Party for replacing relocation of the capital 

plan 

Yeongi-Gongju area -Construct a education-research city benchmarking Tsukuba in Japan. 

-Attract advanced enterprise city through construction of industry-university-institute 

collaboration system. 

-Selective moving of central government agencies which fit for Yeongi-Gongju area of 

South Chungceong Province, etc. 

Developing 

Chungcheong 

province 

- Designate Daedeok as Innopolis preferentially. 

- Intensively foster Bio-Health Science Park in Osong and Ochang area, etc. 

Plans for Balanced 

Regional 

Development 

- Choose one of local universities from each wide-area autonomous community in 

Chuncheong province and support the budget about 100 billion Won for 10 years 

- Develop national land in U-shaped in maritime-oriented perspective. 

- Build more Innovation Cities and move government agencies by stages until 2010. 

- Complete constructing Honam high-speed railroad earlier, etc. 

Reference: We arranged based on an article of Financial News, “The Grand National Party, suggesting follow-

ups idea for replacing the relocation of capital plan” on Dec. 29, 2004. 

 

2) Proposals of the Rencontre Group and Milky Way Forum 

The official homepage of Milky Way Forum(www.milkyway.or.kr) is unable to connect now. 

We couldn’t collect workshop proceedings of the Rencontre Group in 2005. So we cannot 

help but assume how the Rencontre Group had developed the idea based on press reports. 

 

Figure 2.3 The Blueprint of Milky Way City in 2006 

The Institute Infrastructures Supporting Facilities 

 Tornado Ion Accelerator  internal and external  road, railway, port and 

                                           

11 The Grand National Party announced alternatives immediately after the decision of Constitutional 

Court. One of alternatives was appointing Asan and Cheonan, South Chungceong Province, as city of 

enterprise and university(Kyunghyang Shinmoon’s reporting,2004-10-25). In the follow-ups of the 

party after two months, there were ideas like “attracting advanced enterprise city through construction 

of industry-university-institute collaboration system” and “selective moving of central government 

agencies which fit for Yeongi-Gongju area of South Chungcheong Province”(Financial News’s 

reporting, 2004-12-29). These ideas remind Innovation City of Roh administration. 



 support systems for 

management and 

administration 

 facilities for research and 

education(university) 

 residences for researchers 

and visiting scholars 

relating research institutes 

 private institutes and 

enterprises 

 elementary, middle and 

high schools 

 medical facilities 

 culture and art institutes 

 facilities for exhibition, 

convention and 

distribution 

airport 

 communication equipment 

 districts for industry, 

entertainment, tourism and 

nature preservation 

Stating in 

Figures 

 population: 3~5 hundred thousand (internal 3,000 of scientists, 1,000of 

artists and businessmen, 500 of engineers + external α of scientists, artists 

and their families) 

 initial capital for founding the city: 3 trillion won (1 for huge accelerator + 

2 for basic infra) 

 investment and maintenance after foundation: 1 trillion won per year 

What is 

Milky Way 

City? 

 the laboratory 

 Institute for Basic Science  

 center around heavy ion accelerator 

 global science complex embracing bio, health and environment 

 seek solution for energy problem 

 the school of 3,000 scientists developing thinking power 

 the community 

 global research community representing Asia 

 cultural space of conversation between science and art 

 industrialize the basic science research 

 the growth engine 

 the new engine for national growth 

 increase the value of national land 

 produce creativity and imagination 

Reference: Economist’s reporting(2006-09-19) 

 

The Rencontre Group in 2004 emphasized “science-meets-arts”. As scientists were 

represented by professor Min Fong-pil, so the artist were by professor Park In-seok of Korea 

National University Of Arts. Milky Way Forum succeeding the Group from 2006 still put 

stress on art second to science, although its portion became smaller and more blurred(the 



Figure 2.4). In addition, the Forum considered Saemangeum(North Jeolla Province), 

Songdo(Incheon Metropolitan City) and Jeju Special Self-Governing Province as possible 

location at that time(Economist’s reporting, 2006-09-19). None of them were related to 

Chungcheong province. 

Around April 2006, toward the nomination for the 17th Presidential Election candidates, 

Lee Myung-bak the mayor of Seoul heard the idea of the Rencontre Goup under the name of 

Milky Way Project(Jeong, 2011). At the first meeting with Professor Min Dong-pil, the Mayor 

Lee suggested that “beyond a hub to the connection between knowledge and industry, by 

expanding the concept as Science-Business City”(Donga Ilbo’s reporting, 2011-02-07). 

Candidate Lee seems had paid attention to develop the idea to a pledge from this time.12 The 

design of “the city” had extended concepts of “the belt”, including various fields such as 

education, finance, industry, etc, after ex-mayor Lee Myung-bak was nominated as the 

president candidate of the Grand National Party in August 2007.13 

On November 28 2006, Milky Way Forum held ‘The 1st Mini Forum of Milky Way City’ on 

the topic of founding concept and direction of Milky Way City. At the forum, Professor Park 

In-seok presented “The outline of Science-Culture City” and participants discussed the 

theme “Conditions of Future Science-Culture City”. There were 9 participants composed of a 

representative from each of fields(science, education, business, culture and art, urban, and 

international) and 3 committee members (Milky Way Forum, 2007a). The original idea of 

the Rencontre Group aiming a research town of science-meets-arts had begun to be 

expanded to various policy fields. 

On January 22 2007, ‘International Forum of Femto-Science Business City Preparing for 

Post-Nano era’ was held. Ex-mayor Lee, not the candidate yet, attended the forum and 

delivered a congratulatory speech himself. In the congratulatory speech, there were almost 

all of the essentials of Happy Science: Science, Technology, Green Revolution which would 

be published by Milky Way Forum in October 2007.14 Besides, business part became more 

important in the Milky Way Project of which the initial goals had been collaboration of 

                                           

12 Candidate Lee had visited European Organization for Nuclear Research which influenced on ideas of 

Milky Way Forum in late October 2006(Science On’s reporting, 2011-02-09). 

13 In February 2011, in the center of controversy about location selection, this process was mentioned 

in a press interview with professor Min Dong-pil, professor Park In-seok and professor Hong Seung-

woo. All of them were main members of Milky Way Forum(Donga Ilbo’s reporting, 2011-02-07). 

14 At this forum, Candidate Lee announced the Grand Korean Waterway and the Science-Business City 

as means of creating new national growth engines. Relating to the Science-Business City in particular, 

he said that it would be graft between contents of basic science from Milky Way Forum and schemes 

linking science to business from Candidate Lee’s side(Economist’s reporting, 2007-01-30). 



science and art before. A proceeding of Milky Way Forum, presented at ‘The 2007 APCTP 

Workshop’ in February 2007, introduced the Forum’s activity at the January forum and 

strongly emphasized connection between basic science and business. The concept of 

“International Science Business City” was emerged for the first time through ex-mayor Lee’ 

congratulatory speech(Daedeok Net’s reporting, 2007-01-22; Milky Way Forum, 2007a). So 

we presume the congratulatory speech of Candidate Lee announced at the January forum 

has significance as a way point between the idea of Milky Way Forum in 2006 and Happy 

Science in October 2007. We arrive at a conclusion that policy idea integrating those of Milky 

Way Forum and those of Candidate Lee already had established the foundation for the 

presidential election pledge about the time in January 2007. 

On February 26 2007, Milky Way Forum introduced the Milky Way Project at ‘The 2007 

APCTP Workshop’ held in Pohang. The developed proposal taking form of a project 

including its mission, vision, goals, and plans was presented here. We can find that part of 

business was getting bigger while part of art was getting so decreased. 

 

Figure 2.5 The Mission, Vision, Goals and Plans in early 2007 

Mission Building the new paradigm for environment of national basic research 

Vision  Improving of National Support for Basic Science Research 

 Building the Global Hub of Basic Science Research 

 Optimization for Science-Business Environment 

Goals  Studying on national support policy for basic research 

 Establishing Institute for Basic Science 

 Constructing large national basic science research facilities 

Plans  The three projects for founding the scientific nation 

1. Developing new national support systems for Basic Science Research 

 - improving research funds for professors dramatically (20% of present level) 

 - developing support system by stages based on researcher’s merit 

 - building the three-year system for research funds 

2. Establishing Institute for Basic Science 

 - gathering 3,000 researchers with PhD in pan-basic science 

 - National support for conducting world-class research 

 - Providing world-class research facilities 

 - Being the pivot of international joint researches 

 - Constructing a global science complex representing Asia 

3. Balance between among basic science, applied science and development 

 - Building organic connections with existing national institutes 



 - Planning national structure for the advance of overall science 

 The three projects for Milky Way City 

1. Fostering an environment where science research coexisting with creative 

arts and culture 

2. Planning interdisciplinary conversation and creative joint research 

3. Building the system conveying creative ideas to business 

Reference: Milky Way Forum(2007a) 

 

3) From Milky Way City Project to the Presidential Election Pledge 

From that time, ex-mayor Lee had digested Milky Way Project as his own policy idea 

preparing for the candidate nomination in August 2007. In May 29 2007, ex-mayor Lee 

suggested the Grand Korean Waterway and the Science-Business City at the Grand National 

Party debate in economic policies for the candidate nomination. There was a little 

controversy over the Science-Business City in the debate because of the Grand Korean 

Waterway idea was the target of much criticism. 

“The Science-Business City” idea had begun to be elaborated a pledge in earnest after ex-

mayo Lee becoming the candidate in August 20 2007. Candidate Lee led conceptualizing 

ideas in Happy Science from the front and wrote the preface whose amount is more than 40 

pages from entire 194 pages.15 Also, Happy Science mentioned Chungcheong province as the 

lead candidate as a location for International Science Business City. It is quite a contrast to 

where Milky Way Forum had indicated in a press interview a year ago(Economist’s reporting, 

2006-09-19). 

 

Figure 2.6 Outline of International Science Business City in October 2007 

Current Situation and Problems 

○ The need for new developing strategy to overcome being sandwich between China and 

Japan 

○ The need for policies that could expand foundation for being global leader in science & 

technology and build innovative infrastructure 

○ The urgent need for promoting basic science and science-business policy responding to 

the trend of convergence and globalization in technology 

                                           

15 According to the introduction of Happy Science, written by Professor Min Dong-pil, Candidate Lee 

had prepared the project along with Milky Way Forum and been involved in every idea of the book 

“personally” that he deserved to be named as the co-author, but declared because of his position as a 

presidential candidate(Milky Way Forum, 2007b). 



 

Approach Based on Policy 

○ Constructing a new city combining culture, art, business and education based on huge 

complex facilities for basic science research(such as accelerator, research hospitals) 

○ Resulting a hub of Northeast Asia and nurturing young talent by attracting internal-

external basic research institutes and talent 

○ Making science as business through securing world-class basic fundamental technology, 

converging technology and knowledge capital 

 

Plans 

○ Promotion strategy in stages 

Stage Development 

(2008~2012) 

Activation 

(2013~2017) 

Completion 

(2018~2027) 

Goal of 

stage 

Building base of basic 

research and urban 

infrastructure(such as 

culture, enterprises) 

Building a connected 

cluster of science-

knowledge- 

industrialization 

Completing the city 

combining science, art, 

culture and industry 

Core Plan Establishing Institute 

for Basic Science 

Attracting enterprises 

and developing by 

private funds 

Fostering amalgamative 

environment 

 

Location and Scale 

○ Location : Chungcheong province in principle, where already having infra of science and 

technology around Daedeok, Osong and Ochang 

○ Scale : Plan A(long-term development plan of single city, 6.11million ㎡ scale) 

         Plan B(sharing infra of existing cities, 16.53million ㎡ scale) 

         Plan C(renovation of existing city as International Science Business City) 

Reference : Milky Way Forum (2007b) p.172 

 

Ideas in Happy Science became “International Science Business Belt” in 20 presidential 

election pledges of the Grand National Party finalized in November 2007. Almost content of 

Happy Science and ISBB pledge would be continued in <Comprehensive Plan> announced 

in January 2009, excepting the location. 

 



Figure 2.7 ISBB in Candidate Lee’s 20 presidential election pledges in November 2007 

Policy Field Economy and the Life of the People  

ISBB Pledge We shall expand R&D investment 5% of GDP and foster International 

Science Business Belt for jumping up to be a leading science-technology 

country in the world.. 

Key Points ￭ Building a leading science-technology country through expanding support 

for R&D investment and creating new converged industry as the growth 

engine 

￭ Developing the middle of the country as Korean Silicon Valley by fostering 

ISBB 

Details ￭ Building International Science Business Belt 

 ◦ Advancing Sejong City, Daedeok Innopolis and the BT&IT Industrial Complex 

in Osong and Ochang as an united economic region and resultant Korean 

Silicon Valley* 

◦ Fostering a new great city based on huge complex facilities which 

combining basic science and core fundamental technology 

with education, culture and art 

￭ Developing local hub of science and technology for supporting balanced 

local development 

Reference : We extracted the part of ISBB pledge from 20 Presidential Election Pledges of 

the Grand National Party in 17th Presidential Election. FYI KBS 2007 Presidential Election 

Homepage(http://2007.kbs.co.kr/17th/gongyak_17.html) 

*This mention related with location follows Plan B or C in <Figure 2.8>. The pledge for ‘a 

city’ in presidential election could encounter a suspicion whether it was a favor to certain 

region. So the plan A fostering a new city with 500,000 people was switched to another 

plan utilizing existing cities, and ‘the city’ changed to ‘the belt’(Ohmynews’s reporting, 

2007-11-28; Kukmin Ilbo’s reporting, 2011-04-08). 

 

All the take together, we conclude that the city of science and art, which was the initial idea 

of professor Min Dong-pil and the Rencontre Group, had switched to the city of science and 

business including various ideas covering broader policy fields after leading Candidate Lee 

entered into the agenda-setting process, and finally it became ISBB pledge. There are two 

things to note. First, the weight of ‘art’ which had been one prominent as well as science at 

the time of the Rencontre Group became much weak as time went on. At may 2011, the time 

when the location of ISBB finally decided, professor Park In-seok who had represented 

artists in Milky Way Forum also pointed out it in a press interview(Korean Economic Daily’s 



reporting, 2011-05-16). Second, softening specialists in related policy fields and public up 

had been insufficient. 

Although the Rencontre Group and early Milky Way Forum advocated science-meets-arts, 

we could find that art was given less weight than science from that time. Around September 

2006, participants from science and technology were 30 while artists were 11 among 62 

members of Milky Way Forum. On January 22 2007, there was an announcement called 

‘Declaration of Korea Science’ by 70 presidents of academic societies belonging to scientific 

community after the forum finished. Artistic community didn’t show particular action while 

some part of science community being interested in Milky Way Project had supported 

Candidate Lee. 

Meanwhile, who could be interested actors or stakeholders after ISBB pledge becoming an 

actual national project are scientific community, business community and related local 

government. Ordinary taxpayers of the country who would pay for the project 3.5 billion won 

also could be a stakeholder in a broad sense. However, overall scientific community regarded 

ISBB not as consensus but as a monopolized idea of some scientist group relating with Milky 

Way Forum.16 Business community also had not been so distinguished in designing of 

proposal and softening-up process. There was no representative from major companies or 

The Federation of Korean Industries in Milky Way Forum around 2006(Economist’s 

reporting, 2006-09-19).17 Happy Science devoted most of its pages to promote Institute for 

Basic Science and the accelerator, and Candidate Lee’s campaign relating to ISBB pledge 

concentrated on people of Chungcheong province.18 It is doubtful whether ISBB pledge had 

grabbed the attention of ordinary voters all over the country, too. The Grand Korean 

Waterway pledge had caused severe controversy and attracted almost all of attention among 

main pledges of Candidate Lee, not ISBB. Besides, ISBB pledge mentioned exactly 

                                           

16 In October 2009, when Sejong City Amendment controversy was on going, one of parliamentary 

audits of Ministry about Education, Science and Technology reported a survey that 41.8% of answers 

working in government-funded research institutes said “having no idea” about content of ISBB(Science 

On’s reporting, 2011-02-09). 

17 According to a book dealing with history of Korean economic community, they have been concerned 

with a lot of economic policy such as Enterprise City and deregulations in capital region. But the record 

directly related to Milky Way Project or ISBB was pretty rare(The Federation of Korean Industries, 

2009). 

18 In December 2009, still Sejong City Amendment casing severe controversy, The Federation of 

Korean Industries presented a report including a survey showing that mostly firms didn’t care ISBB 

unless Lee administration offering some incentives associated with Sejong City Amendment. They had 

little interest in ISBB in itself. Refer to The Federation of Korean Industries 

homepage(http://www.fki.or.kr/emagazine/Monthly/Default.aspx) for details. 



Chungcheong province as its location so voters living in the rest of the country might have 

little attention. Moreover, there was not enough time for softening-up because the Election 

Day, an expectable policy window which supporters of ISBB had been waited, was fixed. The 

advocates might need to narrow range of voters who they would try to persuade. 

 

3. The Political Stream and the Policy Window 

 

Policy stream and political stream are basically inter-dependent, but not entirely separated. 

The period of window opening is so short that actors advocating particular policy ideas need 

to get in contact with policy maker or its candidate and convince them before the moment. 

Politicians are also interested in policy items that would attract voters at the next election, 

the expectable political window. As a result, policy stream and political stream can be loosely 

coupled, even at ordinary times(Kingdon, 2011). Professor Min Dong-pil, the representative 

of Milky Way Forum in policy stream, and Candidate Lee, the representative of the Grand 

National Party in political stream, had maintained two streams being coupled loosely before 

the 17th Presidential Election as well. In this context, we need to focus on two points in 

examining political stream. The one is which actors were the main targets for softening-up, 

and the other is why “research town of science-meets-arts” idea had shifted to “the belt of 

science and business” idea. 

From the period of candidate nomination in early 2007, ISBB idea was a pledge for basic 

science policy, as well as a pledge for economic policy purposing job creation like the Grand 

Korean Waterway pledge. At the same time, ISBB pledge was a political strategy for 

attracting voters of Chungcheong province. If there was a need for softening-up on the 

presidential election campaign as agenda-setting process, advocates of ISBB would need to 

set a priority on voter, especially the voters of Chungcheong province. 

From now on, we analyze political stream flowing to the 17th Presidential Election around 

two themes, “the economic president” and “the votes of Chungcheong province”. 

 

1) “Lost 10 Years” and “The Economic President” 

After democratization, there had been a tendency that the voters laid stress on career 

related with movement for democracy, progressive personality, or the home of candidates in 

the presidential election. Contrastively, the economic issue dominated the 17th Presidential 

Election despite other issues, such as education policy, the North Korean nuclear issue and 

even the morality of the leading candidate(Lee, 2008; Yoon, 2008). Lee Jae-chul’s study on 

voting behavior in the 17th Presidential Election found that there was a trend among the 

voters selecting a candidate based on a subjective evaluation and prospective voting decision 



about national economy(Lee, 2008).19 

Candidate Lee’s side concentrated on criticizing Roh administration for its incompetence 

upcoming 17th Presidential Election. After nomination, the Grand National Party 

emphasized Candidate Lee as ‘the economic president, the practical and ideology-free 

president’ that he could straighten failure of the present government out. This election 

gimmick, ‘practice-oriented economic president’ departed from usual issues such as 

regionalism, ideology, generation, played a large role for winning the election despite 

morality issues of Candidate Lee, such as controversy over favoring AIG during his term of 

mayor and BBK financial scandal.20 

The matter is asymmetric information within ordinary voters. The voters are hardly 

accessible to professional information related with national economy or policies of 

candidates, so their decision based on this situation can be non-rational and short-sighted. 

They could be more influenced by economic climate near the election rather than equally 

evaluate last 5 years of the ruling party(Lee, 1999). Then, was the economic climate of Korea 

in 2007 actually negative? 

At the second half of 2006, before the subprime mortgage crisis in 2007 and Lehman 

Brothers's bankruptcy in 2008, global economy was generally facing downward(SERI, 2007). 

In Korea, some experts like Samsung Economic Research Institute(here after, SERI) also had 

expected subprime mortgage crisis that, if the real estate business in USA was frozen, it 

would spread to global economy(SERI, 2005). The recession had extended over a long period 

of time including the term of Lee administration. It is hard to say that Roh administration 

was fully responsible for internal recession at its end-stage. Besides, macro indicators, such 

as national growth rate, export, Korea composite stock price index(KOSPI), showed it was 

not recession in that time. SERI evaluated Korea economy in 2006 became better than in 

2005 in spite of difficulties like a strong won or high oil prices. Due to continual double-digit 

export increase from 2003, the national growth rate in 2006 recorded 5% which was higher 

4% than the previous year and 4.5% in the first half of 2007(SERI, 2006; 2007). The major 

                                           

19 We found a same trend in several surveys conducted by Donga-Ilbo from late 2006 to December 12 

2007. To the question “what shall be the top priority to the President for the next term?”, the 1st place 

was economic growth and the second place was unemployment problems. Particularly, respondents who 

answered “economic growth” were over 60% constantly at five times of surveys(9th(‘07.7.14.), 

13th(’07.9.17.), 16th(‘07.11.3.), 17th(‘07.11.10.), 18th(‘07.11.17.)). To the question “which one shall be 

more focused between growth and distribution?”, respondents who chose “growth” were majority at 

both of two surveys(6th(‘07.5.30.), 15th(’07.10.17.)). 

20 Refer to The Leading Country, Community of Hope, Republic of Korea, The Grand National Party. 

2007b. Seoul : Bookmark 2007. for details. 



macro indicators during Roh administration were relatively positive. Also Roh 

administration sustained fiscal soundness during its term. Nevertheless, the voters evaluated 

national economic situation in the term of Roh administration negatively. 

One reason was that the virtuous circle, which is composed of export, investment, 

employment and domestic demand, has become weak after the Asian financial crisis in 1997. 

It caused the business cycle of Korea short in the 2000s(SERI, 2006). Why export increase 

couldn’t boost domestic demand? SERI suggested several reasons; the job creation effect of 

IT industry which Roh administration had strongly supported was low; jobs crunch and the 

loss of lifetime employment caused lower purchasing power; rapid alleviating real estate 

price caused anxiety about dwelling; excessive educational expenses pressed household 

economy; and aging society and poor national pension increased anxieties after 

retirement(SERI, 2006). These problems were not macroscopic like export increase but daily 

economic activity of voters(Lee, 2008). 

One of strategies to blame Roh administration in this situation was framing economy. ISBB 

idea had been regarded as important as the Grand Korean Waterway idea in advance of the 

candidate nomination, and both of the two pledges belonged to economic policy reinforcing 

the image of Candidate Lee as the economic or CEO president(Economist’s reporting, 2007-

01-30). 

 

2) Chungcheong Province and Balance Development of National Land Planning 

While Lee Jae-chul(2008) studied on economic voting behavior, Yoon, Jong-bin(2008) did 

on candidate-oriented factors in the 17th Presidential Election. Candidate Lee was 

overwhelming leading candidate throughout the campaign while he was always in a 

controversy for his morality such as AIG scandal and BBK financial scandal. Morality 

scandals and candidacy of Lee Hoi-chang in November 11 2007, who left the Grand National 

Party for the election and had a broad base of support in Chungcheong province, resulted in 

desertion of some supporters of Candidate Lee(Lee, 2008; Yoon, 2008). 

Excluding Jeolla province where the traditional supporter of President Kim Dae-jung and 

President Roh Moo-hyun, Chungcheong province recorded the lowest approval rating for 

Candidate Lee throughout the 17th Presidential Election(Joongang Ilbo’s reporting, 2008-

01-10). Candidate Lee strongly opposed to the relocation of capital during his term of the 

mayor of Seoul and, furthermore, supported deregulations in capital region contradicting 

Balanced Development of National Land Plan of Roh administration. Candidate Lee needed 

to win popularity of Chungcheong province. 

There was no place for Chungcheong province in design of Milky Way Forum until 

September 2006. Candidate Lee stated Chungcheong province as location of ISBB explicitly 



in May 2007 in the period of nomination(Joongdo Ilbo’s repoerting, 2007-05-14). As we 

found in policy stream, a lot of parts in ISBB pledge overlapped the alternatives of the Grand 

National Party in late 2004. It seems that, on the developing process of pledges in 2007, 

Candidate Lee announced a new project named ISBB with Milky Way Forum rather than 

revealing its character succeeding some parts of follow-ups idea of the Party. And the 

location of ‘the new project’ should be Chungcheong province. Candidate Lee emphasized 

this point and showed his will of succeeding Multifunctional Administrative City plan of Roh 

administration in his speech in Daejeon(Ohmynews’s reporting, 2007-11-28). It was 

mutually beneficial for both of Candidate Lee and Milky Way Forum that the former would 

appeal to the voters of Chungcheong province while the latter, especially member of 

scientists, would make its dream such as Institute for Basic Science and the accelerator come 

true anyway.21 

Furthermore, we assume there was a secondary effect of announcing the location of ISBB in 

Chungcheong province. Candidate Lee who had been famous for favoring capital region 

might be able to appeal symbolically that he was also interested in the provinces in his own 

way. Contrasting to his stand in the term of the mayor, Candidate Lee avoided direct 

mention about policies favoring capital region like deregulations in 20 presidential election 

pledges. In the book of election pledges of the Grand National Party, The Leading Country, 

Community of Hope, Republic of Korea published in November 2007, introduced a pledge 

titled “rationalization of regulations in capital region” in moderate tone that would not be 

seen offensive to the voter of the provinces.22 The Relocation of Administrative Capital 

project was one of core policies in Balanced Development of National Land Plan of Roh 

administration. Reminding of the plan of Roh administration, moving capital to 

Chungcheong province, by the location of an important election pledge of Candidate Lee 

would be a good political gesture to the provinces.. 

To sum it all up, in political stream, ISBB pledge was supported because it could provide 

one of backgrounds for ‘the economic president’, attract the voters of Chungcheong province, 

and even appeal to the voters of the provinces covering for the issue of deregulations in capital 

region. 

                                           

21 After Special Act for ISBB padded in February 2011, Lee administration brought all of the local 

governments into competition with location of ISBB which was contrary to the election pledge. At this 

time, President Lee admitted himself that the purpose of ISBB pledge was votes of Chungcheong 

province in a press interview(Maeil Business Newspaper’s reporting, 2011-02-01). 

22 Deregulations in capital region became a red-hot issue at the 18th General Election in April 2008. As 

a result, the opposition parties who stood up to deregulations won 114 of 245 seats(about 46.5%) in the 

National Assembly. It was just 2 months after President Lee stepped into office. 



 

4. Policy Entrepreneurs 

 

ISBB had become one of president election pledges of Candidate Lee and resultant a 

national level agenda successfully. After election it actually had progressed as a national 

project by Lee administration. Setting bounds to agenda-setting process, there had been 

some actors trying to couple three streams into one the occasion of opening of predictable 

political window, the 17th Presidential Election. Particularly, professor Min Dong-pil, the 

representative of Milky Way Forum, and Candidate Lee Myung-bak, the representative of the 

Grand National Party, had shown remarkable activities. We now need to decide whether they 

were policy entrepreneurs, not only relating actors to ISBB. 

The Rencontre Group in 2004 and the Milky Way Forum in 2006 mainly aimed at 

combining science with art. The composition of scientists and artists in the forum, 61 

participants excluding professor Min Dong-pil reported on an article of a press in September 

2006, held a majority; 23 scientists, 4 doctors, 3 engineers and 11 artists. Almost all of 41 

persons were professors, or presidents of academic societies at that time(Economist’s 

reporting, 2006-09-19). Professor Min, the representative of the Forum, was especially 

active actor that had tried to meet strong candidates and written on newspapers several 

times from 2006.After election, he became the leader of ISBB team which was one of 6 

taskforces in the presidential transition team of the president-elect Lee(Ohmynews’s 

reporting, 2007-12-26), and was appointed as the chairman of the board of Korea Research 

Council of Fundamental Science and Technology affiliated organization of Ministry of 

Education, Science and Technology after the presidential inauguration(Korea Economic 

Dailly’s reporting, 2008-08-25). When his term expires in November 2011 he was nominated 

as one of candidates for the first chairman of Institute for Basic Science of ISBB(Joongdo 

Ilbo’s reporting, 2011-11-14) and appointed as the ambassador of collaboration for science 

and technology of Ministry of Foreign Affairs after a month he failed to be the 

chairman(Donga Ilbo’s reporting, 2012-06-08). Professor Min always had been a partner of 

President Lee from the period of nomination for the 17th Presidential Election candidates to 

completing his presidential term. At the same time, professor Min, as a physicist, had been a 

strong supporter for building the heavy ion accelerator from initial stage of Milky Way City 

Project and had lead the Forum as one of scientists even after the purpose of the Project 

changed from “the city combining science with art” to “the belt combining science with 

business” in 2007. Of course professor Min had been a main actor trying hard to make the 

idea to a president pledge, too. We come to a conclusion that professor Min Dong-pil was 

actually a policy entrepreneur. 



The official position of Candidate Lee was ‘the presidential candidate of the Grand National 

Party’ from nomination in August 2007 to the election on December in the same year. 

Kingdon’s framework analyzes ‘systems’, as like three streams, as well as ‘individuals’, as like 

policy entrepreneurs(Kingdon, 2011; Zahariadis, 1998). Actors having official position in 

policy system, for example, the president, ministers, member of the National Assembly, 

high-ranking bureaucrats, can be policy entrepreneurs only if they do separate activity from 

their official position functions(Choi and Park, 2012). How about in case of presidential 

candidates? A candidate resigns any public service before getting the qualification and don’t 

have definitive official position in policy system until the election is over. During on this 

special position, the candidate can be a main player who raises some issues and makes them 

as agenda items. But the candidate doesn’t have official authority to push the agendas into 

policy making process before he or she being elected. As a result we don’t need to be as strict 

as Choi and Park(2012) to analyze the activity of Candidate Lee. 

The president is the most powerful actor in the agenda-setting process(Kingdon, 2011). The 

leading presidential candidate’s comments receive wide attention from voters because he or 

she could be the president and translate the words into reality in the future. Candidate Lee 

had important influenced on Milky Way City Project from January 2007 and lead its aim and 

contents to ISBB pledge with great interest(Milky Way Forum, 2007b). So we can identify 

Candidate Lee as the other policy entrepreneur.23 

 

5. Wrapping up Analysis 

 

The conditions recognized as ‘problems’ of basic science field in Roh administration were 

not enough R&D investment and the trend of avoiding natural science and engineering. In 

case of the need for sustainable new growth engine, the answer of Roh administration was 

long-term industrial policy which had started from beginning of its term in 2002, so it was 

early to judge yet around the 17th Presidential Election in late 2007. ISBB idea was not 

begun as a policy solution for existing specific problems like the three. Rather, a minority of 

researchers around professor Min Dong-pil designed idea ‘constructing an ideal research 

environment that can lead creative ideas’ in advance, and collaboration with Candidate Lee 

made hook the idea to any problems afterward. Moreover, Candidate Lee’s Grand National 

                                           

23 There’s a possibility that who actually had developed and lead the ISBB ideas to the pledge was not 

Candidate Lee but policy specialists inside of Grand National Party. As we saw at the policy stream and 

the political stream parts, “the city or the belt combining science and business” concepts emerging with 

Candidate Lee had inherited many ideas from follow-up measures of the Grand National Party for 

replacing the Administrative Capital Relocation Project which was foundered in late 2004. 



Party had tried to appeal to the voters of Chungcheong province by follow-ups idea for 

replacing the relocation of capital plan. The problem associated with relocation of capital was 

also hooked after intervention of Candidate Lee regardless of the Rencontre group’s original 

intention. This was possible because ‘the problem’ needed to be solved by ISBB idea was 

ambiguous from the first. 

There are a lot of policy ideas and actual policies having influenced on developing of ISBB 

pledge. The follow-ups idea of the Grand National party was especially influential as well as 

original idea of the Rencontre group and early Milky Way Forum. The “research town of 

science-meets-arts” idea of the Rencontre group and early Milky Way Forum had shifted to 

“the belt of science and business” idea after ex-mayor Lee’s speech in January 2007. 

Candidate Lee needed an election pledge that would support “the economic president” 

slogan and attract the voters of Chungcheong province during the candidate nomination 

period and the 17th Presidential Election campaign. ISBB pledge become putting stress on 

business and the location in Chungcheong province, while the portion of culture and art 

considered importantly in early Milky Way City Project become reduced. Furthermore, 

although ISBB would be a national project on a large scale that conflicts among numerous 

stake holders were predictable, there had been not enough time for softening them up. 

That is to say that ISBB pledge was outcome of three streams coupled by two policy 

entrepreneurs; the goal of ISBB was ambiguous in problem stream; members of the 

Rencontre group and Milky Way Forum had shaped their own ideal dream and collaborated 

with different idea of the Grand National Party later in policy stream; two policy 

entrepreneurs from both of side had led developing ideas into one pledge waiting for a 

predictable political window(the 17th Presidential Election) in political stream. Passing 

through selection system named the presidential election, proposals gathered from various 

field had been filtered for election victory. It would be hard to develop rational agenda-

setting process in this situation because solving a policy problem is not priority. 

Consequently, even ideas from irrelevant fields had been able to be integrated into one 

election pledge. 

 

 

Ⅳ. Conclusion 

 

ISBB pledge was a result of integration of several ideas from various policy fields in agenda-

setting process. The original proposal which had been called Milky Way Project and 

supported by a few researchers could become a presidential election pledge not because of 

rational evaluation that it would be suitable policy idea for achieving some specific policy 



goals. Advocates had hooked the proposal to problems whatever could be at that time, rather 

than developing some ideas to solve policy problems. Even an upcoming predictable political 

window, the 17th Presidential Election, made the environment around the proposal 

ambiguous and unstable that some of leading actors among advocates were changed. In this 

kind of non-rational agenda-setting process, explain of rational model does not quite fit but 

Kingdon’s Multiple Streams framework does. 

As a result of non-rational agenda-setting process, ISBB pledge faced difficulties in shaping 

details during President Lee’s term of office. As long as the pledge was progressed as a 

national project, the ‘problem’ to be hooked did not need to be limited to certain definition 

like improving basic science. Why not a headache of Lee administration such as Sejong City 

issue? Instead of effort for improving and coordinating each of details24, ISBB proposal had 

been swept away by external environment; It had been suppressed during the 18th General 

Election period on purpose because adopting deregulations in capital region was more 

important to the Grand National Party; or had involved in controversy over Sejong City 

Amendment which tried absorbing ISBB as one of details that aroused suspicion whether 

altering nature of Sejong City Project; or had caused severe competition and conflicts among 

local governments for location selection. The ideal of some scientists and artists turned into a 

card of political game. It has resulted delay advancing ISBB project even after Park Geun-hye 

administration taking over the project in 2013 that designing of buildings of Institute for 

Basic Science and heavy ion accelerator did not begun till the end of 2014. 

The case of ISBB indicates that a policy decision whose priority was not solving specific 

problem from agenda-setting process easily becomes just a card of political game and even 

can lead policy failure. A large-scale national project like ISBB cannot help including 

complex relations of interest and a lot of stakeholders that, they would hardly approve 

modification or abandonment even after finding of a serious fault or confirming failure. It 

would be a great loss in limited budget resource of the country. Moreover, possibility of 

‘hooking anything’ could result unpredictable changes in proposal and actual policy which 

was never intended by early advocates, like artists of the Rencontre Group and early Milky 

Way Forum. It could drag the proposal or the policy into any politicized issue at that time 

and make it drift. A process furthering an idea to a policy, particularly a large-scale national 

project like ISBB, should be more rationalized with clearer definition of problem from 

                                           

24 ISBB mainly composed 4 parts; policy for basic science, for business, for living environment for 

residents, and for foreigners. <Comprehensive Plan> announced detailed plans such as developing 

international business districts and clustering them as a belt, fostering Institute for Basic Science, 

constructing heavy ion accelerator, building international schools for elementary and secondary 

education to attract foreign researchers, etc. 



agenda-setting process. 

The importance of softening-up process with enough time is also indicated. Of course, 

sometimes competent policy entrepreneurs catching the chance of window opening would 

raise their idea as an agenda despite of lack of softening-up. But when it comes to be visible, 

the policy proposal can’t avoid resist of stakeholders or opponents. The stronger the resist 

and the more the different views, advocates would be getting harder accomplishing their own 

idea. The long debates which should have done during softening-up process would now 

frustrate and waste resources on process of shaping and implementing the policy. 

This paper studied ISBB pledge and its agenda-setting process which have been rarely 

researched. Meanwhile, this study is mainly depended on limited data like press reporting 

that could not grasp every point. Also the study could be criticized for just applying 

Kingdon’s framework and verifying its suitability to real world under specific conditions. A 

follow-up study focusing on how the non-rational agenda-setting process has influenced on 

formulation and implementation of ISBB project after election is requested. 
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Synthetic biology is an exciting field which has enormous potentials for solving 

various problems human beings are facing up now such as disease, food shortage and 

global warming. Many countries such as US, UK, and China have invested heavily in 

this field. However, researches on synthetic biology are being conducted without 

public discourse and consideration. Since the harms synthetic biology can cause is 

not certain, it is not safe to leave it to the hands of only experts. This paper provides a 

typology for definition of synthetic biology and analyze the current state of synthetic 

biology in major countries. Then ethical issues associated with synthetic biology are 

discussed and scientific transparency and participatory process are suggested as an 

alternative to deal with them. 

 

Key Words: Synthetic Biology, Scientific Transparency, Life Ethics, Typology for 

Synthetic Biology 

===================================================== 

 

*Associate Professor 

Science and Technology Policy Major, Underwood International College 

Yonsei University, South Korea 

sypang@yonsei.ac.kr 

  



2 

 

Synthetic biology (SB, hereafter) promises what only scientific films dreamed of. 

Since the benefits SB can promise of look so great, it is practically impossible to be 

positioned against SB. The research on SB is marching on without any strong 

resistance although the change is so fundamental that the size of its impact would be 

unheard of so far.  

 

However, scientific discovery and technological development have positive impacts 

as well as negatives at the same time. It is not beneficial for Home sapiens to let such 

a major scientific research program such as SB march on without having a proper 

and extensive discussion on its potentials. Also since the research results of SB 

exceeds national boundaries and the current generation, it is this living generation’s 

collective duty to ponder on the positive and negative potentials of SB and let people 

understand them through the dissemination of well-balanced information about SB.  

 

It has been known that Harvard scientist held a ‘secretive’ meeting on synthesizing a 

human genome and about 150 scientists and related experts participated in the 

meeting on May 2016. The problem with this meeting was not only about the topic. 

The real problem was that it was an invitation-only and held secretively, which 

lacked “scientific transparency and deliberative governance processes” as criticized 

by Balmer (Balmer, 2016). The case implies that the scientific research on SB can 

progress forward without engaging with others to be severely affected and it becomes 

a topic which should need urgent intervention by governments as well as civic 

groups. 

 

This paper provides a new framework to define and classify synthetic biology since 

there is sizable confusion on the definition of system biology among researchers. 

After various researches are classified according to the new framework and the 

positive and negative potentials of SB is analyzed. In addition, policies adopted by 
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various countries on SB are compared to show diverse approaches on the issue. 

Finally, ethical points on SB is discussed for the future discourse on SB. 

 

Definition of Synthetic Biology: Views and A New Typology 

 

It is hard to provide a precise definition of synthetic biology because it is a 

multidisciplinary field and it is defined differently as to researchers' intention. By a 

consensus definition of a group of European experts, synthetic biology is the 

engineering of biology: the synthesis of complex, biologically based(or inspired) 

systems, which display functions that do not exist in nature. This engineering 

perspective may be applied at all levels of the hierarchy of biological structures - from 

individual molecules to whole cells, tissues and organisms.  

 

In essence, synthetic biology will enable the design of 'biological systems' in a 

rational and systematic way' (Synthetic: Applying Engineering to: Report of a NEST 

High Level Expert Group). By this definition, synthetic biology is distinguished from 

existing biotechnology which aims at modifying components of living cells to achieve 

desired functionality by splicing in a gene from one organism to another or inducing 

a mutation in a genome. 

 

As opposed to this definition, synthetic biology is concerned with designing and 

building artificial regulatory elements into genomes or constructing a complete 

genome from scratch. Therefore, new entities having new functions or properties can 

be obtained that do not exist in nature.  

 

Another definition of synthetic biology includes the re-design and fabrication of 

existing natural biological systems. In any case, it is important to point out that the 

following features are revealed in synthetic biology.  

 

The clearest aspect of synthetic biology that differentiates it from other disciplines is 
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engineering-based, engineering-driven field for useful purposes. For example, the 

'BioBricks' school, which is the dominant approach to synthetic biology, draws on the 

engineering principles of standardization, decoupling and abstraction with the 

objective of developing biological components which are interchangeable, 

functionally discrete and capable of being combined in a modular fashion. 

 

Many of synthetic biology's practitioners even say that synthetic biology is about 

engineering and not about science. In synthetic biology, a frequently cited 

comparison is between designing electrical circuits and designing biological systems. 

In designing electrical systems, designers rely on well-characterized components 

with predictable behavior. Researchers in the area of synthetic biology aim to create 

such biological "building blocks" of component parts including well-characterized 

gene circuits, analogues of input/output devices, sensing elements, and more. By 

making these genetic circuits programmable, researchers can program new cellular 

and organism level behaviors.i  

 

Synthetic biology is also a discipline for achieving desired, useful purposes. The 

practical applications of synthetic biology can help solve the difficult problems in 

various fields. It would be ideal to engineer microorganisms for biofuel production to 

address the problems such as global warming and energy shortage. Especially, 

clinical efforts based on synthetic biology such as treatment of infectious disease or 

cancer, vaccine development, cell therapy or regenerative medicine are made in 

recent years. 

 

For example, synthetic adjuvants were designed by engineering bacteriophage to 

enhance the killing efficacy of existing antibiotics. In an animal study, treatment with 

engineered phage and synthetic antibiotic, ofloxacin, resulted in an 80% survival rate 

in Eschericia coli-infected mice, compared to 20% with antibiotic treatment aloneii. 

In addition, cancer-invading bacteria were engineered to target a specific 
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tumorigenic pathway in vivo. This does not result in considerable damage to healthy 

tissue. Synthetic biology can be critical in the field of regenerative medicine, where 

the eventual therapy will involve tissues created from a patient's own stem cells. 

Synthetic modified RNA molecules that function as mRNA transcripts for the four 

key genes needed for generation of induced pluripotent stem cells (iPSCs) were also 

engineered. In the future, synthetic biology approaches will create constructs that 

enable targeting and reprogramming of injured, diseased, or aged tissue in vivo.  

 

A key feature of the engineering approach to synthetic biology is the attempt to 

reduce biological complexity.iii Heinemann and Panke(2006) pointed out “As the 

complexity of existing biological systems is the major problem in implementing 

synthetic biology's engineering vision, it is desirable to reduce this complexity.” 

Leading synthetic biologists Tom Knight also sees this aspiration to get rid of 

complexity as an integral part of the engineers' approach in maintaining that an 

alternative to understand complexity is to get rid of it. He argues that many problems 

regarding complexity can be overcome by key notions of engineering: hierarchical 

abstraction, modularity, and standardization. However, the question is whether life 

can be reduced down into its minimum modular components more similar to 

software code or biological systems are understood by the engineering approaches. 

As cellular environment is fluctuated and interactions within organisms always occur 

and they modify cell themselves, it is hard to predict the behaviors of even simple 

biological devices. Life is not that reliable and predictable such as modules or 

components at engineering.  

As reviewed above, the definition of SB is diverse depending on the approaches, 

which makes the discussion on SB confusing and difficult. <Figure 1> is a typology 

for defining synthetic biology based on input as one axis and outcome as the other 

axis. The vertical axis is whether or not there are components that exist in the nature 

whereas the horizontal axis is whether or not the end product or outcome exists in 
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the nature. ‘Components that do not exist in the nature’ means that it is not 

harvested from other cells or DNA in the nature and rather it is synthesized from the 

scratch regardless of the fact that the design is copied from the nature or it is 

artificially engineered. 

 

 

<Figure 1> Typology for Defining Synthetic Biology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The combination of the horizontal axis and the vertical axis gives us four types of 

definitions on synthetic biology. Type I of synthetic biology creates a system which 

exists in the nature by using a component present in the biological system. Type II is 

to use components not present in the nature in order to create a system that does 

exist in the nature. If a human genome is synthesized to create a human, it will 

belong to Type II. Type III is to combine to create a system that do not exist in the 

nature by using components that do exist in the nature. All the experiment using 

CRISPR/CAS9 technology belongs to Type III. Type IV is to create components that 
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does not exist in the nature and use combine to create a system that does not exist in 

the nature. 

 

There is not a big difference between synthetic biology and existing disciplines such 

as genetic engineering or system biology in Type II and Type II. However, there is a 

big difference in Type IV. It means that we begin to open a door to the new world 

where humans can play as a creator. Researches belonging to Type II and Type III 

can be a stepping stone for Type IV, which is believed to be the ultimate goal for SB. 

 

Literature Review On Potentials of SB 

 

As in the talk of understanding in synthetic biology, academics often reach for the 

quotation from the physicist Richard Feynman as the motto of synthetic biology, 

‘what I cannot create I do not understand’. Since this quotation brings together the 

two aspirations of biology (understanding) and engineering (creation) by making 

biology into engineering, the instrumentalism becomes an unquestionable part of the 

field (Calvert, 2013).  

 

Literature on synthetic biology often lack of the will to include the concept of public 

participation yet more focuses on the proceeding issues in output of synthetic 

biology. Especially in the most of studies on synthetic biology, synthetic biology 

tends to have the needs-driven, problem-oriented emphasis of engineering which 

becomes a social activity that ‘is intimately bound up with economic, military, social, 

personal, and environmental needs’ (Vincenti, 1990, p. 11). Therefore, synthetic 

biology is often described in terms of engineering. The main limit of engineering 

approach on SB is that it tends to disregard negative (or ethical) aspects of SB and 

rather focus on the benefits (or economic gains) it can make. 
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At the same time, considering socio-ethical implications of synthetic biology is 

disputable. The main reason for this controversy comes from the fact that the 

development of synthetic biology is ongoing and it is regarded as too early to debate 

various impacts of synthetic biology and have ethical and social deliberations. Many 

scientist and engineers argues that too early intervention on SB will block the 

potential development of SB and lead to the loss of great opportunity to solve various 

problems human beings are facing now or in future. 

 

Mostly, existing researches dealt with the limited issues vis-à-vis the further possible 

discussion of synthetic biology; Biosafety, Biosecurity, Patents and Intellectual 

property, Justice, Engineering Life. Biosafety and biosecurity focus on possible 

negative consequences. Biosafety expects synthetic biology to raise harm in the both 

social and natural environments. According to this, synthetic biology could incur the 

unintended harmful results if their synthetic and artificial materials and organisms 

are released into natural and social environments. It will also influence interspecies 

and intergeneration. So, it is recommended that the socio-ethical analysis on SB 

should consider these effects.  

 

And also, there is the military purpose of using synthetic biology. Furthermore, if 

synthetic biology developed towards military usage, the possibility of terrorism with 

results of synthetic biology would increase beyond regulation and original intention. 

These concerns are profoundly linked to biosecurity.  

 

The specific issues of patents and intellectual property cover the problem on how 

scientific outcome such as synthesized materials and organisms are treated. “An 

argument has developed as to whether all or some result of synthetic biology should 

be patentable, for the commercial benefit of those who have invented the processes 

or products.” But, broad patents may restrict collaboration and stifle development in 
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the research of synthetic biology, and narrow patents may over-complicate the 

process, meaning that hundreds of patents have to be negotiated to produce a system 

from standardized parts. Moreover, someone who opposite patents insist that the 

result of synthetic biology should be considered as common heritage.  

 

The main concern of justice is proper allocation of benefits caused by development of 

synthetic biology and how we make access and use fair. These issues are moderate 

attitude adhering to continuous research on synthetic biology with effective and 

suitable regulations for promoting scientific progress.  

 

On the contrary to these issues, more aggressive positions claim the moratorium of 

research until the methods and various impacts of synthetic biology would be proved 

to be safe. Synthetic biology understands biology in the perspective of engineering.  

In this engineering view, synthetic biology can manipulate and control life as a part. 

Even creating artificial life is considered as mechanical manufacturing and therefore 

it can cause socio-ethical and religious contrary that assume the scientists who doing 

research of synthetic biology as ‘playing God’.    

 

The basic principles of ethics on synthetic biology can be found on following studies. 

At the foundation lie two major principles, ‘precautionary’ and ‘proactionary’, as the 

start points to establish ethics that usually are discussed. First, ‘precautionary’ 

principle which generally states that if an action or policy has the potential to cause 

harm, but uncertainty exists regarding the likelihood or severity of harm, the 

responsibility for providing the safety of the approach belongs to those who 

advocating for the policy or action.  

 

Next, ‘proactionary’ principle which assumes that synthetic biology should be 
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considered safe, economically desirable and intrinsically good unless and until 

shown to be otherwise. The proponent of this principle emphasizes intellectual 

freedom and the autonomy of individual decision-making.  

 

Current state of affairs by nations on SB 

 

Some countries are now actively developing infrastructure and creating roadmaps to 

advance these goals, with the United States, United Kingdom and China in the lead. 

As to review the current leading nations’ status with synthetic biology, the United 

States has been an early leader and played a vital role in research and in the 

development of multi-country partnerships. The U.S. government has invested about 

$140 million annually in synthetic biology research. At the federal level, however, the 

U.S. government has not developed an overarching funding or governance plan for 

the field. Though synthetic biology is mentioned in the current administration’s 

National BioEconomy Blueprint, specific initiatives for the field are not defined. 

 

In the US, the National Institute of Standards and Technology (NIST) created a new 

center at Stanford University and has been working with the BioBricks Foundation 

(BBF) to develop novel approaches for the field. The US government’s Defense 

Advanced Research Projects Agency’s (DARPA) seeks to build a scale, integrated, 

rapid design, and prototyping infrastructure for engineering biology and enabling 

synthetic biology with numerous applications. The government is also creating a new 

budgetary program under DARPA called Advanced Capabilities in Engineering 

Biology (ACE), which will focus primarily on synthetic biology as a high growth area.  

 

In addition, the National Institutes of Health (NIH) formed two National Centers for 

Systems and Synthetic Biology at University of California San Francisco (UCSF) and 
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Massachusetts Institute of Technology (MIT). It is also planning new support for 

synthetic biology and biodiversity and for natural products development using 

synthetic biology. U.S. National Science Foundation contributed $16 million to the 

Synthetic Biology Engineering Research Center (SynBERC) based at University of 

California, Berkeley (2013). The US Department of Energy (DOE) is supporting a 

broad range of new initiatives and tools for the development of synthetic biology as 

part of its mission to explore the frontiers of genome-enabled biology and to 

undertake multi-scale explorations for systems understanding of biology. A joint 

effort by the U.S. Department of Energy and British Petroleum (BP) created the $500 

million Energy Biosciences Institute, where synthetic biology will play a significant 

role. Private philanthropy is also contributing to synthetic biology: the Bill & Melinda 

Gates Foundation have invested $43 million into medical applications of synthetic 

biology. 

 

One can observe from U.S. case that the funding for science is considered as a vital 

element of economic development by the present administration and the Congress. 

And the government infrastructure, including the organization of Congressional 

committees and the mandates and focus areas of government institutions, can also 

create a “stovepipe” effect for advancing synthetic biology. 

 

The United Kingdom government is keen to assume a leadership role in synthetic 

biology as it views synthetic biology as a potentially revolutionary platform with very 

promising commercial possibilities. The U.K. government is actively seeking to build 

a thriving synthetic biology community with strong links to industry. In fact the 

government established a Synthetic Biology Leadership Council co-chaired by a 

Minister and a senior industry figure. Hence, the Cabinet sets strategic direction: the 

Research Councils and the Technological Strategy Board (TSB) provide independent 

evaluations of scientific issues. The U.K.’s TSB, a public entity focused on increasing 
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innovation in technological fields with commercial potential, has included synthetic 

biology on its short list of the top four emerging technologies and has estimated that 

the field will generate a market worth up to $20 billion by 2020. This projection 

caused an independent, industry-led group to develop a roadmap for making the 

U.K. a leader in synthetic biology. The roadmap, which presents five 

recommendations, emphasizes as a necessary first step building a strong and 

multifaceted community of stakeholders. 

 

In 2009, the Engineering and Physical Sciences Research Council (EPSRC) invested 

£4.7 million (USD3.4 million) to form the Centre for Synthetic Biology Research and 

Innovation (CSynBI) at Imperial College, London. A £10 million (USD16.9 million) 

investment in a national Innovation and Knowledge Centre (known as SynbiCITE) 

has leveraged a further £18 million (USD30.4 million) from collaborating 

universities and companies. The center, located at Imperial College, involves 17 

universities and 13 industrial partners including Microsoft, Shell, and 

GlaxoSmithKline. In January 2014, the UK Research Councils announced the first 

£10 million (USD16.9 million) phase of a total £20 million (USD33.8 million) 

investment to fund synthetic biology multidisciplinary research centers, with an 

additional 30 million (USD50.7 million) added subsequently. The BBSRC has 

invested £20 million (USD33.8 million) in six large research projects in synthetic 

biology, which will apply the technology to investigate major global challenges, such 

as producing low-carbon fuel and reducing the cost of industrial raw materials.  

 

Along with the current plan U.K also intends to make investments in synthetic 

biology in the following areas: Public funding of £50 million, including up to £6.5 

million to encourage investment by industry; Funding of £6 million from the 
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Engineering and Physical Science Research Council to encourage universities to 

investigate the commercialization of new products; Integration of funding for studies 

in both research and development and related ethical, legal, and social implications 

(ESLI); Support from the Biotechnology and Biological Science Research Council for 

16 agencies for five transnational research projects; Earmarking £100 million to 

sequence 100,000 whole genomes of patients of the National Health Service over the 

next three to five years(2015~2020).  

 

From the U.K. perspective, major challenges are the management of the complexity 

and expectations of synthetic biology, the translation of innovations in synthetic 

biology from “lab to life,” and the need for continued public engagement. 

 

The People’s Republic of China is seeking to position itself as a global leader in 

synthetic biology. This effort is motivated by the country's urgent need to address 

public health, nutrition, and resource needs, as well as a national strategy to promote 

progress in science and technology. Beginning in 1978, with reforms launched by 

Deng Xiaoping, China has pursued an aggressive strategy of industrialization and 

technological development. Investments in bioscience and bio- technology are part of 

this strategy.  China’s aggressive S&T policies have led to significant advances on 

many scientific fronts, including synthetic biology. 

 

China now contributes about 10 percent (some 400 papers) of the annual papers 

published on synthetic biology.iv These publications are ranked seventh globally in 

terms of citations. China has several databanks related to synthetic biology. These 

include a database of genes that have been identified as essential for an organism’s 

survival and a separate database on prokaryotic and eukaryotic genes. The Chinese 

Academy of Science (CAS) (the major science policy advisor to the central 
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government), the Chinese Academy of Engineering, the national and local offices of 

the China Academy of Machinery Science and Technology (CAM), and medical 

universities support research on synthetic biology in China.  

Funding for synthetic biology research comes from many sources, expenditure on 

research now totals 800 billion Yuan per year (about $U.S. 100 billion), with 260 

million Yuan allocated for synthetic biology. This total research budget accounts for 

1.8 percent of China’s gross domestic product or GDP (though this is still less than 

research funding in the OECD, which accounts for 2 percent of GDP, and in the 

United States, which accounts for 2.7 percent of GDP). 

 

Despite the many technical challenges facing the field, China sees synthetic biology 

as ushering in a new era of economic growth powered by technology. In fact, China 

has drafted a strategic roadmap that specifies desired achievements in technology, 

industrial applications: in the case of synthetic biology, the roadmap includes goals 

related to the availability of comprehensive databases for synthetic parts, a 

timeframe for the commercial application of engineered parts, and a timeframe for 

clinical application of devices and systems. 

 

Besides seeking technological advances, future tasks for China include addressing 

legal, ethical and security questions such as ensuring that the benefits of synthetic 

biology will be distributed equitably. Along with the others the issue of intellectual 

property, ownership, and sharing arrangements are another concern. China seeks to 

work with international collaborators to develop approaches to all these issues. 

 

As for Organization for Economic Co-operation and Development (OECD), it views 

genomics, biotechnology, and sustainable production of biomass as priority 

development areas for the next 30 years. By 2013, it is stated that half of the OECD’s 

34 countries are conducting initiatives on synthetic biology. Responding to this 



15 

 

interest, the OECD has participated or collaborated in a series of events designed to 

explore synthetic biology’s potential as a driver of economic growth. Also OECD has 

strategic alliances with other international agencies such with the international 

collaborative project SynBiovand the U.S.-based BioBricks Foundationvi conducting 

activities related to synthetic biology.  

 

As a result of these discussions, the OECD has identified three areas where it might 

focus future attention in 2010: 1) needed infrastructure; 2) approaches for 

Intellectual Property access and sharing; and 3) standards and interoperability. 

Hence in 2014, OECD examines the current and potential future applications, with a 

significant emphasis on the growth of a new bioeconomy, and then looks at policy-

related issues in some detail: research infrastructure; investment patterns; 

intellectual property issues; and governance and regulation. The current work on 

synthetic biology underway at the OECD is more firmly focused on the bioeconomy, 

and specifically bio-based production. 

 

In Korea, a specific classification of ‘synthetic biology’ is still uncommon, in many 

times the term ‘biotechnology’ is used to obtain the same information as ‘synthetic 

biology’. In fact, biotechnology research institutes and companies are the ones that 

are most likely to adopt the synthetic biology approach (Hranueli, 2013). The trend 

of synthetic biology is guided by a comprehensive plan called the Bio-Vision 2016. In 

2006, the Korean government announced the Bio-Vision 2016 as a 10 year plan 

aimed at developing Korea’s biotechnology capabilities into making the nation a 

leader in the field. This has also allowed synthetic biology to gain a foothold in Korea 

(Cho, 2006) 

 

‘Bio-Vision 2016’, the second Korean national framework plan for the promotion of 
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biotechnology, is currently under way. Under this plan the Korean government will 

provide around US $9.7 billion in 2012 to 2016 for expanding local biotechnology 

industries. This pledge was reaffirmed by the prime minister during the Bio-Korea 

2012 conference held in Seoul. The plan also mentions that the government should 

increase support for the development of synthetic biology. Additional details, 

however, are not provided in the framework. The Ministry of Health and Welfare 

mentioned that the government would eagerly support the development of 

biotechnology in terms of policies and international collaboration (Lee, 2012). 

 

According to the Synthetic Biology Project at the Woodrow Wilson International 

Center for Scholars in 2014, there are five entries for synthetic biology research 

which are located in Korea. Three of them, two universities and one company, are 

near or in Daejeon, and two universities are located in Ulsan. Yet this data have not 

fully depict an accurate picture of synthetic biology in Korea because some institutes 

such as Korea Research Institute of Bioscience and Biotechnology are not listed.  

Also, not many Korean universities have been participating in the iGEM competition 

yet. From 2004 to 2012, only four Korean universities participated in the 

competition. Considering that there are 203 universities listed in the Korean Council 

for University Education website, 4 out of 203 universities is in fact a small 

proportion. The four universities are Chungbuk National University (CBNU), Korea 

University, Korea Advanced Institute of Technology (KAIST), Ulsan National 

Institute of Science and Technology. Actually, Sogang University also registered in 

2012, but withdrew from the competition.  

 

Moreover, 208 projects related to synthetic biology are currently registered in 

National Science and Technology Service website, representing a great increase 

considering that only 2 entries were found in 2008. The two largest contributors to 

synthetic biology research are the Korea Research Institute of Bioscience and 

Biotechnology (KRIBB) with 41 projects and Korea Advanced Institute of Science and 



17 

 

Technology (KAIST) with 17 project entries. Most of the projects are related to 

protein engineering and bioenergy technologies. 

 

There are few organizations, research institutes, and companies that are specifically 

established for synthetic biology. Also, Korean Society for Synthetic Biology exists, 

though it has no official identity or web presence. In addition, there are five institutes 

directly related to synthetic biology and are listed in the SynBio map. Some 

organizations, research institutes, and companies hold synthetic biology department 

under a larger biotechnology institute such as the Korea Research Institute of 

Bioscience and Biotechnology, there is the Biochemical and Synthetic Biology 

Research Center. As of November 2010, 70 biotech companies are listed on KOSPI 

and KOSDAQ, two separate Korean stock exchanges. This includes Bioneer Corp., a 

biotech company that is listed on the SynBio map. It is the only one of those 70 

companies that specifically mentions synthetic biology in connection with its 

business. Others make reference to biotechnology and other subtopics under 

biotechnology and bioengineering.  

 

In Korea there is no specific set of regulations designated just for synthetic biology. 

There is, however, an act called the “Biotechnology Support Act” that can promote 

the lawful development of synthetic biology in Korea. The purpose of this Act is to 

effectively support biotechnology in Korea by laying the foundation of biotechnology 

research ultimately to contribute to the sound development of the national economy. 

This Act states that the Korean government will make efforts to promote 

international cooperation in biotechnology researches, promote joint researches 

within Korea, take policy measures to support biotechnology research, and collect 

information for technology development. 

 

There is also a law called “Transfer of Living Modified Organisms Law (LMO Law) 
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that can partially regulate the bio-safety aspect of synthetic biology. LMO Law was 

first written in 2001 by the Department of Knowledge and Economy under the 

Korean government. The term Living Modified Organism defined in the Law is very 

comprehensive and can cover organisms made in synthetic biology research. This law 

states that before an extensive application of a research, the possible environmental 

effect of the LMO need to be predicted. Because synthetic biology, however, often 

produces novel synthetic microorganisms, the environmental effects of the novel 

microorganism are hard to predict. Modification of LMO Law or a new law, 

therefore, is required to encompass the whole aspect of synthetic biology (Kim, 

2010). 

 

Synthetic Biology and the Need for Ethics  

 

The ethics of Synthetic Biology is practical ethics, which defines the moral problems 

born of scientific experiment and research. This ethical approach is not meta-ethics, 

which brings the question of ethical issues under universally validated criteria 

thereby assuming the possibility of universal ethics. Practical ethics consider ethics 

as the principle of behavior, which adduces practical guidelines for policy or science 

research. Then, the role of ethics in synthetic biology as practical ethics is to foster 

maximizing benefits on this innovate technology and minimizing harms and risks 

that are by-products of technology. However, this ethical attitude engenders only two 

kinds of response: a tendency to establish regulation that would promote an 

appropriate ethical response, or an insistence on promoting technology for 

maximizing benefits, without regulation. This is the main dilemma of this ethical 

approach.  

 The PCSBI Report could be a source of some direction for this ethical approach for 

the biotechnical field including Synthetic Biology. The PCSBI report suggests two 

principles related to Synthetic Biology. The first principle is “pre-cautionary 

principle” which maintains that if an action or policy has the potential to cause harm 
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but uncertainty exists, the responsibility for demonstrating the safety of the approach 

belongs to those supporting the policy or actions. But this principle can intimidate 

some scientists with the burden of responsibility for their research and experiment 

and is criticized to drag down scientific breakthrough. 

 

The Second principle, “the proactionary principle,” insists that an emerging 

biotechnology should be considered safe and good until problems arise. The 

proponents of the proactionary principle believe that this gives some intellectual 

freedom, affirming the autonomy of researchers. However, this principle allows 

science and technology to go forward unfettered and tend to leave society exposed to 

risks resulted from researches and developments.  

 

So, in the context of these two options, society can pursue a middle ground of 

prudent vigilance which is comprised of monitoring, identifying, mitigating potential 

harms. (Presidential Commission for the Study of Bioethical Issues, 2010 ). However, 

the most troubling problem stems from the fact that it is extremely difficult to predict 

‘potential harms’ in future and correct them  

 

The scandal of Hwang who caused sharp ethical dispute concerning human 

embryonic stem cell research in the Republic of Korea was the case that showed the 

dilemma caused by a lack of regulation on novel bio-technology. After Hwang’s 

scandal, the Korean government responded to a strong demand for regulation of 

such technology, implementing a strict regulation of technology. Even though the 

original legislation, named ‘The Law of Bioethics and Safety Act," took seven years to 

develop, it was hastily amended in just seven days, due to the public outcry against 

the Hwang scandal. A popular investigative reporting TV program "the PD 

Notebook" was instrumental in highlighting the ethical violation of scientists who 
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have the responsibility in handling this technology.  

 

On the surface, the problem of Hwang’s scandal can be attributed to legislation that 

was too slow in being implemented. "PD Notebook" pointed out the ethical problems 

involved in Hwang's research which followed the proactionary principle, 

emphasizing promotion without question.vii In the process of legislating standards 

with the proactionary principle, the general public was excluded from this decision 

making process with only interest groups and scientists having a say. 

 

This process forced the general public into a passive role and marginalized them 

from having access to scientific knowledge as well as a role in the legislative process. 

So the Hwang scandal revealed the strained relations between three groups: the 

general public, the experts, and those with either political or economic interests. The 

latter two groups acted as if the general public did not matter, with discussions 

occurring only in closed spaces. Hwang’s case implies that Ethics must step in to 

prevent “arbitrary and impatient legislation” and “the gap between the informed and 

the uninformed people.”viii
 

 

In order to prevent the side effects stemming from solely relying on the proactionary 

principle, education and regulation must be reformed. First, educating the public 

must take priority. European Group on Ethics in Science and New Technologies to 

the European Commission (EGE) states that ethical issues on synthetic biology 

should be dealt with at the educational level. Fostering individual and institutional 

responsibilities through education and ethics discussion on synthetic biology is a key 

imperative. Some suggests following the Public Understanding of Science (PUS) 

model as an alternative to bridge the information gap between scientists and the 

general public. But because PUS first began as a program to raise public support for 
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science by scientists themselves, it has limitations to promote the public's 

participation in legislating or policy-making process. Its main aim is to just raise 

public interest about scientific and political issues. But in South Korea, the general 

public was not even considered as a target audience for any kind of bioethics 

education; such was only reserved for formal educational curriculum or university 

research settings.  

 

Second, the public should truly take part in the regulation and legislating process of 

the bioethics field. In China, a common solution to a new problem from technology is 

for the government to establish a regulatory body to be exclusively in charge of that 

problem. But since it's a body created by the government, the general public is 

excluded, it brings more regulation and restriction to the scientists, while increasing 

government power over science research.  

 

To promote freedom in science research, an alternative to arbitrary regulation or 

legislation could be “procedural legislation," whereby “legislating based on the 

Consensus conference" takes place. The consensus conference adopts democratic 

strategies to address critical issues emerging from the field of biology. This 

conference called “citizens’ juries” or “experiments in deliberative democracy” 

normally has two phases. First, members of the public are empowered to take 

testimony from experts and interest groups. As in a court case, there is no prior 

collusion of witnesses to present the jury with a uniform account. Indeed, the citizen-

jurors are encouraged to probe discrepancies in testimony. In the second phase, the 

jurors deliberate among themselves to arrive at policy guidelines, as in a 

constitutional convention. The results are then turned over to the duly elected 

legislative body. (FullerSteve, 2006) 

 

 

<Figure 2> Stakeholders in Synthetic Biology 
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The consensus conference has three advantages. First, the conference avoids 

marginalizing the public by giving them access to science information. During the 

conference, they hear testimonies directly from experts and interest groups, and are 

sufficiently informed to make decisions on policies. So, it functions as an 

“information-equality-system.” Second, the consensus conference helps to erase the 

distinctions between the experts and the public to unify society. Although in ancient 

Greece, boundaries between the individual interests and the public interests did not 

exist, in the modern era, the experts and the public came to be considered separate. 

(FullerSteve, 2006) 

 

But, through the consensus conference, all the members of the conference including 

the experts, the interest groups, as well as the public all sit at the same table, to shape 

public policy and interests. So, it works to unify and integrate society. Lastly, the 

consensus conference works to discourage arbitrary legislation of synthetic biology. 

As seen in the Hwang scandal, legislation was vulnerable to the pressures of media 

coverage and political power. But, the trial system of the consensus conference 

safeguards science from arbitrary legislation.  
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<Figure 3> Consensus Building among Stakeholders for the Life Ethics 

 

Undergirding this discussion is life-ethics. With innovations in biotechnology 

radically shifting previous notions of man's interruptions in biology, consensus 

through democratic means cannot keep up with the pace of innovations. According 

to M. Foucault, our discourse may be consciously or unconsciously manipulated by 

those who define life in terms of authority and power. ix  This necessitates a 

foregrounding of unstated assumptions about the concept of life in order to prevent 

manipulation and exploitation in the name of science. Here, life-ethics can be the 

center axis propelling a democratic discourse. 

 

The European Group on Ethics highlights two concepts of life, using the Greek terms 

zoe and bios to distinguish between life in the biological sense and the social context. 

Zoe applies to life processes or mechanisms common to all living beings, while bios 

refers to human life in its social and cultural context. Contemporary science usually 

regards life as zoe, treating organisms like machines, conducting experiments 

without regard for life ethics. In the eyes of contemporary science, organisms are 
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mere computer chips to be manipulated and improved upon. 

 

But organisms are more than just zoe, they are also bios, life dependent on social and 

cultural context. To disregard the bios aspect of life is to reduce it to its mechanics, 

thereby opting out of ethical responsibility. Life-ethics then proposes that life be seen 

as bios, in its full complexity. This would require scientists to abandon their zoe 

mindset and assume an ethical stance aligned with regarding life as bios. Life (bios)-

ethics then becomes the axis by which decisions for experiments and innovations will 

be made, coupling ethics to science as a default relationship. 

 

The ethics of dealing with living organisms, including the human-made organisms of 

synthetic biology, is not only a question of norms and principles but also of an 

attitude of responsiveness (responsibility), and respect. Synthetic biology aims to 

create artificial cellular or non-cellular biological components with functions that 

cannot be found in the natural environment as well as systems made of well-defined 

parts that resemble living cells and known biological properties via a different 

architecture. Some might suggest that the practice of manipulating cells for human 

use expresses a kind of arrogance (sometimes called "Playing God”). However, if we 

think on this matter me-ontologically, the perception on life is not essential whether 

nature is wild, civilized or synthetically designed, nor is its rareness or the usefulness 

of living beings. In this perspective, the ontological concept of life ceases to be the 

decisive criterion. Here, God as the creator is not understood as the producer, the 

first principle or the first efficient cause of creation, but as the initiator of a 

relationship, human can never be a rival. Therefore, the burning question in dealing 

with synthetic biology is not: “who created it?” But: “which attitude, which mindset is 

behind this science.” 

 

This ethical perspective on the first asks about the impact of this new technique on 
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our living in and dealing with creation and about our attitude or human perception, 

differing from the perspective on life or nature evaluated by the risk and safety or 

experimental perspective. In this sense, the ethical qualification for the public policy 

does not lie within the living or nonliving entities, but is an element of human 

attitude and behavior towards them. And, ethical consideration is not tied to any 

property, function or capability, but is an indispensable element of the attitude in 

which we humans deal with creation in all of its forms.  

 

In order to prevent arbitrary legislation and to bridge the science gap between the 

public and the expert, the consensus conference based on the idea of ‘responsibility’ 

and “attitude’ offers a concrete strategy for democratic participation leading to 

ethical legislation. But more foundationally, redefining life from zoe to bios by all 

parties involved, beginning with the science experts, can lead to a different kind of 

engagement and discourse. 

 

 

 

 

                                           

NOTES 

 

i "Synthetic Biology : Navigating the Challenges Ahead" 

ii "Synthetic Biology Moving into the Clinic" 

iii "Synthetic biology : constructing nature?" 
iv Xian-en Zhang, Director General, Basic Research Department, China Ministry of 

Science and Technology 
v SynBio is a collaborative project to create new biologically based pharmaceutical 

products. It was launched in 2011 with participation from companies in Russia, the 
U.K., and Germany. 
vi  The BioBricks Foundation is a nonprofit organization that seeks to provide 

opensource biological parts—DNA sequences with specific structures and functions 

that can be introduced into living cells to create new functions. 
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vii The PD Notebook is the television program that has gone out in the Munwha 

Broadcasting Corporation(MBC). This program investigated the problems about the 

Hwang’s work for the first time. 
viii According to the dissertation, the main agent of legislation or debating is just 

limited to member of the National Assembly and Journalist, Scientist, Some Non 
Government Group.  

ix According to the book “Discipline and Punish”, our idea was manipulated by 

skillful power or government. So, we didn’t follow the customs in society 

thoughtlessly, but doubt and question the power or system. 
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Abstract  

This paper examines how diverse performance factors affect reputation of public orchestra and finds 

out which factors are decisive resource to maintain and develop it. The main theoretical idea is Resource 

Based View (RBV), which focused on that crucial internal resource of organization offers a new sight 

to establish vision, goal, and strategy of organization and finally it is core that brings competitive 

advantage and difference of rival and other competitors (Barney, 1991; Kim, Song, and Lee, 2011). For 

analyzing performance factors that affects reputation of public orchestra, this study tries to compare 

two representative orchestra cases in South Korea, Seoul Philharmonic Orchestra and KBS Symphony 

Orchestra. The main examined performance factors as resource of organization were finance structure 

from revenue, artistic achievement, human resource management, social contribution and organization 

operation including leadership that have been regarded as diverse performance factor in general public 

organization(Jung, 2010). In result, artistically trusted and charismatic leadership from conductor and 

number of activities for social contribution are decisive resource as performance factor to bring 

prominent difference between two cases and affect reputation of public orchestra. That gives an 

important idea that how public orchestras manage and maintain their reputation and position in society 

to communicate with and receive support from the public.    

 

Keywords: Resource Based View, Resource as Performance Factor, Reputation of Public Orchestra 
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1. Introduction 

 

Since liberation from Japanese colonial rule, public arts organizations have made effort to provide 

diverse and innovative cultural contents to the public in order to promote creative thinking and 

emotional stability of them. Above all, classical music is representative one of that is familiar with the 

public and do much to build creative emotion of them for ages, and public orchestras, particularly, 

which have led development of classical music, have fulfilled the roles as public organizations to offer 

high level of musical art to society with world-class conductors and musicians. Recently, their 

reputation is constantly enhancing as some of them are recognized their artistic capability and continue 

to tour overseas.  

However, on the contrary to positive situation above, some matters from variety factors to affect 

performance of public orchestras started to occur lately and unfortunately they have related to 

performance decline of public orchestra. For instance, organization conflict from discord of interests 

among orchestra members, conductor, administrators, board members and leader, decline of number of 

audience due to lack of development of repertoire, or unexpected cancellation of project because of 

significantly low ticket revenue. Those facts caused lower outcome such as rapid decrease of number 

of performance, falling-off in performance quality. Moreover, being exposed those problems to public, 

fame of public orchestras is slipping down and people worry about crisis of public orchestras.  

Therefore, in order to manage crisis of public orchestra as public organization and improve and 

develop them, it is very significant to figure out which performance factors affect reputation 

management of public orchestra and find some solutions from them. In common, even it is public arts 

organization, it is expected that they may make effort to reach performance such as public contribution, 

transparency, accountability like other general public organization, but artistic performance, which is 

particular feature to arts organization, is also important factor. Nevertheless, a large percentage of 

studies for public orchestras until the present have been focused on artistic performance. However, now 

it is brought up to consider the other factors of performance together for maintain, developing reputation 

of orchestra as public organization. Accordingly, this paper will examine how diverse performance 

factors affect reputation of public orchestra and find out which factors are decisive resource to maintain 

and develop it.  

For analyzing performance factor that affect reputation of public orchestra, this study tries to 

compare two representative orchestra cases in South Korea, Seoul Philharmonic Orchestra and KBS 

Symphony Orchestra. The reason why these two cases choose example is that different activities to 

management organization resources between them brought opposed performance and result of 

reputation. In case of KBS Symphony Orchestra, it was the most famous public orchestra and maintain 

their artistic achievement in South Korea until the late of 1990s. But have been going through the 
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internal conflict due to disagreement between artistic members and the administrative about 

inauguration of artistic director and independent foundation establishment, and finally those facts are 

resulted from serious crisis of organization in terms of financial, artistic, operational approach and 

leadership. On the contrary, Seoul Philharmonic Orchestra, recently have had chance to reform 

leadership, operation of organization and improved financial and human resource performance since 

2005 when it became independent foundation from Seoul metropolitan Government. Based on those 

achievement, it has developed regular concerts, overseas tours, and social contribution programs and 

reached double number of concerts, five times of audience, and 92.9 percentage of charged audience, 

and nowadays became the best public orchestra in South Korea(Kwak, 2013; Park, 2015). Korean 

famous classical music magazine ‘Auditorium’ announced preference of audience to Korean public in 

2004 and 2014. The result in 2004 was that KBS Symphony Orchestra was on the top rank (43% of 

preference) and Seoul Philharmonic Orchestra was on the third (13% of preference), but in 2014, 

surprisingly, the result in 2004 was totally overturned: preference of Seoul Philharmonic Orchestra was 

overwhelmingly ranked first (72%) and that of KBS Symphony Orchestra was significantly declined 

by 8% (The KyungHyang Shinmun, 2014).  

 

 

<Figure 1> Reputation change of each orchestra from 2004 to 2014 

 
Source: The KyungHyang Shinmun(2014.3.12) 

 

Those opposed case of reputation change and comparison between two prominent orchestra can give 

an implication what is decisive resource to affect performance of public orchestra and how we manage 
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them to maintain reputation of that. In theoretical approach, this paper adopts Resource Based View 

(RBV) to understand managerial factors for performance that makes difference of reputation between 

each organization and analyze decisive resource factors for taking reputation competitive advantage. 

This will make it consider which factors are the most crucial to affect performance and reputation of 

public orchestra and how they are managed to operate orchestra as public organization. 

 

2. Theoretical Discussion and Literature Review  

 

(1) Resource Based View (RBV) 

 

The opinion that resource a company secures makes difference among companies have been formed 

from Chamberlin (1933) and Robinson (1933), and emphasized in earnest by Penrose (1959) (Lee and 

Kim, 2009). Among their arguments, Resource Based View (RBV) related to business strategy theory 

for organization is focused on internal resource of organization and offers a new sight to establish vision, 

goal, and strategy of organization (Kim, Song, and Lee, 2011). It gives significance to find difference 

of strategy and performance among organizations not from external environment but from internal 

resource of organization because external environment surrounding own organization and rivals are 

similar with each other. According to RBV, company (or organization) is an assembly that owns its 

unique tangible and intangible resource and it has disparate distinction against rival companies from 

those resource. These difference can be maintained by non-smooth movement of resource among 

companies. (Barney, 1991). Accordingly, RBV stresses that organization should find competitive 

advantage from internal unique resource to create their own value and profit, and reinforcement of 

resource development finally decide to performance and competitive advantage of organization. In this 

regard, resource to decide performance and competitive advantage of organization can be classified by 

human resource, physical, and general organizational capacity (Wernerfelt, 1984; Barney, 1991; Grant 

1992). Barney (1991) illustrated attribute of resource based on RBV to reach sustained competitive 

advantage: Resource should be valuable, high in scarcity, hard to be imitated, and irreplaceable and as 

organization possesses those kinds of resource, it is possible to make performance to reach competitive 

advantage in competitive market.     

In particular, RBV highlights non-visible, non-sensory, intangible resource and organization 

capacity as core resource (Lee and Kim, 2009). Therefore, such as personal capability, technical idea, 

financial resource, organization culture, entrepreneurship and partnership can be important resource for 

competitive advantage from other organizations. Consequently, organization can sustain their 

superiority in market according to how much decisive internal resource to affect competitive advantage 

it owns.  
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(2) Performance of Public Organization  

 

In historical approach of public administration, public organization should fulfilled the condition 

such as efficiency, effectiveness, impartiality, transparency, responsiveness to the public, accountability, 

and those features brought diverse performance factors of public organization. For example, Cho et al 

(2014) emphasized that performance of public organization was come from efficiency, effectiveness, 

productivity in financial, economical dimension, and human resource, operational resource 

management in political environment should be also significantly considered. However, with those idea 

above, publicness would be very crucial matter for public organization and decisive feature that make 

distinction between public and private sector. Radin (2006) illustrated ‘one-size fits all’ as performance 

management technique that only based on new public management, and those technique could not 

understand original and historical characteristic of public organization, publicness. Seldon & Sowa 

(2004) also argued that performance of public organization should be covered in multi-dimensional 

approach including publicness. They said largely it can be divided by managerial dimension and 

programmatic dimension and performance managers should understand interactional and 

complementary relationship between two dimensions. Jung (2010) pointed out the limitation of studies 

about performance of public organization focused on efficiency and effectiveness in economic approach, 

and suggested performance evaluation model to include diverse dimension of features of public 

organization, such as accountability, equity, universality, transparency, responsiveness and so on. His 

model is like below.    

 

 

<Table 1> Diverse dimensions of performance for public organization 

Public 

Perfor- 

mance 

  
Major 

Achievement 
Contents 

Managerial 

Dimension 

Managerial 

performance 

Finance 

Technical efficiency 

Productivity 

Efficiency on quality 

Efficiency on cost-benefit 

Knowledge 

Number of adopted proposals 

Development of new production  

Investment to technology and information  
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Human 

Resource 

Enhancement of duties ability 

Work satisfaction 

Degree of work engagement 

Labor-management relation 

Programatic 

Dimension 

Performance 

for  

Effectiveness 

Achievement 

of 

organization 

goal 

Achievement of project mission  

Contribution to goal achievement 

Propriety of organization goal setting  

Customer satisfaction 

Performance 

for  

Publicness 

Sustantive 

Publicness 

Equity 

Equity for customer 

Equity for employee 

Investment for the 

disadvantage in society 

System for the 

disadvantage 

Universality Customer right in law  

Procedural 

Publicness 

Transparency 

Open project information 

to 

the public  

Responsiveness about 

public information  

Participation 
Participation of external 

interest groups  

Responsivenes

s 

Responsiveness to 

custome rdemand 

Responsiveness to latent 

demand 

Handling Customer 

service 

Accountability 

Correspondence with 

policy of competent 

ministry  

Source: Jung (2010), p.368 
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Through model above with multi-dimensional performance factors, various and complex 

performance factors in public organization can be understood and will be expected to apply to find 

decisive performance factor affecting reputation of public organization.  

 

(3) Reputation of Organization 

 

For public organization, reputation is representative intangible asset relating to performance of 

organization. In terms of definition of reputation, Fombrun (1996) explained it is overall evaluation 

about activities and performance of organization. He argued reputation was formed by evaluation from 

diverse interest groups who had different economic, social, self-centered environment of life and also 

showed differential with other rival organizations. Moreover, reputation harmonized an image 

organization had been seen and had function delivering attraction of organization to internal and 

external members of organization such as consumer, producer, community, and investor. Gotsi & 

Wilson (2001) said reputation was complex and dynamic concept and understood that it was evaluated 

by activities, experience and communication among interest groups. Dowling simply illustrated that 

reputation was step of favorable feeling or attachment to organization (Lee and Kim, 2011).  

In terms of categories to evaluate reputation of organization, economic magazine in America, 

‘Fortune’ argued that reputation could be evaluated with quality of production and service, management 

ability, innovation, investment value, financial stability, human resource development, social 

contribution to community of organization (Kang and Cha, 2010). In addition, Harrison Interactive, 

research institute for business based on UK, announced ‘Reputation Quotient’ including production and 

service, working environment, emotional appeal, social responsibility, vision, and leadership (Fombrun, 

1996). Cha (2004) illustrated reputation was defined as positive evaluation to organization by the public 

for a long time and it was comprised of philosophy, activities, communication of organization. Han and 

Ryu (2004) argued reputation of organizations was different from public image or symbol of them, 

rather it was behavioral feature of organization that have been accumulated for a long time.  

In literature review about effect of performance to reputation of organization, generally most of them 

set reputation as explanatory variable for analyzing effect of performance but some studies tried to 

review effect of performance influencing to reputation of organization. Hwang (2004) analyzed 

reputation of organization by effect of trusted performance such as professionalism, fidelity, and social 

responsibility. The result was that professionalism and fidelity of organization positively influenced on 

reputation of that, but social responsibility did not bring nonsignificant effect. Anh, Jang, and Cho (2006) 

analyzed determinant of reputation through relationship between fame of analysts and their performance. 

It argued that analyst with high-level-performance and worked at big major stock firm earned reputation 
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in market and influenced fame of company. In other words, people with professionalism and 

productivity, and reliability can become a significant performance factor for reputation of organization. 

Boyd et al (2010) regarded reputation of organization as important strategic resource preoccupying 

competitive advantage in market, standard separating organization from rivals, and much related to 

performance of it. Theoretically their study was based on Resource Based View (RBV) and examined 

performance factors influencing reputation of MBA schools in America. They set performance factors 

as income of graduates, overall GMAT score of freshmen, number of publication of faculty, scholarly 

experience of faculty, level of school in degree commencement, and media ranking. The result showed 

that those performance factors positively influenced reputation of schools, especially performance in 

human resource management like retaining talented students were decisive resource deciding 

affirmative reputation of them in terms of RBV. Rather, long experience of faculty influenced 

negatively to reputation because of possibility of negligence and indolence of faculty in research 

performance.  

In result, reputation of organization can started from external image accumulated for a long time 

and are closely connected with performance of organization. Furthermore, performance factors to be 

able to decide reputation of organization are various and decisive factors to influence each organization 

are different according to what characteristic each has. Based on those ideas, it should consider how 

reputation of public orchestras can be defined and which performance factors can positively or 

negatively influence to establish reputation of public orchestra.  

 

(4) Performance Factors to Affect Reputation of Public Orchestra  

 

Allmendinger & Hackman (1996) argued that public orchestra was regarded as an organization 

seeking artistic performance with program repertoire and also prioritizing social performance like 

publicness. Glynn (2000) also argued public orchestra should provide cultural and social contribution 

to society and have social, economic, public identity beside artistic identity. Accordingly, alike other 

public organization, core performance of public orchestra would be related to not only artistry but also 

publicness, financial efficiency, transparency, accountability, and responsiveness to the public.  

Then, what factors of performance for public orchestra have been discussed in literature review? 

Turbide & Laurin(2009) suggested a model for performance measurement of non-profit performing arts 

organizations. They proposed seven indicators for performance measurement of them, artistic 

achievement, audience satisfaction, supporter and volunteer satisfaction, employee satisfaction, 

financial management, competitiveness in arts market, and image and reputation, and surveyed how 

non-profit performing arts organization used those indicators. In result, the most useful indicator was 

financial management. It could be interpreted that in spite of arts organization, they put emphasis on 
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efficiency and monetary transparency. On the contrary, the least useful indicator were employee 

satisfaction and image and reputation. Meanwhile, Krug & Weinberg (2004) and Kushner & Poole 

(1996) focused on effectiveness as performance of public arts organization. Krug & Weinberg  (2004) 

considered indicators for effectiveness of public arts organization as audience satisfaction, supporter 

and volunteer satisfaction, artistic achievement, technical skill using resource, and goal achievement. 

On the other hand, Kushner & Poole (1996) measured effectiveness with contribution to mission 

achievement, finance, and value enhancement. Actually, those indicators are not totally different from 

indicators of Turbide & Laurin (2009) argued. In Korean perspective, Kwak (2013) analyzed artistic 

performance of public orchestra with case study of Seoul Philharmonic Orchestra. She argued that after 

administrative change since 2005, artistic performance of Seoul Philharmonic Orchestra was startlingly 

improved and they could be established higher reputation in arts market in Korea. About administrative 

change, Kwak (2013) illustrated that it was that of operation of organization, human resource 

management, and financial management and possible to develop artistic performance through those 

factors of administrative change.  

With those diverse indicators based on performance factors above, in particular for public orchestra, 

there would be another decisive one to influence reputation of orchestra which could be the rest from 

performance factors. Kwak (2013) argued that it was practically true that leadership from authoritative 

and famed conductor in public orchestra significantly affect reputation of that. In addition, Glynn (2000, 

2002) researched the case of Atlanta Symphony Orchestra and explained that factor of performance 

decline to public orchestra was not simply come from performance management, but from value and 

identity conflict among members of orchestra. She argued there were various value pursuing in public 

orchestra, but unfortunately each member of orchestra sought different side of value: for instance, while 

players regard artistic performance first, board of director and the administrative considered economic 

value under organization management primary, so occasionally there could help being existed value 

conflict in public orchestra. In fact, strike and cancellation of performance in American public 

orchestras were arisen due to value and identity conflict around 1990s, and those problems were directly 

connected to decline of reputation and trust of public orchestra. Hence, external phenomenon and 

features that related to reputation of public orchestra besides general performance should be considered 

together in this study.  

 

3. Model of the Study 

 

Based on theoretical and literature review with Resource Based View and diverse performance 

factor in public organization and public orchestra, this study analyze multi-dimensional performance 

factors as resource to affect development and continuance of reputation of public orchestra. In this study, 
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it will concentrate on performance factors or public orchestra as finance, human resource management, 

artistic program, organization structure and leadership, and social contribution. Finally, among those 

various dimensional performance factors, it will determine which performance factor is decisive to form 

difference of reputation between representative two cases.  

 

<Figure 2> Model of the Study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Analysis of the Study  

 

For comparative study with cases, this study analyzes published data and materials in media report, 

website of each organization, and literature review for KBS Symphony Orchestra and Seoul 

Philharmonic Orchestra. Each data and material is based on that published in 2009 and 2010.  

 

1) Brief History of KBS Symphony Orchestra and Seoul Philharmonic Orchestra  

 

(1) KBS Symphony Orchestra 

 

Finance Structure 

(Structure from Revenue)  

Artistic Achievement 

(Program Repertoire & Collaboration 

with International Artists)

Human Resource Management 

(Institution for Evaluation of 

Musicians) 

Social Contribution 

Number and diversity of Activities for 

Society) 

Operation of Organization 

(Organization Structure and 

Leadership) 

Resources as Performance Factor 

REPUTATION of PUBLIC ORCHESTRA  
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Since founded in 1956, KBS Symphony Orchestra have been representative public orchestra and 

coped with role that enhance level of classical music in South Korea. At the time of foundation, the 

national broadcasting organization, Seoul Broadcasting System (KBS), raised necessity of performance 

for broadcasting and eventually the first performance was taken place with 30 players and a Korea’s 

leading conductor Won-sik Im in KBS official residence. After that, in 1969, orchestra was taken over 

by National Theater of Korea and more grown in quantity, and in 1981 management right of orchestra 

was transferred to KBS again. After being belonged to KBS again, KBS Symphony Orchestra followed 

up many global tours in America, Japan, South-East Asia and in 1995 performed at UN official hall, 

New York for celebrating the 50th independent of South Korea, so their reputation and also cultural 

image of South Korea was raised through those activities in the world. After that, other monumental 

performances of KBS Symphony Orchestra in the world were continued until 2010. World-class famous 

conductors, like Myung-whun Chung, Dmitri Kitaenko, were named music director of KBS Symphony 

Orchestra and since 2014 Romanian conductor, Yoel Levi has been appointed music director.  

 

(2) Seoul Philharmonic Orchestra 

 

Seoul Philharmonic Orchestra was founded in 1948, under merger between Kyo-ryeo Orchestra and 

Seoul Orchestra, and officially served as public orchestra under establishment act in 1957. In 1975, they 

became large-size orchestra with 110 players and from 1982 to 1988 toured in America and 14 cities in 

Europe. Through those activities, Seoul Philharmonic Orchestra have aimed for becoming world-class 

performance organization.  

In order to realize their goal, Seoul Philharmonic Orchestra became independent from City of Seoul 

Government and established a new foundation and reorganized administrative system in 2005. In 

addition, Maestro Myung-whun Chung was appointed leader of artistic part as music director in that 

time, and a CEO and around twenty professional officers are employed for administrative part, so the 

organization expected more specialized and efficient management system for public orchestra and 

separation of function was possible by bifurcation between arts and administration. Under this condition, 

Seoul Philharmonic Orchestra is providing high-quality classical music contents for the public and 

working in various field for social contribution.          

 

2) Comparative Analysis between KBS Symphony Orchestra and Seoul Philharmonic Orchestra  

 

(1) Financial Structure 

 

Both of two orchestras are public organization and regularly funded by parent organizations, Korea 
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Broadcasting System and City of Seoul Government. In addition, revenue from ticket sales, donation 

from external fundraising and subscription is another main funding source of two orchestras.  

Table 2 and Table 3 show financial structure of them, especially revenue part, in 2009 and 2010. 

In unidimensional level, amount of funding from parent organization between two orchestras is 

considerably different. However, ratios of funding compared with total revenue between them are 

similar with each other, 80% and 75%. In case of ticket sales from regular concerts, Seoul Philharmonic 

Orchestra is far larger in number than KBS Symphony Orchestra, so comparison of revenue from ticket 

sales between two orchestras is impossible physically. Moreover, the reason that revenue from other 

events of KBS Symphony Orchestra is much higher in 2010 was that big special performances at UN 

in New York and Washington brought much amount of ticket revenue. This is also not proper 

comparison source because of temporary situation.  

                       

<Table 2> Finance Structure from Revenue in 2009 (currency: won(￦)) 

Categories 

(Ratio for Total Revenue)  

KBS Symphony  

Orchestra 

Seoul Philharmonic 

Orchestra 

Funding from Parent 

Organizations  
6,930,615 (80%) 13,087,378 (75%) 

Ticket Sales:  

Regular Concert 
246,003 (2.9%) 2,264,538 (13%) 

Ticket Sales: 

Special Concert 
90,694 (1.1%) 187,500 (1%) 

Revenue from Subscription 438,262 (5%) 48,556 (0.2%) 

Revenue from Other Events 899,411 (11%) 550,101 (3%) 

Revenue from  

Contracting out 
none 914,063 (5%) 

Revenue from Non-Business 1,000 (0.01%) 326,532 (1.8%) 

Governmental Funding none 100,000 (1%) 

Total 8,605,985 17,478,669 

Source: Annual Report of KBS Symphony Orchestra and Seoul Philharmonic Orchestra in 2009, 

requoted from Jung(2011)  
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<Table 3> Finance Structure from Revenue in 2010(currency: won(￦)) 

Categories 

(Ratio for Total Revenue) 

KBS Symphony  

Orchestra 

Seoul Philharmonic 

Orchestra 

Funding from Parent 

Organizations 
7,255,257 (69%) 12,751,226 (72%) 

Ticket Sales:  

Regular Concert 
129,012 (1.2%) 3,163,541 (18%) 

Ticket Sales: 

Special Concert 
77,942 (0.7%) 380,157 (2.3%) 

Revenue from Subscription 473,562 (4.2%) 55,716 (0.3%) 

Revenue from Other Events 2,644,693 (24.9%) 881,751 (5%) 

Revenue from  

Contracting out 
none 200,000 (1%) 

Revenue from Non-Business none 240,242 (1.4%) 

Governmental Funding none none 

Total 10,579,766 17,672,633 

Source: Annual Report of KBS Symphony Orchestra and Seoul Philharmonic Orchestra in 2010, 

requoted from Jung(2011)  

 

 

Based on the tables above, proportion of funding from parent organization and that from other 

funding sources can be presented by diagrams on Figure 3 and Figure 4  
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<Figure 3> Diagram for Finance Structure from Revenue in 2009 
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<Figure 4> Diagram for Finance Structure from Revenue in 2010 

 

 
 

 

 

Finally, dependence on each funding from parent organization and other sources between KBS 

Symphony Orchestra and Seoul Philharmonic Orchestra is approximately similar with each other. 

Therefore, the analysis shows that finance structure based on revenue is not decisive performance factor 
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(2) Program Repertoire and Network with International Artists  

 

Even KBS Symphony Orchestra and Seoul Philharmonic Orchestra are public organization, their 

fundamental characteristic is that they are arts organizations. Accordingly, it can predict that 

performance factor influencing artistic achievement is significant for reputation of orchestra. This study 

analyzes program repertoires on regular concerts of two orchestras during 2009 and 2010 and examines 

difference of artistic capability between them. Furthermore, KBS Symphony Orchestra and Seoul 

Philharmonic Orchestra have been made an effort to invite world-famous foreign conductors and 

players and provide high-quality performance to audience, so accumulation of diverse artistic and 

human network in international performing arts market is important to show artistic awareness of the 

orchestra. Thus, it will compare with number of performance with invited foreign players and 

conductors and find out whether it is decisive factor for bring difference of reputation of orchestra.  

At first, program repertoires in regular concerts during 2009 and 2010 of KBS Symphony 

Orchestra and Seoul Philharmonic Orchestra are divided by perspective of musical history in Table 4 

and Table 5. It already mentions in analysis of finance structure that number of regular concerts is varied 

between two orchestras, so it should compare with ratio of repertoire per period over the entire repertoire 

in regular concerts of each orchestra.    

 

<Table 4> Program Repertoire of Orchestras by Musical History in 2009 

Period by Musical History 
KBS Symphony Orchestra 

(number-ratio for total) 

Seoul Philharmonic 

Orchestra 

(number-ratio for total) 

The Middle Age-Baroque 3 (8%) 0 (0%) 

Classical 14 (39%) 8 (16%) 

Romantic 15 (42%) 20 (41%) 

Contemporary(early) 4 (11%) 16 (33%) 

Contemporary(late) 0 (0%) 4 (8%) 

Contemporary  

Korean Composer 
0 (0%) 1 (2%) 

Total 36 49 

Source: Concert information page in official webpage of each orchestra  
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<Table 5> Program Repertoire of Orchestras by Musical History in 2010 

Period by Musical History 
KBS Symphony Orchestra 

(number-ratio for total) 

Seoul Philharmonic 

Orchestra 

(number-ratio for total) 

The Middle Age-Baroque 0 (0%) 0 (0%) 

Classical 5 (18%) 8 (16%) 

Romantic 18 (64%) 25 (48%) 

Contemporary(early) 4 (14%) 7 (13%) 

Contemporary(late) 1 (4%) 9 (17%) 

Contemporary  

Korean Composer 
0 (0%) 3 (6%) 

Total 28 52 

Source: Concert information page in official webpage of each orchestra  

 

In result, repertoire of romantic period is most frequently performed by both of two orchestra. The 

reason of that is guessed that so many orchestra pieces were composed     in romantic period and 

also well-known and preferred pieces from Korean audience are concentrated on repertoire of romantic 

period except typical those of Mozart or Beethoven, so Korean Orchestras used to perform 

them(Hankookilbo, 2012). In contrast, rare performance of pieces in the Middle Age or Baroque period 

is caused that instruments were not developed musical works for large-scale orchestra were not 

composed at that time. Actually, three performed pieces by KBS Symphony Orchestra in 2009 were 

not orchestra pieces but oratorios of George Friedrich Handel.  

Distinguishing difference is come from contemporary works and pieces by Korean composers. 

Ratio of performed repertoire in the early contemporary period, usually until 1945, between two 

orchestras in 2009 shows a little difference by 11% and 33%, but that in 2010 almost become equal. 

Rather, performance ratio of experimental and innovative repertoire in the late contemporary period 

and that composed by Korean composers sees some difference between two orchestras during two years. 

The reason that Seoul Philharmonic Orchestra performs those pieces more is that they have regular 

concert project, called ‘Ars Nova’, which is focused on professionally playing contemporary pieces, 

understand aspect and flow of the latest fashion of classical music in the world through that, and 

eventually try to seek repertoire innovation for audience. In fact, in 2006 Seoul Philharmonic Orchestra 

have appointed with Michael Fine, a previous vice-president of Deutsche Grammophon, as artistic 

advisor and Unsuk Chin, a world-famouse Korean composer as composer-in-residence. It have 
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influenced performance of Seoul Philharmonic Orchestra dramatically, choosing diverse experimental 

repertoire that have not performed by any other orchestras in South Korea. Those characteristics of 

repertoire become irreplaceable resource for Seoul Philharmonic Orchestra and get reputation of 

orchestra having far higher artistic capability than others.   

Secondly, Table 6 shows that it compares with number of invitation performances with foreign 

musicians and ratio of them in entire regular concerts in 2009 and 2010.      

 

<Table 6> Number and Ratio of Collaboration with Foreign Artists in Regular Concert 

 In 2009 
KBS Symphony Orchestra 

(Ratio for total 13 regular concerts) 

Seoul Philharmonic 

Orchestra 

(Ratio for 18 regular 

concerts)  

Conductor  9 (69%) 10 (55%) 

Musicians 7 (53%) 13 (72%) 

In 2010 
KBS Symphony Orchestra 

(Ratio for total 10 regular concerts) 

Seoul Philharmonic 

Orchestra 

(Ratio for 20 regular 

concerts) 

Conductor 7 (70%) 10 (50%) 

Musicians 7 (70%) 13 (65%) 

자료: Source: Concert information page in official webpage of each orchestra  

 

In case of players, both of two orchestras are on a par with each other in invitation performance 

not fewer than 50 % of entire regular concerts so it cannot become a decisive performance factor to 

affect reputation of orchestra. As in foreign conductors, KBS Symphony Orchestra had more 

collaboration in those two years, because at that time they did not have official music director and 

conductor so inviting guest conductors was frequent for them. Because of those particular situation, 

ratio of invitation performance with external conductors is impossible to compare on the equivalent 

level to classify whether it is resource for influencing reputation of orchestra.  

 

(3) Human Resource Management 

 

For orchestra, one of the most important human resource may be musicians of orchestra, so from a 
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position of orchestra it always tried to pick well-skilled and professional musicians, improve musical 

performance of orchestra with them, and finally enhance reputation of orchestra. Accordingly, thorough 

and high standard of human resource management can connect to not only reputation of orchestra from 

the public but also classical music majors, so an awareness of that they should polish up higher music 

technique and skill to be hired can be connected to reputation of orchestra.     

In this sense, KBS Symphony Orchestra and Seoul Philharmonic Orchestra may have highly 

professional musicians who are educated at leading university and conservatories in South Korea and 

abroad as well. As much as strictly managing musicians to maintain artistry that orchestra have 

accumulated so far, management system or institution itself can be regarded as resource for reputation 

of orchestra. However, there is no difference from regulation for management of musicians between 

KBS Symphony Orchestra and Seoul Philharmonic Orchestra. They have same level of regulation on 

new-employment and regular evaluation system for musicians, in addition evaluation of practical skill, 

regulation for external activities, trip abroad, restriction about teaching, and dressing. Therefore, 

institutional factor for human resource management is not crucial factor to determine difference of 

reputation between two orchestras.    

 

(4) Activities for Social Contribution 

 

As a public organization, it will be priority to manifest publicness through providing public service 

to society and recently this role is also required to private organization. Furthermore, it regards as 

natural that diverse forms and activities for social contribution of organizations can build good image 

and preference of them from the public. Equally, public arts organizations are trying to inculcate 

aesthetic value to the disadvantage from art and culture through social contribution programs with 

diverse local institutions and communities. It will be able to promote activities of organization and 

eventually educe support from potential audience and the public about them.  

With the idea above, under the hypothesis that quantitative difference of social contribution can 

bring difference of reputation of organization, it compares with number of social contribution projects 

in 2009 and 2010 between two orchestras on Table 7 and shows stark contrast between them. Seoul 

Philharmonic Orchestra is operating various kinds of education programs for community and school 

ages for free, named ‘Beauty of Chamber Music’, ‘Amusement of Orchestra’, and ‘Let’s Play with 

Orchestra’. Those three projects are working with local public institutions and diverse networks and 

partnership. In addition, free outdoor performances in Seoul Square in three or four time every year and 

free talk concerts about classical music in Seoul History Museum in tem times a year are being provided 

to the public. In contrast, KBS Symphony Orchestra has done only seven social contribution concerts 

during two years, especially there is no performance for society in 2009. This stark difference expects 
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to arouse significant public awareness and reputation of orchestra. According to literature review, Lee 

and Kim (2013) and Lee and Jing (2012) argue that social contribution activities of companies can 

affect positively to reputation of them and re-purchase behavior of consumers as well. Hence, social 

contribution activities of public orchestra also can lead to interest and support of them from the public 

and it can be connected to improving reputation of them. Therefore, it shows that quantitative 

superiority and diversity of social contribution projects is clearly decisive resource to influence 

reputation of public orchestra.     

 

 

<Table 7> Number of Social Contribution Activities of Orchestras in 2009 and 2010 

 KBS Symphony Orchestra Seoul Philharmonic Orchestra 

2009 None 

-Beauty of Chamber Music: 35 

-Amusement of Orchestra: 6  

-Let’s Play with Orchestra: 11  

-Outdoor Concert in Seoul Square: 4  

2010 2010 Concert for Sharing: 7 

- Beauty of Chamber Music: 33 

- Amusement of Orchestra: 5회 

- Let’s Play with Orchestra: 12회 

- Outdoor Concert in Seoul Square: 3회 

- Exciting Classical Music with Dr. Oh: 10 

Source: Concert information page in official webpage of each orchestra 

 

(5) Operation of Organization I – Professionalism and Simplification of Structure 

 

   There is a trend that modern organizations become simplified and professional to cope with rapidly 

changed society and communicate with internal members of organization smoothly (Jung, 2011). These 

organizations prefer to a horizontal structure system rather than a vertical structure that should go 

through multi-steps of decision making process. 

   Until 2010, management authority of KBS Symphony Orchestra was belonged to Korean 

Broadcasting System, and top-level decision maker was president of Korean Broadcasting System. So 

there were many vertical steps to decide tasks for operation of orchestra as the lowest-level department 

of entire organization and it may take a long time for decision making due to them. On the contrary, 

Seoul Philharmonic Orchestra reformed organization structure in 2005 establishing a new foundation, 
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which was dual constitution by separation of administrative and artistic division. Through that, decision 

making process from top-level to the lowest became simplified and horizontal and that of administration 

and artistic part was divided by leading of two leaders, CEO and artistic director. It made operation of 

organization efficiently because artistic performance was completely assumed independently by artistic 

director and CEO could more concentrate on general administrative performance. Simplification and 

bifurcation of organization structure like Seoul Philharmonic Orchestra is regarded as irreplaceable 

resource that KBS Symphony Orchestra did not have, and enable to efficient operation of orchestra.  

 

 

<Figure 5> Organization Structure of Orchestras 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Jung (2011) 

 

In terms of professionalism of organization, administrative employees of KBS Symphony 

Orchestra were public officers because Korea Broadcasting System was national organization. In South 

Korea, general public officers should perform job rotation within organization, so there is no permanent 

professionals for administration of public orchestra in KBS Symphony Orchestra. They just discharged 

their duty to support simple-repeated works and no responsibility for innovate performance of 

organization, so it could not help remaining lack of professionalism for operation of organization. In 
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case of Seoul Philharmonic Orchestra, recruitment of specialized CEO and twenty employees for 

operation of public orchestra in 2005 was based on building systematic and effective management 

system and it could achieve successful performance like diversity of fundraising, improvement of 

revenue structure, and development of performance quality in a short time. Therefore, professionalism 

in operation of organization became a valuable factor to affect performance and reputation of public 

orchestra.        

 

(6) Operation of Organization II – artistic leadership, conductor  

 

Leadership in public arts organization is defined as understanding and managing organization 

culture, communication, task process, and diverse interests in organization (Park, 2015). In particular, 

artistic leadership basically means creative leadership based on distinct characteristics of arts and 

culture but lately includes efficient and managerial capability for general organization and private 

companies.  

In general, artistic leadership of orchestra is come from an artistic director, conductor, so he or she 

who is charismatic, strong-controlling, and skilled with excellent-communication and his or her 

capability from them is very important to achieve the best artistic performance. However, artistic 

leadership without trust with musicians in orchestra or that that does not settle a conflict among 

members of orchestra have used to negatively affect administration and moreover performance and 

reputation of them. Accordingly, existence of conductor with strong artistic leadership and leading 

orchestra supposes to be regarded as resource to influence performance and reputation of public 

orchestra.   

If so, how different is artistic leadership between KBS Symphony Orchestra and Seoul 

Philharmonic Orchestra during 2009 and 2010? And if there is difference, will it become influential 

resource to reputation of orchestra? First, Seoul Philharmonic Orchestra has appointed with world-

famous Korean conductor Myung-whun Chung in 2005. His artistic competence, conducting skill, level 

of diverse repertoire, and experience and awareness as music director in international market are totally 

higher than any other conductors in Korean orchestras. And public expectation about Myung-whun 

Chung is reflected to quality of performance, so 23% of share of audience in 2003 was dramatically 

increased by 65% (Kwak, 2013). This achievement caused receiving favorable evaluation by 

professional classical music critics. 

Another distinguished part of artistic leadership of Maestro Chung was related to regulation 

operation for musician evaluation. After scouting Maestro Chung, Seoul Philharmonic Orchestra tried 

evaluating artistic ability of musicians through regular audition, and if some of them got lowest grade, 

orchestra could fire them in order to improve performance of orchestra. At the first time of starting 
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those evaluation, most musicians opposed strongly due to their unstable job security, but as artistic 

leader, Chung strived for fulfilling those regulation and letting musicians enlighten how the evaluation 

regulation was significant for development of orchestra. Finally, evaluation of musicians was agreed 

with every member of orchestra and successfully operated and still have been done. Regarding this 

tough issue, the professional in performing arts argues that strong authority of leadership should be 

required to implement evaluation of musicians for establishing competitiveness of arts organization and 

leadership of Maestro Chung in Seoul Philharmonic Orchestra is most successful case (Daejonilbo, 

2015). 

KBS Symphony Orchestra also have appointed with Shinik Ham as music director in 2010 and 

adopted assessment of musicians like Seoul Philharmonic Orchestra, but unfortunately it was a big issue 

bring serious crisis of operation of orchestra. Actually, most musicians in KBS Symphony Orchestra 

opposed to appointment of Mr. Ham as music director and did not trust his musical experience and 

capability, and even process of appointment of him as political relationship with Korea Broadcasting 

System (Yonhapnews, 2010). Distrust of leadership woke refusal of evaluation audition for musicians 

that Mr. Ham and administration carried forward and physical conflict between musicians and 

administrations was happened several times. Eventually, those conflict produced two cancellations of 

regular performance in 2012 for the first time since foundation and it remained dishonorable affair in 

classical music world in South Korea. A professor in college of music said “the main reason of strike 

of KBS Symphony Orchestra is from insufficiency of artistic leadership”(Segyeilbo, 2012). That means 

even though official and assertive leadership of conductor was positively necessary in crisis of orchestra 

organization, position of conductor under distrust of musicians was unstable and proper leadership 

could not be demonstrated, and in finally reputation of orchestra was significantly damaged.     

In sum, existence of conductor who give trust to musicians with reasonable leadership and achieve 

goal of organization is core resource to affect reputation of public orchestra. This factor causes totally 

directly contrary change in reputation between KBS Symphony Orchestra and Seoul Philharmonic 

Orchestra.  

 

5. Conclusion and Implication 

 

This study considers multi-dimensional performance factors as decisive resources to affect 

reputation of public orchestra on the perspective of Resource Based View and compares with the cases 

between KBS Symphony Orchestra and Seoul Philharmonic Orchestra to analyze whether difference 

of performance resource brings change of reputation of orchestra. In result, revenue structure as 

financial source and institution or regulation for evaluation of musicians as human resource 

management do not show any difference to have an effect to reputation of organization between two 
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orchestras. In case of program repertoire as artistic resource, Seoul Philharmonic Orchestra possesses 

more innovative and experimental repertoires for the late contemporary period and works of Korean 

composer, but the other repertoires in the historical perspective are similar level with each orchestra. 

The level of network with international musicians is also comparable with each other, so two orchestras 

have excellent resources to enhance artistic capability of them.  

The decisive resources as performance factor demonstrating significant difference between KBS 

Symphony Orchestra and Seoul Philharmonic Orchestra are social contribution activities, operation 

structure, and artistic leadership. Since 2005, Seoul Philharmonic Orchestra has performed various 

kinds of social contribution activities connecting with communities and local institutions, and promoted 

works of orchestra and provided artistic experience to the public through the activities. Furthermore, 

those activities are related to growth of audience and enhancement of reputation of orchestra as well. In 

terms of operation structure for arts organization, Seoul Philharmonic Orchestra formed more simplified 

and professional operation system to manage arts organization more efficiently. In addition, strong 

artistic leadership by charismatic and artistically trust-established conductor can lead goal and project 

mission that orchestra would like to pursue. Those positive operation systems of organization can link 

to improvement of reputation of orchestra. In contrast, KBS Symphony Orchestra did not have those 

source as performance factor, especially absence of artistically trust-based leadership from conductor 

in their organization produced significant crisis and conflict between members of organization and 

eventually brought fall of reputation to orchestra.  

Recently, even Seoul Philharmonic Orchestra is successful case for enhancement reputation with 

diverse resource of organization on this study, there was tremendous conflict between CEO and artistic 

director of Seoul Philharmonic Orchestra 2015 and the public was disappointed with those issue with 

them. Our concern is that the issue may produce decrease of performance and scratch to reputation of 

Seoul Philharmonic Orchestra that have earned and maintained the highest fame in South Korea for 

about 10 years. If they do not clear and solve the conflict, they will be alienated from support of audience 

and the public. Therefore, the effort to accomplish duties or orchestra as public organization, 

communicate with the public, and consider more efficient management system for develop operation 

of orchestra is urgently required.  

The limitation of the study is that only officially published data, sources, and superficial difference 

of performance factors are used on comparative analysis. If more source to examine environment or 

specific situation of each orchestra carefully through interview or survey from professionals in classical 

music market, in-depth discussion will be possible to find out of difference of reputation among public 

orchestras. Lastly, Table 8 suggests contents of expected questions in interview for follow-up study.  
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<Table 8> Expected or Suggested Question for Interview in Follow-up Study  

 

Categories Contents of Expected Question 

Financial 

management 

Public disclosure of financial affairs, and reaction of organization 

depending on disclosure   

Effort for fundraising, especially from private sector  

Increase or decrease of public funding, and cause  

Increase or decrease of ticket revenue, and cause  

Human resource 

management 

Evaluation of orchestra members 

Management of sponsors and volunteers in organization 

Management of human resource in administrative department  

Artistic program 

management 

Development and methods of program in artistic aspects  

Actual playability from contact with the selection co-star and guest 

conductor 

In repertoire selection , the use of external expert advisors 

General operation 

management  

Activities of committee or the representative for the development of the 

organization  

Communication between members of the organization 

Social 

contribution 

management 

Content and know-how to develop of social contribution programs of 

orchestra 

The advantage of the organization obtained through social contribution 

activities 

Other external 

factors 

Impact on the position and his or her reputation of conductor for the 

orchestra 

Collision of the value of inter-organizational members , and solutions 

Other cases that affected the performance and reputation of the orchestra 

Reputation of 

Organization 

Position where the organization has in arts market 

Importance of management factors that affect the reputation of the 

orchestra 
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1. Abstract  

This paper deals with the effective formulation and implementation of a regional 

innovation system. It emphasizes historical, institutional and regional context to 

understand the concept of regional innovation cluster. Through the case analysis of 

Pangyo Techno Valley, this paper analyzes the positive impact of top-down regional 

innovation cluster policy and its limitations so far. It concludes that the Korean 

regional innovation system is transforming to the next level of agglomeration stage. 

In this transition period, more advanced regional innovation strategy is required to 

forge a well-functioning regional innovation cluster policy. 

2.  Introduction 

In this paper, we examined the dynamics of a regional innovation cluster in Pangyo 

Techno Valley, Gyeonggi Province, Korea. The regional cluster policy used in Pangyo 

Techno Valley was targeted technology fields and its goal was to increase cooperation 

between science, industry, and finance in these industries in order to increase 

agglomeration economies. 

Korea’s case provides insight on the impact of collaboration among central 

government, regional government, government research institutes (GRIs) and public 

research institutes (PRIs) to the dynamics in regional innovation cluster. The 

government cannot force industry and other actors of market to build the cluster, but 

it can provide incentives and diverse cluster policy to bring the same result as it 

planned. Accordingly, the case of Pangyo Techno Valley, the largest urban regional 



innovation cluster built in Korean history was formed both by institutional and civic 

groups. Therefore to fully understand the strategic development of regional 

innovation cluster, this paper pursues historical, institutional approach to explain 

the mechanism of regional innovation cluster.  

Also, this paper examines the underlying mechanism that transforms the provision 

and strong will from the government into voluntary sharing of ideas and knowledge 

which stimulates regional innovation system. Repeated interaction among the firms, 

academia and research institutes of the regional innovation cluster may result in a 

deeper division of labor and R&D cooperation among the cluster, leading to 

innovation and regional competitiveness (Von Hippel, 1987; Feldman and 

Audretsch, 1999). 

 Our empirical identification strategy initially uses comparative research on the 

process in regional innovation system of Korea and major literature on RIS. Then the 

paper fits the case of Pangyo Techno Valley into the development phases of regional 

innovation system. Given that Korean government have targeted regional innovation 

cluster policy mainly agglomerating high-tech firms, venture capitals, GRIs, PRIs 

and academia as many as possible, we consider the next regional innovation phase 

should be the appropriate network of ideas and knowledge created by the success of 

the regional innovation cluster.  

 Based on this framework, this paper finds that, depending on the role of central 

and local government, Pangyo Techno Valley increased agglomeration of high-tech 

firms and other various businesses to meet the precondition of innovation cluster. 

Then this paper analyzes whether as urban region near to the capital city of Korea, 

Seoul, Pangyo Techno Valley only contributed to regional economy in Gyeonggi 

Province but to the nation innovation system (NIS) of Korea. From 2005, over one 

decade, the government officials, academia GRIs, and PRIs planned the strategy for 

obtaining access to external affect for sharing technologies, know-hows and R&D 

personnel. Yet, concrete evidence of sharing the active network of knowledge and 

personnel have not shown in Pangyo Techno Valley. Together, these findings point 

toward the general phases of regional innovation system and the positive 

effectiveness of regional innovation cluster policy in terms of fostering innovation 

through cooperation among institutional context.  



Despite a growing literature on regional innovation system and innovation cluster, 

reflected in a burgeoning number of articles, journal special issues and official 

reports, we can still argue that there is a lack of critical intellectual engagement with 

the regional innovation cluster concept. Especially, not many academics had put 

effort for proper analysis on the impact of the government-led regional innovation 

cluster policy. Whilst a number of critiques of clusters and concepts associated with 

what has been termed the ‘new regionalism’ in economic geography and related 

fields have appeared in recent years (Lovering, 1999; MacLeod, 2001; MacKinnon et 

al., 2002; Cumbers et al., 2003b), there remains a marked absence of work which 

critically emphasized the institutional context and top-down policy claims of the 

innovation cluster concept through detailed case studies (Cumbers et al., 2003a; 

Keeble et al., 1999; Swann et al., 1998).  

Partially on this account, the concept of cluster and cluster policy remains 

something of a ‘fuzzy’ or alternatively ‘chaotic’ which lacks coherence (Markusen, 

1999; Martin and Sunley, 2003). According to Steiner (1998, p. 1), “the still rather 

vague character of clusters poses problems of theoretically sound definition, of 

empirical measurement, of policy recommendation and evaluation”. So it is 

significant to foster the discussion between academics and policy-makers on the 

matter of regional innovation cluster as means of regional innovation system.   

Therefore, this paper would put worthy contribution by testing the historical, 

institutional approach on the regional innovation cluster policy to provide us with a 

better understanding of urban and regional growth processes. Through this paper, a 

number of important questions concerning the value of a clusters approach to urban 

and regional economic development and the actual operation of clusters can be 

identified.  

The remainder of the paper is organized as follows. Section 2 provides the 

theoretical background for the paper and its framework for further analysis. Section 

2 leans on regional innovation system theory and cluster studies. Then this paper 

emphasizes the importance of understanding the role of institutional groups such as 

the central government, local government, academia, GRIs, and PRIs in dynamics of 



regional cluster. Then this paper introduces Korea’s regional innovation system and 

the institutional, historical and regional context surrounding Pangyo Techno Valley 

in Section 3. By describing empirical data stemming from the mechanism of Pangyo 

Techno Valley as a regional innovation cluster, Section 4 examines to what level of 

phase the dynamics of Pangyo Techno Valley fit into general framework of regional 

innovation system. Section 4 also contains our results of the analysis on the 

transition happening in Pangyo Techno Valley. Section 5 concludes and provides 

regional innovation cluster policy implication for shifting gears to accelerate 

interactive learning between the regional innovation actors 

3. Theoretical Background 

The concept of innovation used in this paper has its roots in economics and has 

been developed within regional innovation system(RIS) studies (Lundvall, 1992; 

Nelson, 1993; Edquist, 1997; Waxell, 2005). Schumpeter (1934 (1959)) not only 

suggests that innovation is another name for a change in the production function, as 

a modification of the relationship between input and output in models describing 

production, but Schumpeterian ideas of innovation also provides some conclusive 

statements about the nature of innovation: Innovation is the result of a contingent 

phenomenon—inherently dependent on context and circumstances. 

Therefore, as to contemporary innovation research, it is critical to figure out how 

innovation components interact in time and space, rather than to categorize 

components as either innovation-enhancing or innovation-impeding (Mattsson, 

2006). This concept of RIS is distinctively now favored by policy makers and 

researchers of the globalized economy regarding regional innovation process 

(Braczyk et al., 1998, De La Mothe and Paquet, 1998, Chung, 1999, Meyer-Krahmer, 

1985 and Meyer-Krahmer, 1990). As Ohmae (1990, 1995) argues that the region-

state has become a focal point of economic activities, so the regions are more 

dynamic and reflexive than nation-states in R&D activities.  

Along with regional innovation system, the concept of cluster can be one 

explanation as to why economic activities generally seem to be localized and 

agglomerated. Michael Porter (1998, p.90) calls a regional concentration of certain 

http://www.sciencedirect.com.access.yonsei.ac.kr:8080/science/article/pii/S0166497201000359
http://www.sciencedirect.com.access.yonsei.ac.kr:8080/science/article/pii/S0166497201000359
http://www.sciencedirect.com.access.yonsei.ac.kr:8080/science/article/pii/S0166497201000359
http://www.sciencedirect.com.access.yonsei.ac.kr:8080/science/article/pii/S0166497201000359
http://www.sciencedirect.com.access.yonsei.ac.kr:8080/science/article/pii/S0166497201000359
http://www.sciencedirect.com.access.yonsei.ac.kr:8080/science/article/pii/S0166497201000359
http://www.sciencedirect.com.access.yonsei.ac.kr:8080/science/article/pii/S0166497201000359


firms or industries that benefit from the local environment as a “cluster” and he 

concludes that “enduring competitive advantages in a global economy are often 

heavily localized, arising from concentrations of highly specialized skills and 

knowledge, institutions, rivalry, related businesses, and sophisticated customers.” At 

first, Porter’s cluster concept lacked to cover geographical dimension, but it later 

became a leading analytical concept in regional development with the help from 

agglomeration theories.  

 Hence, Breschi and Malerba (1997) also suggest that the regional cluster results in 

industrial cluster in innovation activities. Florida (1995, 1998) argues that a region 

should become a learning region by appreciating the importance of knowledge and 

that public policy should not only target short-term economic competitiveness, but 

also the long-term sustainable advantage of regions. In short, the cluster concept, 

which was originally concerned mainly with the competitiveness of nation-states, 

now challenges why some regions at the sub-national level prosper, whereas others 

do not. One major implication from these agglomeration theories is that regional 

differences in agglomeration factors explain differences in regional industry 

structure and, hence, regional performance (Ciccone and Hall, 1996; Duranton and 

Puga, 2005; Rosenthal and Strange, 2003). Also, as Steiner (1998, pp. 1 and 4) states 

the concept of clusters are being welcomed as it is assumed that increased 

specialization in innovation cluster will eventually lead to increased levels of 

productivity, growth and employment. In many accounts in the cluster and 

innovation literature, the cluster concept itself can actually function as a regional 

innovation. 

So it is no surprise that politicians who are both interested in regional industry 

policies and to encourage local economy are enthusiastically embracing the 

implementation of agglomeration factors of regional innovation cluster. Also, not 

only the economics but economic geographers and also policymakers began to 

explain innovation (competitiveness) by looking at cluster dynamics (Porter, 1990; 

Malmberg et al., 1996; Enright, 1998; Porter, 1998a, 1998b, 2000; Malmberg & 

Maskell, 2002). Cluster-based policies have been largely adopted by nations, starting 

http://www.sciencedirect.com.access.yonsei.ac.kr:8080/science/article/pii/S0166497201000359
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from UK to European Commission, North American nations, and other nations in 

OECD(DTI, 1998; European Commission, 2002; OECD, 2002). Most cluster policy 

included support policy, typically in the form of R&D assistance, bespoke training, 

venture capital, initiatives which attempt to inculcate a culture of innovation and 

learning and efforts to build and reinforce a sense of cluster identity amongst 

constituent firms and organizations (Raines, 2002).  

From an institutionalist constructivist social theory perspective, the most important 

feature of social action is its interaction dimension, where through repeated 

relational intercourse which shares tacit knowledge and facilitates learning(Ahedo, 

M.,2004). Especially, in researching the mechanism of innovation cluster policy, 

Amin and Thrift(1994) advocated their concept of ‘institutional thickness’, which is 

the key factor of a dense set of institutions that build up networks and trust between 

different economic and production actors in the region development. Also, 

Storper(1997) suggested ‘the holy trinity’ regarding organizations, technologies, 

territories within regional worlds of production, which suppose a proximate-

framework of convention-based social interaction, communication and knowledge 

production. He eventually fostered the importance of regional innovation learning in 

modern regional development studies.  

Moreover, Cooke and Morgan(1998) promoted the concept of ‘associational 

economy’ to emphasize the importance of inclusive and participatory industry-

related organizations and institutions. In ‘associational economy’, the role of active, 

learning and negotiating regional governments is critical for the endogenous 

innovative potential. Specifically, Cooke and Morgan emphasized the role of two 

groups in regional innovation cluster. First is the public group which includes 

regional and local governments, development agencies, university and research 

institutes and more. Second, there is semi-public or civic group such of industry and 

professional associations, chambers of commerce, labor unions, training 

organizations. Whether the both groups provide positive effect to regional innovation 

cluster depends on their capacity: to learn and adapt to new situations and 



contingencies and ultimately to implement a comprehensive range of ‘negotiated’ 

micro-economic strategies (Ahedo, M.,2004).  

As shown above in literature, not only the strategy itself used in regional innovation 

cluster is important but also the overall fitness between socio-economic institutions 

and dynamics of the cluster is critical in order to stimulate regional endogenous 

potential (Begg & Mayes, 2000). Recent comparative literature on cluster policies 

(Mariussen, 2001; Isaksen & Hauge, 2002; Raines, 2002; Solvell et al., 2003) began 

to emphasize the context-dependent adaptation, but most of these comparative 

reports are limited in European level. Finding the high diversity of cluster policies or 

similar policy initiatives, such as R&D networks, learning process, target-technology 

support program, as stimulus to well-functioning of the cluster would be also 

applicable in Korea’s case.  

4. Institutional Context : Government-driven Regional Innovation 

Cluster of Korea 

Korea introduced a regional innovation system for the first time in 1995. Since then, 

mostly Korean central government had held initiatives to implement the regional 

innovation system in terms of technological innovation. In fact, Korean government 

pushed forward with regional demand-driven policy as well as targeted technology 

support programs on specific government-led regional innovation cluster to 

strengthen the competitiveness and the welfare of the regional community.  

Hence, from the late 1990s, local governments in Korea were formulated and 

incorporated as one of actors in national innovation system. Finally, at the end of 

2000, seven metropolises and nine provinces called as “Do” were established. Even 

though those seven metropolises have traditionally been industrialized areas since 

1970s, nine other provinces were not and there are still significant differences in the 

degree of economic development among sixteen regions. In July, 2012, Sejong 

Special Autonomous City was founded as the similar level of other seven other 

metropolises but with very small population of about two million. Local governments 

can be divided into provincial-level municipalities, city-level municipalities, and 

lower administrative units. As of 2014, 12 inter-city areas including capital area, are 



undergoing regional development plan as shown in Figure 1. 

In this regional development system, there lies the concept of both national 

innovation system and regional innovation system. As with the development of 

regional innovation cluster the sectoral plans such as National Transport Network 

Plan, Housing Plan, etc. and regional plans such as Wide-area Development Plan, 

Capital City Development Plan and more are made to correspond with the cluster.  

 

 

 

Figure 1: Introduction of Regional Planning System in Korea 



 

Source: "2008 Annual report on the planning and use of national territory", 

Ministry of Land, Transport, and Maritime Affairs, Korea (2008) 

After the extension of role in local governments, Korea has experienced another 

transition in the late 1990s: The change from industry cluster to innovation cluster 

brought the concept of regional innovation cluster. Ever since IMF crisis in 1997, 

when Korea went cap in hand to seek a bailout from the International Monetary 

Fund(IMF), there has been great improvement of industrial structure and 

overhauling globalization stimulated the formation of innovation clusters as the 

engine of growth. To respond to this new kind of demands from market and global 



society, Korea government begun to develop land near metropolis as for targeted 

regional innovation incubating clusters. 

In the dynamics of regional innovation cluster, there is a spectrum of innovation 

processes from idea to technological commercialization. Science parks (SP) and 

business incubators (BI) have been established to encourage entrepreneurship and 

regional development. Policymakers tend to find the justification of promoting 

regional innovation cluster from the famous success story of Silicon Valley. 

Saxenian (1996) pointed out that Silicon Valley is not only distinguished by the 

concentration of skilled labor and firms, but also by a variety of regional institutions 

– including Stanford University, trade associations, and myriad specialized 

consulting, market research, public relations and venture capital firms. These 

regional institutions provide technical, financial, and networking services that firms 

usually cannot afford individually and allow these firms to continue to innovate 

(Saxenian, 2000).  

Yet, there is a distinctive difference between Silicon Valley and Korea’s case with 

regional innovation cluster; difference between a market-driven or government-

driven cluster. Korea shows a fairly typical case of government-driven innovation 

clusters. In history, Korea had held strong and effective central government, with a 

robust bureaucracy system in the regional governments. Also, as Korea has the 

single-member electorate system, the political elites of Korea always had great 

interest over regional economic development for their re-election outcome.  

This process also includes the role of regional government hoping to stimulate 

regional economy as well as academia, research institutes which provides the specific 

strategy to pursue a successful cluster. Then there come local firms, business from 

other regions, venture capitals and other communication and knowledge production. 

Then people, ideas and technologies are agglomerated in one territory, the regional 

innovation cluster. In fact, one decade old Pangyo Techno Valley can be an excellent 

example as it is the nearest regional innovation cluster to Seoul with the biggest 

scale.  

 



Figure 2: Regional Innovation Clusters in Gyeonggi Province 

 

Source: Ji Yung Seul and Sam Youl Lee (2016) 

Among the territories for regional innovation cluster, Gyeonggi Province holds 

peculiar geographical position since it is very closely located near Seoul and Incheon 

where the largest international airport in Asia stands in as well as largest harbor in 

Korea. Therefore, it is not surprising that the central government recognizes the land 

in Gyeonggi Province as the perfect location for regional innovation clusters. (See 

Figure 2.) 

During the early stages of the regional innovation system, from late 1990s and early 

2000s, Gyeonggi Province and local government such as Seongnam city, Gwacheon 

city, Ansan city and Suwon city welcomed the central government’s targeted R&D 

industry policy. It was huge opportunity for the local government to expand tax 

support, power for political representatives elected by popular vote. Besides, Korea 

has already experienced this kind of intensive development policy and targeted top-



down integration of industry throughout 1970s and 1980s which brought prosperity 

to the national economy. So it was not difficult to cultivate many government-driven 

innovation clusters in Gyeonggi Province during past near two decades.  

There are currently three major innovation clusters functioning in Gyeonggi 

Province: Pangyo Techno Valley, Gwanggyo Techno Valley and Ansan Science Valley. 

Also, the establishment of Gwacheon Knowledge Information Town is ongoing to 

complete ‘Software Industry Triangle’ with Pangyo Techno Valley and Gwanggyo 

Techno Valley: the early construction stage has begun since 2016 and firms will move 

in around 2020. Along with Gwacheon Knowledge Information Town, central 

government and local Gyeonggi government is planning to foster Dongtan Techno 

Valley, which would be twice the size of Pangyo Techno Valley. Dongtan Techno 

Valley would then connect to Ansan Science Valley and formulate ‘Embedded 

Software Industry Belt’ surrounding ‘Software Industry Triangle’. These five 

government-driven regional innovation clusters are all in Gyeonggi Province, as it is 

shown in Figure 2.  

In this period, from late 1990s to early 2000s, not only Gyeonggi Province has been 

focused for regional innovation development, but also other regions of Korea have 

been designed by mainly central government for regional innovation cluster such as 

Gyeongbuk , Gyeongnam, Jeonnam, Chungbuk and Chungnam Province. In fact, the 

eastern regions of Korea, especially Gyeongbuk and Gyeongnam, have been much 

more developed than the western parts of Korea, not to mention even compared to 

Gyeonggi Province during industrial development era in 1970s and 1980s. So far, the 

eastern parts of Korea such as Jeonnam, Jeonbuk, Gangwon and Chungbuk Province 

have been less developed. Since 1962, Korea has established five-year plan for 

economic development as an upper level plan for national socio-economic 

development, which counted up to the 7th Plan.  

Yet, as the development policy paradigm shifted from heavy industries to science 

and technology innovation, the preference for the regional cluster has also changed. 

Roh Moo-hyun administration (2004-2008) established ‘Special Act for Balanced 



National Development’ and formulated ‘Five-Year Plan for Balanced National 

Development’. The act was amended under Lee Myung-bak administration (2009-

2013) in order to contribute to balanced regional development by improving regional 

competitiveness and living standard through inter-regional cooperation and 

partnership.  

Most recently, Park Geun-hye administration (2014-present) finalized ‘Five-year 

Plan for Regional Development’ for improvement of regional inhabitants' quality of 

life and creation of employment. In contrast with the past regional plans which were 

proposed and implemented under the initiative of the central government, regional 

plan of Park administration focuses on the concept of "region-customized" and 

encourages local governments and local residents take initiative of regional 

development by themselves. Therefore the central and local government prepared 

the plan cooperatively which was also different from the former plan.  

Nowadays many less developed regions have been also making a great effort to 

cultivate innovation potential in their regions. These regional administrations are 

benchmarking the regional science and technology activities, have increased regional 

research and development budgets, have established research institutes in their 

regions and also are planning for regional innovation cluster (Chung et al. 1997, 

1999; Chung, 1999).  

The current development of regional innovation clusters in Gyeonggi Province is 

closely related to this finalized ‘Five-year Plan for Regional Development’, therefore 

the cooperation among central government, Gyeonggi Province, and local 

government is essential. Mostly due to its proximity to the Seoul, Gyeonggi Province 

has been concentrated with regional economic development programs from late 

1990s. 

As discussed in section 2, the role of two groups in regional innovation cluster is 

critical for it to function well. First is the public group which in Korean case means 

mainly central government, Province administration, local governments, and 

government research institutes (GRIs). Also in this public group, there are 



universities in the region and public research institutes (PRIs).  Second, there is 

semi-public or civic group such as, public enterprises, chambers of commerce, labor 

unions, training organizations. Also, there are market players, such as local firms, 

firms from other regions, start-ups, venture capitals, and entrepreneurship 

incubators.    

Historically the role of central government and local government has been 

emphasized in coordinating innovation activities in each regional innovation 

clusters. Yet, at the front line of innovation activities, GRIs, PRIs, private companies, 

and universities have done great deed to operate the innovation cluster. In spite of 

some overlapping, they are placed differently in innovation process and make a 

significant contribution to enhance regional and national technological 

competitiveness.  

As shown in the following Table 1 and Table 2 the number of actors in public group 

which forms regional innovation clusters such as PRIs and universities, has 

increased in last two decades. Despite the fact that there were already many PRIs and 

GRIs in Daejeon region, the number of these national research institutes has greatly 

increased in Gyeonggi Province from late 1990s.  

Table 1.The Development of Public Research Institutes in Korea by the Regions 

(1995~2014) (See Appendix (A)) 



 

Source: Statistics from National Science & Technology Information Service (2016) 

Table 2. The Development of Universities in Korea (1995~2014) (See Appendix (B)) 



 

Source: Statistics from National Science & Technology Information Service (2016) 

Hence, as shown in the following Table 3, the number of actors in semi-public 

group which forms regional innovation clusters such as public enterprises has 

increased in last two decades. Despite the fact that there were already many public 

enterprises in  Seoul city and Daejeon region, the number of these semi-public 

actors has steadily increased in Gyeonggi Province from late 1990s.  

 

 

Table 3. The Development of Public Enterprises in Korea (1995~2014) (See Appendix 



(C1)) 

 

Source: Statistics from National Science & Technology Information Service (2016) 

Finally, as shown in the following Table 3, the number of actors in market which 

operates at the front line of regional innovation clusters such as R&D related firms 

has increased in last two decades. Despite the fact that there were already many 

firms around the capital city, the number of these semi-public actors has also 

increased in Gyeonggi Province as regional innovation clusters for established from 

early 2000s.  

 

Table 4. The Development of R&D related firms in Korea (1995~2014) (See Appendix 



(C2)) 

 

Source: Statistics from National Science & Technology Information Service (2016) 

As shown in Figure 3, this paper arranged the four phases of Innovation System in 

Korea by the timeline. By this approach, we can approximately measure the 

innovation capability of the Korean regional innovation systems as a whole. 

First, phase 1 is the stage of implementing national innovation system in Korea. 

From 1973, Korean industrial revolution has begun, and so as the central 

government’s effort to establish NIS through government research institutes (GRIs). 

Then, the R&D infrastructure expanded and mega-size R&D projects were operated 

by the central government’s strong will and initiatives. 



 

In Phase 2, Korea experienced the development of regional innovation actors. The 

actors of the NIS and RIS, such as central government, powerful and effective 

bureaucracy regarding R&D, GRIs, public research institutes (PRIs), universities, 

and private research institutes owned by companies were added in Korea’s 

innovation system through 1970s and 1980s. Also the local government and RIS 

policies were included as regional innovation actors during late 1990s. Therefore, 

from 1990s, Korea specifically put emphasis on development of advanced 

technologies and the positive outcome from the linkage of universities, industry and 

governments. 

In Phase 3, Korea went through development of regional innovation clusters in 

various regions. Collaboration among central government, local government, GRIs, 

academia and industry was a good example of a successfully implemented regional 

innovation cluster. Also, from 2000s, Korean government made a great promotion 

on encouraging entrepreneurship, start-ups and venture capitals. Hence, the central 

government and GRIs designed various government–driven program to stimulate the 

Six Technologies, such as ICT (Information Communication Technology), BT (Bio-

Technology), NT (Nano-Technology), ST (Space Technology), ET (Environment 

Technology) and CT (Culture Technology). Currently, Korea is still experiencing both 

Phase 2 and Phase 3 simultaneously. 

Yet, according to literature on RIS and economics as discussed in section 2, Korea is 

eagerly looking forward to Phase 4. Actually, certain features of Phase 4 can be found 

in the case of Pangyo Techno Valley, an innovation ecosystem. After putting much 

emphasis on regional innovation clusters, agglomeration of innovative personnel 

with ideas and organizations with high-technology is currently happening in the 

region like Pangyo, Gyeonggi Province.  

Therefore, achieving qualitative and actual output from regional innovation clusters 

would be the first and major precondition to formulate a continuous innovation 

ecosystem which can be benchmarked and grow naturally in other regions of Korea. 

Creating this kind of innovation ecosystem not only requires current government-



driven initiatives but also voluntary participation and spillover effect from the 

market. 

 

Figure 3. The Four Phases of current development of Innovation System in Korea 

 

Source: Ji Yung Seul and Sam Youl Lee (2016) 

5. Case Analysis:  Pangyo Techno Valley  

As discussed in the previous section, the strong will of central government to build 

regional innovation cluster triggered cases such as Pangyo Techno Valley. On one 

hand, Pangyo Techno Valley and Silicon Valley share similarities from the aspect that 

they are both ICT-based economy, but in other hand, examining the difference 



between voluntarily networked regional innovation cluster and the strictly 

government-driven innovation cluster would be a good starting point to understand 

the phases of regional innovation cluster. Institutional group of players constituted 

with policy prerogatives, academia and research institutes, have the potential to 

deploy micro-economic strategies targeting competitiveness and productivity factors 

in the case of Pangyo Techno Valley.  

Since the Park Geun-hye government, the concept of creative economy emerged as 

the vision for major policies. John Howkins (2001) developed the concept, in 2001, 

to describe economic systems where value is based on novel imaginative qualities 

rather than the traditional resources of land, labor and capital. The Park 

administration defined creative economy as a kind of growth strategy that creates 

new opportunity of market, industry, and employment through the convergence of 

ideas.  

By advocating the blueprint of creative economy, Korean government began to put 

much effort for infusion of ICT technology to create a new market and employment. 

Naturally to compose a creative economy, regional innovation cluster was to a must 

to stimulate the black box function for creating fission of knowledge. Therefore, 

regional innovation cluster such as Pangyo Techno Valley was ideally supported 

mainly by the central government by means of developing national innovation 

system in Korea.  

Pangyo Techno Valley is the R&D complex in Pangyo New City. The Pangyo Techno 

Valley development began in 2005 facilitated by Gyeonggi Province. The vision of the 

Pangyo Technovalley is for an IT convergence R&D hub. The Pangyo Techno Valley 

Project is a non-profit public project to strengthen national competitiveness and 

secure self-sufficiency of Pangyo New City by laying the foundation for knowledge 

industries that will help develop national growth engines related to IT, BT, CT, NT 

and other advanced convergence technologies. 

The majority of resident companies in Pangyo Technovalley are IT-related (over 

60%). There are three major innovative supporting centers such as a global R&D 

center, an academia co-research center, and a public R&D support center. The role of 

the public R&D center is to form a cluster, relational networks, and to provide 



company support. The global R&D center supports global networking with 

companies and research institutes. The industry-academia co-research center is in 

the form of an open lab and provides space for collaboration among innovation 

actors. In addition to these innovative supporting centers, major IT companies such 

as Ahn Lab, Samsung Techwin, and SK Chemicals reside in Pangyo Techno Valley. 

According to the Table 5 shown below by SRI international group (2010), there is a 

life cycle of innovation cluster. Until early 2010s, Pangyo Techno Valley was in the 

emergent stage of development and requires various activation strategies and a 

program for industry-academia cooperation. The host institution of Pangyo Techno 

Valley prepared the master plan and execution strategy. ICT needs are particularly 

required for industry-academia cooperation with respect to project planning, 

research, and new technology education rather than the utilization of facilities and 

support is required. 

Table 5. Life cycle of Innovation cluster 

Stage Characteristics 

Pre-cluster Few firms with very limited links among themselves. 
Little economic  impact. 
Anchor companies emerging in region. 

Emerging Cluster Firms creating links and organizing among themselves to 
form industry associations and alliances. 

Expanding Cluster Growing linkages and critical mass. 
Economic impact expanding. 
Networking is spontaneous. 

Restructuring 

Cluster 

High inter-firm links. 
Cluster spawns new small clusters and begins to adapt to 
changing market. 

 Source: SRI (2010), What economic clusters are and why are they important? 

Yet, in past five years, Pangyo Techno Valley has indeed become the best operating 

regional innovation cluster in Korea mostly due to success in agglomeration of 

firms, personnel, and knowledge. This rapid evolution was possible, not only by the 

public group, semi-public groups and market players, but also by geographical 

benefits of being located within the huge customer market of the capital region 

along with close proximity to adjacent clusters such as Gwanggyo Techno Valley, 



Bundang IT Valley, and Paju LCD Complex. This geographical advantage allowed 

Pangyo Techno Valley to stand at the center of Korea’s IT, BT, CT, NT and advanced 

convergence technology belt.  

The number of tenant companies in Pangyo Techno Valley surpassed 1,000 only in 

last five years. According the "2015 Pangyo Techno Valley tenants Survey Report" by 

Gyeonggi Province and Geyonggi Institute of Science and Technology Evaluation 

and Planning (GISTEP), the number of tenant companies in Pangyo Techno Valley, 

has increased from 83 in 2011 to 1,002 in 2015. Dividing by the size of a company, 

86%(857 companies) of tenant companies are small businesses, 10% (99 

companies) of tenant companies are mid-sized businesses, and only 4% (37 

companies) of tenant companies are mearsured as large companies with 

conglomerates.  

The amount of total sales of Pangyo Techno Valley in 2015 was approximately 69.4 

trillion won (600 million U.S. dollars) which is the 14-fold increase over the total 

sales in 2011 which was only about 5 trillion won. This dramatic agglomeration of 

business also pooled many labors from diverse fields, the total number of full-time 

personnel working in Pangyo Techno Valley was up to 70,577 people in 2014, and 

among them, there were 13,527 researchers which is 18.2% of the total workforce in 

Pangyo Techno Valley. Yet, there were only limited number of female personnel in 

Pangyo Techno Valley: only 7,021 people were working in 2014, which is 9.48% of 

the total workforce in Pangyo Techno Valley. 

Looking at the configuration 20-30 employees amounted to approximately 76% of 

the young people in particular showed much higher proportion than in any other 

age group 30's to 52%. Residence in Seongnam is 27%, Seongnam other residents 

appeared to be 73% of the survey and the cause of the lack of housing, lack of 

parking, lack of public transport. 

Also, through the Phase 1, 2, and 3 for RIS development in Korea as discussed in 

section 3, at least two decades and much more historical and institutional context 

surrounding Pangyo operated as the fuel for the successful evolution. Gyeonggi 

Province initiated ‘2020 Capital Metropolitan Region Development Plan’ and picked 



Pangyo Techno Valley for one of strategic innovation regions. Also to vitalize local 

economy and development of knowledge-based industry; to develop a highly 

concentrated area of knowledge-based industries; both Seongnam local government 

and Gyeonggi Province administration put much time and effort on Pangyo Techno 

Valley. 

As a result, currently in 2016, Pangyo Techno Vally successfully pooled 

entrepreneurs, start-ups, firms, companies from other regions, venture capitals and 

incubators. Especially, the major characteristic of Pangyo Techno Vally is the 

agglomeration of advanced technologies including ICT, BT and CT. For example 

there are 643 companies regarding to ICT such as Silicon Park Project Cooperatives 

Incorporated, Ahn Lab Consortium, LIG Nexone Co., and Samsung Techwin Co. 

which deals with semiconductor, LCD, ICT, and software development. 

 Also, in Bio-Technology field, there are currently 38 companies such as Group 

Consortium, and SK Chemical Co. which utilizes mostly healthcare technologies 

including the development of new pharmaceuticals and medical equipment. For 

Culture Technology, there are 35 companies such as NCsoft Co., and Pangyo Digital 

Contents Park Project Cooperatives which develop software used in mobile, or 

game. Lastly there are currently 41 companies which are under support by the 

venture capitals, local government, and other peer companies in similar industries.  

In fact, Pangyo Techno Valley functions as a test bed for R&D and the early 

commercialization of high-technology and becoming a business hub for the 

agglomeration and exchange of new technologies and information. As a 

comprehensive research complex integrating IT, BT, CT, NT and advanced 

convergence technology, Pangyo Techno Valley opens up to new technologies and 

provides a platform for regional innovation. 

To sum up, as shown in Figure 4, the case of Pangyo Techno Valley is typical 

example of downstream development pattern which was originally government-

oriented. Therefore, the primary value functions of Pangyo Techno Valley meet the 

consensus among the public group in regional innovation cluster first. Then the 

following R&D processes were distributed to the front line actors of the innovation 

clusters such as the firms and public enterprises.  



 

 

 

 

Figure 4. Two development Patterns of Innovation Cluster 

 

Source: Deok Soon Yim (2009), Management issue of government initiated 
innovation cluster: case of Gwanggyo Techno-Valley, PICMET 

 

Yet, despite the concerns regarding the negative impact of government-driven 

innovation policy, the case of Pangyo Techno Valley successfully achieved the third 

stage of the life cycle of innovation cluster (see Table 5) by agglomerating personnel 

and firms with advanced technology. Therefore, the next step for Pangyo Techno 

Valley as well as other regional innovation system in Korea would be about 

realization of innovation ecosystem. If self-sustained innovation ecosystem is 

‘sticky’ enough for the region and also meets the global standard of innovation 

system, Korea would finally experience the first voluntary creation of innovation 



spillover process.  

6. Conclusion 

This research focused on the case of Pangyo Techno Valley to examine Korea 

regional innovation system and its regional innovation cluster policy. The formation 

of the regional innovation clusters, such as Pangyo Techno Valley could be explained 

by the interaction among institutional group such as the central government, local 

government, academia, government research institutes, and public research 

institutes, as well as industry group such as firms, venture capitals and more. The 

analysis was based on both institutional approaches and comparative qualitative 

studies. Moreover, this paper states current Pangyo Techno Valley’s case as the 

evidence for transition phase of Korea regional innovation system. Then according to 

the literature background, this paper works out scenario planning to provide some 

foresight for further strategic policy for regional innovation cluster.  

The major determinants for the formation process of regional innovation clusters in 

Korea such as Pangyo Techno Valley can be summarized as follows; the strong will of 

the central government for building regional innovation cluster, implementation of 

top-down policy and from local government, specific targeted policy programs 

planned by regional academia and GRIs, an agglomeration of personnel and 

technology, inbound and outbound interaction among the institutional innovation 

actors, the alignment of the national cluster policy and the networks of the clusters.  

For future scenario for stimulating quality output of innovation in the regional 

innovation cluster, this study emphasizes the procedure of self-sustaining network 

among the innovation actors inside the clusters.  
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Shifting Gear for Acceleration:  Regional Innovation System 
and Pangyo IT Cluster Policy in Korea

Sam Youl Lee, Ji Yung Seul 
Yonsei University

Abstracts

Korean government had prohibited any new establishment of regional cluster in the capital area due 
to the extreme concentration in economy and population around the capital region until recently. 
However, noticing that the once-successful industry complex policy based on manufacturing 
industry shows its limits and there are strong needs to tap into IT based entrepreneurship shown in 
‘Silicon Valley,’ Korean government had to change the policy position and Gyeonggi provincial 
government and central government managed to establish Pangyo technovalley (PTV), a new 
innovation cluster adjacent to Seoul by utilizing a mix of incentives. With the new establishment and 
expansion of LG Electronics and Samsung Electronics R&D facilities nearby and a high 
concentration of IT companies and start-ups, PTV has been evaluated as a successful policy so far 
and is planning to expand the ‘regional boundary’ of the cluster in coming years.  
This paper will investigate the success factors in the context of regional innovation system (Cooke et 
al., 1997) and how government-led innovation cluster in IT sector can overcome the policy flaws 
and limits found in other development policies Korean government had pursued. 
The paper argues that the success of PTV has been dependent upon its strategic location, clear 
division of labor between the private and the public, and active policy coordination among diverse 
ministries and agencies within government. Once PTV was located with the capital area, the regional 
cluster benefited from ‘national-level innovation competence’ which exceeds the regional-level 
innovation competence of Gyeonggi province. In addition, once a sizable groups of IT companies 
had concentrated, PTV has evolved as the destination of government support programs for 
entrepreneurship and new technologies. The finding is expected to provide with the policy 
implications for other developing countries to be eager to emulate ‘Silicon Valley.’

Keywords: Regional Innovation System, Innovation Cluster, Pangyo Technovalley, Gyeonggi 
province
 

 

The Effects of the Product Innovation through the Strategic 
Flexibility on the Improvement of Business Performance

Jong-min Lee
KOITA 

Sam Youl Lee 
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Mean-sun Noh
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Abstracts

Product innovation is an important activity for companies to secure its competitive advantage and 
ensure its sustainable growth. As the importance of product innovation becomes more emphasized, 
many scholars conducted various studies to investigate the relationship between product innovation 
and business performance of companies. However, there have been lack of relevant studies which 
are not enough to deduce the significant relationships between product innovation and business 
performance in Korean the context. Particularly, there has been no study with consideration to 
moderating effect of strategic flexibility in Korea. 
This study attempted to conduct empirical analysis on the effects of product innovation on Korean 
business performance. For in-depth analysis, business performance was divided into two dimensions 
- the internal success and external success. The results of the empirical analysis confirmed that the 
individual factors such as product innovation, coordination flexibility and resource flexibility are 
significant determinants of both internal and external successes of a company. Regarding strategic 
flexibility, the coordination flexibility positively influenced the internal success while the resource 
flexibility had the negative impact on the internal success. Another interesting result of the empirical 
analysis is that even when the internal success is achieved through product innovation, it does not 
lead to the external success such as increase in sales or market share. 
To understand the relationships between product innovation and business performance, this study 
formed a sample group of Korean companies, which operate corporate R&D center(The sample of 
533 Korean companies which operate the R&D center were used in this empirical study). Multiple 
regression analysis, quantile regression analysis and 2SLS analysis were used to find key 
determinants of business performance in the context of Korea. 

 

Keywords: coordination flexibility, resource flexibility, product innovation, 2SLS
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Smartness that Matters: Towards a Comprehensive and Human-Centred Definition of Smart 

Cities 

Abstract: The widespread use and the fuzziness of the smart cities concept hinder the understanding 

of the benefits of its adoption and explain the existence of many activities with fragmented or 

distorted views of what one would expect from a truly smart city. An overview of the key terms, 

concepts and definitions associated to smart cities demonstrates that the definitions found in the 

academic literature have limited scope and are overly focused on strategic drivers or specific actions, 

instead of making explicitly the connection between the concept of smart cities and the creation of 

environments that promote happiness and the well-being of their residents—the main function of a 

city. This paper proposes a comprehensive, human-centred, context-free definition of smart cities, 

which is neutral in relation to specific technologies or strategies. The proposed definition brings an 

endogenous vision of smart cities in which the central element is the direct participation of local 

actors and stakeholders in the process of thinking, defining, planning and executing social, 

technological and urban transformations in the city. 

Keywords: smart cities; smart communities; human-centred cities; urban planning and development; 

information and communication technologies 

1. Introduction 

Over the past decade smart urban technologies have begun to blanket our cities, forming the backbone 

of a large, intelligent infrastructure. Along with this, dissemination of the sustainability ideology has 

had a significant imprint on the planning and development of our cities (Yigitcanlar, 2016). 

Consequently, the concept of smart cities, evolved from intelligent cities (see Komninos 2008), has 

become a popular topic particularly for scholars, urban planners, urban administrations, urban 

development and real-estate companies, and corporate technology firms. There are numerous 

perspectives on what a smart city is. These are ranging from purely ecological (Lim & Liu 2010) to 

technological (Townsend 2013), and from economic (Kourtit et al. 2012) to organisational (Hollands 

2015) and societal (Deakin & Al Waer 2011; 2012) views. Moreover, as for Kitchin (2015), smart city 

symbolises a new kind of technology-led urban utopia. Utopia or not, in all these perspectives the 

vision of technology and innovation is a common ground to shape our cities into a form that we want 

to leave to our descendants. In this paper, the smart cities concept is viewed as a vision, manifesto or 

provocation—encompassing all techno-economic, techno-societal, techno-spatial, and techno-

organisational dimensions—aiming to constitute the ideal 21st century city form. Presently, there is 

no fully-fledge smart cities exist. Stated by Glasmeier and Christopherson (2015, p. 4), “[t]he global 

smart city market will be valued at $1.6 trillion in 2020. Over 26 global cities are expected to be smart 

cities in 2025, with more than 50% of these smart cities from Europe and North America”. At the 

moment with the building of these cities underway in a number of places around the world, smart city 

examples abound in both the popular media and in academic discussions. This provides us the ability 

to re-evaluate the definition of smart cities. 

Various Smart Cities Approaches 

Both academia and practitioners have introduced a myriad of terms and definitions related to building 

the cities of the future and the future of the cities by using the state-of-the-art information and 

communication technologies (ICTs): smart, intelligent, ubiquitous, digital, knowledge, sustainable, 

green, creative, innovative, and so on (Abdoullaev, 2011; Nam & Pardo, 2011; Wolfram, 2012; Lara 

et al., 2013; Yigitcanlar, 2015). Despite being possible to identify the particularities of the concepts 

and initiatives linked to either term, all of them are introduced as answers to the same set of issues 

related to urban agglomerations, Among which urban mobility; security; biosphere degradation; 

energy and food shortages; combating poverty; as well as creating new options for urban planning, 

innovation incentives, economic and social development (Carrillo, 2006; Yigitcanlar, 2011; Neitotti et 

al., 2014). This is why they can be seen as construction layers (Abdoullaev, 2011) or application 

domains (Neirotti et al., 2014) of what other scholars (Nam & Pardo, 2011; Wolfram, 2012; Neirotti 
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et al., 2014) and this paper generically refer to as smart cities. Although the terms and scholars share 

target problems, there is not a common and context-free vision, able to guide academia and city 

policymakers—which for Neirotti et al. (2014) is regarded as one of the main obstacles to the 

diffusion process of smart cities initiatives. The fuzziness of the smart cities concept is an obstacle if 

one is aspiring cumulative research and explains the existence of initiatives with fragmented or 

distorted views of what one would expect from a truly smart city (Hollands, 2008; Abdoullaev, 2011; 

Wolfram, 2012). 

Is Smart Better and if so for Whom? 

The concept of smart cities brings large number of critical questions in mind. For instance, will a city 

that is guided solely by the concepts and definitions and also evaluates its actions by some set of 

indicators (see Giffinger et al., 2007 and Sarimin & Yigitcanlar, 2012) seen in the smart cities 

literature automatically become a better place to live, work, study and have fun? Although improving 

mobility of people in the city, for instance, or any other of the six dimensions proposed by Giffinger 

et al. (2007) would meet basic needs of residents, would it be enough to address all the subjective 

conditions (Ryan & Deci, 2001; Diener, 2009; Ballas, 2014) that lead to the well-being of residents 

which is ultimately what really matters? And whatever the answers to these questions, would they be 

valid in any culture or locality? Völker et al. (2007), Mohnen et al. (2011) and Ballas (2013) in their 

studies highlight the difficulty in measuring or predicting people’s satisfaction with the place they live, 

and the need to incorporate an anthropocentric view to the planning of actions related to the 

promotion of well-being and quality of life in the urban context. In this sense, Professor Richard 

Sennett’s paper in The Guardian (2012) is symptomatic when it states that if some of the projects that 

are underway in the cities are synonym for intelligence, and then maybe it is preferable that cities 

maintain a degree of stupidity—also see (World Press, 2014). 

People at the Centre of Debate 

One can imagine that at least part of the resistance and criticism towards the term and the smart cities 

approach itself could be minimised if the concept did not leave any doubt that the construction or 

transformation of any urban agglomeration into a smarter city has to start from the premise of being 

integrated to the wishes, interests and needs (current and potential) (Rizzo et al., 2013) of its residents 

and also of producing positive practical impact on their daily lives. From this premise, we single out 

from all the available definitions of smart cities what are their central elements, before proposing a 

wider definition, which can meet the goal of guiding academicians and practitioners—both in the 

conceptualisation of smart cities and in building the future cities that residents will be proud of.  

2. Approaches and Definitions of Smart Cities 

Smart Cities Foundations  

Literature review in general and the analysis of the particular works of Nam & Pardo (2011) and 

Neirotti et al. (2014) suggest the existence of four foundations or macro application domains for the 

approaches of smart cities (including variations of terms), listed below and illustrated in Figure 1: 

(i) Infrastructure and ICTs: Adoption of strategies for economic and social development 

founded on the provision of modern infrastructure, especially in the pervasive use of ICTs 

(Steventon & Wright, 2006; Lee, 2009; Piro et al., 2014);  

(ii) Creative economy and knowledge-based society: Improving competitiveness and 

alignment to the so-called knowledge economy (Komninos, 2006, 2009); with focus on 

creating favourable environments to entrepreneurship, creativity and innovation (Florida, 

2005; Lu et al., 2011; Yigitcanlar, 2013);  

(iii) Sustainability: Promoting green economy and high social awareness in an 

environmentally sustainable lifestyle including a quality of life and place (Munier, 2007; 

Yigitcanlar & Lee, 2014); 
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(iv) Human infrastructure: Investment in social and human capital; engaging citizens in 

governance processes and the building of partnerships between public and private sectors 

to facilitate activities and projects (Streitz, 2011; Rizzo et al., 2013). 

 

Figure 1: Dimensions, Terms and Key Issues in Smart Cities (adapted from Nam & Pardo (2011) 

Adjusting the Focus  

The choice of the term and the text that defines it reflect the emphasis that each author gives to a 

certain domain, or to the set of strategies they suggest as the best way to build smarter cities. Table 1 

shows a compilation of key terms and their definitions. If on the one hand one could say that these 

terms represent fragmented proposals of the smart cities approach (Abdoullaev, 2011), on the other 

hand they ensure cohesion among academicians and practitioners, since they are based on a minimally 

shared vision between academic work and initiatives that adopt them, unlike the ‘mishmash’ of smart 

cities definitions (Nam & Pardo, 2011; Neirotti et al., 2014). 

Smart Cities Definitions 

The focus group on smart and sustainable cities connected to the International Telecommunication 

Union (ITU), a United Nations specialised agency for ICTs, has gathered a hundred definitions of 

smart cities, whether those shown in scientific studies (see Table 2); in companies, governments, 

research institutions, industry associations and NGOs activities; or employed in articles from 

newspapers and magazines (ITU, 2004). The most striking feature of this set of definitions is the 

operational focus, in particular the central role given to ICTs. Even when they minimise the 

importance of new technologies, most definitions are based on the prescription of strategic actions 

(Neirotti et al., 2014) and usually make much more explicit how the proposal advocated by the 

authors should be executed than why to do it and, more importantly, what does it aim to generate in 

people’s lives. In other words, they are centred in the means such as the intensive use of new 

technologies, more open governance processes, or more sustainable strategies for economic and social 

development. Despite some attempts to produce a definition with a more holistic and integrated view, 
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such as Caragliu’s (2009), most smart cities definitions vary from a perspective centred on one of the 

four domains previously mentioned. There is not a shared vision (Neirotti et al., 2014) and there are 

no elements capable of giving significance—in the epistemological sense—to the term itself and the 

smart cities approach. 

Table 1: Domains, terms and definitions 

Domains Terms Definitions 

In
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Ubiquitous 

city 

 

An urban space where ubiquitous technologies are embedded into the physical 

objects and structures in order to make urban functions more efficient and 

consequently improve the quality of people’s life (Lee, 2009:11). 

Digital city 

 

A digital city is a community digital space, which is used to facilitate and augment 

the activities and functions taking place within the physical space of the city 

(Komninos, 2006:15). 

Smart 

community 

A community in which government, business, and residents understand the potential 

of information technology, and make a conscious decision to use that technology to 

transform life and work in their region in significant and positive ways (Lindskog, 

2004:13).  

Informational 

city 

The informational city consists of creative clusters and spaces for personal contacts 

to stimulate sharing of implicit information (Stock, 2011:963). 
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Intelligent 

city 

Intelligent cities and regions are territories with high capacity for learning and 

innovation, which is built-in the creativity of their population, their institutions of 

knowledge creation, and their digital infrastructure for communication and 

knowledge management (Komninos, 2006:13). 

Creative city Broadly, creative cities is about how local urban spaces can be re-imagined, 

rejuvenated, and re-purposed within a competitive global framework (Tay, 2004: 

220). 

Knowledge 

city 

 

A knowledge city is a place where new knowledge is constantly being created. An 

entire social system is devoted to produce, share and apply knowledge, which in 

turn, can be leveraged and exploited by companies and organisations (Ergazakis et 

al., 2006:79). 

Innovative 

city 

Innovative city is an urban development pattern, in which we solve the city problem 

with creative solutions to achieve urban renaissance, and employ innovation as a 

driver of sustainable urban development. (Lu et al., 2011:2) 

S
u

st
ai

n
ab

il
it

y
 

Sustainable 

city 

A sustainable city is one in which the community has agreed on a set of 

sustainability principles and has further agreed to pursue their attainment. These 

principles should provide the citizenry with a good quality of life, in a liveable city, 

with affordable education, healthcare, housing, and transportation (Munier, 

2007:43). 

Eco-city An eco-city is an ecologically healthy city. It is a healthy human ecological process 

leading to sustainable development within the carrying capacity of local ecosystems 

through changes in the production mode, consumption behaviour and decision 

instruments based on ecological economics and systems engineering (Wang & Ye, 

2004:341). 

Zero-carbon 

city 

A ‘zero-carbon city’ is a city that entirely runs on renewable energy and hence 

produces no carbon footprint (Yigitcanlar & Lee, 2014:101). 

H
u

m
an
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Human smart 

city 

Application of citizen-centric and participatory approaches to the co-design, 

development, and production of smart cities services that balance the technical 

‘smartness’ of sensors, meters, and infrastructures with softer features such as 

clarity of vision, citizen empowerment, social interaction in physical urban settings, 

and public-citizens partnership (Rizzo et al., 2013:677). 

Humane city Places and environments where people enjoy everyday life and work have multiple 

opportunities to exploit their human potential and lead a creative life (Streitz, 
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2011:429). 

 Learning city A learning city, town or region recognises and understands the key role of learning 

in the development of basic prosperity, social stability and personal fulfilment, and 

mobilises all its human, physical, and financial resources creatively and sensitively 

to develop the full human potential of all its citizens (Longworth, 1999:4). 

Table 2: Smart city perspectives 

Authors Definitions 

Bowerman et al. 

(2000) 

A city that monitors and integrates conditions of all of its critical infrastructures 

including roads, bridges, tunnels, rails, subways, airports, sea-ports, communications, 

water, power, even major buildings, can better optimize its resources, plan its 

preventive maintenance activities, and monitor security aspects while maximising 

services to its citizens. 

Giffinger et al. 

(2007) 

A city well performing in a forward-looking way in [economy, people, governance, 

mobility, environment, and living] built on the smart combination of endowments 

and activities of self-decisive, independent and aware citizens. 

Rios (2008) A city that gives inspiration, shares culture, knowledge, and life, a city that motivates 

its inhabitants to create and flourish in their own lives. An admired city, a vessel to 

intelligence, but ultimately an incubator of empowered spaces. 

Eger (2009) A particular idea of local community, one where city governments, enterprises and 

residents use ICTs to reinvent and reinforce the community’s role in the new service 

economy, create jobs locally and improve the quality of community life. 

Caragliu (2009) A city to be smart when investments in human and social capital and traditional 

(transport) and modern (ICT) communication infrastructure fuel sustainable 

economic growth and a high quality of life, with a wise management of natural 

resources, through participatory governance. 

Gonzalez & Rossi 

(2011) 

A public administration or authorities that delivers (or aims to) a set of new 

generation services and infrastructure, based on information and communication 

technologies 

Zhao (2011) Improving the quality of life in a city, including ecological, cultural, political, 

institutional, social, and economic components without leaving a burden on future 

generations. 

Schaffers et al. 

(2012) 

Smart city is referred as the safe, secure environmentally green, and efficient urban 

centre of the future with advanced infrastructures such as sensors, electronics, and 

networks to stimulate sustainable economic growth and a high quality of life. 

Nam & Pardo 

(2011) 

A humane city that has multiple opportunities to exploit its human potential and lead 

a creative life. 

Lazaroiu (2012) The smart city represents the future challenge, a city model where the technology is 

in service to the person and to his economic and social life quality improvement. 

Piro et al. (2014) A smart city is intended as an urban environment which, supported by pervasive ICT 

systems, is able to offer advanced and innovative services to citizens in order to 

improve the overall quality of their life. 

3. In Search of Significance: Smartness for What?  

The Functional Cities and the Function of Cities 

In a utilitarian perspective, which sets the value (utility) of anything as its ability to produce pleasure 

or happiness and avoid pain and misfortune, an ideal society is one that: (i) Allows the fulfilment of 

the individual’s happiness, as long as this does not compromise the well-being of the group, and; (ii) 

Seeks to maximise the level of satisfaction of the society: the greatest happiness for the greatest 
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number (Rosen, 2003). The Greek philosopher Aristotle (384-322 BCE) was already aware of the 

function of the city far beyond just providing ideal conditions for promoting development and 

creating prosperity. “The goal or purpose of the city certainly encompasses physical existence and 

survival, but is also more than that, namely, living ‘finely’ […] The best city is happy and acts finely” 

(cited in Martin et al., 2003:5). Aristotle understood the city primarily as a society, and happiness as a 

collective good that should pervade it (Martin et al., 2003). Therefore, if smart city is intended to be 

seen as a model of excellence, the term cannot leave any doubt that the promotion of the well-being 

and the happiness of its residents is a guiding principle and one of its key challenges (Ballas 2013). 

Smart Cities are Happier Cities 

Despite the fact that well-being being a controversial concept also with an unresolved definition, it is 

known that both its meaning and the factors that condition it are linked to cultural aspects and are not 

free of value judgments and ethical positions (Ryan & Deci, 2001). Several studies on the subject 

consider it inappropriate to deal with well-being as something that can be assessed simply from a 

universal set of conditions, such as income, marital status, individual freedom, and so on. Ryan & 

Deci (2001), Diener (2009) and Ballas (2013) teach us that well-being and life satisfaction have 

objective and consistent conditions across cultures; but also a significant portion of subjective 

conditions, strongly influenced by local culture and circumstances. Moreover, in spite of having pan-

cultural conditions, the importance that each society gives to them can differ substantially (Kitayama 

et al., 2000; Ryan & Deci, 2001). This was already pointed out by a research conducted by Oishi et al. 

(1999), demonstrating that in poor nations income is a strong condition for life satisfaction, while 

satisfaction with family life is more important in richer nations. The same study suggests that 

individual freedom is less predictive of well-being in collectivistic societies than in individualistic 

ones. Daniel Kahneman, Nobel Prize in economics in 2002, argues that well-being and happiness are 

usually more related to subjective aspects such as the way we allot our time and the kind of social 

activities we engage into, than to objective features (Kahneman et al., 2006). For these reasons, 

subjective aspects of well-being promotion should demand the same attention from city planners 

(Ballas, 2013) as that they pay to its objective aspects. That is, in addition to providing quality of 

life—understood as levels of income, health, education, mobility, and so on—it would also be ‘smart’ 

to promote a lifestyle aligned with the values and other constituents of local culture (Ballas, 2013; 

Neirotti, 2014). 

Sense of Community and the Endogenous Producing of Well-Being 

The definition of ‘sense of community’ varies between different studies, but its constitution includes 

membership, mutual influence, fulfilment of needs, and shared emotional connection (Kim & Kaplan, 

2004) and reflects the feelings of attachment and belonging that an individual has towards the 

community (Pooley et al., 2005). To Pooley et al. (2005), sense of community is equivalent to the 

social capital of a community, also called ‘neighbourhood social capital’ by Mohnen et al. (2011), 

which in turn defines it as “a resource one can access via membership in a group or community and 

consists of norms of reciprocity, civic participation, trust in others, and the benefits of membership” 

(Mohnen et al., 2011:661). In the urban context, the most important benefit to be derived from joint 

activity with others is the realisation of goals related to physical and social well-being, and this 

importance is reinforced by evidences that neighbourhoods differ in their level of community and that 

such differences reflect in many relevant matters to people’s lives (Völker et al., 2007; Han & Lee, 

2013). However, it is common sense and a phenomenon pointed out by social scientists that local 

neighbourhood communities are disappearing in present-day society as a side effect of growth and 

densification of cities (Wilson & Baldassare, 1996; Völker et al., 2007). 

Supporting Neighbourhood Communities 

The key factor for the formation of a community is social interaction (Wilson & Baldassare, 1996; 

Pancholi et al., 2015) which is enhanced by three factors: (i) Opportunity for contact; (ii) Proximity to 

other people, and; (iii) Appropriate interaction spaces (Keane, 1991). The physical-spatial 
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reorganisation plays an important role in creating the sense of community, since it must provide 

formal and informal socialization spaces (Talen, 1999; Kim & Kaplan, 2004). The same is said in 

relation to activities that strengthen social bonds, for example through actions that bring the 

neighbourhood together around the development of projects, shared purposes and goals (Lowe, 2000; 

Völker et al. 2007). However, merely a proper planning and an incentive to social interaction (via 

processes of participatory governance, for example) seem unable to create such ‘sense of community’, 

especially its more ‘affective’ aspects (Talen, 1999). Other variables, such as life pace, climate, size, 

density, diversity, economy, historical heritage and cultural identity must be considered, since they 

shape and make the experience of living in a given locality unique (Milgram, 1974; Levine & 

Norenzayan, 1999; Kim & Kaplan, 2004; Völker et al. 2007). The construction of such psychological 

foundations of the sense of community depends on a number of factors that embed in citizens 

affective bonds with the place (Talen, 1999). Such bonds are narrowed when residents are pleased 

with the community and familiar with its history and traditions, i.e., with the local narrative; when 

there is congruence or compatibility between the individuals personalities, the physical characteristics 

and the ‘atmosphere’ of the place; and when the place is able to awaken in its residents a sense of 

pride in being part of it (Talen, 1999). 

4. Discussion and Conclusion  

The concept of smart cities is currently a hot topic (see Yigitcanlar, 2016). However, intense 

technology use alone in an urban environment does not equip this locality with the functionality of 

smart cities. Thus, it would be useful to underline what Caragliu et al. (2011) highlight as the key 

characteristics of smart cities: (i) The utilisation of networked infrastructure to improve economic and 

political efficiency and enable social, cultural and urban development; (ii) An underlying emphasis on 

business-led urban development; (iii) A strong focus on the aim of achieving the social inclusion of 

various urban residents in public services; (iv) A stress on the crucial role of high-tech and creative 

industries in long run urban growth; (v) Profound attention to the role of social and relational capital 

in urban development, and; (vi) Social and environmental sustainability as a major strategic 

component for smart cities. Considering these key characteristics and the popularity of this type of 

city brand, we highlight below a new definition of the concept, its possible practical implications, 

linkages between smart cities and communities, and future directions. 

A New Definition 

In the light of the review of the literature, we propose a new smart city definition as follows. Smart 

city is “a community that systematically promotes the overall well-being of all of its residents and 

which is flexible enough to proactively and sustainably become an increasingly better place to live, 

work and play”. Even being deliberately neutral in relation to the use of specific technologies or 

strategies, the definition implicitly incorporates the main approaches in literature, since that 

intelligence obviously manifests itself when the city promotes economic development with social 

justice and environmental sustainability; adopts and develops appropriate technologies for its local 

reality and uses governance processes that help build a community associated with the culture values 

and lifestyle its residents wish to retain or embrace (Neirotti et al., 2014). That is, despite being 

simple, it fulfils the role of being generic and comprehensive. In addition to being human-centred, as 

it brings promotion of well-being to the centre of the smartness concept, this definition imprints a 

dynamic character to the smart cities approach. Being smart is not just getting a high score on a set of 

metrics, even though this is a form of assessment. The definition implies the existence of 

neighbourhood communities (Talen, 1999) with the goal of changing themselves for the best, on a 

continuous and sustainable way. To support this leading role, it will need to be able to learn what it is 

and how to be a better place—for current and future residents. 

Practical Implications 

The main practical implication of this definition is that any smart city project is set by and assessed 

from local cultural values. An appropriate proposal to São Paulo (Brazilian city known for its 
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entrepreneurial, competitive and cosmopolitan inclination) may be completely unsuitable for the 

residents of Rio de Janeiro (values related to contemplation of the nature and balance between work 

and personal life). Thus, there must be reservations to replication proposals of successful projects 

imported from other cultures and geographies (Ballas, 2013; Neirotti et al., 2014). For the same 

reason, the work of planning the transformation of any territory into a smart city may require much 

more than good experts. In order to favour real understanding of the place, the co-participation of 

people and institutions who actually understand the history and values of the (future) community is 

expected. In other words, insiders are most likely to have better conditions to define what is relevant 

and useful (in the utilitarian sense), and to define priorities. They also set what is secondary or 

undesirable at any time. In addition to the continuous nature of the transformation process, it is 

assumed that potentially in the long run the most successful smart cities projects are those made for, 

with and eventually by the residents themselves. To paraphrase Ghandi, a smart city should create the 

conditions for people and institutions to be the change they wish to see in the city—Mahatma 

Gandhi’s statement: “be the change you want to see in the world”. 

Smart Cities as Home of Smart Neighbourhood Communities  

To consider a smart city as a set of one or more smart neighbourhood communities makes parallel to 

one of the pillars of cities smartness: participatory governance based on the engagement of civil 

society in the processes of urban transformation (Rizzo et al., 2013). From the individuals’ point of 

view, the desirable emotional connection between the place and its residents suggests that planning a 

smart city needs to involve its residents in the process of building the vision for the future. For some 

authors, this involvement goes beyond participating or providing feedback; it also includes helping in 

its building itself, through co-design and public/private/people partnerships (Rizzo et al., 2013). In 

this approach, individuals are seen to the producers of their own well-being (Völker et al., 2007). 

Future Directions 

From the proposed definition of smart cities in this paper, two different research agendas emerge: (i) 

How to start and drive the transformation process of places in smart cities, and; (ii) How to assess this 

process. The first agenda includes framework proposals for planning, initiating and managing 

transformation processes of a given geography in a smart city or region; it includes strategies, 

approaches, methods and techniques that help the actors involved in this challenge. The construction 

of frameworks may require identification, compilation or building of success cases (obviously aligned 

to the human-centred perspective adopted in this study). The second research agenda includes 

conducting studies that propose mechanisms to evaluate a locality, not only according to the metrics 

associated with the various domains of a smart city (Neirotti et al., 2014), but also their ability to 

autonomously conduct the transformation processes it will need to go through to become an even 

better place to live, work and play. This includes measuring its ability to identify, learn and do 

whatever needs to be done to ensure a better and sustainable future for its residents. In sum, success of 

smart cities concept depends on accurately determining the ‘smartness that matters’ for all.  
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Abstract 

First of all, this analyses the dynamics of platform business models as Entrepreneurial Ecosystem. 

As such, it intends to answer the following research questions: 1) What kinds of factors and structures 

affect the dynamics of platform business models? And 2) How can we describe the dynamics of 

platform business models in the App Store and hotel booking industries? 3) What kinds of effect on 

regional development occurs by platform business models?  To answer to research questions, this 

study analysed two Platform Entrepreneurial Ecosystems in smart phone App store industry (Google 

Play (Android market) and Apple’s App Store), and two Ecosystems in hotel booking industry 

(Hotels.com and Booking.com) at first. 

Second, we analysed the effects of Platforms as Entrepreneurial Ecosystems on the regional 

development of Daegu Metropolitan City. 

We used several research methods such as deep interview methods with half structured 

questionnaire, system dynamics simulation, literature reviews, and statistics analysis. 

At this study, we found out as follows. 

First, we found out three category factors which were important in platform ecosystem, and built 

up and simulated causal and system dynamics models of them.  

Second, we found that the dynamics of platform ecosystem differ from each other because the 

openness of platforms gives different effects to firms according to the belonging industry.  

Third, platform business models as economic ecosystems motivate the change of regional 

development from focused areas to several multi areas, from hierarchical structure of firms to network 

of diverse firms, and from scope and scale economy based firms’ leading regional development to 

creative economy based firms’ leading regional development.  

 

Keywords: Platform business model, Economics Ecosystem, Regional Innovation System, open business model, 

Regional Development 

 

 

 

mailto:jhyun@dgist.ac.kr
mailto:dkwon@kisti.re.kr
mailto:kbpark@sangji.ac.kr
mailto:greatmind85@dgist.ac.kr


2 

1. Introduction 

1.1. Research question 

The purpose of this paper is to analyse the dynamics of platform business models. As such, it intends to 

answer the following research questions: 

1) What kinds of factors and structures affect the dynamics of platform business models?  

2) How can we describe the dynamics of platform business models in the App Store and hotel booking 

industries? 

3) What is the effects of platform business model to regional development? 

 

 

1.2. Research scope and method 

This research analysed two platforms—Google Play (Android market) and Apple’s App Store—in the smart 

phone app store platform business model industry. Also, this research analysed two firms—Hotels.com and 

Booking.com—in the hotel booking platform business model industry.  

This study used interview methods, brainstorming, literature reviews and simulation together. Based on the 

interview and literature review, simulation models were developed. The simulation models were facilitated by 

brainstorming and interviews, which were subsequently validated. The additional simulations were then 

introduced to select future strategies, and these simulations received validation through the comparison of the 

interview and literature reviews. For this study, six app development firms and six hotels were interviewed. 

<Appendix 1> shows the interview list and the half-structured questionnaire that were used in this study. 

 

2. Literature review and research framework 

2.1. Literature review 

The question of whether providing a new technology to secondary developers stimulates innovation is 

central to public policy and firm strategies in many high-tech industries (Boudreau 2007). However, there is 

scant systematic evidence on this situation, wherein a kind of platform for open innovation or supplier 

innovation exists (Chesbrough 2003; Lyons et al. 2012). Platforms provide architectures to combine internal and 

external innovations in ways that create value throughout the chain of activities that deliver useful technology to 

the market (Chesbrough 2003). In addition, within the networked world, firms are recognizing the power of the 

Internet as a platform that can co-create value with customers (Sawhney et al. 2005).  

Many high-tech industries offer products or services that can be described as systems of interdependent 

components built around or on top of “platforms” (Gawer and Henderson 2007). Because of this, the behaviour 

of platform owners toward other firms in the ecosystem was subject to much scrutiny. There are two 

fundamentally distinct approaches to the opening of a technology platform and the different kinds of impact 

they cause on innovation (Boudreau 2010). One kind of impact is granting access to a platform, thereby opening 

up markets for complementary components around the platform. The other kind of impact is giving up control 

over the platform. When a technological system continues to innovate after it was opened, a new trade-off, 

which might be referred to as “diversity versus control,” will occur (West 2003). Indeed, drawing on external 

knowledge has been one of the more persuasive arguments to open up innovation to the outside (Chesbrough 

2003; von Hippel 2005). 

Leading platform owners have strongly focused on attracting and tying external complementary firms to 

their platforms(Jeon, Kim, & Koh, 2015). As such, these complementary firms apply to several distinct types of 

control mechanisms along with their external innovation process, including the following: a) market regulative 

control, b) co-regulative control, c) restrictive control, d) sanction control, e) motivational control and f) 

informative control (Scholten and Scholten 2012). These control mechanisms can be applied at dedicated phases 

of the platform-based innovation process to steer external complementary innovation efforts on top of the 

platform. Basically, we make platform innovation drive the growth of an enterprise (Meyer and Mugge 2001). 

Several software platforms, such as smartphone app stores or hotel booking platforms, drive innovation and 

transform industries (Evans et al. 2006).  

We also looked into previous studies with regard to hotel booking platforms. One study characterised online 

reviews for small and medium hotels in Portugal. This paper collected and analysed 1,500 online reviews for 50 

small and medium hotels. It found several key factors that appear on online reviews about hotels (Chaves et al. 

2012). One case study of the online hotel market claimed that online travel agents (OTAs), such as Booking.com, 

play an important role in building hotel reputation. Moreover, these OTAs encourage hoteliers to exert effort in 

the quality of their service. This shows that the information supplied by past guests through OTAs generate a 

price premium for hotels with good reputations. The information gleaned from customer reviews is of great 

interest to both companies and consumers because it is usually presented in the form of unstructured free text. 
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As such, to automatically extract and rate user opinions about a product is a challenging task (de Albornoz et al. 

2011). The electronic distribution of room information, prices and availability has changed the channels that 

people use to reserve hotel rooms, from travel agents and hotel chains’ call centres to using online booking 

platforms (Carroll and Siguaw 2003; Tso and Law 2005).  

Studies on smartphone app store platforms were also reviewed. Application distribution platforms or app 

stores, such as Google Play or Apple’s App Store, allow developers and users to submit feedback to downloaded 

applications in the form of ratings and reviews. A study investigated how and when users provide feedback, 

inspected the feedback content and analysed its impact on the user community by analysing over one million 

reviews from Apple’s App Store (Pagano and Maalej 2013). Software vendors lack the perspective to develop 

software within a software ecosystem. The inability to function in a software ecosystem has already led to the 

demise of many software vendors, leading to loss of competition, intellectual property and eventually, jobs in 

the software industry (Jansen et al. 2009). Mobile application stores have revolutionised software and content 

delivery in that these stores focus on applications, building around them an ecosystem of developers and 

consumers (Cuadrado and Dueñas 2012). The Apple App Store disallows platform customizability, and 

applications that overlap with existing functions are rejected. At the other end of the spectrum—the Android 

store—based platform functions (e.g. keyboard, authentication) can be replaced by market applications. Recent 

years have witnessed incredible popularity and adoption of smartphones and mobile devices, which is 

accompanied by a large amount and a wide variety of feature-rich smartphone applications (Zhou et al. 2012). 

For example, a number of third-party alternative marketplaces have also been created to host thousands of apps 

(e.g. to meet regional or localisation needs). Even though some portion of the mobile app explosion can be 

understood by software reuse in the Android mobile app market along two dimensions—reuse by inheritance 

and class reuse—a more significant portion should come from the platform attribute (Ruiz et al. 2012). 

Studies on causal loop and system dynamics of open were last reviewed. Causal loop of national innovation 

system(NIS) was developed and applied to analyse effects of open innovation policy on NIS(Yun, Won, Hwang, 

Kang, & Kim, 2015). This study used the simulation results of open innovation policy to the NIS to build up 

Cambodia NIS. Another study proposed the dynamic model of an open innovation economy system(OIES) 

which includes open innovation sub economy, closed innovation sub economy, and social innovation sub 

economy(Yun, 2015). The existence of Causal loop and well operating dynamic relations between 3 sub 

economies were pointed out as the key fact for conquering the growth limits of capitalism at this research. 

Another research analysed the relationship between technology, business model, and market in autonomous car 

and intelligent robot industries (Yun, Won, Jeong, Park, Yang, & Park, 2016(prearrangement)). The causal loop 

between technology, business model, and market including other additional factors were proven by network 

analysis of patent citation and reference, intensive interviews, and literature reviews in autonomous car and 

intelligent robot industries at this study. 

 

2.2. Research framework 

This work builds on the research framework shown in <Figure 1>. Platform firms generally have a supplier 

platform, a customer platform and industrial characteristics. A supplier platform opens them to a supplier 

wherein the supplier and platform firm interact to innovate at such point. Thus, a supplier platform triggers 

supplier-based open innovation(OI) or supplier open innovation (Gassmann 2006; Gassmann et al. 2010). 

Articulated and global customer platforms open up their business model to other firms(Kodama & Shibata, 2015; 

Patra & Krishna, 2015). As such, customer platforms are similar to open business models(BMs) (Chesbrough 

2010; Chesbrough 2012; Chesbrough 2013). Open business models allow ideas to travel from invention to 

commercialisation through at least two different companies and not just through a hosting company. There are 

several platforms that have different characteristics in accordance with the industry it belongs to (Carroll and 

Siguaw 2003; Cuadrado and Dueñas 2012; Pagano and Maalej 2013; Yacouel and Fleischer 2012). 

From the research framework, we built basic components for the dynamic models of a hotel booking 

platform and a smartphone app store platform: the supplier platform, which is a kind of supplier open innovation 

platform with the openness from low to high levels; the customer platform, which is a kind of open business 

model platform with an openness from low to high levels; and industrial characteristics, which should be 

concretely found in the industry. Last, we will look into the effect of open business model to regional 

development. 
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Figure 1. Structure of platform firm 

 

3. Causal loop model building 

3.1. Basic causal relationship models of BM and OI platform dynamics 

The basic causal relationship models of BM and OI platform dynamics of <Figure 2> have three parts: a 

decision, a supplier and a user. The decision part includes the following: a) open innovation (OI) / closed 

innovation (CI) decision, b) open business model (OBM) / half-open business model (HBM) / closed business 

model (CBM) decision, c) openness to suppliers and d) openness to customer (user). On the other hand, the 

supplier part includes the following: a) # of supplier, b) percentage of verified supplier, c) # of app and service 

and d) quality of app and service. Meanwhile, the user part only includes the a) # of user. The revenue part has a) 

revenue collectability, b) # of total transaction, c) # of verified transaction and d) sales of platform. The platform 

part has a) system quality of platform, b) investment into platform and c) overall value of platform.  

There will be a balancing loop in a) “open to supplier” and “percentage-verified suppliers” and b) “open to 

supplier,” “open to user” and “revenue collectability.” It means that OI and OBM can have a balancing loop in 

these two parts. OI and OBM are not always the best answer, and they vary based on the situation. 

We see here that 1) the OI/CI decision is about the openness to the supplier side, while 2) the 

OBM/HBM/CBM decision is about the openness to the customer (user) side. The left part of the causal model is 

a supplier side that includes a) OI/CI decision, b) openness to suppliers, c) # of supplier, d) percentage of 

verified supplier, e) # of app and services and f) quality of app and services. Meanwhile, the right part of the 

causal model is the user side that includes a) OBM/HBM/CBM decision, b) openness to customer, c) # of user 

(user size) and d) revenue collectability. The middle part of the causal model is the platform side that includes a) 

# of total transactions, b) # of verified transactions, c) sales of platform, d) investment into platform, e) system 

quality of platform and f) overall value of platform. 
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Figure 2. Basic causal relationship model of BM and OI platform dynamics 

 

At first, we looked into Apple’s App Store and the Android market case of the “supplier side” OI/CI decision 

in the causal loop model from intensive interviews (Appendix 1) and literature reviews such as Pagano and 

Maalei(2013), or Yacouel and Fleischer(2012). Apple’s App Store and Google Play’s Android market have the 

same level of openness to users, but they have different levels in terms of the openness to the supplier (Pagano 

and Maalej 2013). Apple has advantage in quality of App, but disadvantage in the number of App. On the 

contrary,  Android has disadvantage in quality of App, but advantage in the number of App (Table 1). 

 

Table 1.  Supplier side of App Store platform business models 

App 

Store 

Apple 

: Closed 

Innovation 

(CI) 

Advantage 

in Quality of App 

CI → Openness to Suppliers ↓ → Percentage of 

Verified Suppliers ↑ → Quality of App↑ 

Disadvantage in the 

number of App 

CI → Openness to Suppliers ↓ → Number of 

Supplier ↓ → number of Apps ↓ 

Android 

: Open 

Innovation 

(OI) 

Disadvantage 

in Quality of App 

OI → Percentage of Verified Suppliers ↓  → 

Quality of App ↓ 

Advantage in the 

number of App 

OI → Openness to Suppliers ↑→ Number of 

Supplier ↑→ number of Apps ↑ 

 

If a firm chooses OI, the combined impact of the “advantage in the number of app” and the “disadvantage in 

quality of app” to the “overall value of platform” can differ in accordance with the size of the “coefficient.” If 

the coefficient (i.e. impact) of the “openness to suppliers” to the “number of supplier” is greater than that (i.e. 

impact) to the “percentage of verified supplier,” OI will be superior to CI. However, if the relative coefficient 

size (i.e. impact) is adverse, CI will be superior to OI. 

Recently, at Apple’s App Store, we observed talented app providers who stay in the App Store and leave the 

Android market. The causal relations are as follows: quality of app in Apple’s App Store ↑ → number of 

verified transactions (i.e. paid app) ↑ → sales and investment of Apple’s App Store ↑. In this case, it means 

that CI may be superior →  i.e. the coefficient (i.e. impact) of “openness to supplier” to “percentage of 

verified suppliers” is greater than the “number of suppliers.” 

Next, we looked into Hotels.com and Booking.com’s case of the “user side” OBM/HBM/CBM decision. 

System Quality of
Platform

OI/CI Decision OBM/HBM/CBM

Decision

Openness to
Suppliers Openness to

Customer

Number of Supplier
(Supplier Size)

Percentage of
Verified Supplier

Number of
Apps/Services

(App/Service Size)

Number of Total
Transactions

Number of Verified
Transactions

Number of Users
(User Size)

Sales of
Platform

Overall Value of
Platform

Investment on
Platform

+
+

+

-

+

Quality of
App/Service

+

+

+

+

+

+ +

+

++

+ ++

+
+

+

+

+

Revenue
Collec tivity

-

-
+

<Supplier Side> <User Side><Platform>
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Hotels.com and Booking.com have the same level of openness to the supplier, but they have different levels of 

openness to the customer (Yacouel and Fleischer 2012). 

 

Table 2. User side of Hotel Booking Service platform business models 

Hotel 

Booking 

Booking.c

om 

: Open 

Business 

Model 

(OBM) 

Advantage 

in the number of 

User 

OBM → Openness to Customer ↑ → Number of 

User ↑ → Overall Value of Platform ↑ 

Disadvantage in 

Revenue 

Collectability 

OBM →  Openness to Customer ↑  →  Revenue 

Collectability↓ → Sales of Platform↓ → Investment 

on Platform ↓ → System Quality ↓ → Overall 

Value of Platform ↓ 

Hotels.com 

: Half 

Open 

Business 

Model 

(HBM) 

Disadvantage 

in the number of 

User 

HBM → Openness to Customer ↓ → Number of 

User ↓ → Overall Value of Platform ↓ 

Advantage in 

Revenue 

Collectability 

HBM → Openness to Customer ↓ →  Revenue 

Collectability ↑→ Sales of Platform↑ → Investment 

on Platform ↑ → System Quality ↑ → Overall 

Value of Platform↑ 

 

If a firm chooses OBM, the combined impact of “advantage in number of user” and “disadvantage in 

revenue collectability” to “overall value of platform” can differ in accordance with the size of the “coefficient” 

like (Table 2). If the coefficient (i.e. impact) of “openness to customer” to “number of user” is greater than (i.e. 

impact) “revenue collectability,” the OBM will be superior to HBM/CBM. However, if the relative coefficient 

size (i.e. impact) is adverse, HBM/CBM will be superior to OBM. Recently, at Hotels.com, we observed the 

decreasing number of users of Hotels.com and the increasing number of users of Booking.com, as well as the 

overall value of platform of Hotels.com ↓. In this case, it means that OBM may be superior → i.e. the 

coefficient (i.e. impact) of “openness to customer” to “number of user” is greater than “revenue collectability.” 

 

3.2. Revised causal model of BM and OI platform dynamics 

 
Figure 3. Revised causal model of BM and OI platform dynamics 

 

System Quality of
Platform
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Decision
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(Supplier Size)
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Verified Supplier

Number of
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Platform

Investment on
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+
+
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+

+

+

+

+
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If we assume the aforementioned, where a platform has greater overall value, there is a great tendency to 

open to suppliers and customers. As such, we can have a revised SD causal model as shown in <Figure 3>. 

Such tendency can arise from 1) its confidence from its success as well as from 2) its intention to grow more and 

dominate the entire industry or market. With such a tendency and greater overall value, the platform will have 

more openness to suppliers and customers. Thus, we can have meaningful reinforcing loops and balancing loops 

as shown in the revised causal model in <Figure 3>.  

If we look into the loops of the revised SD causal model from the supplier side, there are two different kinds 

of loops such as reinforcing loops and balancing loops. The one is reinforcing loops(RL) such as R1, and R2 in 

(Table 3). These loops increase advantage of OI, and motivate faster system growth. The other is balancing 

loops(BL) such as B1, and B2 in (Table 3). These loops increase disadvange of OI by damaging supplier quality.    

 

Table 3. Major Reinforcing Loops (RLs) and Balancing Loops (BLs) in Revised Causal Model 

 

 

 

 

 

 

 

 
 

Supplier 

side 

 

 

 

 

R L 

(R1) Openness to Supplier ↑ → Number of Supplier↑ → Overall Value of Platform 

↑ → Openness to Supplier ↑ 

(R2) Openness to Supplier↑ → Number of Supplier↑ → Number of Apps/Services↑ → 

Number of Total Transactions↑  →  Sales of Platform↑  →  Investment into 

Platform ↑ → System Quality of Platform ↑ → Overall Value of Platform↑ → 

Openness to Supplier ↑ 

 

 

 

 

 

B L 

(B1) Openness to Supplier↑ → Percentage of Verified Suppliers ↓ → Quality of 

App/Service ↓ → System Quality of Platform ↓ → Overall Value of Platform ↓ 

→ Openness to Supplier ↓ 

(B2) Openness to Supplier↑ → Percentage of Verified Suppliers ↓ → Number of 

Verified Transactions↓ → Sales of Platform↓ → Investment on Platform ↓ → 

System Quality of Platform ↓ → Overall Value of Platform ↓ → Openness to 

Supplier ↓ 

 

 

 

 

 

 

User 

side 

 

 

 

R L 

(R3) Openness to Customer↑ → Number of Users ↑ → Overall Value of Platform 

↑ → Openness to Customer ↑ 

(R4) Openness to Customer↑ → Number of Users ↑ → Number of Total Transactions

↑ → Sales of Platform↑ → Investment on Platform ↑ → System Quality of 

Platform ↑ → Overall Value of Platform↑ → Openness to Customer ↑ 

 

 

B L 

(B3) Openness to Customer↑ → Revenue Collectability ↓ → Sales of Platform↓ 

→ Investment on Platform ↓ → System Quality of Platform ↓ → Overall Value 

of Platform ↓ → Openness to Customer ↓ 

 

If we look into the loops of the revised SD causal model from the user side, there are also two different 

loops such as reinforcing loops and balancing loops. The one in reinforcing loops such as R3, and R4 in (Table 

3). These loops increase the advantage of open business model (OBM) and motivate faster system growth. The 

other is balancing loop such as B3, in (Table 3). This loop increases disadvantage of OBM, and damaged 

revenue collectability. 

 

3.3. Final causal model of BM and OI platform dynamics 
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Figure 4. Final causal model of BM and OI platform dynamics 

 

The industry’s characteristics are included in the platform <Figure 4>. As a platform, we expect that 

hardware, software and service will have different industry characteristics: a) hardware: 1) car, 2) computer and 

so on; b) software: 1) OS, 2) app market and so on; and c) service: 1) hotel reservation, 2) trip reservation, 3) air 

ticket reservation and so on.  

In particular, we anticipate that the importance of “technological capability” and “user trust” will be 

different in accordance with the industry characteristics, including confirmation in the App Store and hotel 

reservation platforms of the Korean market through intensive interviews, which are shown in <Appendix 1>. 

“Technological capability” influences the “supply side” and “quality of platform,” and thus it will be more 

important in the hardware industry. In such industry, technology takes more time to develop and is harder to 

copy. “User trust” influences “user side” and “sales of platform,” and thus it will be more important in the 

service industry. In the service industry, quality cannot be directly observed until a user uses it. As such, the 

other user’s experience and the user’s trust from using it will be more important than anything else. 

We can see the relation between technology capability and platform industry in <Figure 4>. Technological 

capability is an important factor that influences a percentage of the verified supplier and eventually, the overall 

value of the platform. With more technological capability, a platform can technologically and deeply support 

more suppliers → the percentage of verified suppliers will increase → quality of app and service will 

increase → it will finally increase the overall value of platform. Moreover, it will be more important in 

“hardware” than “software” and “service” because in hardware, it takes more time to build such technological 

capability and is harder to copy. The sequencing of the importance of technological capability among industries 

is as follows: 

Hardware > Software (App Market, Etc.) > Service (Hotel Reservation, Etc.). This sequencing was confirmed 

with the Korean market through intensive interviews, which are shown in <Appendix 1>. 

 

We can see the relation between user trust and its influence on the platform in <Figure 4>. User trust is an 

important factor that influences the “# of verified transaction” and platform sales. With more user trust, the more 

willing a user will be to buy a more verified transaction that requires more payment → sales of platform will 

increase → overall value of platform increases. User trust will be more important for services than software 

and hardware. It is because in hardware, quality can be observed more easily than software and service. In 

service, a user cannot directly observe the quality before he/she uses it. As such, the trust and opinion of another 

user is more important over anything else. The sequencing of the importance of user trust among industries is as 

follows: Service > Software > Hardware. This sequencing was also confirmed within the Korean market through 

intensive interviews <Appendix 1>. 
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4. System dynamics model building and pure simulation 

4.1. System dynamics model building 

We begin with the model shown in <Figure 2>, which was modified in accordance with <Figure 3> and set up 

in accordance with <Figure 4>. The system dynamics model in <Figure 5> follows the three-step causal loop 

model of this research. The numeric formulae for this SD model is <Appendix 2> which is based on logical 

rationality of causal loop diagrams. 

 
Figure 5. System dynamics model 

 

4.2. Simulation of platform business model without considering industry characteristics  

4.2.1. Comparison between Apple’s App Store and Google Play (Android market) in the Korean market 

First, if we compare the supplier’s openness rate and the customers’ openness rate in the industry within the 

Korean market, they are as shown in (Table 4).  

 

Table 4. Openness of app store platforms in the Korean market 

Platform firm Supplier openness rate Customers’ rate  

 

 

Apple’s App Store 

0.5 

(iOS codes are half-opened to App 

development firms. Six interviewee 

firms agreed without exception.) 

0.5 

(All iOS paying apps are paid to Apple 

and transferred to app development firms. 

Six interviewee firms have the same 

opinion.) 

 

Google Play  

(Android market) 

0.9 

(Android codes are open enough to app 

development firms. Six interviewee 

firms agreed without exception.) 

0.9 

(Most Android apps are free apps or have 

an app payment system that offers apps 

through some payment app policy similar 

to Apple’s App Store.)  

 

Apple supplier, customer, technology (Apple: 0.5, 0.5); (Android: 0.9, 0.9) 

 

Apple acknowledges the passive iOS modification of developers, but only for the essentials, while Google 

opens the Android OS source to app developers and considerably acknowledges the free right to modify it. As 

such, the supplier’s open innovation level is 0.5 for Apple, while it is 0.9 for Google. 

Apple receives all the rewards for apps and subsequently delivers them to developers with the commission 

deducted. As such, the customer’s open innovation is only 0.5. On the other hand, most Android apps are 

provided for free, and most of the rewards for app development are directly transferred to the app developers by 

allowing in-app purchase and other similar features. Thus, the open business model, i.e. customer open 

innovation level, is 0.9.  

suppliers
platform

verified supplier

openness to

suppliers

supplier openness rate

users

total transation

revenue

collectability
percentage of verified supplier

openess to

customers

customers

openness rate

technology
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user trust



10 

Second, <Figure 6> shows the simulation result of an interview on both platform businesses within the 

Korean market without considering the industry’s characteristics.  

 

 
Figure 6. Simulation results of two app platform firms in Korea without considering the industry. 

 

<Figure 6> shows that the Android market maintains higher revenue collectability in paid app revenue or 

app development, as well as sales revenue, compared with the App Store. In the interview result of <Appendix 

1>, the Android market has a bigger app development volume and distribution in Korea, while the App Store has 

more paid apps and higher app revenue. Therefore, this simulation has no practical feasibility. 

 

4.2.2. Comparison between Hotels.com and Booking.com in the Korean Market 

First, if we compare the suppliers’ openness rate and the customers’ openness rate in the hotel reservation 

platform within the Korea market, they are as shown in (Table 5). Hotels.com allows hotels (customers) to 

develop a system, including its own reservation system, while Booking.com does not. Thus, the supplier’s open 

innovation is 0.9 for Hotels.com, while it is 0.1 for Booking.com (Table 5). Hotels.com receives the hotel 

lodging charge payment and then transfers it to the hotels with the commission deducted, while Booking.com 

lets hotels receive the payment and have them pay the commission by themselves. As such, the openness of their 

open business model, i.e. customer open innovation, is 0.5 for the former, while the highest, which is 0.9, goes 

to the latter.  

 

Table 5. Openness of hotel reservation platforms in the Korean market 

Platform firm Supplier openness rate Customers’ rate 

 

 

Hotels.com 

0.9 

(Hotels.com codes are fully open to 

connected hotels. Four big interviewee 

hotels agreed without exception.) 

0.5 

(Hotel fees are paid at Hotels.com and 

transferred to hotels. Six interviewee 

hotels agreed.) 

 

 

Booking.com 

0.1 

(Booking.com codes are not open to 

connected hotels. Four big interviewee 

hotels agreed without exception.) 

0.9 

(All hotel fees are directly paid to hotels 

and recently, some portions are 

transferred to Booking.com by hotels. Six 

interviewee hotels agreed.)  

 

Second, <Figure 7> shows the simulation result of the interview on both platform businesses in the Korean 

market without considering the industrial characteristics.  
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Figure 7. Simulation results of two hotel reservation platform firms in Korea without considering the industry 

 

In the simulation result of <Figure 7>, Hotels.com took the lead against Booking.com in the beginning, but 

Booking.com began to rapidly take over in a certain period without considering the industrial characteristics. It 

considerably matches the interview results of Korean hotels in <Appendix 1>. Thus, it is practically feasible that 

Hotels.com has maintained its dominance among Korean hotels as a global hotel reservation platform, but 

Booking.com’s market share has continuously grown and even overtook in some areas.  

 

5. Advanced simulation including industry characteristics and additional simulation 

5.1. App store platform industry  

5.1.1. Industrial characteristic elements of Apple’s App Store and Google Play (Android market) 

First, both application platform business models are most affected by suitable app development capabilities than 

others. It is believed that Apple’s App Store requires a higher technology capability than Android given that 

Apple uses Objective C and takes 2–3 weeks of preliminary assessment for uploading the apps to the platform in 

the Korean market. There are relatively many Android app Java-based developers and little preliminary 

assessment to upload applications. As such, the Android platform requires lower technological capability than 

the Apple platform. In Korea, it is common for Android developers to develop Apple apps as hybrid ones, 

reflecting the fact that the Apple platform requires a higher technological capability. 

Second, the trust of users on the technical level of applications is the key as regards to the consumption of 

paid applications. For instance, users have a high trust on the technical level of paid applications from Apple’s 

App Store, thus their paid applications are widely consumed. On the other hand, Android app stores have low 

user trust on the technical level of applications, so the consumption of free applications prevails. Therefore, the 

technical level of an app store platform business model has the key role in deciding the capability and revenue 

of engaged businesses. 

 

5.1.2. Simulation result of app store platform business model in consideration of the industrial characteristic 

elements 

 Based on the focused interview, which is shown in <Appendix 1>, the technological capability level 

of the Apple app platform business model is high (0.9) in the Korean market, while it is still 0.5 for Android, 

even though it has significantly caught up. In a simulation that took this situation in consideration, the revenue 

collectability was higher for Apple than Android, as shown in <Figure 8>. Therefore, the result of the simulation 

model has practical feasibility in consideration of the industrial characteristics.  

 
Figure 8. Simulation results of two app platform firms in Korea with consideration of the industry 

 

5.1.3. Additional findings of simulation in consideration of industrial characteristic elements 

The above is a simulation wherein the Android platform business directly receives the revenue made by the 

applications or takes more of the app sales revenue (for paid ones) and then transfers 80% of it to the developers 

later in order to reduce the customer open innovation rate of Android. In other words, the customer’s openness 

rate of Android Platform was reduced from 0.9 to 0.7 for another simulation. The results show that the Android 

app store may take over Apple’s App Store for revenue collectability (see <Figure 9>). 

Thus, a business strategy to reduce some of the openness of the Android’s open business model will lead 

to the increased profit of platform businesses in Korea. It is important to highlight the strategy that the Google 
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Play platform recently considered and tried or practically reinforced the limitations with regard to in-app 

purchases. This new attempt will be revealed as a result of additional simulation.  

 

 
Figure 9. Additional simulation result in the App Store platform in the Korean market 
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5.2.  Hotel reservation platform industry  

5.2.1.  Industrial characteristic elements of the Hotels.com and Booking.com platform 

First, it is more likely for well-known and reputable hotels to be reserved through hotel reservation platforms. 

Seoul-based hotels are more well-known because they have a high domestic and overseas access through the 

platforms. That is, Seoul-based hotels are more well-known than Daegu-based ones, so they have a higher 

likelihood of being booked through the platforms. Starting in Asia, Hotels.com has introduced Korean hotels to 

its domestic and overseas users. 

Second, those hotel reservation platforms that create many well-known promotions to users have a higher 

user trust because their hotels are recognised more easily. Hotels.com is making more advertisements and 

reinforcing promotion, including one free night for those who reserve over 10 nights. Hotels.com is retaining 

users for longer periods through improved trust.  

By examining the industrial characteristic elements of both hotel reservation platform business models, it 

can be seen that a higher user trust leads to more users. In fact, Hotels.com has a higher openness level of 

supplier open innovation as it directly receives room charges and then transfers the revenue to hotels with the 

commission deducted. As such, customer open innovation is somewhat low, which is a very hotel-friendly 

characteristic. Hotels may reduce the risk of cancelled reservations because the platform business receives the 

room charge in advance. Moreover, it is very convenient for the hotel that the platform takes all the required 

actions and calculations and simply transfers the payment with the commission deducted. Also, the SW system 

of the platform is open and well-connected to the accommodation system of hotels, which results in a higher 

level of convenience.  

On the other hand, Booking.com has a somewhat low openness of supplier open innovation. As such, the 

platform’s SW system is rarely open to hotels, while the users only make reservations through the platform and 

pay upon arrival, making it a very user-friendly system. It is convenient for users to register at the site and 

subsequently pay the charge. Therefore, users increasingly prefer the Booking.com platform as they become 

familiar with it. The increasing usage of Booking.com in Seoul, Gangbuk, Gangnam and Daegu is a proof of 

such. However, the customer trust improvement of Hotels.com, through promotion, has an effect on user 

retainment. As such, the users are maintained and even the number of users increases as Hotels.com reinforces 

promotion. Therefore, the customer’s trust of Hotels.com is very high (0.9), while Booking.com is relatively low 

(0.5) because the platform is not sufficiently known in Daegu-based or small hotels (see <appendix 1>). 
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5.2.2. Simulation result of Hotels.com and Booking.com platform business models in consideration of the 

industrial characteristics 

 
Figure 10. Simulation results including industry characteristics of hotel bookings in the Korean market 

 

<Figure 10> shows the simulation result wherein Hotels.com would have long been chased by Booking.com 

after a certain time and then taken over by it. This situation is far more feasible in the Korean market.  

 

5.2.3. Additional finding of a simulation result for the industry in consideration of the industrial characteristic 

elements  

 
Figure 11. Additional simulation in the hotel reservation platform within the Korean Market 

 

As shown in <Figure 11>, if customer open innovation is reinforced to the same level as Booking.com (0.9), 

Hotels.com would maintain its superiority for a considerable period. At present, in the Korean market, 

Hotels.com is introducing a new sales strategy to far reduce the commission if existing or new hotel customers, 

who renew or make new contracts, decide to receive a room charge upon the users’ arrival at the hotels. The 

new sales strategy of Hotel.com matches the additional simulation result of this research. 
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6. Regional Development 

6.1. Expanding SW cluster and changing the structure of SW cluster 

First, SW firms in Daegu changed from Daegu Digital Industry Promotion Agency(DIP) Cluster based one 

pole congestion to diverse poles congestion cluster such as DIP, Dong-Daegu Venture Valley, SuSeung Alpa City, 

SungSeu Advance Industry Cluster, 3
rd

 Government United SW center and Techno Police+National Industry 

Cluster like Figure 12. This means that SW cluster of Daegu based on one point has been changed to several 

districts based zone.  

Appstore and Androidstore which are open business model platforms motived emerging of several SW 

districts with diverse target industries such as smart locking system, smart IOT, and smart activating.  

 

 

Figure 12. Expanding of SW cluster of Daegu 

 

   Second, the structure of SW clusters of Daegu changed from hierarchical structure to network structure. As 

Appstore, and Android Store appears, many small and diverse SW firms appeared in Daegu, and the structure of 

SW firms changed from hierarchal structure to network structure like Figure 13. Emerging diversity of SW firms 

in Daegu made hierarchal structure of SW cluster not operate efficiently, and increased for SW firms to increase 

networking with several diverse entities in Daegu SW cluster. Networking structure of cluster motivates quick 

changes of firms to according to the market, global trends, and new emerging industry requirement. 

   The chance of structure of SW Cluster of Daegu triggered several functions. First, Smart contents sectors 

such as Contents Korea Lab, Mobile Game Centre, IT Fusion sports contents centre is appearing. Second, SW 

fusion technology support centre, Medium Size firms cluster, SW developer Welfare Centre are appearing. Third, 

ICT park, and Media Hub are appearing. Fourth, daily health care confirmation zone, local government 

connected living lab, and LOT complex support centre are under construction. 
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Figure 13. Change of structure of SW cluster of Daegu  

 

6.2. Expanding and changing of  Hotels in Daegu  

 

According to Table 6, small hotels including guest house which have history less than 5 years are 

appearing diversely. In addition, big hotels having under 5 years history hotels are appearing together in 

Daegu. These 2 categories hotels are using open business model platforms such as Book.com, or Hotels.com 

more heartily than big hotels having more than 10 years history, or Small hotels having more than 5 year 

history. 

Table 6. Hotels of Daegu (example) which are searched by Booking.com 

category Hotel lists  Characteristics and Channing 

Big Hotels having more than 10 

year history 

Novotel Embessed Hotel 

Hotel Inter Bulgo Daegu 

Hotel Inter Bulgo Exco 

3 

More than 200 bed having 

Hotels which mainly invite 

customers by traditional 

promotions. 

Big Hotels having less than 5 

years 

Hotel Nostel 

Midus Hotel 

Redidence R Hotel 

W Motel 

Charra Hotel 

5 

Even though big hotels, these 

try to invite customers 

through Book.com or 

Hotels.com.  

Small hotels having more than 5 

year history 

ApSan Business Hotel 

I+ Motel,  Motel AER 

7 

Traditional Love hotels 
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NaNa Motel,  Look Motel 

Talk Motel, Pink Motel 

which invite customers 

through traditional  

Small hotels having less than 5 

years 

Good Stay Guest House 

Daoun House 

GongGam HanHok Guest House 

Top Hotel, HaNi Guest House 

The Style Guest House 

Glenz Guest House 

Causal House SoNo 

Good Stay Hero Tel, Gallery House 

The HanOk and Spa 

GongKam DonsungRo Guest House 

February Hotel ApSan 

February Hotel HangGum 

Pan Guest House, BeSta Hostel 

16 

 

Several diverse culture based 

small hotels including guest 

house are emerging. 

These are heartily using open 

business model platforms 

such as Book.com, or 

Hotels.com. 

Source: 2016. May. 27
th

 Booking.Com hotels in Daegu 

 

Hotels in Dauge changed dynamically. Most of all 3 different hotels appeared when Hotels.com and 

Book.com appeared as open business model platform in this industry. Major hotels normally did not use 

platform. If they used them, they focused on Hotels.com. Creative small hotels focused on Book.com and used 

Hotels.com small. 

   Hotels in Daegu showed 3 different trends like Figure 14 such as globalization of major hotel groups, 

diverse business hotel emerging, emerging of creative small hotels by entrepreneurs. These 3 trends have 

relations with open business model platforms. Big hotels in Daegu try to globalize by open business model 

platforms such as Hotels.com, and Booking.com. Diverse business hotels try to conquer weak location situation 

by price advantage which was known by open business model platform. Small creative hotels can easily invite 

customers from Seoul and foreign without any additional marketing cost through open business model platforms 

such as Hotels.com, or Booking.com. 
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 Figure 14. New trends of Hotels of Daegu 

 

 

7. Conclusion 

7.1. Summary 

First, both app store platforms and hotel reservation platforms have the characteristics of a platform business, 

even though they show some differences in supplier open innovation and customer open innovation.  

Second, the platform business has very strong dynamics for a certain period if both suppliers and customers 

have open platforms, which are connected through the casual loop of a feedback loop. That is, strong dynamics 

can lead to a difference in revenue collectability if some elements are changed in the additional simulation. In 

particular, the App Store platform needs to concentrate on the reduced customer open innovation rate of the 

Android market in the future. On the other hand, the hotel reservation platform needs to focus on the strategic 

change of Hotels.com with regard to payment upon arrival. 

Third, the platform business has changed sectorial innovation system of SW industry, and hotel industry. 

These made cluster structure and functions and dynamics in SW industry and hotel industry of Daegu.  

 

7.2. Implication 

First, there can be multiple platforms with different characteristics and levels from the suppliers to the customers 

in the platform business. That is, a single business can develop a business model with several platforms. Thus, 

the practice or analysis of a platform business needs to simultaneously take into account the characteristics, level 

and number of platforms. 

Second, the platform business needs to focus on quick and dynamic changes through the dynamics’ structure. 

That is, the platform business requires an enterprise strategy that considers the structure and conditions of 

dynamic change over time, as well as the result, instead of taking a static approach. 

Third, dynamic change of regional innovation system, or cluster can be motivated by open business model 

platform. Open business model platforms have powerful feedback loops which give dynamics at any regional 

innovation system. 

 

7.3. Additional research goal 

First, this research analysed two limited businesses of the app store and hotel reservation platforms for the 

Korean market, and their effects in Daegu regional innovation system, or Daegu SW , and hotel cluster. 

Additional and comprehensive follow-up research is necessary to have a sufficient budget to target major 
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players of certain industries within the massive global market. 

Second, the open innovation analysis of the platform business is necessary in order to identify the 

characteristics of open innovation for platform businesses where the supplier’s open innovation platform and 

open business model platform serve as representatives in terms of the supplier and customer, respectively. 

Third, different platform businesses are recently and explosively emerging all over the world. It is necessary 

to understand the major platform elements of the platform business by industry, as well as effects to regional 

innovation system, or cluster. 
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Appendix 1 

Interview lists and half-structured questionnaire 

 

1) Interview lists 

Industry Interview date Firm Interviewee Firm 

location 

Home page 

App 

development 

firms 

2015.05.06 Busang Systems Song JuneWoo Daegu www.busang-sysems.com 

2015.05.13 Neuron Works Sin Sun Daegu www.facebook.com/heyyosunny 

2015.05.13 AR Media Works Mun SukHyeon Daegu www.armedia.co.kr 

2015.05.13  Talk Talk Golf Lee BaeHee Daegu www.talktalkgolf.com 

2015.05.14 Fusion Soft You JongWon Daegu www.fusionsoft.co.kr 

2015.05.17 Whale Soft Kim MinSu Daegu www.whalesoft.co.kr 

Hotels  2015.04.29 Daegu Grand 

Hotel 

Choi JunGeun Daegu www.daegugrand.co.kr 

2015.05.14 New Daegu 

Hotel  

Cheai JaeYoung 

Jung 

SeoungHaw 

Daegu www.taeguhotel.co.kr 
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2015.05.15 Young Dong 

Hotel 

No YeunJong Seoul www.youngdonghotel.co.kr 

2015.05.15 Hotel Inter-Burgo Han GiSu Seoul www.ibhote.com 

2015.05.18 GongGam Guest 

House 

Kim YoungHee Daegu blog.naver.com/empathy215 

2015.05.19 IBIS Seoul 

Myeongdong 

Ryu HeJung 

Kim YoungHen 

Seoul 1. www.ibis.com/Myeong-Dong 

 

2) Half-structured questionnaire 

<Hotel interview> 

 Introduce to us the booking channels, situation and volumes of your hotel. 

 Explain to us your usage of Hotels.com and Booking.com. 

 Explain to us the openness of Hotels.com and Booking.com’s system. 

- How freely can you use the system codes of Hotels.com and Booking.com to connect with 

your own hotel system or to customise it for your own usage? 

 Explain to us the relations of Hotels.com, your hotel and the customer. 

 Explain to us the relations of Booking.com, your hotel and the customer.  

 Explain to us the changing trends of total booking, usage of Hotels.com and usage of Booking.com in 

your hotel. 

 Explain to us the special characteristics, strengths and weaknesses of Hotels.com. 

 Explain to us the special characteristics, strengths and weaknesses of Booking.com. 

 What is your opinion on the future of Hotels.com and Booking.com?  

 What is the effect of this business model to cluster? 

 

<App development firm interview> 

 Introduce to us your firm’s development history of Google Android apps and Apple apps.  

 Explain to us your history, situation and ability of developing free and paid Apple app/s.  

 Explain to us your history, situation and ability of developing free and paid Android app/s. 

 What kinds of special characteristics, strengths and weaknesses did you find when you developed and 

uploaded your Apple app? 

 What kinds of special characteristics, strengths and weaknesses did you find when you developed and 

uploaded your Android app? 

 Did you see any changing trends in Apple’s App Store and Google Play’s system and policy? 

 What is your opinion on the future of Apple’s App Store and Google Play? 

 What is the effect of this business model to cluster? 

 

 

Appendix 2 

Numeric formulae for modeling 

1) Supplier= suppliers / verified supplier, Initial Value 100 

2) Platform= RANDOM NORMAL( 10, 10000, INTEGER(verified supplier + revenue collectability) , 

openess to customers, 100), Initial Value 100 

3) Users= openess to customers, Initial Value 100 

4) Openness to suppliers= (SMOOTH ( suppliers, 10)) * supplier openness rate 

5) Percentage of verified supplier= IF THEN ELSE( supplier openness rate * (1+technology capability) - 

customers openness rate >= 0 , -10 , 10 ) 

6) Verified supplier = DELAY3(percentage of verified supplier * suppliers, 3 ) 

7) Revenue collectability= SMOOTH( openness to suppliers * users * customers openness rate, 10) 

http://blog.naver.com/empathy215
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8) Openness to customers= platform * customers openness rate * (1 + user trust) /total transaction 

9) Total transaction= suppliers + platform 

10) User trust=0.1 

11) Technology capability=1 

12) Supplier openness rate= low 0.1, middle 0.5, high 0.9 

13) Customers openness rate=low 0.1, middle 0.5, high 0.9 
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Abstract

We created conceptual models that people may use to analyze and forecast the
dynamic effects of open innovation, which we applied to the smartphone sector
using a model-based analysis approach. In addition, we built an open innovation
simulation model for the smartphone sector. The dynamic model of open innovation
linked logic and concepts relating to open innovation, complex adaptive systems,
and evolutionary change. The model can be used to analyze the dynamic effects of
open innovation strategies and open innovation simulation for the selection of
future strategies.

Keywords: Open innovation, Complex adaptive system, Evolutionary change,
Smartphone

Research question: background
As the knowledge-based economy develops, the amount of knowledge in the world

rapidly increases along with the velocity of circulation. Firms are increasingly utilizing

not only their own technologies, but also external knowledge and other technologies.

In addition, the open innovation phenomenon is rapidly spreading into many indus-

tries, nationwide, and worldwide, as firms provide their unused technologies to be uti-

lized by others. User innovation, customer innovation, collective intelligence,

crowdsourcing and open source innovations will be referred to as open innovation

(OI) in that they are innovation based on the transfers across the boundaries of know-

ledge and technology. The life cycles of cutting-edge products are becoming shorter

and shorter, and brand-new products of firms are routinely being imitated by others.

This is called the commodity trap and is getting increasingly common. Consequently,

as a process enabling the relentless innovation of technology, OI is receiving more and

more attention (D’Aveni 2010). Given this situation, we wanted to answer the following

questions.

What kind of dynamic effects can be drawn out from complex innovation systems

and market evolution driven by OI strategies and open business models for firms?

What is the trend in the modern smartphone sector, with particular focus on the

strict competition among Apple, Samsung, and Nokia?

Here, we will build up a model that can be used to analyze and forecast the dynamic

effects of open innovation and apply it to the smartphone sector using a model-based
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analysis and an agent-based modeling (ABM) simulation. We will search for solutions

to the following specific questions by building up a dynamic model of OI.

1) What kind of effects can OI at a firm level, give to and take from, complex adaptive

systems, such as the national innovation system (NIS), regional innovation system

(RIS), and sectoral innovation system (SIS) (Nelson and Winter 1982)?

2) How can firms escape falling into the commodity trap and suffering from a

harmfully shortened product life cycle when engaged in the dynamic process of

open innovation?

3) How do a dominant design and technological regime appear, change, and disappear

in the dynamic process of open innovation?

4) What is the status of specific technologies, or other knowledge selected by firms, in

the market during the dynamic process of open innovation?

With this study, we seek to set up a theory about the whole process by which open

innovation (OI) is realized at firm level. Concretely speaking, it is a theory about all the

processes by which new ideas or technologies are adopted by a firm, how they are used

to create new products or processes, and how, in the end, they are incorporated into a

dominant design. More industries are increasingly confronted by the peril of the com-

modity trap in which imitation or the pursuit of cutting-edge products is made within

very short time frames. For this reason, a firm needs to dynamically analyze the impacts

of its own OI strategy at the introductory stages of new knowledge, technologies, or

ideas. In analyzing the open innovation of a firm, we cannot fully understand and

analyze the whole open innovation process without analyzing the dynamic process of

specific OI strategies. First of all, concrete OI strategies of firms, and analyses of the dy-

namic processes involved, are more important than ever. OI, at a firm level, is no lon-

ger an option but a must for the survival of not only corporate giants, the likes of IBM,

3M, or Intel, but also of small and medium enterprises (SMEs; Vrande et al. 2009;).

Literature review
The need for a new approach for firms to deal with the increasing OI phenomenon in

the form of strategies, business models, user innovation, collective intelligence, and

crowdsourcing, is on the rise. Firms need new ways to escape the commodity trap and

to prevent injury from short product life cycles.

There is also a need for connections within OI, at a firm level, complex adaptive sys-

tems, such as RIS, SIS, and NIS, and an evolutionary change in markets. There needs

to be a research framework aimed at solving this problem. Finally, we want to under-

stand the total cycle of innovation in firms: from new ideas to new products and from

a dominant design to the choice of the technological regime (Lee and Lim 2001). The

following are theories intended to answer these questions (Heredero and Berzosa

2012). First, resource- and knowledge-based theories treat OI as a way to exploit re-

sources and knowledge complementarities (Mowery et al. 1996; Das and Teng 2000;

Nonaka 1994; Simon 1991). This resource-based perspective focuses on strategies for

exploiting existing firm-specific assets (Teece et al. 1997). Well-known companies, such

as IBM, Texas Instruments, Philips, and others appear to have followed a “resource-

based strategy” wherein they accumulate valuable technology assets, often guarded by
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an aggressive intellectual property policy (Teece et al. 1997; Shuen 1994). However, this

theory cannot explain the dynamic changes that originate from occurrences, such as

the commodity trap and shortened product life cycles.

Second, according to the Transaction Cost Theory, open innovation will decrease

transaction costs through vertical disintegration of firms. This theory was derived from

the Coase Theorem and New Institutional Economics (Coase 1937; Williamson 1991;

Kogut 1988; Jacobides and Winter 2005). Although this logic does not concentrate on

the strategy of a firm, it coincides with the direction of this study where it focuses on

establishing and analyzing a model of the dynamic process of open innovation. But

what the Transaction Cost Theory can explain is not the dynamics but just the useful-

ness of OI in restricted areas, such as cost reduction (Jacobides and Winter 2005).

Third, the history-friendly model might be used to analyze and predict dynamic

changes in economic phenomena through history divergent simulation by a history rep-

lication method (Malerba et al. 2001; Malerba et al. 1999a, b, 2001, 2008; Nelson and

Winter 1982; Yoon and Lee 2009). However, the basic analysis target of the history-

friendly model is not a firm but a sectorial innovation system. Consequently, it has

limits for the simulation analysis of the dynamic process caused by OI at a firm

(e.g., business model or strategy). After all, the analysis beyond history replication

is left in a black box because this theory has adopted an approach based on simu-

lation at the level of sectorial innovation system. Our study focuses on the analysis

of the black box itself, the dynamic change that OI brings about to a firm.

Fourth, according to the Dynamic Capabilities Theory, collaborative innovation is

established to develop the dynamic capabilities of a firm, and thus, enhances its com-

petitive advantage. This theory was proposed and developed by several firm strategy re-

search groups and Schumpeterian economists (Teece and Pisano 1994; Teece et al.

1997; Teece et al. 1997; Arthur 1994). The dynamic capabilities framework analyzes the

sources and methods of wealth creation and capture by private enterprise firms operat-

ing in environments with rapid technological change (Teece et al. 1997). According to

this theory, the competitive advantage of firms is seen resting on distinctive processes

(e.g., ways of coordinating and combining) shaped by the specific asset positions of

each firm (e.g., portfolio of hard to trade knowledge assets and complementary assets)

and the evolutionary paths it adopted or inherited (Teece et al. 1997). But dynamic

Capabilities Theory cannot directly explain the trigger of dynamic capabilities. There is

no sufficient explanation to the starting point of the introduction of new ideas, know-

ledge, or technology, as a dynamic activity performed by a firm. To discuss dynamic

capabilities at a corporate level, our study seeks to build up a model of the dynamic

processes involved in OI to analyze those processes, starting from the decision of a firm

to adopt an OI strategy, and then apply it to the current smartphone sector.

Fifth, evolutionary theories of business activity note that some firms struggle to meet

the demands of their environments and reside at the margins of survival (Fortune and

Mitchell 2012). In turn, selection processes remove struggling firms from the business

landscape, if they fail to improve (Nelson and Winter 1982; Aldrich 1999). According

to this theory, firms survive by overcoming the obstacles as they dissolve their obsolete

skills or assets and by acquiring required new skills or assets (Fortune and Mitchell 2012).

However, this theory does not well explain both radical innovation, which arises fre-

quently and appears in unpredictable ways, and acquisition and dissolution aimed directly
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at knowledge and technology, in a knowledge-based age. In other words, what is required

is a direct analysis of the concrete dynamic processes at a corporate level. Thus, our study

seeks to find out how evolutionary technology management and strategy, i.e., open

innovation technology management strategy at a corporate level, evolves in a complex

adaptive system.

For all these reasons, we need to develop a theoretical concept model that can explain

the processes from open innovation of new ideas or technology to the appearance of a

dominant design and the evolution of NIS, RIS, or SIS. The growing literature on strategic

alliances, the virtual corporation, buyer-supplier relations, and technology collaboration

indicates the importance of external integration and sourcing (Teece et al. 1997). Namely,

there is a growing necessity to analyze the dynamic process of open innovation, which is

the subject of this study.

Model building: methods
There is a deep relationship between these three factors (open innovation, complex

adaptive systems, and evolutionary change) and they are arranged in a conceptual order

based on the name of the model, not in a temporal order. Conceptually, open

innovation at a firm goes through a complex adaptive system and then leads to evolu-

tionary change. However, in reality, a specific complex adaptive system can trigger OI

through evolutionary properties at any given firm. The OCE conceptual model in Fig. 1

is based on the conceptual order that is needed to analyze the dynamic changes trig-

gered by OI at an individual firm.

The basic agent of open innovation is the firm. The agent chooses action based on its

own independent judgment. Its actions influence other agencies or environments, and

also be influenced by agencies and environments. In that sense, social organizations,

individuals, and governments can be agents of open innovation as well. Firms make

various degrees of open innovation (incremental to radical, inbound or outbound)

through diverse channels and corporate open innovation influences NIS, RIS, and SIS.

The complex adaptive system exhibits various levels of emergence from price or

product differentiation to change in dominant design or even emergence of new

Fig. 1 OCE model concept
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sectors. The complex adaptive system influences evolutionary change in corporate open

innovation by way of strange trigger. This might include a certain degree of accordance

of fascinating customer groups with the technology regime, technological capabilities of

related SIS, RIS, or NIS, and the existence and level of rival firms or suppliers. Of

course, unique historical heritage, location, ecosystem, or environment of the

innovation system are unique features, which work as an strange trigger with certain ef-

fects on the diverse OI activities of a firm.

Corporate OI goes through evolutionary stages in the market, blooming into various

types and levels of emergence, or being influenced by strange triggers, under complex

adaptive systems. The basic locus of evolution is a market. Corporate OI shows up as

dominant design thanks to various evolutionary factors (e.g., economies of scale and

scope, economics of networks, or open business models). After all these, corporate OI

creates a market lock-in, by initiating path dependence and forming a technology re-

gime. The degree of corporate OI creates a variety of evolutionary effects according to

the degree of complexity of the complex adaptive systems.

This OCE conceptual model can be analyzed by case studies. Furthermore, the OCE

agent based model (ABM) can be built to simulate the situation (Carcia et al. 2007). It

is based on the premise of building the model to analyze the courses of open

innovation, the complex adaptive system, and evolutionary change, starting from strat-

egy at a corporate level.

We will now assemble the OCE model in three stages. First, we will build up

open innovation factors, processes, and their connections with complex adaptive

systems. Second, we will build up diverse complex adaptive system factors and

their relationships with open innovation and evolutionary change (Yoon, and Lee

2009;). Third, we will construct evolutionary change that results from a complex

adaptive system and its interaction with open innovation (Malerba et al. 1999a, b,

2008).

Open innovation in the OCE model

All innovation based on the inflow and outflow of technologies, knowledge, and ideas

crossing the boundary of firms, is considered “open innovation”, which is the intended

target of the OCE model.

On one hand, it is a fact that the concept of an agent of open innovation has under-

gone substantial change over time. Schumpeter thought of an entrepreneur, a person,

as the agency of innovation in the initial stage of his research, and a large company as

the agency in the latter stage (Schumpeter 1934, 1942). After a discussion of the strat-

egy at a corporate or national level was activated by Porter (1980, 1990), approaches to

open innovation strategy in institutes, such as firms, social organizations, or govern-

ment agencies, have also been discussed, analyzed, and carried forward diversely in dir-

ect or indirect methods. In the discussion centered on the firm as the basic agent in

OCE model analysis, open innovation inside the firm becomes the target of its strategy.

On the other hand, open innovation outside a firm, which can result in a market or

system failure, is the target of government policy.

The OCE model, as an open innovation channel, takes into consideration the factors

on the technology-pushed side, as well as the factors on market-driven side (e.g.,
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collaboration, acquisition and merging, licensing, customers, suppliers, competing

firms, university and national research laboratories, etc.). In reality, an apparent disjunc-

tion between changes in technology and productivity can be observed, for instance during

the so-called “productivity paradox” of the 1980s and 1990s (Tunzelmann and Wang

2007). The reason is that, first of all, in shaping production function, traditional theories

or the Dynamic Capabilities Theory failed to take into consideration the source of new

knowledge and technology. It is not only the capabilities of producers that should be

taken into consideration as bases of productivity or dynamic change but also the capabil-

ities of consumers (Tunzelmann and Wang 2007). One of the important considerations in

the OCE model is the various channels through which knowledge and technology flow in.

For example, open innovation considers merging and acquiring (M&A) as an open

innovation channel to acquire tacit knowledge. The embeddedness of key capabilities and

the knowledge that they embody, often motivate firms to acquire an entire entity to obtain

these capabilities, as opposed to simply licensing specific goods or hiring employees

(Capron et al. 1998). In fact, the higher the level of corporate scale a firm has, the more it

seeks complete, open innovation, including tacit knowledge as well as codified knowledge

through M&A.

From the corporate viewpoint, the degree of OI varies from incremental, representing

the improvement of existing products, to radical innovation, representing the launching

of completely new products on global markets as well as into domestic markets.

The difference in the degree of OI causes the appearance of the emergence at various

levels of the complex adaptive system (CAS). Regarding the relation between the level

of OI and corporate achievement, there is a reverse U-curve in the quantitative analysis

of the relation between the OI and corporate achievements of a great number of firms

(Laursen and Salter 2006). However, the relation between the degree of corporate OI

activity and corporate achievement will vary according to the corporate environment

(Drnevich and Kriauciunas 2011). Namely, it is useless to make a quantitative analysis

of the relation between the degree of corporate OI and achievement. Rather, it is rea-

sonable to make an analysis of the dynamic process of the corporate OI strategy, that

is, the process for achieving the OI strategy of a specific firm, which is what OCE

model analysis is intended for.

Quantitative analysis of the determinants of OI showed a variety of factors that deter-

mine the success of OI, such as attitude toward openness, entrepreneurship, internal

system for openness, and capability for corporate absorption (Yun and Mohan, 2012a).

Of course, the RIS, NIS, or SIS under which a firm functions (as factors external to the

firm) were presented by way of a quantitative analysis of factors to determine the level

of achievement of OI. According to an OCE model approach, related to the analysis of

the processes of dynamic change resulting from a corporate OI strategy, corporate

achievement is not determined by the specific factors of open innovation. Rather, the

factors that determine corporate achievement during the dynamic processes of OI work

differently, and in some cases, the same factors have quite different effects. Namely,

only through an analysis of the dynamic effects of open innovation is it possible to find

the concrete factors that influence the achievement of OI, at a corporate level, and to

analyze this influence.

On one hand, the degree of corporate OI determines how well the firm catches up

with the leading firm in the belonging sector. Catch-up strategies basically assumes
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three patterns, namely, path-following catching-up, stage-skipping catching-up, and

path-creating catching-up, which have target sectors of other national innovations

(Lee and Lim 2001). In a knowledge-based economy, when a technological life

cycle is being shortened, technological catch-up types move from path-following

catching-up based on a closed innovation strategy to stage-skipping catching-up,

pursuing a medium degree of open innovation and a path-creating catching-up pat-

tern with a high degree of open innovation. The higher the degree of corporate

OI, the more rapidly and creatively a related firm can catch up. The model to de-

termine a catch-up pattern includes, as internal determinants, factors representing

OI, an example of which is an access to an external knowledge base or other avail-

able knowledge and resources.

Complex adaptive systems in the OCE Model

Currently, the topic of complexity is attracting a great deal of interest, but there re-

mains a question of what can be said meaningfully about complexity (Simon 1995).

There are several complexity theories like Chaos Theory in mathematics that deal with

the complexity of nonlinear dynamic systems whose long-term behavior is unpredict-

able. Systems theory, which possesses many interacting components, deals with another

form of complexity. There is also the Computational Complexity Theory that uses

agent-based modeling. This theory is applied to physical and economic issues all to-

gether. Complex systems arise naturally in the economy because economic agents,

whether they are banks, consumers, firms, or investors, continually adjust their moves,

purchasing decisions, prices, and forecasts in response to the situations these moves, deci-

sions, prices, or forecasts create in the market (Arthur 1999, 2009). The complexity in this

study includes computational complexity as it uses a computer for analysis. The factors

used to configure the system respond to and have an influence on the system itself. For

this reason, it is called a complex adaptive system (Fleming and Sorenson 2001). Enter-

prises, which are representative agents and which make up complex systems, are not just

collections of production factors, they are “repositories of competence” that create, coord-

inate, and deploy knowledge. In this case, it is the knowledge of the “specific connections

that seem to work in a particular environment” (Potts 2001).

The degree of complexity of a complex adaptive system is shown concretely by the

degree of competition between firms or institutions in that system (Choi et al. 2001;

Surana et al. 2005). Complexity arises when the dependencies among the elements be-

come important, and complex adaptive systems are composed of interacting, thoughtful

agents such as firms, customers, or banks (Miller and Page 2009).

Complex adaptive systems usually operate for a global optimum, and exhibit many

levels of aggregation and interaction (Holland and Miller 1991). Innovation systems are

themselves complex adaptive systems composed of complex structures of complex pop-

ulations (Kastelle et al. 2009). There are several kinds of complex adaptive systems in

innovation systems, among them are the national innovation system (NIS), the regional

innovation system (RIS), and the sectoral innovation system (SIS). The complexity of

NIS as a complex adaptive system varies among countries. In the end, the results of

corporate OI can determine the creativeness and complexity of the NIS. The differences

in the creativeness and complexity among NISs are determined by corporate open
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innovation, while the degree or level of corporate OI is influenced by the institutions that

form the NIS. As a complex adaptive system, the NIS is a reflection of the firms, major af-

filiated agencies, complementarities, self-organization, and proper emergence of the com-

plex adaptive systems in it (Manzini 2009).

Meanwhile, the OI of firms can determine the creativeness and complexity of the be-

longing RIS. At the same time, the openness and creativeness of the belonging cluster

or RIS, can determine the degree of OI of the firms (Cooke 2005). For example, in

Taiwan, the foundation of the Hsinchu Cluster in which knowledge, technology and

capital are free to flow through connections to Silicon Valley, is ascertained through

the activation of diverse OI activities of the belonging firms (Saxenian and Hsu 2005).

Corporate OI can increase the creativeness and complexity of a specific sector, while

the sectoral innovation system determines the OI of the related firms. Although corpor-

ate OI has an effect on the improvement of corporate differentiated competitiveness, it

increases the complexity and creativeness of the SIS if it is combined with various posi-

tive feedback loops, such as economies of scale, network effects, and open innovation

business models. If this occurs, the existing dominant design in the related SIS fades

away, and fierce competition occurs to establish a new dominant design. Dominant

firms of the belonging SIS change rapidly, new markets are set up, or the initial market

size and the SIS scope rapidly expand. In the end, the sectoral specificities in the geog-

raphy of a corporate location are determined by corporate OI, that is, how the firms in

the SIS combine their knowledge, technology, and manufacture of products (Bottazzi et

al. 2005).

Complex adaptive systems (NIS, RIS, or SIS) lead open innovation of firms in specific

directions. The existence of a fascinating customer group in some sectors plays the role

of an strange trigger, and this makes innovation systems accept the OI made in the sec-

tor more easily. Triggering effects may also occur in the case of innovation systems

with R&D capabilities and technology capabilities focused in the related sector. Certain

firms may influence universities by funding, while national university systems crucially

affect the competitive advantage of firms in the global market (Francisco et al. 2007).

The features and properties of an innovation system act as determinants of acceptance,

regarding both the degree and direction of OI of individual firms.

Political intervention by governments is required to enhance the level of openness in

complex adaptive systems, or to promote the activation of NIS, RIS, and SIS, through

knowledge production, distribution, and consumption. To fix a system failure is to con-

nect technology to markets continuously by making sufficient knowledge and technol-

ogy available in the innovation system. Government intervention in system failures of

complex adaptive systems is aimed at promoting the OI of individual firms. Conse-

quently, the core responsibility of a government is to build an open NIS, open RIS, or

open SIS, which in turn produce and distribute new knowledge and technology into

the innovation system by enhancing the complexity of the complex adaptive system,

that is, the openness of the innovation system.

Evolutionary change in the OCE Model

Evolutionary economics inherited from Schumpeter’s legacy involves coevolution of na-

tional industries, technology, and institutions, such as universities, research laboratories,
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and patents (Nelson 1994). This study does not analyze evolutionary results at the level of

the economy, but looks at evolutionary effects reached as a result of differentiation strat-

egies by which OI is established at a specific firm. At the current rates of growth in know-

ledge, rates of its use and formation of positive feedback loops of new types (e.g., SNS),

and the selection of OI strategies at a corporate level, produces rapid evolutionary results

in markets. This phenomenon, the evolutionary results from OI at corporate levels in

markets, is applicable not only to large, market-dominating companies, but also to SMEs.

Before firms could carry forward OI strategies, they should check the evolutionary effects

of related OI strategies, which are linked to corporate competitiveness and profits. The

time frame from open innovation to evolutionary results is being shortened very sharply.

How cutting-edge, new technological products face falling into the commodity trap in

such short times is the proof of the current, shortened, technology life cycle.

An evolutionary model of technological change is proposed in which a technological

breakthrough, or discontinuity, initiates an era of intense technical variation and selec-

tion, culminating in a single dominant design product (Anderson and Tushman 1990).

Namely, the pinnacle of evolution in innovation is the very formation of a dominant

design. A dominant design goes through a variety of incremental technical progressions

according to the differentiation strategies of many firms, by way of open innovation. A

dominant design is not fixed. It goes through an evolutionary process created by the OI

based on the discontinuous technology of a firm, and then forms another dominant

design.

Companies with the best products will not always win, as chance events may cause

“lock-in” of inferior technologies (Arthur 1983). The process from dominant design for-

mation to its lock-in is the evolutionary result of open innovation based on new know-

ledge and technology. Various dynamic evolutionary powers trigger the process from

dominant design formation to its lock-in. Similar to biological evolution, the evolution

of markets related to technological innovation is never locked-in forever. While switch-

ing costs may favor the incumbent during rapid technological change, switching costs

can become quickly swamped by switching benefits (Teece et al. 1997). Increasing

returns, network effects, economies of scope, and open business models are the forces

that enable switching benefits to surpass switching costs.

In economics, positive feedback arises from increasing returns (Arthur 1994).

In economies, a positive feedback loop is the driving force making a specific

technology win a position of a dominant design on the market and then creating

a lock-in. The market mechanisms that make up this positive feedback loop are

economies of scale, economies of scope, economies of network, and open busi-

ness models.

Economies of scale are a positive feedback loop on the supply-side that increases

supply so long as profit increases in direct proportion to the increase in supply. In

cases where increasing returns are caused by economies of scale, a lock-in for

current technology occurs. If one among the competing technologies happens to

be adopted by historical events, and increasing returns are created through econ-

omies of scale, this technology becomes a dominant design and gradually becomes

locked-in (Arthur 1989).

Economies of scope are another positive feedback loop on the supply side. It

is more efficient for a single supplier to supply a variety of products than for
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different suppliers to supply products singly in the same product field. This

logic also justifies M&A in microeconomics. When various new types of open

innovation occur in a traditional manufacturing industry, they undergo an evo-

lutionary process to a dominant design and a lock-in through economies of

scope. However, evolutionary phenomena, based on economies of scale or

scope, lose their power the moment the positive feedback stops. If alternative

technology appears suddenly through the OI of another firm, and is powered

by the positive feedback loop, the existing dominant design can disappear sud-

denly (Anderson and Tushman 1990).

Economies of network form a positive feedback loop on the demand side. Demand

increases geometrically as the bandwagon effect occurs in proportion to the increase in

demand. For example, as the number of Microsoft (MS) office users grows, more

people are likely to use it. In addition, the exchange and distribution of documents,

which were produced by MS Office, becomes more convenient. Accordingly, the num-

ber of users of MS office increases more. A variety of social network systems (SNSs,

such as Facebook, Twitter, and KakaoTalk) also have positive feedback loops based on

economies of network. A creative open innovation based on a new idea evolves into a

new dominant design if it is powered by a positive feedback loop thanks to the econ-

omies of network based on fortuitous initial users. This positive feedback loop on the

demand side has a relatively solid and long-term sustainability. Sales of the QWERTY

keyboard have been solidly sustained through keyboards that are more efficient, and it

has been developed since it evolved into a dominant design based on the economies of

network. Such long sustainability is possible if a new idea reaches the status of domin-

ant design because of the economies of network and even a minimal, steady effect from

economies of scale is present at some level.

An open business model has features similar to an evolutionary game. It refers

to a phenomenon in which there is a positive feedback loop wherein consumers of

products turn into producers of products, then, the said producers turn back into

consumers, now concentrating more on related products. For example, the Apple

App Store is an open business model where consumers of Apps may turn into

producers of Apps then go on to consume more Apps (Chesbrough 2006). Namely,

it is a positive feedback loop in which economies of network coincide with econ-

omies of scale on both the demand and supply sides. Apple’s iTunes, iBook, and

Passbook also possess features of open business models. In the case of firms reach-

ing a dominant design through evolution by use of an open business model, it has

a very solid evolutionary quality even if this may not cause rapid growth like that

based on economies of scale (based on supply). Its positive feedback loop is made

relatively stable by economies of network (demand), and considerable self-supply

occurs simultaneously as some consumers become producers as well. In the posi-

tive feedback loop of an open business model, consumers turn into suppliers and

supply diverse products that are not comparable with those produced due to econ-

omies of scope.

The smart phone market case: results and discussion
We will apply this model to three agents in the smartphone sector (Samsung, Apple,

and Nokia). In this OCE conceptual model of the smartphone sector, we will analyze
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the open innovation of the three agents, the appearance of the complex adaption sys-

tem, and the evolutionary change in the sector.

Second, we will build up an OCE simulation model based on ABM, then, simulate

the open innovation of the three major agents, the changing of smartphone sector at

complex adaptive system, and the evolutionary change in the market. Based on these

OCE models (conceptual and simulation), we expect to explain the reality of the smart-

phone sector in more detail, and then create appropriate strategies or policies for each

major agent.

This OCE conceptual model is intended for the smartphone sector, and the agents

Samsung, Apple, and Nokia. The target of analysis is limited to these three firms, and

its scope to the smartphone sector. The interval of this analysis covers from the release

date of the iPhone, from 11st June 2007 to 30th November 2012.

First, let us look into the open innovation of three firms. Samsung’s OI strategy is in

total contrast to that of Apple’s. Most core components of the hardwares of the smart-

phone depend on self-production (i.e., processor, camera module, display, and commu-

nication module, are all produced by Samsung, with its own assembly line operation)

and assembly in the cities of Suwon, Asan, Tangjeong, and Gumi in Korea. Further-

more, almost all smartphone hardware production personnel are full-time workers. By

retaining a large number of smartphone hardware research personnel, Samsung gained

second position after IBM for achievements in patent applications and registrations in the

U.S. In this area, Samsung is fully focused on self-development (R&D, production, and as-

sembly) of the four major components, based on closed innovation. This closed

innovation strategy enabled very rapid development of new models of smartphone hard-

ware. Samsung has used a strategy of diversification to various sizes and styles of hard-

ware, and has created new markets based on five-inch smartphones and the smart pencil.

However, Samsung pursued quite a different strategy for its smartphone software.

When Samsung, which enjoyed market dominance second only to Nokia in the feature

phone field, entered the smartphone industry, it did not have a smartphone operating

system (OS). Because of this, Samsung pursued the strategy of allowing global enter-

prises to provide diverse software for its smartphone, and of producing the smartphone

hardware for itself. It licensed Microsoft Windows, which had overwhelmed the exist-

ing global computer OS market, and released the Omnia Phone around June 2009,

soon after the release of Apple’s iPhone. In the end, Samsung introduced Google an-

droid OS for its own smartphone and arrived at global success. Later, Samsung devel-

oped the Bada OS based on the Open Source Software of Linux. Bada OS was applied

to the Samsung Smart TV, which then overwhelmed the global market, and to its

smartphone targeted at the EU market. Samsung then launched a joint development of

the new smartphone OS for a new global market with Nokia. As Nokia’s smartphone

OS strategy is currently changing, Samsung is gearing up to develop the new smart-

phone OS Tizen based on open source software with a Linux foundation, and with

Intel as a major partner for the joint development. Now, again, Samsung is preparing

to develop and release a smartphone utilizing the MS Windows 8. Samsung is pursuing

typical OI strategies for the development of smartphone software (e.g., OS based on

open source, licensing MS OS, and joint R&D with Nokia and Intel).

Next, let us look at the process by which Apple developed its smartphone. Its OS was

developed by a typical closed innovation method. By performing R&D based on OS
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capabilities accumulated while developing the iPod, iTunes, and the Apple computer,

Apple entered the smartphone OS field and continues to develop products there, now

going forward to version iOS6.0. It is perfecting the concept of OS by developing a sin-

gle OS for both SmartPad and smartphones. It is also showing competitiveness by con-

tinuously adding to diverse open business models based on its OS (e.g., News Board,

iTunes, iBook, Passbook, and iTunes). Besides this, it is upgrading its ever-

differentiating OS functions (including voice recognition functions, such as Siri), more

frequently than any other smartphone-manufacturing company.

In contrast to its software strategies, Apple pursues open innovation strategies for

outsourcing almost all of its hardware (display, processor, camera module, and commu-

nication module) and assembly. Apple outsources almost all its hardware needs to

companies that have the best technology and patent holdings in the world (Samsung

for its processor, LG for its display, and the camera module from a Japanese firm) and

has its assembly done by firms in Taiwan and China. Apple retained major product

concepts, core design patents, and system patents related to smartphone hardware.

Apple, with its OI-type hardware expansion strategy, has supply cycles of at least 1 year,

which is relatively long in this market. Consequently, Apple’s smartphone hardware is

not particularly diverse.

At the time the Apple iPhone appeared, Nokia reigned supreme in the global feature

phone and smartphone markets. In fact, Nokia developed the world’s first smartphone

hardware called “Simon.” It first appeared in the “Wireless World Conference”, an inter-

national mobile phone exhibition in 1993. This smartphone was like an ordinary mobile

phone, equipped with the first LCD display and an embedded PDA.

However, Nokia dominated the global feature phone market and became the leading

developer of the smartphone; it failed to create a strategy to lead the smartphone

market.

At the time, Nokia was also dominating the global market in the field of smart-

phone OS through the Symbian. The Symbian OS was released in 2001, long be-

fore smartphones became popular. Although it used to have a market share of

about 80 % as the top smartphone OS, it has been losing popularity. Although it

had decreased, it still had a market share of 41 % as of October 2010. Since Nokia

was first, it had a big lead over its rivals. Because Nokia released Symbian as an

open source OS in 2008, it has been managed by a foundation in which the major

global mobile phone makers participate. Nowadays, some members have opted out

making the OS in danger. In particular, it lost out to Apple and Google on user

interface (UI) and outsider developer support, which has forced it to catch up. The

Apple iPhone significantly advanced smartphone development with its LCD moni-

tor OS that made multitouch possible, and then developed a facile development

tool support system and developer system through its App Store. Compared to

this, Symbian is clearly outdated. In order to improve its smartphone OS strategy

(but still based on its own OS), Nokia started a new OS development project with

Samsung, but later called it off. Later it switched to an MS OS-based smartphone

strategy. Recently, it released its Lumia smartphones based on MS Windows 8. As

Nokia changes not into a multiple OS strategy as Samsung did, but into an MS

OS-based strategy, the global market share of the Symbian OS is decreasing

rapidly.
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In other words, Nokia is stuck with a closed innovation strategy for its own smart-

phone OS, and a similarly closed innovation strategy for its own smartphone OS. As a

result, the sales of Nokia, which used to be the world’s largest smartphone maker, are

rapidly dwindling.

Second, let us move to the complex adaptive system of the smartphone sector. Sam-

sung has deployed a smartphone OI strategy focused on software. A variety of phones

are differentiated and released to meet the requirements and expectations of each re-

gion. The same OS is used for all the various sizes and types of smartphones. Using this

approach, Samsung has succeeded in the development of new smartphones (e.g., one

with a note-taking feature, one with a five-inch screen, and a Bada OS-based

European-style smartphone), which have features different from those of other firms. In

the smartphone sector, Samsung has supplanted Nokia, and has now become an effect-

ive global competitor of Apple.

Apple has done a great deal to create the global smartphone sector, through its OS-

based OI strategy focused on hardware. It has created smartphone-dominant designs

with leading features (i.e., telephone, internet, touch screen, and mobile music service)

through iPhone. Furthermore, it created a new SmartPad sector with its iPad.

Nokia failed in open innovation on both the sides of hardware and software. Though

it was the leading developer in the smartphone sector, it failed to develop a global dom-

inant design in that sector and has since watched its initial market share rapidly

decrease.

It is certain that the smartphone sector is itself a typical complex adaptive system. As

the scale of the sector market has expanded, parts of the old sector have become en-

tirely new sectors. This smartphone sector has such a high degree of complexity that

its domination has changed rapidly from Nokia to Apple and Samsung. In terms of

dominant designs, new ones have appeared and previous ones disappeared, before the

new ones have even settled down.

We will now analyze the evolution of smartphone sector.

Apple formed its positive feedback loop based on an open business model. For ex-

ample, some consumers of iPhones developed iPhone applications and uploaded them

to the iPhone App Store, and because of this, the roles of the consumers of iPhones

and of iPhone applications, were strengthened. Similar to the evolutionary game theory,

the open business model allows consumers to turn into producers, and producers to

turn back into strengthened consumers. The open business model does not show the

phenomenon of exponential increase unlike the positive feedback loops provided by

supply-side economies of scale and scope. However, it has a structure that is increased

by the number of smartphone users, based on the foundation that the correlated eco-

system is expanded cumulatively and the intensity of usage by users becomes greater.

In other words, although the positive feedback loop based on the open business model

does not allow such rapid growth as do economies of scale, the intensity of usage by

consumers is extreme. The number of users increases greatly and enables the formation

of a new smartphone ecosystem that will not break up easily.

Samsung, by creating a positive feedback loop on the supply side through econ-

omies of scale and scope, has created evolutionary results: early differentiation

attained became a dominant design, which then evolved into a lock-in. The econ-

omies of scope have made access to various types of smartphone hardware easy in
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relatively short cycles, based on very diverse OS. In addition, Samsung has suc-

ceeded in producing smartphone hardware that is competitive in quality and price

through economies of scale attained by large-scale production based on closed

innovation.

Nokia created its initial economies of scale before the supply side of the smartphone

industry was well developed. As new concepts and differentiated smartphones ap-

peared, those initial economies of scale disappeared rapidly. Recently, Nokia has

attempted to make a comeback by releasing a new smartphone OS, MS Windows

8. By using an OS based on Windows 8 (Web-based, similar to MS Office), this

move is expected to enable economies of network. In this case, what is expected is

that the vast numbers of Windows consumers will become favored users of the

new Nokia products. If Nokia succeeds in creating economies of network based on

new consumers in the mobile sector using MS Windows 8, it will be able to form

a positive feedback loop much stronger than what could have been created by

supply-side economies of scale or scope.

OCE model simulation: results and discussion
The OCE ABM simulation predicts future business results created by the selection of

different OI strategies by competing firms. This simulation model was developed based

on the results from analyzing the current OCE conceptual model. In addition, the OCE

ABM model was aimed at predicting the market share of each firm among competing

Fig. 2 Prisoner’s dilemma game for OI

Yun et al. Journal of Open Innovation: Technology, Market, and Complexity  (2016) 2:7 Page 14 of 22



agents in the future smartphone market, according to a variety of choices for open

innovation and degrees of complexity.

The strategies to be chosen by agents in the iterated game (model) are indicated in

Fig. 2, which shows the award values of the open innovation game.

Figure 2 shows a payoff matrix of dynamic open innovation games. For simplicity, let

us assume there are only two competing firms, A and B. πA(or πB) is product value of

firm A (or B) by its own technology. Without technology sharing, each firm gets πA(πB)

only (Christensen and Rosenbloom 1995). If a firm, let us it to be firm A, receives

technological cooperation from the other firm, it can enjoy two more value that is

added from that cooperation. First, it can develop its own technology to more advanced

level using technology of the other firm (benefit of technology advance, TA). This bene-

fit depends on the value of the other firm’s technology (PB) and its degree of con-

vergence to Firm A technology (αAB) (Duysters and Hagedoorn 1998). With more

value of technology and degree of convergence, Firm A can enjoy more benefit of

technology advance (TA = αABPB). Second, Firm A can enjoy opportunistic benefit

of commercializing firm B technology without any investment on it (benefit of op-

portunistic usage, βAB) (Teece 1986). On the other hand, technology cooperation

requires cost of losing technology monopoly. The sharing cost is greater when the

technology value (PA) and the degree of losing monopoly profit (γAB) are greater

(Porter 1985; Shan 1990).

With the foregoing explanations, we can get a payoff table, Fig. 2. All four of the pay-

off values satisfy the conditions of the prisoner’s dilemma just if we have a minimum

hypothesis that αAB*PB+ βAB≥γAB* PA (Press and Dyson 2012; Axelrod and Dion 1988).

Any firm which chooses open innovation has higher expectation benefits of open

innovation than losing expectation benefit of monopoly of its own technology. The pay-

off values of the prisoner’s dilemma were set based on the basic logic of open

innovation strategies.

In this model, according to the degree of openness and the degree of complexity, OCE

model was simulated based on payoff values in Fig. 2. Our OCE simulation model

(NetLogo 4.0.3) is based on the “NetLogo Ethnocentrism model,” which is a NetLogo ver-

sion of the ethnocentrism model (Hammond and Axelord 2006; Wilensky 2006). We used

‘openness’ instead of ‘mutation rate’, which is a chance of each trait mutating. It means

how much ratio of new knowledge, which is different from existing knowledge, appears at

the sector. We use ‘complexity’ instead of ‘death rate’, the chances of dying or mortality,

making room for future offspring and immigrants (see Appendix 1). Complexity means

what ratio of firms among competitors disappears in the sector when they are

defeated in open-closed innovation strategy competition. High competition means

high complexity. OCE model for Smartphone market has 4 agencies according to

their innovation types, open or closed, in Hardware (H/W) and Operating System

(OS) like Fig. 3. These 4 agencies breed descendants according to the ABM pro-

gramming logic in Appendix 2. Breeding logic at Appendix 2 is basically complex

that the breeding possibility of any type of agency is not confirmed even though it

follows prisoner’s dilemma but fluid according to the level of open innovation and

complexity.

Figure 4 shows OCE simulation results in smartphone market. In high open

innovation situation, OC and CO agencies win over OO and CC. This has enough
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meaning in that firms should use closed innovation and open innovation simultan-

eously when new technology appears in high speed. In high complexity, the fluctu-

ation in percent in market between the competing firms was very severe (upper

parts of Fig. 4.) High fluctuation between the firms in high complexity situation

means that the firms compete each other more seriously because death rate of

losing agencies increases.

The example of CO in high complexity and high OI can be recent Samsung.

And the example of OC in high complexity and high OI can be recent Apple.

Until 2013, whenever Samsung and Apple introduce new product in smartphone

market, they try to use newest technology in both of H/W and S/W. So they are

in high open innovation condition. In addition, whenever they introduce new

Fig. 3 4 Agencies in OCE model for Smartphone sector

Fig. 4 OCE simulation results in Smartphone sector
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products, market share fluctuates between these 2 firms. Samsung produce nearly

all H/W parts of its smartphone by itself and adopts a lot of OSs from outside. So

Samsung is a CO agency in high complexity and high open innovation condition.

Oppositely, Apple produces its OS by itself and adopts almost part of its smart-

phone H/W from outside. So Apple is a OC agency in high complexity and high

open innovation condition.

The example of CC in high complexity and high OI can be Nokia and Black-

berry. Until recently, Nokia has its own OS made by MS and keep most of its H/

W parts made by itself. Blackberry is similar in situation with Nokia because it

also has its own OS and H/W manufacturing system. Nokia occupies only small

part of market share in smartphone market under competition with Blackberry.

And the example of OO in high complexity and high OI can be Amazon smart

pad if we expand examples of our OCE model into related business. If Amazon

moves to smartphone sector, it will be OO example in high complexity and high

OI. Additionally two significant findings can be caught from OCE simulation re-

sults in smartphone market (Fig. 4). One is the changing of winning groups from

(OC & CO) to (OO & CC) with the change in open innovation level. When the

innovation level goes down in the market, dominant firms may change their open

innovation strategy from one-open-and-open-closed to all-open or all-closed. An-

other finding is that although high complexity makes high fluctuation in market

share, complexity itself is not the trigger of changing in dominant strategy and

dominant firm. So the decrease in profit rate and increase in death rate as results

of fierce competition in smartphone market should be thought as the change in

complexity.

Attention should be paid to Fig. 5. The results of the simulations indicate that

winner groups in the market begin to change when the level of open innovation

has reached at a critical point. That is, in the case of the current smartphone

Fig. 5 Change of OCE simulation results according to the level of open innovation
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sector with a high degree of open innovation, dominant firms peruse OC, or CO

strategies. However, the results indicate that, if the degree of open innovation de-

creases as the market matures, firms that pursue OO, or CC strategies will domin-

ate smartphone market. If the need for new knowledge decreases because the

market and related technologies have matured, the innovation strategies of firms

may be changed from OC, or CO strategies to CC or OO strategies. From this, we

can guess that if smartphone market matures, diverse OO strategy firms like Ama-

zon kindle which producing Smart pad with any OS and any H/W can appear. In

addition, current OI or CI firms may move to CC strategies when smartphone

market and related technologies matures.

Implications and conclusion
Open innovation grows with technology openness strategy of firms, complex adaptive

systems, and market responses stimulated by technology innovations. The firms are

main entities that make such evolution in the market as important autonomous agents

in the whole innovation system. Open innovation can evolve and arrive at a dominant

design, and often be locked-in according to a positive feedback loop. This might be

provided by supply-side economies of scale and scope, demand-side economies of net-

work, or by an open business model that affects both the supply and demand sides. But

sometimes, open innovation may fail because of many surrounding conditions in mar-

ket, technology and regulations.

We have tried to answer the question that ‘in what conditions of market and technol-

ogy, open innovation is going to be effective?’, and ‘which types of open innovation will

be more?’. In this purpose, we developed repeated open innovation game situation and

have set and run an ABM model for the situation. For the analysis and implications of

the model, we selected smartphone market and major players in it, Apple, Nokia, and

Samsung. With brief case study on smartphone market, we could find innovation strat-

egies of the players and could apply their strategies into the model.

With the results of ABM model, we could find several important implications.

First, in highly innovative situation that usually happens at the early stage of industry

(high open innovation situation), one-open-and-one-closed open strategy, that keeps a

firm’s own core part (H/W or OS) to be closed and weak part to be openly searched, can

be effective. As example, Samsung keeps closed their H/W part and openly searches OS

from outside. Apple is doing oppositely, it searches and adopts its H/W from outside and

keeps closed its OS. Second, in less innovative situation of matured market, all-open or

all-closed strategy can be preferred. In matured market, technologies of all competing

firms do not show significant difference and price competition is much more important.

In such a situation, all-open strategy that aims to get more cost advantage and compatibil-

ity with other formats, or all-closed strategy that aims to keep closed its own core compe-

tence and brand equity, are going to be much more effective.

Technology firms that are going to make important decisions on technology open-

ness can get meaningful implications from the results. A firm could change their open

innovation strategy based on market condition. In early stage of high open innovation,

it could adopt one-open-and-one-closed strategy. But, with matured market and low

open innovation situation, it could change its strategy to all-closed or all-open strategy.
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The model of open innovation suggested here still have much room for develop-

ment and ABM model could be more precisely developed with more consideration.

Through additional research, this model should be developed, validated, and fasci-

nated. Several concrete cases should be added to validate this model enough. But,

additional cases will be the goals of future research. But the findings of the model

still give beneficial implications for the firms in high technology industries for their

open innovation strategies, about which strategy going to adopt and when to

change their technology openness.

Appendix 1

Table 1 Comparing between H&A model and OCE model

H&A model OCE model

Mutation ratio Level of open innovation

Death rate Level of complexity (competition level)

Cost of cooperation [ Firm A = γABPA ]

[ Firm B = γBAPB ]

γAB : Degree of losing monopoly profit of firm A by sharing its technology with
firm B

γBA: Degree of losing monopoly profit of firm B by sharing its technology with
firm A

PA : Value of technology owned by firm A

PB : Value of technology owned by firm B

Benefit of receiving [ Firm A = αABPB + βAB ]

[ Firm B = αBAPA + βBA ]

αAB : Degree of technology convergence from firm B technology to firm A
technology

βAB : Opportunistic benefit of firm A by not investing in and freely using firm B
technology

αBA : Degree of convergence from firm A technology to firm B technology

βBA : Opportunistic benefit of firm A by not investing in and freely using firm B
technology

Lattice Size Lattice Size

= Size of Population = Size of Market

Percent = Amount of
Population

Percent = Amount of Market

Color Color

Blue : humanitarian Red : H/W, S/W all open-innovation (OI)

Green : ethnocentric Blue : H/W, S/W all closed-innovation (CI)

Yellow : traitorous Violet : H/W OI, S/W CI

Red : selfish Green : H/W CI, S/W OI
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Appendix 2

Abbreviation
OCE: open innovation, complexity adaptive system, and evaluation change, This is defined by authors to explain the
dynamic change of open innovation.
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Abstract  

Nowadays, one of the most important thing for smart factory which is raised in the field of 

manufacturing is an intelligent production scheduling, how to schedule jobs effectively and 

efficiently to maximize production quantity and quality, customer satisfaction and so on. 

Especially, such efforts are getting more necessary in the growing importance of open innovation 

and sustainable operating system. In this paper, a technology for production scheduling of jobs in 

manufacturing systems is addressed. We proposed several heuristic algorithms for scheduling 

jobs on parallel equipments with the fixed processing property in which a group of specific jobs 

can be processed on the predetermined equipment. This property can be found at the most 

manufacturing systems which produce state-of-art technology goods, such as semiconductors, 

liquid crystal display and so on, due to the quality issues. Usually, even though it is known that 

parallel equipments can process various types of jobs, fixed processing are preferred not to 

deteriorate products’ quality in real manufacturing systems. Also, when changing process of 

different groups of jobs, operations for changing type of groups, called as setup, are necessary.  

To minimize makespan of jobs, in which is defined as final completion time of all jobs, 

technology for production scheduling is developed, that is, several heuristic algorithms are 

devised for solving the problem considered here. To evaluate performance of the suggested 

algorithms, a series of computational experiments are performed on a number of randomly 

generated test problems and results show that better solutions are obtained by the suggested 

algorithms in a reasonable amount of computation time in terms of solution quality. Therefore, if 

we can apply the proposed technology to the production scheduling system in real manufacturing 

systems, it can be expected that production quantity and quality are enhanced since they are 

influenced by the production scheduling rules.  

Keywords: technology, open innovation, manufacturing, sustainability, heuristics, production 

scheduling, parallel equipments  
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 1 

1. Introduction 

Nowadays, one of the most important thing for smart factory which is raised in the field of 

manufacturing is an intelligent production scheduling, i.e. how to schedule jobs effectively and 

efficiently to maximize production quantity and quality, customer satisfaction and so on. 

Especially, such efforts are getting more necessary in the growing importance of open innovation 

and sustainable operating system. In this paper, a technology for production scheduling of jobs in 

manufacturing systems is addressed.  

We proposed several heuristic algorithms for scheduling jobs on parallel equipments with the 

fixed processing property in which a group of specific jobs can be processed on the 

predetermined equipment. This property can be found at the most manufacturing systems which 

produce state-of-art technology goods, such as semiconductors, liquid crystal display and so on 

due to the quality issues. Usually, even though it is known that parallel equipments can process 

various types of jobs, fixed processing are preferred not to deteriorate products’ quality in real 

manufacturing systems. Also, in this problem, when changing process of different groups of jobs, 

operations for changing type of groups, called as setup, are necessary.  

In the semiconductor fabrication, most of the workstations, such as CVD (Chemical vapor 

deposition) and IIP (ion implant processing) are composed of parallel fixed processing 

equipments, each of which can process only a set of groups that is preferred to it. Also, to process 

jobs, since changes of recipe that specifies processing conditions are required for each group of 

jobs, a setup is occurred when changing different group of jobs.  

In the real manufacturing, setup operations are not preferred due to quality issue and their 

duration, that is, if there are lots of changing recipes on the equipments, products might be 

damaged due to the previous recipe. Also, if a setup time is relatively long compared with 

processing time of jobs, managers want to reduce the number of setup operations. Therefore, 

equipment in the workstations has fixed processing property for high utilization of the equipment 

and quality of products even though all equipments in a workstation are parallel so that they can 

process all product groups. Once a group of jobs is processed on an equipment, same group of 

jobs is wanted to be processed on the same machine if there are waiting same group of jobs. In 
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this paper, we assume that the fixed processing property is known, that is, we know each 

equipment has predetermined recipes.  

To minimize makespan of jobs, in which is defined as final completion time of all jobs, in this 

paper, technology for production scheduling is developed, that is, several heuristic algorithms are 

devised for solving the problem considered here. The remainder of this paper is organized as 

follows. In the next section, the literature review is suggested. In section 3, several heuristics 

algorithms are devised and in section 4, to evaluate performance of the suggested algorithms, a 

series of computational experiments are performed on a number of randomly generated test 

problems and the results are shown. In the final section, we summarize this paper. 

 

2. Literature Review 

A number of research about scheduling technology to enhance the ability of production in 

manufacturing systems are done (Wein, 1988; Lu et al., 1994; Uzsoy, 1994; Kim et al., 1998;; 

Lee et al., 2002; Jain et al., 2003; Kim et al., 2003; Mason et al., 2004). On the other hand, studies 

for parallel equipments with fixed processing property are very rare.   

Few researches on scheduling problems for parallel fixed processing property are addressed. 

Lee and Kim (1999) considers a scheduling technic in a flexible manufacturing system in which 

each job should be assigned to one of the predetermined group of equipments. Glass et al. (2000) 

considers the scheduling problem on m-equipments with the fixed processing property, in which 

only one equipment must process determined job, to minimize the makespan. On the other hand, 

in this study, each group of job can be processed on several fixed equipments, therefore, jobs in 

same group can be split to process them on different equipments if they have same fixed 

processing property. Also, Goemans (1995) deals with scheduling problem on 3-equipments with 

fixed processing property to minimizing the makespan and develops a near optimal algorithm. 

And several dispatching rules, considering fixed processing property are proposed by Wu et al. 

(2006).  

For the problem to minimize the makespan on the parallel shops, that is a general case of the 

problem considered here, lots of studies are done. For the representative examples, by assigning 
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the longest processing time job to a machine with the earliest possible staring time, dispatching 

rule, named as LPT (Longest Processing Time), is introduced (Graham, 1969). For the same 

problem, Coffman et al. (1978) develops the scheduling algorithm, i.e. The MULTIFIT algorithm, 

to solve the bin packing problems. Based on the LPT and MULTIFIT rules, later researches for 

minimizing makespan on the parallel machine shops are developed. On the other hand, meth 

heuristics and a neural network are used by Lee et al. (2005) and Akyol and Bayhan (2006), 

respectively.  

Lots of scheduling problems on parallel equipment shops with setup operations are studied in 

previous researches. Wittrock (1990) and So (1990) deal with the scheduling problem with two 

types of setup, minor and major. Also, Xing and Zhang (2000) develop a heuristic algorithm in 

which a group of job can be split and processed on more than 2 parallel equipments by using 

results of Monma and Potts (1993). 

 

3. Technology for production scheduling 

As described above, to minimize the completion time of the last job, i.e. makespan of jobs, this 

studies address the scheduling problem in which several groups of jobs are processed on the 

predetermined parallel equipment which has fixed processing property while considering setup 

operations between different group of jobs. Jobs are already grouped according to those recipe, i.e. 

processing condition, and processing (and setup) time is same if they are in same group. Also, 

these job groups are processed on the parallel equipments which has a fixed processing condition. 

Also, we assume that it is already known that recipe information is assigned to each equipment, 

so that each equipment should process jobs of the group specified to the assigned recipe. 

Setup operation is sequence independent and usually, time for setup operation is relatively 

longer than processing time. Also, we assume that all jobs to be scheduled are waiting at the time 

of scheduling; preemption of job is not allowed.  

In the parallel equipment shop, since it is known that the schedule in which jobs of same group 

are consecutively sequenced is dominant (Shim and Kim, 2008) for the regular measures 

including makespan, we do not consider the sequence in which jobs of same group are sequenced 
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separately on the same equipment. Also, since the makespan, i.e. the completion time of last job, 

this problem is a measure in this research, sequence of jobs of group on each equipment is not 

important and only assignment of jobs should be considered. Therefore, this scheduling problem 

can be transformed to the one of assigning jobs of groups to the equipments where these jobs of 

same group are consecutively sequenced.  

In this paper, we present several heuristics to develop the technology for scheduling jobs on 

the parallel equipments with the fixed processing property. First, we develop the scheduling 

algorithm for making initial schedule by assigning jobs of group to the fixed processing 

equipment.  

 

3.1 Developing the Initial Schedule by considering Subproblems 

To develop the initial schedule, we divide the original one into independent subproblems. Each 

subproblem is solved and then we combine the results of all subproblems so that the initial 

schedule is obtained. To solve each subproblem, various rules are developed and algorithms for 

combining each result of subproblem are suggested.  

To divide the original problem into subproblems, by assigning each group of jobs to only one 

subproblem, each subproblem can be transformed to bin packing problem with identical size. 

First we figure out which groups can be processed on only one equipment. For example, if group 

1 and group 2 are processed on only equipment 1 due to the fixed processing property, then a 

subproblem is 2 groups single machine scheduling problem. And then, we figure out which 

groups can be processed on only two equipments. For example, if group 3 and 4 can be processed 

on equipment 1 and 2, then second subproblem can be 2 groups scheduling problem with 2 

equipments. We repeat this procedure until all groups are assigned to subproblems. Therefore, the 

number of subproblem cannot be exceeded to the number of group of jobs. 

To solve each subproblem, i.e. n-job, m-machine scheduling problem to minimize makespan, 

obtained in the procedure above, two algorithms based on the results of Graham (1969) and 

Coffman et al. (1978) are devised by using priority rules. In the first method, a job of a group 
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with the highest priority is assigned to the equipment with the earliest starting time, i.e. least 

workload. Therefore, we use four priority rules for choosing a job, i) shortest processing time, ii) 

longest processing time, iii) number of remaining unscheduled jobs of a group and iv) total 

processing time of remaining unscheduled jobs of a group.  

Since the subproblems can be bin packing problems, in the second method, one is modified 

from the MULTIFIT algorithm is developed. First, we compute minimum and maximum bin size 

considering setup requirements. Minimum bin size of each subproblem, named as MIN in this 

study, is computed with the assumption that processing and setup operations time are assigned 

evenly to each equipment. Therefore, in each subproblem, MIN is obtained as 

 )/,0max( EGs
E

p
Nj

j






 where N is a set of jobs, E is a number of equipment, s is a time of 

setup operation and G is a number of group of jobs, respectively. On the other hand, maximum 

bin size of each supproblem, named as MAX, can be computed suppose that all jobs are assigned 

to only one equipment. Therefore, MAX is calculated as Gsp
Nj

j 


. The procedure of the 

second method is as following.  

i) Set initial size of each bin, i.e. equipment, as (MAX+MIN)/2. 

ii) Select a job using by priority rules described in the first method. If there is no more job to 

be assigned, then the current size of bin and allocation are the initial makespan and 

schedules, respectively stop. 

iii) Select an equipment with the earliest possible start time among available equipments of 

which the workload allocated do not exceed the current size of bin. If there is no available 

equipment, set MIN as the current size of bin and go to step i. 

iv) If current size of bin is less than the current workload of the equipment, then assign the job 

to the equipment (if setup operation is required, then add the time of setup operation) and 

update the equipment workload. Otherwise go to step ii. 

 

3.2 Developing the Initial Schedule by original problem  
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In the above algorithms, the problem is decomposed into the several problems to obtain the 

initial schedule. On the other hand, in this study we solve the original problem directly by 

suggesting two methods. In the first method, we assign the all jobs to the fixed processing 

equipment evenly. That is, if there is a group of jobs to be allocated to only one equipment, then 

all jobs of this group are assigned to the equipment. If there is a group to be allocated to 3 

equipments by the fixed processing property, then all jobs are split into 3 sub-jobs and are 

assigned to those equipments. After assigning all groups of jobs by considering setup, for the all 

split groups, the sub-jobs with the smallest processing time in the equipments with the maximum 

workload are moved into the equipment with the smallest workload among ones which has same 

group of sub-jobs. If there is no improvement for makespan during moving procedure, we select 

the next sub-jobs. This moving procedure is repeated until all split groups are checked. Then, the 

initial schedule is obtained.  

In the second method, based on the dynamic priority rules for groups and equipments 

developed here we propose the modified MULTIFIT algorithm. We set Pge as priority for group 

of jobs, g and equipment e. For group g and equipment e, initial Pge is set to 1 divided by the 

number of the fixed processing equipments, which can process group g and set to 0 for the 

equipment, which can not process group g. We select the group and equipment with the highest 

Pge and a job of the selected group is assigned to the selected equipment and update workload and 

dynamic priorities.  

As described in the above MULTIFIT algorithm, minimum bin size (MIN) and maximum bin 

size (MAX) for the original problem are computed as following. MIN is obtained as 

 )/,0max( EGs
E

p
Nj

j






 where N is a set of all jobs, E is a number of all equipments, s is a 

time of setup operation and G is a number of all groups, respectively. Also, MAX is calculated as 

Gsp
Nj

j 


. The procedure of the second method is as following.  

i) Set initial size of each bin, i.e. equipment, as (MAX+MIN)/2. 

ii) Select a group and an equipment using by dynamic priority rules, by computing Pge.  In 
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case of ties, select the group with longest processing time and an equipment with the 

smallest estimated workload, computed as total processing time (which is assumed that 

remaining jobs of other groups except for the selected group are assigned to the equipment) 

multiplying by Pge and the current workload. If there is no more job to be assigned, then the 

current size of bin and allocation are the initial makespan and schedules, respectively, stop. 

iii) If the allocated workload exceeds the current size of bin (if setup operation is required, then 

add the time of setup operation), set MIN as the current size of bin and go to step i. 

Otherwise, assign the job to the equipment and update the equipment workload and Pge for 

all groups and equipments as following. For selected group and non-selected equipment, 

new Pge is set to 0, for non-selected group and selected equipment, new Pge is computed as 

(1-current workload / current bin size)∙current Pge, for non-selected group and equipment, 

new Pge is calculated as (1-current workload / (number of non-selected equipment -

1)∙current bin size)∙ current Pge.  Go to step ii.  

 

3.3 Construction Method for Improving the Initial Schedule  

By using the 4 algorithms suggested in chapter 3.1 and 3.2, the initial complete schedules can 

be obtained and these are improved by a construction method. The improvement is done by 

moving jobs between two equipments.   

The procedure to improve the initial schedule is as following.  

i) From the initial schedule, make Ue as the set of equipments in descending order of 

workload. 

ii) Select the first equipment in Ue and denote the equipment as FROMEQP. 

iii) Figure out the scheduled groups of jobs on the equipment in descending order of their 

processing time and make Ug as the set of these groups. 

iv) Select the first group in Ug and find another equipment which can process the selected 

group by the fixed processing property. If there is no selected group, delete the FROMEQP 

in Ue and go to step ii). Otherwise, make Te as set of them in ascending order of workload. If 

there is no equipment the selected group to be processed, then delete it in Ug and repeat step 
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iv).  

v) Select the first equipment in Te and denote this equipment as TOEQP.  

vi) By using property suggested in Kim (2007), compare the workloads of the selected 

equipment, TOEQP, with the one of the equipment, FROMEQP, assuming that a job of the 

selected group is moved from FROMEQP to TOEQP (if setup operation is required, then 

apply setup time). 

vii) If there is an improvement for makesapn measure, then move the job and repeat previous 

step until no more improvement is done. Otherwise, delete TOEQP in Te and go to step v). If 

there is no element in Te, then delete the selected group in Ug and go to step iv).  

viii) If there is no more improvement on the equipment, FROMEQP, then delete it in Ue and go 

to step ii). 

ix) Repeat this procedure until there is no element in Ue. 

 

4. Computational Experiments 

In order to evaluate the performance of the proposed heuristic algorithms, a series of 

computational tests on randomly generated problem instances are performed reflecting real 

manufacturing systems. All the algorithms presented in this study were coded in C programming 

language, and computational tests were performed on a personal computer with an Intel Core i3-

4030U processor operating at 1.9 GHz clock speed. 

4 heuristic algorithms named as ALG1, ALG2, ALG3 and ALG4, respectively are tested. 

ALG1, suggested in chapter 3.1, is the one which solves subproblems by using 4 priority rules 

separately and uses construction methods (chapter 3.3) for improvement. ALG2, suggested in 

chapter 3.1, is the one which solves subproblems by using modified MULTIFIT algorithm 

separately and uses construction methods (chapter 3.3) for improvement, ALG3, suggested in 

chapter 3.2, is the one which solves original problem by moving sub-jobs considering makespan 

and uses construction methods (chapter 3.3) for improvement and ALG4, suggested in chapter 3.3, 

is the one which solves original problem by modified MULTIFIT algorithm and uses construction 
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methods (chapter 3.3) for improvement. We compare them with a method that has been used in a 

real manufacturing systems. In this method, when an equipment becomes available, a job with the 

same group is selected to avoid setup operation and scheduled on the equipment (If there is no job 

of same group, a job is selected randomly and setup is occurred).  

As the performance measures, the number of best solution (NBS) found by each algorithm and 

percentage reduction (PR), defined as 100∙(1–Ma / Mr), where Ma is the makespan obtained by 

algorithm a, Mr is the makespan obtained from the method currently used in real manufacturing 

system, are used. If the performance of the suggested algorithm, i.e. Ma, is better than the one of 

the current method used in real situation, i.e. Mr, PR can be expected to be close to 100%.  

For this test, we generate 900 test instances randomly, 50 problems for each of all 18 

combinations of three levels for the number of jobs (30, 60 and 90), three levels for the number of 

groups (3, 6 and 9), and two levels for the number of equipments (5 and 10). Processing times of 

a job are generated from discrete uniform distribution with range [5, 25]. Setup time is set to 30 

for all groups. For the fixed processing property, the number of groups that each equipment can 

process is generated from uniform distribution with range [1, X], where X is a number of group 

and each group are determined arbitrarily.  

The overall results of the computational experiments is shown in Tables 1. All of the 

suggested algorithm perform better than the method used in real manufacturing system since the 

all average percentage reductions are greater than zero. Additionally, all average PR values are 

more than 10%, it implies that makespan in the real manufacturing system can be reduced 

significantly by using the suggested algorithms. Also, all solutions are obtained in less than 1 

second. 

Regardless of the various sizes of jobs, groups and equipments, the better performance of the 

algorithms are shown consistently, therefore it means that the suggested algorithms are robust so 

that these are suitable for real manufacturing systems. Although the results without applying the 

construction methods for improvement (chapter 3.3) are not shown in the results, better 

performance was found at most of the problems with the range from 0% to 10%. In few problems, 

the PR values without applying the construction methods for improvement (chapter 3.3) was 
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negative. However, after applying the construction methods for improvement (chapter 3.3), 

solutions of all the problems were improved significantly.  

Even if all the algorithms shows better performance, it seems that ALG3 works better than 

others, i.e. ALG1, ALG2 and ALG4 due to the number of best solution in ALG3. That is, the 

algorithm in which the initial schedule obtained by solving the original problem is improved by 

the construction methods is good at solving this scheduling problem with the fixed processing 

property. However, as it can be expected from the table, there is no significant differences on the 

PR values between ALG3 and ALG1, ALG3 and ALG4 statistically (There is significant 

difference only between ALG3 and ALG1).  

Table 1. Overall results of the suggested algorithms 

number 

of jobs 

number 

of 

groups 

number of 

equipments 
ALG1 ALG2 ALG3 ALG4 

30 3 5 13.8† 14†† 12.1  11 22.3  29 20.1  25 

  
10 15.5 12 13.2  11 20.5  25 19.8  20 

 
6 5 20.1 16 11.5  11 19.8  15 22.3  18 

  
10 18.1 17 10.9  10 22.3  21 18.4  19 

 
9 5 18.3 16 13.2  12 18.5  20 19.6  21 

  
10 19.4 20 14.5  15 19.5  20 21.7  22 

60 3 5 15.4 14 17.2  16 21.4  19 22.7  25 

  
10 22.3 25 11.4  10 20.9  23 20.5  22 

 
6 5 14.3 15 13.4  12 23.4  20 22.1  21 

  
10 16.4 12 14.2  12 22.5  25 25.6  30 

 
9 5 14.1 13 13.0  14 25.1  21 24.1  28 

  
10 19.4 20 12.9  14 22.3  26 20.7  22 

90 3 5 17.5 19 14.1  16 20.8  25 18.4  20 

  
10 17.2 18 15.8  16 27.4  29 19.4  22 

 
6 5 18.5 19 13.2  12 25.3  22 20.1  19 

  
10 18.2 19 14.6  11 22.2  21 15.0  16 

 
9 5 20.2 21 16.2  10 23.0  20 18.9  13 

    10 22.3 28 13.9  17 25.9  34 23.5  26 
† Percentage reduction of heuristic algorithm to the result of practice 
†† Number of cases that heuristic algorithm found the best solution 
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To evaluate the absolute performance of the suggested algorithms, the best solution among the 

ones obtained from the algorithms is compared with optimal one. To obtain the optimal solution, 

we formulate the problem considered here as a mixed integer programming. Here, notation used 

in the mixed integer programming is suggested.  

 

pg processing time of a job of group g 

s sequence independent setup time  

e index for equipments  

g index for groups

Jg set of jobs of group g 

Eg set of equipments on which jobs of group g can be processed 

xgje decision variable, which is equal to 1 if job j of group g is assigned to equipment e, 

otherwise, 0 for eEg 

yge decision variable, which is equal to 1 if jobs of group g are assigned to equipment e, 

otherwise, 0 otherwise  for eEg 

 

Also, the mixed integer programming formulation is as following.  

 

Minimize maxC   (1) 

subject to xgje ≤ yge g e, j Jg (2) 

 maxCpxys
g Jj

ggje
g

ge

g




 e (3) 

 1
e

gjex  g j Jg (4) 

 xgje ∈{0, 1} g e, j Jg  (5) 

 yge ∈{0, 1} g e (6) 

 

Constraint (1) and (2) represents that the performance measure of the problem is makespan 
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and setup operation is needed, respectively. Also, Constraint (3) shows the workload (completion 

time) on each equipment, and constraint (4) introduces a job should be assigned to only one 

equipment. Last two constraints, (5) and (6) describe that decision variables are binary. 

Since the mixed integer programming could not solve the large-sized problem in an acceptable 

amount of computation time, the best solution among the ones obtained from the algorithms is 

compared with optimal one for the small sized problem. The optimal solution is obtained by using 

commercial mathematical programming tool, ILOG CPLEX version 10.0. We use percentage gap 

as the performance measure, which is computed as 100∙(Mb/Mo−1) where Mb is the best makespan 

obtained by the suggested algorithms and Mo is the optimal makespan obtained by solving the 

mixed integer problem. We test for small sized problem to obtain the optimal solution in 600 

seconds (If the optimal solution can not be obtained in 600 seconds, we stop the program and 

obtain the current solution.). For this test, we generate 20 test instances randomly, 10 problems 

for 2 combinations of 30 jobs, 5 equipments and 3 and 6 for the number of groups. Other data are 

generated in same way described above.  

In table 2, the test results in order to evaluate the absolute performance of the suggested 

algorithms are shown. Since the percentage difference from the optimal solution is less than 4%, 

it argues that the solution quality is not bad, even though we test for only small sized problem due 

to the limitation of computation time. Also, it can be seen that the computation time to obtain the 

solution is only around 1 seconds in the suggested algorithms as well as the solution quality is 

near optimal (less than 4 %).  Therefore, the proposed algorithms show very good performance in 

terms of computation time as well as solution quality. 

Table 2. Result of comparison tests over optimal solutions 

number of jobs 
number of 

groups 

number of 

equipments 
APG† ACPUH†† ACPUO††† 

30 3 5 3.85 1.02 485.1  

30 6 5 3.25 0.98 452.5  

 † Average percentage gap between heuristic solutions and optimal solutions 
†† Average computation time to obtain the best solution among the algorithms, in seconds 
††† Average computation time to obtain the optimal solution, in seconds 
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Consequently, as can be seen in the above results, the technology for production scheduling 

of jobs with fixed processing property on parallel equipments worked well compared with both a 

currently used method at a real manufacturing system and an optimal solution in a short amount 

of time. Among 4 algorithms, ALG3 slightly outperformed the other heuristics.  

 

5. Conclusions 

We considered a technology for production scheduling of jobs in manufacturing systems for 

smart factory which is getting more necessary in the growing importance of open innovation and 

sustainable operating system since scheduling jobs effectively and efficiently to maximize 

production quantity, quality and customer satisfaction is one of the key for an intelligent 

production scheduling. In this research, a scheduling problem on parallel shops with the fixed 

processing property equipments to minimize makespan of jobs is dealt with. The fixed processing 

property is that a group of specific jobs can be processed on the predetermined equipment. Since 

this property can be found at the most manufacturing systems which produce state-of-art 

technology goods, such as semiconductors, liquid crystal display and so on, due to the quality 

issues, it is very important to schedule jobs considering it.  

To minimize makespan of jobs, in which is defined as final completion time of all jobs, 

technology for production scheduling is developed, that is, four heuristic algorithms, which are 

based on the priority rules and MULTIFIT algorithms and construction improvement methods, 

are devised for solving the problem considered here. To evaluate performance of the suggested 

algorithms, a series of computational experiments are performed on a number of randomly 

generated test problems and results show that the suggested methods in a reasonable amount of 

computation time as well as in terms of solution quality.  

In further research, we can extend this study in several ways. For example, one may consider 

a general case of the problem in which setup operation is not sequence independent so that setup 

times are different from sequence of group of jobs. Also, it may address the problem with a case 

of dynamic arrival of jobs so that all jobs are not available at the time of scheduling. Also, if we 
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can apply the proposed technology to the production scheduling system in real manufacturing 

systems, it can be expected that production quantity and quality are enhanced without no 

additional investment since they are influenced by the production scheduling rules. Consequently, 

productivity and sustainability of the firms can be influenced by this technology for open 

innovation. 
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Abstract 

Purpose/Research Question: Due to the reduction in technological and product life cycles 

which leads to rapid technological and market saturation in the high-technology industries, 

firms are pursuing to develop, acquire, and combine their scientific knowledge, technology, 

and markets to sustain their competitive advantages in the market. These activities eventually 

trigger the process of blurring boundaries between two or more distinct industries—that is, 

industry convergence. However, despite the substantial impact of industry convergence on 

the current economy, our understanding of this phenomenon is still limited. It is because that 

previous studies on industry convergence have taken supply-side approach that implies lacks 

of contemporaneity and actuality, while recent research from the perspective of market-side 

approach that overcomes the limitations of the supply-side approach has stayed only in 

descriptive trend analysis. Therefore, this research empirically measures the degree of 

convergence between high-technology industries and analyzes the diffusion patterns of the 

convergence by taking a market-side approach. 
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Design/ Methodology/ Approach: We measure industry convergence degree based on the 

co-occurrence-based analysis of text mining for a large volume of unstructured data. To do 

so, we collect more than one million news articles that cover entire industrial sectors from 

1987 to 2012. Then, we select the cases of evolutionary convergence between two high-

technology industries where the degree of convergence increases over time, and apply those 

industry convergence degree to diffusion model for estimating potential size and growth rate 

of the convergence. 

 

Findings/Results: We show that overall degree of convergence between high-technology 

industries have increased over time; further, we provide the degree of convergence between 

high-technology industries at the industry group level (i.e. 3-digit) of standard industrial 

classification (SIC). In addition, for each pair of two high-technology industries, our findings 

report various potential sizes and growth rates of industry convergence. 

 

Research implications: These findings indicate that although transition to industry 



convergence is significantly under way in our economies, it is heterogeneously occurring 

which is consistent with the previous research. In addition, this research provides a method 

for firms and policy makers to anticipate the direction, potential size, and growth rate of 

industry convergence as well as to develop strategy and policy that sustain their 

competitiveness in the high-technology industries. 

 

Keywords: Co-occurrence-based analysis, Diffusion model, High-technology industry 

convergence, Industry convergence degree, News article data 

 

1. Introduction 

In the past few decades, firms in high-technology industries have experienced great 

technological and market uncertainty and volatility in terms of rapid product innovation, 

obsolescence, and market saturation (Hills and Sarin, 2003). Correspondingly, to be 

competitive in the industrial environment, firms have pursued industry convergence, which is 

defined as the blurring of boundaries between two or more previously distinct industries 

(Benner and Ranganathan, 2013; Choi and Välikangas, 2001; Curran, 2013; Curran and 

Leker, 2011; Curran et al., 2010; Hacklin, 2007; Hacklin et al., 2009; Kim et al., 2015; Lee, 

2007; Srinivasan et al., 2007). This is because industry convergence became a means for 

firms to develop and sustain their competitive advantage in the face of rapidly changing 

industrial paradigms (Hills and Sarin, 2003).  

Examples of convergence among high-technology industries are numerous: the 

smartphone industry, which integrated cell phones, portable computers, and software (Curran 

and Leker, 2011); the nutraceutical and functional food (NFF) industry, which was created by 



convergence between the pharmaceutical and food industries (Bröring and Leker, 2007; 

Curran and Leker, 2011; Curran et al., 2010; Preschitschek et al., 2013; Weenen et al., 2013); 

and the smart car industry, which accelerates the integration of automobiles, electronics, and 

software (Adamsson, 2007; Hacklin and Wallin, 2013). Those convergent industries have 

grown rapidly, and some firms in them, such as Apple, Walgreens, and Google, have led their 

industries and changed their inherent structure. 

Because industry convergence has had such a significant impact on the structure of those 

inherent industries, some governments have established national programs to promote and 

support activities involved in convergence. In 2003, for example, the National Science 

Foundation of the United States published a report titled “Converging Technologies for 

Improving Human Performance” (Roco and Bainbridge, 2003); in 2004, the European 

Commission of the European Union published the report “Converging Technologies – 

Shaping the Future of European Societies” (Nordmann, 2004); and in 2011 and 2012, South 

Korea passed  the “Industry Convergence Promotion Act” and established the Korea 

National Industrial Convergence Center (KNICC) (Kim, 2016), respectively. In particular, it 

is important for policy makers to anticipate the diffusion patterns of convergent industries 

and to create policies that promote and support convergence because it occurs across 

industries and its patterns of emergence and diffusion are heterogeneous across convergent-

industry pairs (Kim et al., 2015). However, to the best of our knowledge, no research to date 

has investigated the emergence and diffusion patterns of industry convergence. 

Therefore, this research aims to investigate the emergence and diffusion patterns of 

convergence among high-technology industries in order to provide important empirical 

grounds for public policy as well as an innovative study on industry convergence. In doing 

so, we use the co-occurrence-based analysis conducted by Kim et al. (2015) to identify 



industry convergence from a large and comprehensive set of news articles. The original news 

article dataset we use covers about 2 million articles published by a major newspaper 

company in the United States over 26 years, from 1987 to 2012. From this original dataset, 

we extract 45 examples of high-technology industry convergence, which shows a 

continuously rising trend. Then, we calculate the degree of industry convergence for every 

convergent-industry pair and estimate diffusion parameters, such as the maximum degree of 

industry convergence and the growth rate of industry convergence for each convergent-

industry pair.  

The estimation results show a wide dispersion of industries in terms of the potential 

degree and the growth rate of industry convergence. In addition, we found that these two 

factors are negatively associated, which indicates that, if the potential degree of convergence 

among industries is high, the rate of convergence among them is low. Furthermore, the 

diffusion curves of the convergent-industry pairs indicate heterogeneous patterns. These 

findings suggest important empirical patterns in industry convergence from a market-based 

view, which has not been explored before. In addition, the heterogeneous patterns we found 

suggest important insights for firm strategies related to the accelerated changes due to 

industry convergence.  

The remainder of this paper is structured as follows. First, literature on industry 

convergence is briefly reviewed. Second, the measurement of industry convergence is 

introduced. Third, using these measurements, the empirical methodology to estimate the 

diffusion model is described. Fourth, results of the analysis are reported, followed by a 

discussion. Finally, implications of this study are explored in our concluding remarks. 

 

2. Literature Review 



Industry convergence increases connectivity and compatibility between converging industries 

(Kim et al., 2015). Ultimately, industry convergence introduces substitute or complementary 

offerings that cause creative destruction in related markets (Hacklin, 2007; Lei, 2000; 

Pennings and Puranam, 2001). It eventually triggers a transformation from a traditional 

industry to a newly restructured industry, altering the nature of competitive, cooperative, and 

regulatory interactions (Hamel, 1996; Jaworski et al., 2000; Hacklin, 2007; Kim et al., 2015). 

Firms that cannot effectively adapt to the restructured industrial environment fail in market 

competition and, eventually, lose their market position. The recent transformation of the 

mobile phone industry is a representative example. As a result of the integration of diverse 

functionalities in different product categories in different industries—such as high-resolution 

cameras, high-speed data communication, high-quality games, GPS-based navigation, and 

numerous applications—the traditional “feature phone” (i.e., cell phones that are not 

smartphones) industry has been restructured, ceding dominance to the smartphone industry. 

Amid this turbulence, Nokia did not adjust to the smartphone industry well and was acquired 

by Microsoft in September 2013 (Hacklin et al., 2013). In other words, industry convergence 

became an important antecedent condition for firms to consider before they designed a 

competitive strategy.    

In this regard, existing studies examined the sources of industry convergence and 

suggest two major precursors of industry convergence: first, technology convergence (Cho et 

al., 2015; Curran and Leker, 2011; Fai and Von Tunzelmann, 2001; Hacklin et al., 2009; 

Preschitschek et al., 2013) and, second, applicational convergence (Andergassen et al., 2006; 

Choi and Valikangas, 2001; D’Aveni et al., 2010; Hacklin et al., 2010; Kim et al., 2014; Kim 

et al., 2015; Pennings and Puranam, 2001; Zhang and Li, 2010).1 Technology convergence 

                                                           
1 Other researchers call this type of convergence market convergence (e.g., Curran and Leker, 2011; Curran et 



that arises from the recombination of existing technologies replaces established technological 

paradigms, resulting in industry convergence in which the existing value chain of an industry 

will be disrupted (Kim et al., 2015). Applicational convergence occurs when increasing 

market competition accelerates firms’ technological innovation (Kim and Lee, 2009), which 

eventually overshoots the market at some point (Christensen, 1997). To overcome this market 

saturation, firms pursue convergence as new applications, products, or services that provide 

the customer with value and differentiation vis-à-vis competitors—that is, applicational 

convergence (Hacklin et al., 2009). To achieve successful applicational convergence, these 

firms need knowledge and capabilities vis-à-vis the new features of converged industries in 

which they were previously uninterested (Bierly and Chakrabarti, 1999; Bröring and Leker, 

2007) and engage in interfirm relationships across industries, such as divestment, strategic 

alliances, joint ventures, mergers and acquisitions (M&As), or licensing (Curran and Leker, 

2011; Mowery et al., 1996). As firms gradually engage in these interorganizational activities, 

applicational convergence leads to collisions between existing business models (Hacklin et 

al., 2010) and removes boundaries between the relevant industrial sectors—that is, industry 

convergence (Duysters and Hagedoorn, 2000). 

Industry convergence is not a one-time event but, rather, a dynamic series of events that 

unfolds over time. Therefore, it demonstrates various diffusion trends (Kim et al., 2015). For 

example, some industries are constantly converging (i.e., evolutionary convergence) or are 

sometimes stagnant in its development (i.e., stationary convergence). Other industries that 

previously converged can diverge (i.e., divergence) later (Kim et al., 2015). In particular, 

evolutionary convergence, which is the main interest of this paper, needs to be examined 

more closely with respect to which trends they demonstrate over time because it is the main 

                                                           

al., 2010, Weenen et al., 2013). 



type of convergence. In evolutionary convergence, as the size of the overlap between those 

industries expands, the degree of convergence increases according to an evolutionary pattern 

(Kim et al., 2015). This pattern indicates that this convergence permeates and spreads 

throughout an industrial and economic system. However, to the best of our knowledge, no 

research has been conducted to date on the diffusion patterns of evolutionary industry 

convergence, which is the purpose of this research. 

To explore the characteristics of the diffusion of industry convergence, first, we need a 

way to measure industry convergence. As shown in Table 1, previous studies have suggested 

how to measure industry convergence, most of them by carrying out co-classification 

analysis, citation analysis, or industry-technology concordance analysis of patent information 

(e.g., Curran, 2013; Curran and Leker, 2011; Curran et al., 2010; Fai and Von Tunzelmann, 

2001; Karvonen and Kassi, 2013; Pennings and Puranam, 2001; Preschitschek et al., 2013). 

For example, Curran and Leker (2011) suggest an international patent classification (IPC) co-

classification analysis to investigate industry convergence in nutraceuticals and functional 

foods (NFF), while Karvonen and Kässi (2013) provide a patent citation analysis to identify 

overlapping technologies in the computer, audiovisual, semiconductor, and optics industry. 

 

Table 1. Methods of measuring industry convergence in the literature 

Data Methodology Literature 

Patents IPC co-classification analysis Curran and Leker (2011) 

  Preschitschek et al. (2013) 

 Patent citation analysis Karvonen and Kässi (2013) 

 Industry-technology concordance analysis Curran et al. (2010) 

  
Fai and Von Tunzelmann 

(2001) 

  Pennings and Puranam (2001) 

News 

articles 
Co-occurrence-based analysis Kim et al. (2015) 

 



However, despite the advantages of availability and inclusion of codified knowledge, 

patent data have limitations when it comes to measuring the degree of industry convergence 

(Kim et al., 2015). First, patent data imply a lack of contemporaneity. In general, patents 

explain possible outcomes derived from science and technology in the future, rather than 

indicating ongoing developments in industry convergence. This is because it takes a long 

time for patents to be commercialized by being transformed into products or services, which 

imply convergent characteristics. Second, patent data lack actuality. Because the IPC code of 

each patent is determined by individual patent examiners, a co-classification analysis using 

patents may not be capable of representing the actual phenomenon of industry convergence 

(Kim et al., 2015). 

From this perspective, to satisfy the need for contemporaneity and actuality in the 

measurement of the degree of industry convergence, a recent research paper carries out a co-

occurrence-based analysis using alternative data (i.e., news articles) (Kim et al., 2015). This 

is because news articles include publicly announced interorganizational information, such as 

competitive actions against rivals, the formation of mergers and acquisitions (M&As), 

strategic alliances or joint ventures, engagement in joint research and development (R&D), 

and patent licensing with other companies that even belong to different industries. This 

information cannot be obtained from other public information sources, such as the Securities 

and Exchange Commission (Kim et al., 2015). In this research, we thus use a news article 

dataset to measure the degree of industry convergence and investigate its emergence and 

diffusion pattern and characteristics. 

 

3. Methodology 

3.1. Data collection and processing 



The news article dataset used in this paper came from two sources: the University of 

Pennsylvania (UPenn) dataset, from January 1, 1987, to June 19, 2007, and the online archive 

of the New York Times, from January 1, 1989, to December 31, 2012. By utilizing these two 

sources at the same time, we can recover missing online archival data of the New York Times 

from 2005 to 2007 with the UPenn dataset up to June 17, 2007. Furthermore, the time range 

covered by two sources overlaps, so articles on the same news event related to industry 

convergence can overlap but use different character sets, errata, and erroneous data 

collection. To eliminate those articles, we used the Levenshtein distance ratio (i.e., r > 0.90) 

between article pairs published the same day. After duplicate articles were eliminated, we 

also removed nontext articles, such as articles that consist of only tables and photos, as well 

as articles not in English. Consequently, we collected text contents with its metadata to 

construct a full and independent set of articles for the same day.  

Meanwhile, to use a consistent article format, any special characters were replaced with 

those in ASCII (American Standard Code for Information Interchange) and white space and 

formats were normalized. Then, we transformed article text into text with information using 

the Stanford Core natural language processing (NLP) tool (Manning et al., 2014) and 

extracted relevant information from the sentences. Afterward, nonsentences, such as section 

titles, tables, and figure captions, were systematically excluded. 

Next, firm names were constructed as a joint set of two name sets. The first name set 

comprises proper nouns collected from article texts, whose named entity (NE) is given as an 

organization. In the name sets, company-specific suffixes (e.g., Company or Co., Ltd.) are 

filtered using NE extraction with regular expression (RegEx) (Finkel et al., 2005). In 

addition, the second name set is companies’ names in the COMPUSTAT dataset with the 

standard industrial classification (SIC) code. We regarded an abbreviated or alternative name 



of a company as the same company name but considered the name of subsidiary companies 

as the name of different companies. Afterward, we assigned each name a representative name 

for a company as well as the SIC code for each company manually. Among all the company 

name candidates, we removed names that appeared more than five times to eliminate 

insignificant company mentions. 

Finally, we constructed the relationship of co-occurrences when two companies 

appeared in the same sentence based on an analysis of split sentences in which company 

names were assigned. This co-occurrence is related to direct relations between companies. 

Because of the scarcity of information on industrial classification that co-occurred in the 

original data (Kim et al., 2015), we converted co-occurring firms into co-occurring industries, 

i.e., SIC codes. The SIC codes are three-digit, that is, industry-group level, which is used for 

high-technology industries (Hecker, 1999). Furthermore, comparing the list of high-

technology industries suggested by Hecker (1999) and that of high- and medium-high-

technology industries suggested by the Organization for Economic Cooperation and 

Development (OECD, 2011), this research uses 21 high-technology industries (Table 2). 

 

Table 2. List of high-technology industries 

SIC 

code 
Industry 

281 Industrial inorganic chemicals 

282 Plastics materials and synthetic resins, synthetic 

283 Drugs 

284 
Soap, detergents, and cleaning preparations; perfumes, cosmetics, and other toilet 

preparations 

285 Paints, varnishes, lacquers, enamels, and allied 

286 Industrial organic chemicals 

287 Agricultural chemicals 

289 Miscellaneous chemical products 



351 Engines and turbines 

356 General industrial machinery and equipment 

357 Computer and office equipment 

361 Electric transmission and distribution equipment 

366 Communications equipment 

371 Motor vehicles and motor vehicle equipment 

372 Aircraft and parts 

382 Laboratory apparatus and analytical, optical, measuring, and controlling instruments 

384 Surgical, medical, and dental instruments and supplies 

386 Photographic equipment and supplies 

737 Computer programming, data processing, and other computer related services 

871 Engineering, architectural, and surveying services 

873 Research, development, and testing services 

Source: Heck (1999) and OECD (2011). 

 

3.2. Degree of industry convergence  

To measure the degree of industry convergence (DIC), this research employs the 

measurement suggested by Kim et al. (2015)2 because it effectively shows the five patterns 

of industry convergence using a range from -1 to 1. A degree of 1 implies complete 

convergence between two industries; 0 means the independent co-occurrence of two 

industries, which represents independence; and -1 implies that two industries are very 

distinct. Furthermore, a positive value means that the co-occurrence of two industries appears 

more frequently than expected in separate appearances, that is, industry convergence, 

whereas a negative value means that the two industries are diverging. The DIC between two 

                                                           
2 Kim et al. (2015) modify the normalized pointwise mutual information (PMI) index to develop the degree of 

industry convergence. The normalized PMI index measures how much two random variables mutually share 

information (Bouma, 2009; Church and Hanks, 1990). For example, let us suppose that there are two random 

variables A and B whose probabilities of occurrence are denoted p(A) and p(B), respectively, and co-occurrence 

probability p(A, B). Then, the normalized PMI index can be calculated as follows: 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑃𝑀𝐼 = 𝑙𝑜𝑔 (
𝑝(𝐴, 𝐵)

𝑝(𝐴) × 𝑝(𝐵)
) −𝑙𝑜𝑔(𝑝(𝐴, 𝐵))⁄  



industries i and j at a given time t is as follows: 

𝐷𝐼𝐶𝑖𝑗𝑡 = 𝑙𝑜𝑔 (

𝐴𝑖𝑗𝑡 + 1
𝑇𝑡

 

𝐴𝑖𝑡 + 1
𝑇𝑡

×
𝐴𝑗𝑡 + 1

𝑇𝑡

) −𝑙𝑜𝑔 (
𝐴𝑖𝑗𝑡 + 1

𝑇𝑡
 )⁄  

where Aijt is the number of articles in which industries i and j co-occurred in the sentence in a 

given year t; Ait and Ajt are the numbers of articles in which industries i and j appeared in the 

sentence in a given year t, respectively; and Tt represents the total number of articles 

including firms regardless of industrial classification in a given year t. In addition, we add 1 

to every single numerator to avoid the undefined division within the log term or the negative 

infinite value of log term when the number of articles in which two industries co-occurred in 

the sentence is zero. Then, to identify the evolutionary convergence patterns, we estimated 

each pair’s slope coefficient of the linear trend of the DIC and selected those whose 

coefficient is positive and statistically significant. The industry pairs that show evolutionary 

convergence patterns are listed in Appendix A1. Interestingly, four pairs have the same SIC 

code, such as 282-282, 283-283, 285-285, and 873-873, which shows the within-industry 

convergence among sub-industries within an industry group (Kim et al., 2015). 

 

3.3. Estimation of a diffusion model of industry convergence 

Since the diffusion model was mathematically developed by Bass (1969), various models 

have been applied to explain the spread of product and service innovation among prospective 

adopters over time (Mahajan et al., 1993). They also have been widely adopted by 

researchers in the social sciences (Choi et al., 2015). The general structure of the diffusion 

model can be represented in a differential equation as follows: 



𝑑𝑁(𝑡)

𝑑𝑡
= 𝑔(𝑡)[𝑚 − 𝑁(𝑡)] 

where N(t) is the cumulative number of adopters, m is the total number of potential adopters, 

[m - N(t)] is untapped potential, and g(t) is the parameter of diffusion, usually formulated as a 

function of N(t) (Leeflang et al., 2013). 

    In many diffusion models, g(t) is formulated as a linear function of N(t): 

𝑔(𝑡) = 𝑝 + 𝑞𝑁(𝑡) 

where p reflects influence that is independent of previous adoption, while q reflects adoption 

influence that depends on imitation or learning (Mahajan et al., 1990). Depending on these 

two parameters, g(t) can be characterized as three models: a mixed-influence model, an 

external-influence model, and an internal-influence model (Mahajan et al., 1985). First, 

where both p and q are not zero, g(t) is p + qN(t), which is the mixed-influence model. 

Second, where only q is zero, g(t) is a constant p, which is the external-influence model. 

Lastly, where only p is zero, g(t) becomes qN(t), which is the internal-influence model 

(Leeflang et al., 2013). When we consider the diffusion of various and complex features of 

convergence, the internal-influence model is the most appropriate for estimating a diffusion 

model of industry convergence (Choi et al., 2015). 

Among internal-influence models, two types demonstrate the symmetry of the diffusion 

curve: logistic models (if the diffusion curve is symmetric) and Gompertz models (if the 

diffusion curve is asymmetric). In this paper, we use the logistic model because the diffusion 

curve of industrial convergence is symmetric around the inflection point (Choi et al., 2015). 

Following Choi et al. (2015), we also compare the residual sum of the squares (RSS) of the 

logistic model and Gompertz model and find that the RSS of the logistic model is lower than 

that of the Gompertz model in most industry pairs. In conclusion, the diffusion model used in 



this research is the internal-influence logistic model3 as follows: 

DIC𝑖𝑗𝑡 =
𝑏1

1 +
𝑏1 − 𝑏0

𝑏0
𝑒−𝑏2(𝑡−𝑡0)

, 

where DICijt is the degree of convergence between industries i and j at a given time t, as 

suggested in the previous section. This index, which considers only the cases of evolutionary 

convergence, implies a continuous increase during the period under analysis. Moreover, the 

evolutionary convergence of industries reflects a cumulative aspect influenced by previous 

convergence because of the path dependence of industry convergence (Kim et al., 2015). 

Along with previous research on the diffusion of technology convergence (Choi et al., 2015), 

the parameters of the logistic diffusion model (i.e., b0, b1, and b2) are defined from the 

perspective of industry convergence. Therefore, b0 is defined as the initial degree of industry 

convergence. In this research, the initial time—that is, t0—is 1987, the first year of the data. 

In addition, b1 means the convergence potential of the industry convergence, while b2 

indicates the growth rate of industry convergence. 

 

4. Results 

Based on the DIC obtained from the previous section, this research estimates the diffusion 

parameters of DIC as shown in Table 3. First, a coefficient of the initial degree of industry 

convergence (b0)—that is, DIC at the starting year, 1987—is significantly larger in pairs 285 

(Paints, varnishes, lacquers, enamels, and allied–Paints, varnishes, lacquers, enamels, and 

allied) and 285 as well as 873 (Research, development, and testing services) and 281 

                                                           

3 The original logistic diffusion model is 𝑁(𝑡) = 𝑚 / (1 +
𝑚−𝑁0

𝑁0
𝑒−𝑞𝑚(𝑡−𝑡0)). 



(Industrial inorganic chemicals) than others. The former pair consists of a single SIC code 

(i.e., 285), which means the industry convergence occurs within this industry group. By 

contrast, this coefficient is significantly smaller in pairs 386 (Photographic equipment and 

supplies) and 284 (Soap, detergents, and cleaning preparations; perfumes, cosmetics, and 

other toilet preparations) as well as 356 (General industrial machinery and equipment) and 

284 (Soap, detergents, and cleaning preparations; perfumes, cosmetics, and other toilet 

preparations) than others. 

Table 3. Estimation results of the logistic diffusion model of the degree of industry 

convergence  

No. 
SIC code 

pair 
Convergent-industry pair 

Initial  

DIC (b0) 

Potential  

DIC (b1) 

Growth  

Rate (b2) 

1 284–282 Soap, detergents, and cleaning 

preparations; perfumes, cosmetics, and 

other toilet preparations –  

Plastics materials and synthetic resins, 

synthetic 

0.031 0.382** 0.154** 

2 285–284 Paints, varnishes, lacquers, enamels, 

and allied –  

Soap, detergents, and cleaning 

preparations; perfumes, cosmetics, and 

other toilet preparations 

0.228*** 0.941** 0.088** 

3 285–285 Paints, varnishes, lacquers, enamels, 

and allied –  

Paints, varnishes, lacquers, enamels, 

and allied 

0.506*** 0.978*** 0.115* 

4 286–282 Industrial organic chemicals –  

Plastics materials and synthetic resins, 

synthetic 

0.214*** 0.556*** 0.192** 

5 286–283 Industrial organic chemicals – 

Drugs 

0.019 0.309*** 0.275*** 

6 287–281 Agricultural chemicals –  

Industrial inorganic chemicals 

0.053* 0.807*** 0.591*** 

7 287–284 Agricultural chemicals –  

Soap, detergents, and cleaning 

preparations; perfumes, cosmetics, and 

other toilet preparations 

0.015 0.509*** 0.532*** 

8 356–281 General industrial machinery and 

equipment –  

0.271*** 1.095*** 0.101*** 



Industrial inorganic chemicals 

9 356–282 General industrial machinery and 

equipment –  

Plastics materials and synthetic resins, 

synthetic 

0.064* 0.671* 0.133* 

10 356–284 General industrial machinery and 

equipment –  

Soap, detergents, and cleaning 

preparations; perfumes, cosmetics, and 

other toilet preparations 

0.055* 0.968* 0.142** 

11 356–287 General industrial machinery and 

equipment –  

Agricultural chemicals 

0.030 0.703*** 0.359*** 

12 357–285 Computer and office equipment –  

Paints, varnishes, lacquers, enamels, 

and allied 

0.012 0.346*** 0.224** 

13 357–286 Computer and office equipment –  

Industrial organic chemicals 

0.008 0.337*** 0.263*** 

14 372–281 Aircraft and parts –  

Industrial inorganic chemicals 

0.071** 0.386*** 0.189*** 

15 372–285 Aircraft and parts –  

Paints, varnishes, lacquers, enamels, 

and allied 

0.034 0.418*** 0.205*** 

16 372–356 Aircraft and parts –  

General industrial machinery and 

equipment 

0.000 0.332*** 0.430** 

17 382–284 Laboratory apparatus and analytical, 

optical, measuring, and controlling 

instruments –  

Soap, detergents, and cleaning 

preparations; perfumes, cosmetics, and 

other toilet preparations 

0.014 0.464** 0.179*** 

18 382–285 Laboratory apparatus and analytical, 

optical, measuring, and controlling 

instruments –  

Paints, varnishes, lacquers, enamels, 

and allied 

0.187*** 0.630*** 0.117** 

19 382–287 Laboratory apparatus and analytical, 

optical, measuring, and controlling 

instruments –  

Agricultural chemicals 

0.004 0.412*** 0.753* 

20 386–281 Photographic equipment and supplies –  

Industrial inorganic chemicals 

0.217*** 0.618*** 0.112** 

21 386–287 Photographic equipment and supplies –  

Agricultural chemicals 

0.004 0.410*** 0.695** 

22 386–356 Photographic equipment and supplies –  

General industrial machinery and 

0.010 0.587*** 0.247*** 



equipment 

23 873–281 Research, development, and testing 

services –  

Industrial inorganic chemicals 

0.341*** 0.935*** 0.099*** 

24 873–282 Research, development, and testing 

services –  

Plastics materials and synthetic resins, 

synthetic 

0.066** 0.516*** 0.144** 

25 873–356 Research, development, and testing 

services –  

General industrial machinery and 

equipment 

0.089* 0.926*** 0.150** 

26 873–372 Research, development, and testing 

services – Aircraft and parts 

0.000 0.255*** 0.552* 

27 873–386 Research, development, and testing 

services – Photographic equipment and 

supplies 

0.031 0.488*** 0.196** 

28 282–281 Plastics materials and synthetic resins, 

synthetic – 

Industrial inorganic chemicals 

0.279*** 0.579*** 0.115 

29 285–283 Paints, varnishes, lacquers, enamels, 

and allied – Drugs 

0.118*** 0.562 0.060 

30 289–281 Miscellaneous chemical products –  

Industrial inorganic chemicals 

0.336*** 0.570*** 0.126 

31 289–285 Miscellaneous chemical products –  

Paints, varnishes, lacquers, enamels, 

and allied 

0.289*** 0.526*** 0.160 

32 289–286 Miscellaneous chemical products –  

Industrial organic chemicals 

0.290*** 0.551*** 0.124 

33 289–287 Miscellaneous chemical products –  

Agricultural chemicals 

0.000 0.421*** 1.431 

34 357–281 Computer and office equipment –  

Industrial inorganic chemicals 

0.061* 1.343 0.079 

35 357–287 Computer and office equipment –  

Agricultural chemicals 

0.002 0.170*** 0.444 

36 371–281 Motor vehicles and motor vehicle 

equipment –  

Industrial inorganic chemicals 

0.000 0.151*** 1.287 

37 371–285 Motor vehicles and motor vehicle 

equipment –  

Paints, varnishes, lacquers, enamels, 

and allied 

0.022 0.197* 0.152 

38 382–356 Laboratory apparatus and analytical, 

optical, measuring, and controlling 

instruments –  

General industrial machinery and 

equipment 

0.081** 1.251 0.092* 



39 386–284 Photographic equipment and supplies –  

Soap, detergents, and cleaning 

preparations; perfumes, cosmetics, and 

other toilet preparations 

0.036* 0.687 0.113* 

40 873–285 Research, development, and testing 

services –  

Paints, varnishes, lacquers, enamels, 

and allied 

0.323*** 1.132* 0.078 

41 873–289 Research, development, and testing 

services – Miscellaneous chemical 

products 

0.182*** 1.488 0.038 

42 873–382 Research, development, and testing 

services – Laboratory apparatus and 

analytical, optical, measuring, and 

controlling instruments 

0.089** 0.820 0.093 

43 282–282 Plastics materials and synthetic resins, 

synthetic – Plastics materials and 

synthetic resins, synthetic 

0.106** 0.306*** 0.132 

44 283–283 Drugs – Drugs 0.335*** 0.667** 0.069 

45 873–873 Research, development, and testing 

services – Research, development, and 

testing services 

0.212*** 1.429 0.072 

Total   0.112*** 0.529*** 0.103*** 

  

    Second, the results for the potential of industry convergence (b1) suggests the potential 

degree of industry convergence among industries. The pairs 285 (Paints, varnishes, lacquers, 

enamels, and allied) and 284 (Soap, detergents, and cleaning preparations; perfumes, 

cosmetics, and other toilet preparations), 356 (General industrial machinery and equipment) 

and 281 (Industrial inorganic chemicals), and 356 and 284 show larger and significant 

coefficients, suggesting high convergence potential. In contrast, the pairs 873 (Research, 

development, and testing services) and 372 (Aircraft and parts) as well as 286 (Industrial 

organic chemicals) and 283 (Drugs) demonstrate relatively and significantly smaller 

coefficients than others with low convergence potential.  

Third, the estimation result of the growth rate of the degree of industry convergence (b2) 

shows that pairs 382 (Laboratory apparatus and analytical, optical, measuring, and controlling 



instruments) and 287 (Agricultural chemicals) as well as 386 (Photographic equipment and 

supplies) and 287 (Agricultural chemicals) are growing more rapidly than others. However, 

pairs 285–284 and 873–281 show a significantly lower growth rate than others during 1987-

2012. 

Among these three diffusion parameters, this research uses the convergence potential of 

industry convergence (b1) and the growth rate of DIC (b2) to explore the dispersion of 

convergent-industry pairs (1 to 27) whose coefficients are both statistically significant. Using 

these two coefficients as separate axes, we draw a chart of the dispersion of convergent-

industry pairs, as shown in Figure 1. Furthermore, we divide the dispersion area into 

quadrants by the average values of those two coefficients of the convergent-industry pairs 

(i.e., 0.590 and 0.262 for b1 and b2, respectively). 

 



 

Figure 1. Dispersion of convergent-industry pairs by potential (b1) and growth rate (b2) of the 

degree of industry convergence. (Note: only where both coefficients b1 and b2 are significant; 

each number represents a convergent-industry pair while number 0 shows the mean DIC of 

the entire convergent-industry pair.)  

 

The first quadrant is where both coefficients are higher than average, which suggests 

that industry pairs in this region have high convergence potential as well as a high growth 

rate. For example, for the industry pairs in this quadrant, that is, 287–281 (6) and 356–287 

(11), their potential for industry convergence is higher while the growth rates of the degree of 

industry convergence is also higher than average. The second quadrant includes industry 

pairs whose convergence potential is higher and the growth rate of DIC is lower than average. 

This quadrant includes eight industry pairs: 285–284 (2), 285–285 (3), 356–282 (9), 356–284 

(10), 382–285 (18), 386–281 (20), 873–281 (23), and 873–356 (25). Interestingly, one 

industry group, 356 (General industrial machinery and equipment), is included in the first and 

second quadrants. This means that this industry group has converged with other industry 



groups, reaching a high potential degree of industry convergence, regardless of the growth 

rate of convergence.  

The third quadrant is an area in which both coefficients are lower than average. In 

general, the diffusion characteristics of mean DIC of the entire industry pairs (0) have 

diffusion parameter values below average: 284–282 (1), 286–282 (4), 357–285 (12), and 

others. Finally, the fourth quadrant has industry pairs with lower convergence potential and a 

higher growth rate of DIC than others, including 286–283 (5), 287–284 (7), 372–356 (16), 

382–287 (19), 386–287 (21), and 873–372 (26). The convergence of industry pairs in this 

area seems to become saturated quickly, considering the potential and rate of convergence.  

Interestingly, we find that the potential for industry convergence and the growth of the 

degree of industry convergence are negatively related. An ordinary least squares (OLS) 

regression result confirms this negative relationship in Table 4. This indicates that 

convergence between high-technology industries, in general, takes longer to emerge, diffuse, 

and reach a high degree, if convergence potential is high. 

 

Table 4. OLS regression for a relationship between the maximum and the growth rate of DIC 

 Coeff. 95% CI 

Growth rate -0.538** (0.230) [-1.012, -0.064] 

Constant 0.736*** (0.076) [0.580,  0.892] 

R2 0.179  

F 5.46**  
** p < 0.05; *** p < 0.01. Standard errors are in parentheses. 

 

After estimating the diffusion parameters, such as the initial DIC (b0), potential DIC 

(b1), and the growth rate of DIC (b2), and exploring the dispersion of convergent-industry 

pairs using these parameters, this research also shows the diffusion patterns of convergent-



industry pairs (1 to 27) in Figure 2. We find that the diffusion patterns of industry 

convergence are heterogeneous across the quadratic regions. In Figure 2(a), the diffusion 

curves of the convergent-industry pairs 287–281 and 356–287 in the first quadrant are 

depicted. Interestingly, although both potential and the growth rate of DIC of these pairs are 

higher than average, their convergence potential is stagnant for several years. This means that 

the convergence between these industries occurred rapidly and has already achieved a very 

high degree. 

 



 

Figure 2. Diffusion patterns of convergent-industry pairs 

 

    The diffusion curves of the convergent-industry pairs in the second quadrant are shown 

in Figure 2(b). Because their growth rates of DIC are lower than average whereas the degrees 

of potential are higher, the diffusion curves show gradual growth to the maximum degree of 

convergence between industries. Interestingly, two pairs, 873 (Research, development, and 

testing services) and 356 (General industrial machinery and equipment) as well as 356 and 



284 (Soap, detergents, and cleaning preparations; perfumes, cosmetics, and other toilet 

preparations), show higher growth rates than other pairs in this quadrant (i.e., 0.150 and 

0.142, respectively). Figure 2(c) shows the diffusion curves of convergent-industry pairs in 

the third quadrant where the convergence potential and growth rates of DIC are both lower 

than average. Among the pairs in this quadrant, the pair 386 (Photographic equipment and 

supplies) and 356 has a maximum degree of industry convergence close to average, while the 

pair 357 (Computer and office equipment) and 286 (Industrial organic chemicals) shows a 

growth rate of DIC similar to the average. Finally, Figure 2(d) shows the diffusion patterns of 

convergent-industry pairs in the fourth quadrant. The industry convergence of these pairs has 

grown rapidly but has a lower maximum degree of convergence than others.  

Overall, the diffusion patterns of industry pairs are heterogeneous across different 

quadrants and have unique patterns. In other words, this suggests that industry convergence is 

currently developing at a different rate and potential depending on the industry pair. Some 

industries in particular, such as 873 (Research, development, and testing services), 356 

(General industrial machinery and equipment), (Soap, detergents, and cleaning preparations; 

perfumes, cosmetics, and other toilet preparations), 357 (Computer and office equipment), 

and 286 (Industrial organic chemicals), show both a significant convergence rate and 

potential and seem to be leaders in the industry convergence phenomenon.  

 

5. Conclusion 

As the high-technology market environment has changed rapidly and become more uncertain, 

firms have confronted intense competition, which accelerates firms’ technological innovation 

and product differentiation combining new product features of other industries with their 

products. This combination of product functionalities drive applicational convergence and 



eventually lead to industry convergence, which creates a new value chain in an industry as 

well as new market demand. 

Despite the significant appearance of industry convergence arising from not only 

technological development but also application/market development, previous research has 

studied industry convergence primarily from the perspective of technology. Although one 

recent study focuses on the market perspective (e.g., Kim et al., 2015), it does not explore 

which industries have converged more rapidly and how their diffusion characteristics vary. 

Therefore, this paper investigates the diffusion patterns in industry convergence in U.S. high-

technology industries by applying a co-occurrence-based analysis based on a text-mining 

method using a large volume of news articles. 

As a result, we estimate the potential degree of industry convergence and the growth rate 

of the degree of industry convergence of convergent-industry pairs that show an evolutionary 

convergence pattern. Furthermore, we explore the dispersion of convergent-industry pairs, 

dividing the dispersion area into four quadrants by the convergence potential and growth rate 

of the degree of industry convergence. We find that the potential degree of industry 

convergence has a significantly negative association with the growth rate of industry 

convergence, which indicates that industry convergence between high-technology industries 

with a high convergence potential takes time before it can evolve to a high degree of industry 

convergence. This result is consistent with that of Choi et al. (2015) in terms of the negative 

relationship between these two factors of convergence, although they analyze the diffusion 

patterns of technology convergence, not industry convergence. Furthermore, the diffusion 

curves obtained from the diffusion parameters indicate the heterogeneous diffusion patterns 

of convergent-industry pairs. With these results, one can infer not only which high-

technology industries have converged but also how intense and how rapid their convergence 



has been. 

This research contributes to the literature on industry convergence in three ways. First, 

this study provides a new approach that has not been explored previously to investigate 

industry convergence (i.e., interorganizational dynamics and market-based industry 

convergence). By analyzing text-mining-based co-occurrence of new articles, our study 

provides unique results on industry convergence from the market perspective. Second, this 

paper also suggests an industry-pair-level of analysis of industry convergence while previous 

studies have used a single-industry- or technology-sector-level analysis. An analysis at the 

industry-pair level allows policy makers to understand the phenomenon of industry 

convergence from a different perspective than previous studies, by providing implications 

about which industries are converging and which form of convergent industry will be created. 

Third, this research estimates the diffusion parameters of convergent-industry pairs, which 

also provide implications for how high and how rapidly industry convergence will develop. 

Despite the contributions described above, this study has several limitations that should 

be addressed in future studies. First, although we eliminated noisy information in the news 

articles, other noise may exist. Future studies can apply a natural language-processing (NLP) 

method to extract more precise and clearer co-occurrence information from the news articles. 

Second, this paper focuses only on convergence among high-technology industries, not on 

entire industries. Industry convergence seems to occur among entire industrial sectors (Kim 

et al., 2015). In addition to the convergence between high-technology industries, future 

studies can investigate the diffusion patterns of convergence between high-technology and 

other industries. This will enable us to draw a fuller picture of the diffusion patterns of entire 

convergent industries. 
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Appendix A 

A1. Pairs of converging high-technology industries 

SIC code 

pair 
Convergent-industry pair 

282-281 Plastics materials and synthetic resins, synthetic–Industrial inorganic 

chemicals 

282-282 Plastics materials and synthetic resins, synthetic–Plastics materials and 

synthetic resins, synthetic 

283-283 Drugs–Drugs 

284-282 Soap, detergents, and cleaning preparations; perfumes, cosmetics, and other 

toilet preparations–Plastics materials and synthetic resins, synthetic 

285-283 Paints, varnishes, lacquers, enamels, and allied–Drugs 

285-284 Paints, varnishes, lacquers, enamels, and allied–Soap, detergents, and 

cleaning preparations; perfumes, cosmetics, and other toilet preparations 

285-285 Paints, varnishes, lacquers, enamels, and allied–Paints, varnishes, lacquers, 

enamels, and allied 

286-282 Industrial organic chemicals–Plastics materials and synthetic resins, synthetic 

286-283 Industrial organic chemicals–Drugs 

287-281 Agricultural chemicals–Industrial inorganic chemicals 

287-284 Agricultural chemicals–Soap, detergents, and cleaning preparations; 

perfumes, cosmetics, and other toilet preparations 

289-281 Miscellaneous chemical products–Industrial inorganic chemicals 

289-285 Miscellaneous chemical products–Paints, varnishes, lacquers, enamels, and 

allied 

289-286 Miscellaneous chemical products–Industrial organic chemicals 

289-287 Miscellaneous chemical products–Agricultural chemicals 

356-281 General industrial machinery and equipment–Industrial inorganic chemicals 

356-282 General industrial machinery and equipment–Plastics materials and synthetic 

resins, synthetic 

356-284 General industrial machinery and equipment–Soap, detergents, and cleaning 

preparations; perfumes, cosmetics, and other toilet preparations 

356-287 General industrial machinery and equipment–Agricultural chemicals 

357-281 Computer and office equipment–Industrial inorganic chemicals 

357-285 Computer and office equipment–Paints, varnishes, lacquers, enamels, and 

allied 

357-286 Computer and office equipment–Industrial organic chemicals 

357-287 Computer and office equipment–Agricultural chemicals 

371-281 Motor vehicles and motor vehicle equipment–Industrial inorganic chemicals 

371-285 Motor vehicles and motor vehicle equipment–Paints, varnishes, lacquers, 

enamels, and allied 

372-281 Aircraft and parts–Industrial inorganic chemicals 

372-285 Aircraft and parts–Paints, varnishes, lacquers, enamels, and allied 

372-356 Aircraft and parts–General industrial machinery and equipment 



382-284 Laboratory apparatus and analytical, optical, measuring, and controlling 

instruments–Soap, detergents, and cleaning preparations; perfumes, 

cosmetics, and other toilet preparations 

382-285 Laboratory apparatus and analytical, optical, measuring, and controlling 

instruments–Paints, varnishes, lacquers, enamels, and allied 

382-287 Laboratory apparatus and analytical, optical, measuring, and controlling 

instruments–Agricultural chemicals 

382-356 Laboratory apparatus and analytical, optical, measuring, and controlling 

instruments–General industrial machinery and equipment 

386-281 Photographic equipment and supplies–Industrial inorganic chemicals 

386-284 Photographic equipment and supplies–Soap, detergents, and cleaning 

preparations; perfumes, cosmetics, and other toilet preparations 

386-287 Photographic equipment and supplies–Agricultural chemicals 

386-356 Photographic equipment and supplies–General industrial machinery and 

equipment 

873-281 Research, development, and testing services–Industrial inorganic chemicals 

873-282 Research, development, and testing services–Plastics materials and synthetic 

resins, synthetic 

873-285 Research, development, and testing services–Paints, varnishes, lacquers, 

enamels, and allied 

873-289 Research, development, and testing services–Miscellaneous chemical 

products 

873-356 Research, development, and testing services–General industrial machinery 

and equipment 

873-372 Research, development, and testing services–Aircraft and parts 

873-382 Research, development, and testing services–Laboratory apparatus and 

analytical, optical, measuring, and controlling instruments 

873-386 Research, development, and testing services–Photographic equipment and 

supplies 

873-873 Research, development, and testing services–Research, development, and 

testing services 
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This paper investigates the bioindustry as a new growth engine in Korea and identifies the conditions for its 
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in Korea, we must strive for enhancing demand conditions, that is, social acceptance of bioindustry products, as 

well as supply conditions. 
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I. Introduction  

All countries of the world are making constant efforts to discover new growth engines in order to overcome 

frequently occurring economic crises and achieve sustainable growth. At this time, one of the most fundamental 

and effective ways will be industrial growth through innovation suitable for the conditions they face. In this 

study, we are to check prerequisites for the growth in Korea through bioindustry emerging as one of the new 

growth engines.  

Of studies on innovation, the most representative and oldest schisms are technology push theory (Schumpeter, 

1939) and demand pull theory (Schmookler, 1966). While the former is supply-centered regarding innovation 

initiative as the entrepreneurial spirit or as the R&D, the latter initiative is a demand-centered perspective 

regarding it as the factor related to increased market demand, which is, increasing need for consumers. In the 

midst of debate on both theories during 1970-80s, recognizing both theories as different types of innovation, 

Freeman (1982) attempted differentiation to explain by using ‘patent’ materials. Looking at following previous 

studies like Mowery and Rosenberg(1979), Kineand Rosenberg (1986), Freeman(1994), Freenman and Louca 

(2001), it was agreed that both factors can be important factors of innovation but there are still important 

differences from a perspective on the starting point of the innovation. Additionally, Park and Lee (2015) 

revealed that enough information about the innovation is required to support changes for the government 

innovation programs.  

The purpose and significance of this study are to identify which innovation can be directly related to 

industrial growth in Korea’s bioindustry, the industry emerging as a new growth engine although any market is 

not firmly formed yet by directly using Malerba (2002, 2004)’s Sectoral Innovation System (SIS) explaining the 

factors of industrial innovation from the systematic perspective while reflecting the implications of these two 

innovation theories.
2
Under these research purpose and significance, this study is composed as follows. The 

status of bioindustry in Korea is examined in Chapter II and growth factors in the bioindustry are modeled in 

Chapter III and then, the survey results and empirical analysis results are presented in Chapter IV. Finally, 

conclusions and implications are provided in Chapter V. 

 

 

                                           

2Seo and Park (2010) stressed that people think demand-pull policy focusing on technology diffusion through market 

formation is essential in the policy intervention of the government for renewable energy technology innovation. 
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II. The Status of Bioindustry 

1. Definition of bioindustry and Investment 

Bioindustry is analyzed around the fields where biotechnology is used. White bioindustry that biotechnology 

is used in environment and energy sectors has the representative products of bio plastic and biofuel and red 

bioindustry that biotechnology is used in the health care field has the representative product of bio new medicine 

such as IT health care and stem cell medicine etc. and green bioindustry that biotechnology is used in Agri-food 

sector has the representative products of genetically modified organism (GMO) and plant factory. These three 

major bioindustry classification referred to OECD classification system (OECD, 2009a) classifying it into 

industry (Industry, White), health (health care, Red), primary industry (Agriculture and Food, Primary 

Production, green) and the classification system of EU bio Association classifying it into industry (White BT), 

health Care (Red BT), Agriculture and Food (Green BT). For reference, the Korean government includes only 

biopharmaceuticals in red bioindustry and separately classifies IT health care and medical equipment etc. into 

the fusion bioindustry or medical device industry. However, this study classifies all industries creating economic 

effects by using biotechnology in the health care field into red bioindustry.  

<Table 1>Three Major Industries and Products in Bioeconomic Ecosystem 

Detailed major 

industries 

Related 

fields 
Major Products and Definitions  

White 

bioindustry 

Environment 

/  

Energy 

Bioplastic 
Biomass-based polymers including biodegradable 

polymers among petroleum-based polymers 

Biofuel 
Biomass-based fuels such as bioalcohol and biodiesel 

etc.  

Red bioindustry 
Health/ 

Medical care 

IT Health care 
Medical Products and Services converging bio 

information-based biotechnology and IT 

Biopharmaceuticals 
Biotechnology-based drugs such as cell therapy 

products, Antibody Therapeutics etc.  

Green 

bioindustry 

Food /  

Resources 

Genetically 

Modified Organism 

(GMO) 

Quality improved crops by gene manipulation such as 

function and productivity etc.  

Plant factory 

Crop production system artificially controlling the 

environmental conditions such as light, temperature ‧ 

humidity, carbon dioxide concentration and culture 

fluid within facilities and using various 

biotechnologies such as tissue culture, cell culture etc. 

There are multiple detailed bioindustry sectors in Korea that can secure competitiveness in the global market. 

Bioplastic of white bioindustry, IT-health care and vitro diagnostic devices of red bioindustry, GMO and plant 

factory of green bioindustry can be taken as the examples. In this regard, main products and competitiveness by 
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sector currently held by Korea and related companies can be summarized as <Table 2>.  

<Table 2 > Main Bioproducts and Korea's Competitiveness 

Detailed 

Sector  

Main 

Products 
Korea's Competitiveness related firms 

White 
Bio  

Plastic 

Development and research on composite 

materials with energy-saving and 

environmentally-friendliness are actively made 

focusing on academia and industry.  

SK Chemical  

ToraySaehanCo.,Ltd. 

Ire Chemical, 

DaesangHonamPetroChemicalKohap 

Corporation, Shinhan Chemical 

Red 
IT-Health 

Care 

IT-Health Care is carried out through services 

such as government-centered emergency 

medical treatment and seniors safety 

management. 

IT-Health Care Industrial ecosystem is the best 

case of large-middle-small company 

collaborative ecosystem consisting of 

hospitals·clinics, ‘IT-BT-NT convergence’ 

venture and SMEs, bio·information technology 

utilizing diagnostic equipment and software 

midsize businesses and SI / electronics 

conglomerate etc.  

Samsung Electronics, SK Telecom 

Infinite Health Care 

UBCare, Infopia 

Insunginfo, Seegene 

Seun Medical 

Biospace 

Hyubiz, Vieworks 

Hyundai Information Technology 

Green 
Plant 

Factory 

Agricultural technology capability can be 

upgraded as an IT powerhouse. 

Promoting the government’s active agriculture, 

forestry bioindustry support policy 

Dongbu Farm Hannong Co., Ltd. 

 

As shown in the table, Korea has high competitiveness in the white and red fields. On the other hand, it is 

very important at this point to resolve a conflict by building the reasonable incentive allocation structure among 

the various interested parties of the bioeconomy innovation system for bioeconomy activation and increase 

social acceptance. With regard to such social acceptance, the measures to create the synergy between new 

supplier and existing supplier in bioindustry should be sought. The results derived in this study show the 

possibility of dramatically raising added value of the industry over time through synergy creation between 

existing suppliers and new suppliers. In fact, in order to derive the results of such a model, it is very important to 

create legal and political structures that can create synergies not the conflict between new and old suppliers and 

cooperative atmosphere between interested parties.  

 

2. Performance and Obstacles of bioindustry Investment  

(1) Low Sales compared to R&D Investment 

On the other hand, in case of Korea, despite the ongoing investment in bioeconomy, the effect shown as 

performance is judged to be unsatisfactory. That is, it is evaluated that social and economic effects of 
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biotechnology lack and policy inefficiency occur.  

In fact, Korea’s bioindustry which is in the initial step of industrial development is growing rapidly but its 

socio-economic effects are unsatisfactory such as production expansion compared to its importance and 

potential. According to bioindustry statistics which is announced annually by the Ministry of Trade and Industry, 

Korea’s bioindustry output in 2010 grew by annual average 18% in 2000~2010, 6.1trillion won in 2010. It is 

improved rather quickly in terms of growth rate but absolute level itself is very unsatisfactory when compared to 

other major industries. Given that Korea's annual GDP is about 1,200 trillion won, bioindustry is just about 

0.5% of total GDP.
3
 According to data from the Bioindustry Association that more precisely separated and 

investigated bioindustry part out of sales of individual companies, as seen in <Table 3>, the sales of bioindustry 

including domestic demand and export about 3.6 trillion won in 2011, lower than about 6 trillion won of the 

Ministry of Trade and Industry.  

As seen in Table, bioindustry sales including domestic demand and export grew from 1 trillion won in 2002 

to 3.7 trillion won in 2011, showing the rapid growth of average annual 15.4%.
4
 Of sales of 3.7 trillion won, 

domestic sales are 2.6 trillion won and grew by average annual 14.2% from 780 billion won in 2002 while the 

export grew rapidly by average annual 19% from 221.6 billion won to 1 trillion won.  

It means that the growth of exports is faster than the growth of domestic demand. However, the sales of 

bioindustry of Korea's total GDP are only 0.3% including exports.
5
 On the other hand, the portion of 

bioindustry exports is lower than that of other industries, about 30%. Given that the export portion of GDP, 

Korea's total industry sales in 2011 is 49.8%, bioindustry can be regarded as still being domestic centered.  

 

<Table 3>Sales of Bioindustry in Korea 

Year 
Sales(billion won) 

Exports/Sales (%) 

 
Domestic Export 

2002 1,004.6  783.0  221.6  22 

2003 1,155.7  908.2  247.5  21 

2004 1,371.1  1,035.5  335.6  24 

                                           

3Bioindustry statistics of each year, Ministry of Trade and Industry. 

4 These are values by the statistics created in the Korea Biotechnology Industry Organizationand there may be a deviation 

due to the company's sales missing when creating these statistics and the growth rate may be overestimated than the 

actual one because the sales of the missing company in recent years. 

5 As of 2011, Korea’s total GDP is about 1210 trillion won. 
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2005 1,626.1  1,243.3  382.9  24 

2006 1,799.8  1,465.2  334.5  19 

2007 2,397.8  1,859.1  538.7  22 

2008 2,992.0  2,194.3  797.7  27 

2009 3,852.0  2,426.3  1,425.6  37 

2010 3,396.7  2,385.6  1,011.1  30 

2011 3,651.4 2,887.4 1,064.0 29 

Source: The Korea Biotechnology Industry Organization, “Domestic BioindustryActual Condition Survey 

Report”. 

 

<Table 4> R&D Investment of Bioindustry in Korea 

Year Sales 
1)

 
R&D investment(billion won) R&D/sales (%) 

 
Private Government 

 
Private Government 

2002 10,046  681.4  231.1  450.3  68  23  45  

2003 11,557  817.5  287.3  530.2  71  25  46  

2004 13,711  918.5  316.9  601.6  67  23  44  

2005 16,261  1,050.8  377.2  673.6  65  23  41  

2006 17,998  1,250.4  423.4  827.0  69  24  46  

2007 23,978  1,414.2  534.9  879.3  59  22  37  

2008 29,920  1,569.7  593.4  976.3  52  20  33  

2009 38,520  2,017.2  766.6  1,250.6  52  20  32  

2010 33,967  2,274.9  757.4  1,517.5  67  22  45  

2011 36,514 2,314.9 813.7 1,501.2 63 22 41 

Source: The Korea Biotechnology Industry Organization, “Domestic Bioindustry Actual Condition Survey 

Report” and Ministry of Education and Science (2012) 

In terms of R&D investment performance, investment performance in Korea’s bioindustry is evaluated as low. 

Patra and Krishna (2015) also concluded that, the industry-academia (R&D) linkages are quite weak. 

That is, despite the massive government investment in R&D, the company's sales identified as domestic 

demand and exports actually achieved in the market are not high. The proportion of R&D costs of both private 

sector and government of total sales has constantly maintained approximately 40% from 2002 to 2011. This can 

be regarded as positive in terms of much R&D spending but conversely, performance of R&D investment 

leading to sales can be said to be very low. In fact, R&D spending as high as 40% over the past 10 years can be 
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said to show the inefficiency of investment in R&D. Also, when viewed extremely, such a high proportion of 

R&D costs means that the considerable portion of bioindustry is growing depending on R&D cost support of the 

government and the growth engine through expansion of its own market is weak. This can be identified in that 

private R&D costs are about 20% of sales while R&D costs of the government maintain about 40% of sales 

twice as much as it. Also, fast increase in bioindustry sales of annual average 15.4% after 2002 can be assessed 

to be due to the rapid increase in government R&D costs, 14.3%.  

 

(2) Low Social Acceptance Problem 

The low social acceptance problem for new technologies and new products is pointed out as a fundamental 

reason of actually low sales despite high R&D investment in bio-economy. 

Thanks to the large investment of Korean government for the biosector, 106% of government R&D 

investment compared to the plan in the 1
st
 step of 2nd biotechnology development master plan was achieved. 

Given the constraint of the government budget, requiring only quantitative expansion is judged not to be 

significantly realistic. Therefore, the policy direction needs to be double checked whether there is no problem 

with it rather than the government's investing amount itself. As pointed by Kim et. al., (2016), lack of legal or 

policy support will eventually limit to enhance international reputation, thus minimum regulation should 

be applied so that efficiency of policies can be enhanced. In this regard, while it is very necessary to improve 

social acceptance for bioeconomy due to the nature of industry to maximize the socio-economic effects of 

biotechnology, discussion and policy for it are pointed out to be very low. In fact, it is identified in many aspects 

that bioindustry has various interested parties by detailed bioindustry and conflict between them hinders the 

effect of supply expansion policy such as R&D investment etc. In white bioindustry, biodiesel producing SMEs 

are difficult to grow in conflict with oil companies and in bioplastic. Also petrochemical companies are passive 

in R&D investment due to uncertainty about future market. In case of red bioindustry including e-Health, health 

care, ‘Medical Law Amendment (telemedicine permission etc.)’ submitted in April 2010 was repealed due to the 

conflict between interested parties. Hence, telemedicine tools and a digital hospital have failed to enter the 

domestic market. Though the government is investing in GMO R&D, green bioindustry has not produced 

commercial products in Korea and ‘plant factory’, one of the tasks of government support and innovation 

strategy of the seed company (Dongbu Hannong), was canceled due to the resistance of farmers (2013.3.27)
6
 

Therefore, at the time when the provision of bioeconomy policy is urgent for sales expansion of bioindustry, that 

is, the activation of bioeconomy, more in-depth analysis and policy alternatives are judged to be necessary for 

                                           

6 http://news.heraldcorp.com/view.php?ud=20130327000355&md=20130327112715_AO 
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such a social acceptance problem. It is evaluated that the government's policy has been mainly biased toward 

securing supply competitiveness rather than social acceptance so far. Therefore the activation of bio-economy 

has been also delayed.  

In order to solve the problem of such social acceptance in the future, careful review seems to be necessary 

first whether efforts and achievements to solve laws, institutions and regulations, and the key barriers in 

activating bioindustry are insufficient. Also, the absence of the appropriate organization and effort to integrate 

and adjust the conflict of the activation policy ministry for promoting bioeconomy and regulation policy 

ministry has been pointed out in the bioindustry related field. Therefore, social recognition and acceptance for 

bioeconomy needs to be increased and, at the same time, the efforts to create legal system and regulatory 

environment and to prepare organizations need to be significantly expanded.  

 

III. Demand and Supply Condition Model and Industry Growth 

 

1. Sectoral Innovaton System and Demand and Supply Condition 

In this chapter, we are to develop the model for bioeconomy activation based on the results about previously 

analyzed domestic and foreign bioeconomy status. In order to develop a model directly explaining bioeconomy 

activation that can be said to be the policy performance, the main factors affecting bioeconomy activation 

should be identified and in what relationship, these factor variables (or explanatory variables) affect the 

activation of bioeconomy, a dependent variable should be identified.  

For model, we are to refer to Malerba (2002, 2004)’s Sectoral Innovation System(SIS) explaining the factors 

of sectorial innovation from a system perspective. 

Malerba's Sectorial Innovation System (SIS) theory explains different system situations through concrete 

cases of industry based on the assumption that sectorial innovation is determined systematically by 4 factors of 

knowledge base, firms and networks, institutions, and demand conditions.  

In this study, we divide four sectorial innovation factors of SIS theory into supply conditions and demand 

conditions. In addition, bioeconomy activation is defined as increase in the bioindustry market size. Also 

bioindustry market size is assumed to be determined by Leontief production function with two elements of 

supply conditions and demand conditions. 
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<Figure 1>SSI and Demand and Supply Condition Model 

 

That is, the model of this study reconstructed 4 kinds of ①knowledge base, ②firms and networks, ③ 

institutions, ④ demand conditions, 4 buildings blocks of industrial development claimed by Malerba (2002, 

2004)’s Sectoral Innovation System through coalition with the Leontief production function. In other words, of 

4 building blocks of SIS theory, ①knowledge base and ②firms and networks were explained as supply 

conditions and ③ institutions and ④ demand conditions were set as demand conditions of this model.
7 

 

2. Demand and Supply Condition Model Building 

In the Leontief production function model set in this study, the market size of bioindustry is determined as the 

minimum value of demand conditions and supply conditions. It can be explined as equation 1 and <Figure 2>. 

According to this model, the simultaneous growth of demand conditions and supply conditions is required for 

development of bioindustry that is, increase in bioindustry market size. 

 (1) 

Where, Q(Bioindustry market size) is a function of DC (Demand Conditions) and SC (Supply Conditions). 

  

 

<Figure 2>Bioindustry Growth using Demand and Supply Condition Model 

                                           

7 According to this model, a sector is "a set of activities that are related by a set of product groups for a given emerging 

demand and share some basic knowledge". The major four components of a sector in this model are "knowledge and 

technology","actors and networks", "institutions" and "demand".- Malerb (2004). 
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According to the model, the development strategy of the no.1 arrow direction expanding only supply 

conditions without demand conditions or the development strategy of no.2 direction expanding only demand 

conditions without expanding supply conditions is not helpful for bioeconomy activation. It is well explaining 

why the effects of Korean government’s supply competitiveness expansion-centered industrial policy are weak.
8
 

On the other hand, in this model, demand conditions were defined as multiplying of Social Acceptance Index 

(SAI) and Potential Market Demand (PMD) and supply conditions as multiplying of Supply Competitiveness 

Index (SCI) and Potential Market Supply (PMS). 

Social Acceptance Index (SAI), the key variable of demand conditions, is defined as the index calculated by 

weighted average of regulatory laws, opposition of interested parties, acceptable level of consumer awareness 

and Supply Competitiveness Index (SCI), the key variable of supply conditions is expressed as the function of 

knowledge base of the domestic bioindustry and related firms competitiveness. Knowledge Base Index (KBI) 

can be defined as a function of R&D investment of public sector and private enterprises and researchers base 

and Related Firm Competitiveness (RFC) means competitiveness of firms producing goods and services of the 

bioindustry sector and can be defined as a function of the firm’s total sales and total R&D investment. On the 

other hand, potential market supply and potential market demand were assumed to always match in the actually 

observed value by market supply and demand. Therefore, it does not seem to be significant in the model but was 

                                           

8 In fact, Korea's ioindustry development policy has focused on expanding supply conditions rather than expanding demand 

conditions so the government policy is evaluated to have been promoted in the direction of no. 1 arrow. 
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inserted to match the value of an equivalent curve of Leontief production function with the production value of 

actual industry, that is, sales scale of the industry. 

 

(1) Demand Condition and measurement 

Demand conditions are multiplying of Social Acceptance Index (SAI) and Potential Market Demand (PMD) 

and defined as equation 2. 

  (2) 

Where, DC(Demand Conditions), SAI(Social Acceptance Index), and PMD(Potential Market Demand) 

 

SAI is weighted average of regulatory laws, opposition of interested parties, acceptable level of consumer 

awareness and defined as equation 2-1. 

 (2-1) 

 

Where, , , and  are index for regulatory laws, the degree of opposition of interested parties, and the 

consumer awareness index. And a, b and c are weighted values (The default value of each is 1/3.). 

 

Such social acceptance index was measured as the levels of 1(Fully accepted), 0(Fully constrained) through 

the actual data or survey.
9
 In addition, the survey measured business constraints, bioeconomy activation 

constraints, and consumer benefits constraints targeting corporate stakeholders, experts and policy-makers, 

general consumers as shown in <Table 5>.
10 

 

 

 

 

<Table 5>Survey Questions for Social Acceptance Index  

                                           

9Alternatively. The survey can research consumer awareness related existing assessment and cases etc. such as regulatory 

laws related regulations and contents etc., opposition of interested parties cases and number, through literature research 

method to evaluate them quantitatively and qualitatively. This study did not conduct them directly. 

10 This study actually conducted a survey according to the table below. 
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Survey Target Measurement Target 

Company or 

industry 

representatives 

Bio-related business constraints due to three items (Regulatory laws, opposition of 

interested parties, consumer awareness)? Priority? 

Experts or policy 

makers 

The constraints of bio-economy activation due to three items (Regulatory laws, 

opposition of interested parties, consumer awareness)? Priority? 

General 

consumers 

The constraints of benefits due to the consumption (utility) of bio-related goods and 

services due to three items (Regulatory laws, opposition of interested parties, consumer 

awareness)? Priority? 

Note: Weights can be set depending on the priority survey results, asked about each of three bioindustries. 

 

Potential Market Demand(PMD) can be defined as a function of many factors such as income levels, levels 

and prices of bioindustry goods and services, levels and prices of alternate products, preferences, foreign 

demand etc. but is the value represented by the supply and demand of the market in the actual model and 

determined by the value the same as potential market supply. 

 (2-2) 

Where, the variables are income, preferences, foreign demand, the level and price of corresponding goods 

and services, and the level and price of alternative products. 

 

For consistency of the model, it is assumed that contents related to social acceptance does not affect the 

potential market demand. That is, the model assumes that the demand amount determined by the market 

principle depending on market price is always equal to the potential market supply if market balance is achieved 

by the price mechanism.  

 

(2) Supply Condition and Measurement 

On the other hand, supply condition is defined as equation 3 by multiplying of Supply Competitiveness Index 

(SCI) and Potential Market Supply (PMS).And, as in the preceding demand condition, SCI becomes a key 

variable and PMS is a variable introduced for matching actual data and production function value of the model.  
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 (3) 

The key variable, SCI is the function of knowledge base of domestic bioindustry and competitiveness with 

related firms. It is defined as equation 3-1. 

 (3-1) 

 

Where, and  are a Knowledge Base Index (KDI) and a Relative Firm Competitiveness Index (RFCI) 

with relative firms. And a and b are weighted values (The default value of each is 1/2). 

 

Knowledge Base Index (KBI) is defined as a function of R&D investment of public sector and private 

enterprises and researchers base and can be measured through data or survey by equation 3-1a.
11 

 (3-1a) 

 

Where, and  are a R&D investment index and a researchers base index. And a and b are weighted 

values (The default value of each is 1/2.). 

Related Firm Competitiveness Index (RFCI) means the competitiveness of firms producing goods and 

services of the bioindustry sector and can be defined as a function of the firm's total sales and total R&D 

investment. It can be measured through data by equation 3-1b and also measured through survey. 

 (3-1b) 

 

Where, and  are a related firm sales index and a related firm R&D investment index. And a and b are 

weighted values (The default value of each is 1/2.). 

In case of great total sales due to great sales other than bio products, it has a very important implication 

because it means that the company already secured a large-scale market in the field and has supply 

competitiveness and supply and demand can be secured immediately when conversing into bioindustry products 

in the future. As shown in the above, the main items of the questionnaires conducted in this study can be derived 

as in <Table 6>.  

Finally, PMS can be defined as a function of the price of bio-products, price of substitutes, foreign companies 

                                           

11 For supply competitiveness index, this study did not carry out the empirical analysis using real data. 
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supply etc. This is also, as with the PMD, assumed to always match in the actually observed value by market 

supply and demand. On the other hand, like demand conditions, for the consistency of the model, the contents 

related to the aforementioned supply competitiveness index are assumed not to affect potential market supply. 

 (3-2) 

Where, , , and  are the price of bio-product, the price of substitutes, and the supply from foreign 

company. 

<Table 6>Survey Questions for Supply Competitiveness Index  

Survey Target Measurement Target General questions 

Company or 

industry 

representatives 

Bio-related business constraints due to two items (knowledge 

base, related firm competitiveness)? Priority? The relative 

development of 

supply 

competitiveness 

compared to social 

acceptance?  

Experts or policy 

makers 

The constraints of bioeconomy activation due to two items 

(knowledge base, related firm competitiveness)? Priority? 

General 

consumers 

The constraints of benefits due to the consumption (utility) of bio-

related goods and services due to two items (knowledge base, 

related firm competitiveness)? Priority? 

Note: Weights can be set depending on the priority survey results 

 

3. Bio market size observed value and location estimation in the model 

In this chapter, we are to examine how the position in the model is determined depending on the size of 

demand conditions and supply conditions and observed size of biomarket.  

 

 

 

 

 

 

 

 

<Figure 3>The Bioindustry Growth in the D&S Condition Model 
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The bioindustry market size that can be measured as by actual statistical data is defined as the sum of 

domestic sales and exports and imports of domestic companies by bioindustry sector. The value of the 

production of the isoquant curve is determined primarily by observed value of the bioindustry market size by 

year, detailed industries (Red, Green, White etc.). And therefore, if social acceptance index and supply 

competitiveness index are obtained by surveys, etc., where this value exists in the isoquant curve, that is, the 

position in the model can be also estimated. Specifically, the radial line passing through the origin point is 

determined by the ratio of supply competitiveness index, supply index and social acceptance Index, supply 

index and the position is determined in a point that this radial line and the value of market size observed in the 

market meet in the Leontief isoquant curve. The current level position in the model tells us the scale of 

bioeconomy appearing in the current market appears under which supply conditions and demand conditions. 

Also, knowing the current position means providing very important and objective information in determining 

the effective strategic direction for bioeconomy activation. This process can be shown as in <Figure 3>.  

As seen in <Figure3>, if the value of the market size of bioindustry in 2012 is 10, it corresponds to 10 in the 

isoquant curve made by the Leontief production function. Next, the position in the isoquant curve with 10 of 

production is determined by the relative ratio of demand condition index and supply condition index measured 

by a questionnaire, etc. If demand index is greater than supply index, that is, if social acceptance is greater than 

supply competitiveness, the observed market size can be determined in the position corresponding to 'Current 

Level 2'. On the other hand, if supply index is greater than demand index, the observed market size can be 
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determined in the position corresponding to 'Current Level 1'.  

In what situation of demand condition and supply condition, production elements, the currently observed 

value of the market size is determined has a very important meaning. In the situation of current level 1, the 

policy for the expansion of demand conditions through the expansion of social acceptance should be centered 

for activation of bioeconomy, that is, the expansion of market size and it is very important to expand supply 

competitiveness in the situation of current level 2. The actual survey is 「bioindustry social acceptance related 

survey」 conducted in October 2013 (Choi et. al., 2013). 

 

IV. Estimation results 

 

1. Empirical Analysis Results using the D&S Condition Model 

In this study, we examined if current level 1 of the actual reality of bioeconomy in Korea, that is, demand 

conditions are more insufficient than supply conditions or current level 2, that is, demand conditions are better 

equipped than supply conditions by using the policy analysis model derived through the survey analysis. The 

questions of asking % of demand conditions when setting supply conditions to 100% were used in the survey. 

Through this question, the survey was conducted targeting consumers and suppliers, companies and experts and 

as a result, surprisingly, when supply conditions are 100%, it was identified that consumers evaluated demand 

conditions as low by 43.5%, companies by 38.2%, experts by 57.6%. The average of three groups is 46.4% and 

as hypothetically expected in this study, in case of Korean bioindustry, it turned out that demand conditions are 

less than half compared to supply conditions. 

<Table 7> Ratio of demand conditions compared to supply conditions of bioindustry in 2013 

(Supply conditions=100) 

  Entire bioindustry 

   

White Red Green 

Consumers (1,590) 43.5 43.2 43.7 43.4 

Companies (137) 38.2 31.8 44.1 34 

Experts (150) 57.6 52.7 62.4 57.8 

Average 46.4 42.6 50.1 45.1 
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Source: Survey (KIET, Conducted in October 2013) - Choi et. al.,(2013) 

 

<Figure 4> Ratio of demand conditions compared to supply conditions of bioindustry in 2013 

(Supply conditions=100) 

 

A. Percentage of demand conditions based on Consumer Survey Results (Supply conditions=100) 

 

 

B. Percentage of demand conditions based on bioindustry companies survey results (Supply conditions=100) 

 

 

C. Percentage of demand conditions based on bioindustry experts survey results (Supply conditions=100) 
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Source: Survey (KIET, Conducted in October 2013) - Choi et. al.,(2013) 

 

2. Marking Empirical Analysis and Strategic Implications in the Model 

According to empirical results, the position of the current level in the model corresponds to current level 1, 

the situation where demand conditions are lower than supply conditions between current level 1 and current 

level 2 set earlier. The ratio of supply conditions compared to demand conditions 2.15 (100/46.4) in case of the 

entire bioindustry and this corresponds to the slope of a straight line starting from the origin. This is the straight 

line with 2.15 of slope shown in <Figure 5>. When this straight line and sales of bioindustry of the current level 

are 10, sales in current demand conditions and supply conditions are made in the intersection, point marked as 

the current level in the figure. If the sales of bioindustry are 10 trillion won in 2013, 10 in the figure becomes 10 

trillion won.  

<Figure 5>Strategic Direction of Bioindustry in D&S Condition Model 
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The position in this position is determined by detailed industry of bioindustry. That is, if sales value and the 

slope of a straight line passing through the origin by each detailed industry, the exact position in the model is 

determined by industry. Now, it was found that demand conditions fall short of supply conditions in all cases in 

the position of Korea’s bioindustry in the model, though there are differences. Therefore, it will be necessary to 

choose the direction of the most effective development strategy. 

As seen in <Figure5>, four paths of future 1, future 2, future 3, future 4 can be selected as the path of 

development strategy of future bioindustry. As with the current policy, future 1 is the path shown when selecting 

a strategy focusing more on supply competitiveness than demand conditions, that is, expansion of social 

acceptance. Demand conditions can be seen as waiting for expanding automatically by the market. Future 2 is 

the strategy of expanding supply conditions while focusing more on demand conditions and to do this, the 

policy for expanding social acceptance needs to be more considerably expanded than now. This is the strategy 

of using a significant portion of government resources used in expansion of the current supply conditions in 

expansion of demand conditions. Future 3 is the case of converting all of the government's policy resources used 

in the expansion of supply conditions into the expansion of demand conditions. Theoretically, it can be said to 

be a measures to expand the size of bio-economy the most effectively. Future 4 is to expand demand conditions 

enduring a reduction in supply condition and though an extreme case but the scale of bioindustry can be also 

expanded in this case. In policy, letting companies themselves reduce R&D costs and use policies for expanding 

social acceptance may correspond to it. In conclusion, in the short term, it will be necessary to make demand 

conditions and supply conditions reach the similar levels by using the strategy of future 3 (or future 4). And if 

conditions and supply conditions reach similar levels to some degree, it is necessary to show the development 

path of bioindustry along a straight line with slope 1 through the balanced growth of two conditions along the 

path of strategy 1 and 2 in the medium to longer term. 

 

V. Conclusion 

By using Malerba’s Sectoral Innovation System (SIS) explaining factors of Sectoral Innovation from a system 

perspective, we built the growth model for bioindustry in Korea and identified the relative position of the 

current supply conditions and demand conditions. Through these analyses, we obtained meaningful results about 

which strategy should be built so that bioindustry as the next growth engine can show a stable and sustainable 

growth pattern. Currently in Korea, the biomarket was not firmly settled and it turned out that demand 

conditions are relatively inadequate compared to supply conditions. Therefore, for the growth of bioindustry, it 
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is the most urgent to raise consumer awareness by enhancing potential consumer acceptance for future 

bioindustry. These research findings are considered to give significant implications to new growth engine 

industries faced with similar economic conditions. 
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Abstract 

The model of “Open Innovations” (OI) can be compared with the “Triple Helix of University-

Industry-Government Relations” (TH) as attempts to find surplus value in bringing industrial 

innovation closer to public R&D. Whereas the firm is central in the model of OI, the TH adds 

multi-centeredness: in addition to firms, universities and (e.g., regional) governments can take 

leading roles in innovation eco-systems. In addition to the (transversal) technology transfer at 

each moment of time, one can focus on the dynamics in the feedback loops. Under specifiable 

conditions, feedback loops can be turned into feedforward ones that drive innovation eco-

systems towards self-organization and the auto-catalytic generation of new options. The 

generation of options can be more important than historical realizations (“best practices”) for the 

longer-term viability of knowledge-based innovation systems. A system without sufficient 

options, for example, is locked-in. The generation of redundancy—the Triple Helix indicator—

can be used as a measure of unrealized but technologically feasible options given a historical 

configuration. Different coordination mechanisms (markets, policies, knowledge) provide 

different perspectives on the same information and thus generate redundancy. Increased 

redundancy not only stimulates innovation in an eco-system by reducing the prevailing 

uncertainty; it also enhances the synergy in and innovativeness of an innovation system. 
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Introduction 

 

The model of “Open Innovations” (OI; Chesbrough, 2003) and the “Triple Helix of University-

Industry-Government Relations” (TH; Etzkowitz & Leydesdorff, 1995 and 2000) seem at first 

sight to have much in common in terms of their stated objectives to bring industrial innovation 

closer to public R&D. On closer inspection, however, they differ in terms of their disciplinary 

backgrounds and policy objectives. As Chesbrough formulated (at p. xxiv), “Open innovation is 

a paradigm that assumes that firms can and should use external ideas as well as internal ideas, 

and internal and external paths to market, as the firms look to advance their technology.” Firms 

are thus the principal agents. The TH focuses on the knowledge infrastructure of innovations 

provided by university-industry-government relations.  

 

How can innovation eco-systems be improved? The transformation of the university toward an 

“entrepreneurial university” (Clark, 1998; Etzkowitz, 2002) and the role of innovation policies 

can be analyzed in terms of social coordination mechanisms that function differently from and 

beyond the market (Luhmann, 1995). From this perspective, the firm is one agent among others 

in networks of relations. In the OI model, however, the existing public/private divide in a 

political economy is more or less taken for granted, whereas the TH model calls attention to the 

newly emerging coordination mechanism of organized knowledge production in a knowledge-

based economy (Leydesdorff, 2006; Whitley, 1999).  

 

How is a knowledge-based economy different from a political economy?  A political or 

industrial economy assumes markets and political institutions as the two most relevant 



coordination and selection mechanisms, while a knowledge-based economy is based on adding 

knowledge production as a third coordination mechanism to the mix. However, the generation of 

“wealth from knowledge” or “knowledge from wealth” requires knowledge-based mediation by 

management or intervention by government to change the institutional conditions (Freeman & 

Perez, 1988). The public/private divide is reconstructed in a knowledge-based economy, for 

example, in terms of intellectual property rights. A policy intervention such as the Bayh-Dole 

Act, for example, brings the industrial aspiration as a third mission into the core of the 

institutional arrangements between federal or national governments and national or state 

universities.  

 

Arguing that applied research should be driven commercially and the university should not spend 

public money by investing in market development, the University of Amsterdam, for example, 

decided in the mid-90s to sell its science park to the Zernicke group (www.zernikegroup.com) 

which at that time was expanding internationally. In the meantime, however, the natural science 

faculty has been concentrated in a large park (of 70 ha), called the “Amsterdam Science Park.” 

More than 120 (startup) companies have been incubated on this campus. However, in a recent 

study of the technology transfer performance of Dutch universities, Vinig & Lips (2015, at p. 

1047) conclude that “(w)ith the exception of Dutch technical universities and academic medical 

centers, all Dutch research universities fail to translate their high research output into successful 

technology transfer and commercialization.” While engaging in social relations, the traditional 

(“ivory-tower”) university has become increasingly competent in shielding its intellectual 

research agendas against external interventions (van den Daele & Weingart, 1975). Incentives 

are considered as opportunities for funding. 



 

The neo-evolutionary turn of the TH 

 

How do these three selection environments (economic, scientific, and political) interact with one 

another? Selection environments operating upon one another reduce uncertainty (variation) 

potentially by orders of magnitude. Bruckner, Ebeling, Montaño, & Scharnhorst (1994) consider 

such markets as so “hyper-selective” that niches are needed to protect the incubation of 

innovation. Two layers of interactions are thus shaped: structural interactions among selection 

environments on top of ongoing interactions generating variation at the bottom level (e.g., new 

products and processes). The resulting system is vertically layered and horizontally differentiated. 

Because of this complex structure, the system can be considered nested (e.g., national, regional, 

etc.; Braczyk, Cooke, & Heidenreich, 1998) from one perspective, while clustered in overlapping 

sets from another (e.g., sectors; Breschi, Lissoni, & Malerba, 2003). Ivanova & Leydesdorff 

(2015) use the term “fractal manifold” to describe this fuzzy structure of innovation systems. 

 

The two models—OI and TH—both depart from linear models such as “technology push” or 

“demand pull” in favor of a focus on interactions and further development. Relations are no 

longer fixed and given, as in a channel between a supply and a demand side (Kline & Rosenberg, 

1986). The driving force in one phase may become a dependent variable in a next one; feedback 

and feedforward arrows co-determine longer-term development. A system with three interacting 

sources of variation cannot be expected to remain in equilibrium (Leydesdorff, 1994; 

Leydesdorff & Van den Besselaar, 1998). This “upsetting of the equilibria” (Nelson & Winter, 

1982; Schumpeter [1939], 1964, p. 428) tends to become structural in a knowledge-based 



economy. Therefore, economic assumptions have to be reformulated in this neo-evolutionary 

framework (Andersen, 1994). 

 

In the TH-model the relationships (among universities, industry, and government) were first 

conceptualized in terms of institutional relations, such as bilateral relations between universities 

and industries which may require administrative mediation or policy intervention. One can draw 

a triple helix as a triangle (Sábato, 1975) or as Venn diagrams (circles) that represent partly 

overlapping institutional spheres (Figure 1).  

 

 

 

Figure 1: Representations of the Triple Helix in terms of a Venn diagram (Fig. 1a; source: 

Etzkowitz & Leydesdorff, 2000, p. 111) or as a triangle (Fig. 1b; source: Petersen et al., 2016, p. 

667)  

 

At the intersections in Figure 1a, one can pencil in relations such as funding of university 

research by government or industry, technology transfer, or priority programs formulated 

strategically, for example, at national levels. Institutional relations, however, tend to be sticky. 



For example, the Japanese government has promoted university-industry relations for decades, 

but individual researchers tend to prioritize the internationalization of their co-authorship 

relations more than their relevance at the national level (Leydesdorff & Sun, 2009). In other 

words, one can expect a tension between (i) integration and differentiation and (ii) the local and 

global dimensions. Korean firms, for example, are not always open to university initiatives 

because the knowledge base develops internationally. Knowledge-intensive firms (e.g., big 

pharma) tend to choose their university-partners globally, that is, in terms of the functionality of 

specific collaborations. 

 

Historical trajectories and evolutionary regimes 

 

In Figure 1b, agents and institutions are no longer in focus, but the TH model is generalized in 

terms of the three main functions in the innovation process: demand, supply, and technological 

capabilities. This model is no longer neo-institutional—that is, about networks of agents—but 

neo-evolutionary, since it is about the interactions among selection environments. How do 

markets interact with technologies in ways that are different from their interactions with 

institutions in a political economy? How are the institutional relations endogenously transformed 

by technological trajectories and emerging technological regimes—i.e., longitudinal selection 

mechanisms and their interactions?  

 

Technological trajectories and regimes can be considered as a dually layered selection process 

(Dosi, 1982; Hayami & Ruttan, 1970; Nelson & Winter, 1982). A trajectory is historically 

observable along an “innovation avenue” (Sahal, 1985). The innovativeness of an eco-system, 



however, is also determined by absorptive capacities on the demand side and the skill structure 

of the labor force in the environment of the firm (Cooke & Leydesdorff, 2006). Technological 

innovation may make some natural resources (e.g., coal mines) obsolete and others (e.g., rare-

earth metals) most valuable at the level of the global system.  

 

Whereas each selection environment operates on specific variations, mutual selections may lead 

to co-evolution along trajectories in processes of “mutual shaping.” In the case of three 

interacting selection environments, a technological regime can be expected additionally. This 

regime reorganizes the relevant variation beyond the control of the carrying agencies entertaining 

relations along historical trajectories. Each mutual relation (e.g., between “supply” and 

“demand”) can be spuriously influenced by a third functionality pending as another possible 

selection context. 

 

For example, highly industrialized countries and regions may be locked into dominant 

technologies or institutional arrangements and lose the flexibility to absorb new options. Are 

other arrangements possible? The neo-evolutionary version of the TH model considers 

 the functions that are integrated and differentiated in the institutional relations. The institutional 

networks provide a knowledge-infrastructure, which from an evolutionary perspective can also 

be considered as a retention mechanism.  

 



Interactions among the helices 

 

The three main functionalities in the TH-triangle can be considered as (i) knowledge production 

(carried primarily by academia), (ii) wealth generation (industry), (iii) and normative control 

(governance). Since variations in these three dimensions can be considered as analytically 

independent, the three coordination mechanisms can be represented as orthogonal axes of a 

Cartesian coordinate system (Figure 2). Each agent or specific relation in an innovation system 

can be positioned in this space. From the perspective of the knowledge production system, for 

example, a university patent can be considered as relevant output; but patents are at the same 

time input to the economy. In the third dimension of governance and control, the patent may be 

filed under different national or international regimes such as USPTO, WIPO, EPO, etc. 

 

Figure 2: The Triple Helix as three functions in a system of Cartesian coordinates. Source: 

Ivanova & Leydesdorff, 2014a.  

 



Unlike the institutions, the functions are not directly observable, but must be inferred as 

hypotheses by an analyst. The specification of these expectations shapes models that can be 

improved by systematic observation and thus exhibit a dynamics of knowledge-production that is 

different from market incentives or normative reasoning in political discourse (Hajer, Hoppe, 

Jennings, Fischer, & Forester, 1993). Because of the reflexivity involved, the knowledge 

dynamics can itself be expected to become part of the system that it models. The gradual 

transformation of a political economy into a knowledge-based economy can be expected to 

depend on the reflective capacities of this knowledge-based system: can the models be improved? 

Can other solutions be found? Has the loop added by scholarly reflections been self-reinforcing? 

Is a new specialty, for example, developing? (Rosenberg, 1982) The frame of reference is no 

longer the individual firms, but the knowledge-based reconstruction and transformation of the 

system of relations among innovation agents. 

 

One can easily assume more than three dimensions to be relevant (Carayannis & Campbell, 2010; 

Leydesdorff, 2012). However, before we move to modeling an n-dimensional system, a three-

dimensional one is worth further investigation: a TH can be expected to behave very differently 

from the sum of three double helices because the relations in a TH can loop forward or backward 

and thus generate fruition of or lock-in into an innovation eco-system (Ulanowicz, 2009). In 

other words, the third party may catalyze or inhibit the relations between the other two parties. 

Since each corner of the triangle can have this spurious function in relation to the other two, such 

a TH system can be considered as auto-catalytic or self-organizing.  

 



The self-organization generates a next-order or global layer of communications on top of the 

local organization in terms of institutions and their relatively stable relations. This global layer 

(regime) can be considered as an order of expectations. The viability of options is first specified 

in terms of expectations. The specification of the expectations triggers and stimulates knowledge 

production processes to come to the fore when the discourse is further developed. 

 

Measurement 

 

The TH functionalities can be specified more abstractly (as latent dimensions) than the 

observable institutions and their relations. One moves from descriptive to inferential statistics 

when specifying expectations (before proceeding to the observations). In a recent paper, Petersen 

et al. (2016), for example, applied the TH methodology to the three main functions in the 

innovation process: (i) supply, (ii) demand, and (iii) technological capabilities (Figure 1b). In a 

series of studies of national systems of innovation, Leydesdorff and various co-authors modeled 

the TH as distributions of firms with (i) a geographical address (postal code), (ii) a technological 

knowledge base (using the NACE codes of the OECD as a proxy), and (iii) an economic weight 

(firm size). When observable distributions (variables) can be attributed to units of analysis—

firms in this case—as independent (orthogonal) dimensions, the question can be raised of 

whether one would expect a synergy to emerge or would the system become locked into a 

vicious circle.
1
  

 

                                                 
1
 The model and the measurement enable us to specify this expectation for any three- or higher-dimensional system. 

One can find a routine for the computation of mutual redundancy in three or four dimensions at 

http://leydesdorff.net/software/th4/ . 

http://leydesdorff.net/software/th4/


Using firms as units of analysis in a series of studies, we decomposed a number of national 

systems of innovation: Germany (Leydesdorff & Fritsch, 2006), the Netherlands (Leydesdorff, 

Dolfsma, & van der Panne, 2006), Sweden (Leydesdorff & Strand, 2014), Norway (Strand & 

Leydesdorff, 2014), Italy (Cucco & Leydesdorff, manuscript), Hungary (Lengyel & Leydesdorff, 

2011), the Russian Federation (Leydesdorff, Perevodchikov, & Uvarov, 2015), and China 

(Leydesdorff & Zhou, 2014). In the case of the Netherlands, Sweden, and China, the national 

level adds to the sum of the regions. In Sweden, the knowledge-based economy is heavily 

focused in three regions (Stockholm, Gothenburg, and Malmö/Lund); in China, four 

municipalities which are administered at the national level participate in the knowledge-based 

economy more than comparable regions.  

 

In Norway, foreign-driven investment along the west coast seems to drive the transition from a 

political to a knowledge-based economy. Hungary’s western part is transformed by the 

integration into the European Union, whereas the eastern part has remained a state-led innovation 

system. The capital Budapest occupies a separate position. In Germany, the generation of 

synergy is mainly at the level of the States (Länder) and not at the national level. In Italy, the 

main division is between the northern and southern parts of the country, and less so among 

regions as primarily administrative units. In the Russian Federation, the national level tends to 

disorganize synergy development at lower levels; knowledge-intensive services cannot circulate 

freely because of their integration in the Russian state apparatuses. 

 



Path-dependency, transition, regime change 

 

The transition from a dyad (supply/demand) to a triad (supply/demand/capability) is fundamental, 

as the sociologist Simmel already noted in 1902 (Simmel, 1950). A triad may be commutative or 

not: are the friends of my friends also my friends? The directionality of the arrows—the order of 

the communications—can generate asymmetries in triads: two loops in one direction and one in 

the other can be expected to lead to a path different from one loop in the first direction and two 

in the opposite. In other words, this system becomes path-dependent (“non-Abelian”): one 

cannot go back without friction to a previous state, as in an equilibrium system. In other words, a 

TH system is no longer in an equilibrium state, but necessarily in transition and developing 

(Etkzowitz & Leydesdorff, 1998). 

 

Each point in the Cartesian space of Figure 2 can be considered as representing a three-

dimensional vector in terms of its x, y, and z-coordinates. In the case of an event—and one 

expects events, since the system is developing—the corresponding vectors change. For example, 

University A may become more involved in industrial activities in the form of new startups. This 

can first be considered as a variant. If all or many universities move in this same direction, one 

would at a next moment have to rethink the choice of the axes in the vector space. For example, 

the axis of knowledge production could be rotated so that it points to the center of the cloud of 

points representing the universities.  

 

In other words, a rotation of the structure is brought about by an aggregate of actions in a 

specific direction. This rotation can be clock-wise or counter-clockwise as illustrated in Figure 



1b. Historical organization prevails in one direction and evolutionary self-organization in the 

other; but both organization and self-organization remain continuously relevant. In other words, 

historical organization and evolutionary self-organization are not an “either/or,” but a question of 

extent or, in other words, a variable. This variable can be positive or negative (or zero); the 

question becomes one of measurement. How can one measure this variable? 

 

Historically realized systems are measurable; but hypothesized systems are not yet necessarily 

realized. Information theory provides us with a language to express this: the realized options 

provide the observed uncertainty (in Shannon-type notation: Hobs), while our specifications of the 

system(s) provide us with an expectation of all possible states; that is, the maximum entropy 

Hmax. The difference between the two (Hmax - Hobs) is non-information or redundancy R.
2
 

Redundancy is a measure of the options that could have been realized (given the definition of the 

system), but have not been realized hitherto. R can be considered as the footprint of the next-

order (possible) system in a historical configuration. For the viability of an innovation system, 

the availability of options other than the already realized ones may be more important than prior 

achievements. Redundancy is thus critical for innovation. 

 

Because of Shannon’s choice to couple the information measure H to the entropy S,
3
 the Second 

Law of thermodynamics is equally valid for H: entropy can only increase with time. In an 

evolving system—such as a TH system—the Hmax can also be expected to increase with time. 

Brooks & Wiley (1986, at p. 43) have visualized this as follows (Figure 3a): 

                                                 
2
 Shannon (1948) defined the redundancy relative to the maximum information as follows: 

                  ⁄ . 
3
 H is a mathematical measure of uncertainty which Shannon (1948) coupled to the H in Gibbs’ formulation of the 

entropy: S              ∑           . In this formula,    denotes the Boltzmann constant. When base 2 is 

used for the logarithm, H is measured in bits, whereas S (and   ) are defined in Joule/Kelvin. 



 

 

 

 

 

Figure 3a: The development of entropy (Hobs), 

maximum entropy (Hmax), and redundancy 

(Hmax – Hobs). Source: Brooks & Wiley (1986, 

at p. 43). 

Figure 3b: Hitherto impossible options 

are made possible because of cultural 

and technological evolution. Source: 

Leydesdorff et al. (in press).  

  

In other words, the generation of new options—that is, increase of redundancy—is at first a 

natural process. However, technological evolution adds to the redundancy by making the 

historically “impossible”—as indicated in the top-right corner of Figure 3a—feasible, and thus 

one adds non-natural (that is, humanly constructed) options to the system. We have added this 

domain in Figure 3b and colored the redundancy green. Note that more redundancy reduces 

uncertainty because the relative information (        ⁄   is reduced. Reduction of uncertainty, 

for example, may shape niches in the complex system that are favorable to innovation more than 

when hyper-complexity and hyper-selectivity prevail. 

 



The generation of redundancy in TH systems 

 

How does one add redundancy (new options) to a system by producing knowledge? In addition 

to the functional dimensions represented as a vector space in Figure 2 above, one can consider 

the axes also as different perspectives on similar events: the academic perspective, the industrial 

one, and the political one. The overlaps in the Venn diagrams of Figure 1 in that case no longer 

indicate mutual information, but redundancy. One reads the same information, but from a 

different perspective.  

 

 

Figure 4: Overlapping uncertainties in two variables x1 and x2. 

 

In Figure 4, the overlap between two variables x1 and x2 is depicted as two circles representing 

sets of values of each variable. The mutual information or transmission (T12) is then defined—in 

accordance with the rules of set theory—as follows:  

 

 (1) 
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One corrects for the overlap by subtracting H12. Alternatively, one can consider the overlap as 

redundancy: the same information is appreciated twice. In addition to H1 and H2, the overlap 

contains a surplus of information since both sides appreciate the overlap. This leads to an 

additional information as follows: 

 

                        (2) 

  

The mutual redundancy R12 at the interface between the two sets can now be found by using Y12 

instead of H12 in Eq. 1, as follows:  

 

               

                          

                            

      (3) 

 

Since T12 is necessarily positive (Theil, 1972, pp. 59 ff.), it follows from Eq. 3 that R12 is 

negative and therefore cannot be anything other than the consequence of an increased 

redundancy. Consequently, R12 can be expressed in terms of negative amounts (e.g., bits) of 

information, that is, as reduction of uncertainty. 

 

Leydesdorff, Petersen, and Ivanova (in press) derive in the case of more than two dimensions, n 

> 2: 
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The left-bracketed term of Eq. 4 is necessarily negative entropy (because of the subadditivity of 

the entropy), while the configuration of the remaining mutual information relations contribute a 

second term on the right which is positive.
4
 In other words, we model here the generation of 

redundancy on the one side versus the historical process of uncertainty generation on the other, 

as an empirical balance in a system that operates with more than two codes (e.g., alphabets; 

Abramson, 1963, pp. 127 ff.). When the resulting R is negative, self-organization prevails over 

organization in the configuration under study, whereas a positive R indicates conversely a 

predominance of organization over self-organization as two different subdynamics.  

 

The multiplication of options in social systems 

 

Using biological or engineering metaphors, one often assumes that systems are “naturally” given 

and therefore have a maximum capacity. In other words, there are “limits to growth” (Club of 

Rome; Meadows, Meadows, & Randers, 1972) when the carrying capacity of a system is 

assumed to be “given” instead of specified in a scholarly discourse. For example, the capacity of 

transport across the Alps could be considered as constrained by the capacity of roads and 

railways such as at the Brenner Pass. As soon as one invents new channels, however, other 

options become available such as, for example, air transport across the Alps which is not 

constrained by the geological or weather conditions on the ground.  

                                                 
4
 The alternating sign in the right-hand term of Eq. 4 corrects for the alternating sign following from the Shannon 

formulas (Krippendorff, 2009, at p. 670). 



 

The new options are not just added, but the number of options is multiplied with each new 

channel. Let us clarify this implication by using the following formalization: a network can be 

represented as a matrix (n x m). Thus, its capacity is determined both by the number of units (n) 

and by the number of communications among these nodes (m). As long as m is low, the 

aggregate number of units (n) can be used as an indicator of the capacity of the system. But with 

each increase of m, the influence of the number of units (n) on the product (n x m) decreases.  

 

For example, compare New York City with Calcutta in terms of “sustainability”: living 

conditions in Calcutta are largely determined by the number of inhabitants because of the poor 

infrastructure. In New York, whether the city has ten or twelve million inhabitants does not 

particularly matter. The structure of this city is determined by its communication infrastructure 

(including such things as sewage systems, telephone lines, subways, etc.). A system which has 

changed the basis of its carrying capacity from actors to their interactive communications can 

grow exponentially. Each new column—representing another dimension of communication—

multiplies the system’s carrying capacity. However, the various columns represent also a 

differentiation of the communication into channels of communication. Thus, the number of 

options for innovation can rapidly increase if communication among the different codes of 

communication is appreciated in the model.  

 

Summary and conclusions 

 

Beyond opening the innovation process to third parties, the Triple Helix provides a model of 

innovation in which these third parties are specified in terms of selection environments and the 



interaction processes among them. Unlike the carrying layer in which innovation is understood to 

have developed historically, these different contexts provide meaning to innovation from specific 

perspectives. At the supra-individual level, these perspectives can be considered as differently 

coded communication systems. The codes are not present otherwise than as a structuration of the 

expectations (Giddens, 1984); yet the way and the extent to which these constructs interact 

matters for the innovation climate in terms of the numbers of options available for innovation 

and hence the reduction of uncertainty. These seemingly elusive processes can be modeled, 

measured, and simulated using the formulas that we submit (see also: Ivanova & Leydesdorff, 

2014b). 

 

Redundancy generation operates “against the arrow of time” or, in other words, in the direction 

opposite to the generation of Shannon-type information (that is, probabilistic entropy). In 

biological systems, pockets of “neg-entropy” (Brillouin, 1953; Schrödinger, 1944) can be 

expected as temporary niches in the entropy flux (Von Foerster, 1960). Differentiation among 

the codes of communication can be functional to the emergence of a cultural-technological 

evolution, which can tilt the balance between historical organization and evolutionary self-

organization. Evolutionarily, the possible is no longer constrained by “adjacent others” in a 

historically defined universe (Kauffman, 2000), but by the quality of the models that one can 

entertain in the knowledge base (Luhmann, 1982). From a longer-term perspective, models of 

anticipatory systems (Dubois, 1998; Rosen, 1985) in which the arrow of time is also reversed, 

provide options for the simulation (Leydesdorff, 2010; Leydesdorff, Johnson, & Ivanova, 2014), 

while Triple-Helix models enable us to measure the efficiency of the anticipatory mechanisms 

that can be exploited for technological developments and innovations. 



 

Both OI and TH models invite us programmatically to examine processes of exchange of 

information and knowledge among partners with different perspectives and other institutional 

roles. We have argued that exchanges at the level of the codes of communication can lead to 

redundancies that enrich the innovation process by making more and new options available. The 

richer context of a knowledge-based regime (at the supra-individual level) forces us in a 

feedback loop to specificity in the selections and to the knowledgeable legitimation of decisions. 

The realization of this additional loop stimulates the transition from a framework of politics 

(power) and economics (money) to one that contains organized knowledge production and 

innovation as a third mechanism of social coordination.  
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augmented selection pressure. Empirically, however, a configuration is a mixture of forward and 
backward loops: both realizations and new options are generated, but to different extents, at different 
places, in different markets, etc. The TH indicator measures whether uncertainty increases or 
decreases at the systems level and to which extent. Because this is an entropy measure, the results 
can be decomposed. For example, one can ask how much the national level adds to the sum total of 
synergy (negative entropy) generated at the level of regions. Or in terms of sectors: which sectors 
add more to synergy in the knowledge base: medium or high-tech? For example, knowledge-
intensive services are not bound to their geographical location, but need an airport or train station 
nearby. Thus, they tend to uncouple from the synergy created in a region. From a local perspective, 
embeddedness can be expected to counteract on the footloose-ness of high-tech firms and 
knowledge-intensive services. 
Using firms as units of analysis in a series of studies, we decomposed a number of national systems 
of innovation: Germany (Leydesdorff & Fritsch, 2006), the Netherlands (Leydesdorff, Dolfsma, & 
van der Panne, 2006), Sweden (Leydesdorff & Strand, 2014), Norway (Strand & Leydesdorff, 2014), 
Italy (Cucco & Leydesdorff, manuscript), Hungary (Lengyel & Leydesdorff, 2011), the Russian 
Federation (Leydesdorff, Perevodchikov, & Uvarov, 2015), and China (Leydesdorff & Zhou, 2014). 
In the case of the Netherlands, Sweden, and China, the national level adds to the sum of the regions. 
In Sweden, the knowledge-based economy is heavily focused in three regions (Stockholm, 
Gothenburg, and Malmö/Lund); in China, four municipalities which are administered at the national 
level participate in the knowledge-based economy more than comparable regions. In Norway, 
foreign-driven investment along the west-coast seems to drive the transition from a political to a 
knowledge-based economy. Hungary’s western part is transformed by the integration into the 
European Union, whereas the eastern part has remained a state-led innovation system. The capital 
Budapest has a separate position. In Germany, the generation of synergy is mainly at the level of the 
States (Länder) and not at the national level. In Italy, the main division is between the northern and 
southern parts of the country, and less so among regions as primarily administrative units. In the 
Russian Federation, the national level tends to disorganize synergy development at lower levels. The 
knowledge-intensive services cannot circulate because of their integration in the state apparatuses.
Using other units of analysis (e.g., scientific publications) and other attributes (e.g., institutional 
addresses or medical subject headings, one can generalize the TH model and indicator to a Triple 
Helix of supply, demand, and technological capacities. Using address information, a geographical 
decomposition remains always possible, but one does not expect an innovation dynamic to be 
geographically constrained. Pockets of negative entropy production touch the ground at some places 
more than other (Bathelt, 2003), like clouds which are part of frontal weather systems and non-linear 
turbulences. Agents and policy makers compete in terms of their reflexive capacities to model the 
opportunities offered by sets of TH relations (Leydesdorff, 2010).
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Climate Change, Irrigation Adjustments, and Economic 
Impacts: Expansion of Irrigated Agriculture in Georgia

Changkeun Park

Abstracts

As an adaptation strategy for coping with climate change, the expansion of supplemental irrigated 
agriculture can be appropriate for the southeast region. The change of agricultural production could 
be categorized as the change of profits in agricultural sector from the economic structure. Since 
business sector profits are included in the value added sector, the impact of agricultural production 
change should be analyzed applying a supply-driven IO model instead of a demand-driven IO model. 
This study focuses on the issue of whether the application of the traditional demand-driven IO 
approach is appropriate or not for the impact analysis of the agricultural production change, and this 
viewpoint determined the motivation of this study. In order to determine the suitability of applying a 
demand-driven IO model for the evaluation of the effect of expanding irrigated agriculture, the 
following research question is posed: How to evaluate the economic effect of increasing agricultural 
production caused by the expansion of irrigated agriculture?
If the production of crops in the west is moved to Georgia, agricultural supply in Georgia will 
increase and this impact cannot be measured exactly by the traditional demand-driven IO model. 
The demand-driven IO approach is an irrelevant approach for the case of supply change. When we 
apply the supply-driven IO model, the impact analysis will provide relevant estimates for the 
agricultural production change in the end. This is the starting point of this research and the first 
objective is to develop a regional IO model for Georgia investigating the change of supply aspect for 
estimating the economic impact of increased agricultural production in Georgia. The second research 
objective of this study is the estimation of the economic impact of increasing agricultural production 
induced by the conversion of non-irrigated cropland in Georgia using a supply-driven IO model. The 
results from this research will provide a guideline for estimating the value of water allocation into 
agriculture in Georgia.
Seung et al. (1998) analyzed the economic impacts of water reallocation in the Walker River Basin 
using a regional CGE model. Kaye-Blake et al. (2010) employed the MONASH-NZ dynamic CGE 
model of the New Zealand economy to measure the increased irrigation impacts in three key ways: 
an increase in off-farm capital infrastructure costs, an increase in on-farm capital costs, and an 
increase in agricultural production. Using the newly developed version of the GTAP-W model, 
Calzadilla et al. (2008) analyzed the global effect of enhanced irrigation efficiency on crop 
production, water use, and welfare.
In the case of the IO approach, Kirsten and van Zyl (1990) compared several methodological 

 

alternatives for determining the impact of irrigation development, and they applied the IO model to 
calculate total output multipliers, income multipliers, and total employment multipliers. Howe et al. 
(1990) analyzed the temporal pattern of water transfer from irrigated agriculture to urban areas with 
the Colorado Forecasting and Simulation Model (COFS). While Lee et al. (1987) estimated the 
effect of projected future groundwater withdrawal rates by San Antonio on irrigated agriculture in 
Uvalde County, Whited (2010) focused on intermediate input changes specific to the actual crops 
production rather than a change in agricultural output.
In this paper, economic and employment impacts for the expansion of irrigated agriculture are 
estimated applying the supply-driven Georgia multiregional input-output (MRIO) model. For the 
analysis, non-irrigated cultivable acreage of cotton, peanuts, corn, and soybeans in 42 counties of 
southwest Georgia are assumed 100% converted into irrigated acreage. With this assumption, the 
difference in total net returns of production between the non-irrigation and irrigation method is 
calculated as input data of the supply-driven Georgia MRIO model. Applying the difference in total 
net returns of each county by each crop to the supply-driven Georgia MRIO model, the economic 
impact and employment impact of increasing agricultural production due to the conversion of non-
irrigated acreage is estimated for 159 counties and 21 industry sectors. Based on the information of a 
95% confidence interval for each crop’s average price, the lower and upper bounds of estimated 
results are also presented together in each table.
The impact of increasing crop production due to the conversion of non-irrigated cultivable acreage 
in 42 counties of Georgia positively affected the Georgia State economy and job market. Among 159 
counties of Georgia, Decatur, Early, Grady, and Thomas were in the group of the major affected 
counties for the economic impact of all crops production change; Irwin was one of the most affected 
counties for the economic impact of cotton, peanuts, and corn production change. Baker, Brooks, 
Miller, Seminole, and Sumter also were among the most affected counties for the economic impact 
of crop production change. In the case of the employment impact, the increase of employment was 
high in Cook, Early, and Grady for all crop production change. The employment impacts of cotton, 
peanuts, and corn production change significantly affected the job markets of Mitchell and Tift. In 
addition to these counties, Colquitt, Crisp, Lee, Lowndes, Sumter, and Thomas experienced higher 
increases of employment due to the expansion of irrigated agriculture in Georgia. For the impact of 
all crop production change, the economic benefit and employment increase were the greatest in the 
total farm, manufacturing, and construction sectors.
With several advantages, this study also has a couple of limitations. First, using an expected average 
yield of each crop could not reflect the yield difference between counties. Therefore, the possibility 
of generating biased estimates could exist in the estimation process. Instead of average yield of each 
crop, using a crop production simulation model could reduce such uncertainty in yield. Adopting 
diverse conditions of future climate factors and regional specific soil and growing conditions, the 
crop production simulation model will generate more realistic and regional specific yield 
information than just average yield. Second, farmers could be more interested in the issue relating to 
risk-reduction yield of irrigated agriculture than a 95% confidence interval of the impact. If these 
limitations are reflected and corrected in future studies, it could generate valuable research.
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Climate Change, Irrigation Adjustments, and Economic 
Impacts: Expansion of Irrigated Agriculture in Georgia
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Abstracts

As an adaptation strategy for coping with climate change, the expansion of supplemental irrigated 
agriculture can be appropriate for the southeast region. The change of agricultural production could 
be categorized as the change of profits in agricultural sector from the economic structure. Since 
business sector profits are included in the value added sector, the impact of agricultural production 
change should be analyzed applying a supply-driven IO model instead of a demand-driven IO model. 
This study focuses on the issue of whether the application of the traditional demand-driven IO 
approach is appropriate or not for the impact analysis of the agricultural production change, and this 
viewpoint determined the motivation of this study. In order to determine the suitability of applying a 
demand-driven IO model for the evaluation of the effect of expanding irrigated agriculture, the 
following research question is posed: How to evaluate the economic effect of increasing agricultural 
production caused by the expansion of irrigated agriculture?
If the production of crops in the west is moved to Georgia, agricultural supply in Georgia will 
increase and this impact cannot be measured exactly by the traditional demand-driven IO model. 
The demand-driven IO approach is an irrelevant approach for the case of supply change. When we 
apply the supply-driven IO model, the impact analysis will provide relevant estimates for the 
agricultural production change in the end. This is the starting point of this research and the first 
objective is to develop a regional IO model for Georgia investigating the change of supply aspect for 
estimating the economic impact of increased agricultural production in Georgia. The second research 
objective of this study is the estimation of the economic impact of increasing agricultural production 
induced by the conversion of non-irrigated cropland in Georgia using a supply-driven IO model. The 
results from this research will provide a guideline for estimating the value of water allocation into 
agriculture in Georgia.
Seung et al. (1998) analyzed the economic impacts of water reallocation in the Walker River Basin 
using a regional CGE model. Kaye-Blake et al. (2010) employed the MONASH-NZ dynamic CGE 
model of the New Zealand economy to measure the increased irrigation impacts in three key ways: 
an increase in off-farm capital infrastructure costs, an increase in on-farm capital costs, and an 
increase in agricultural production. Using the newly developed version of the GTAP-W model, 
Calzadilla et al. (2008) analyzed the global effect of enhanced irrigation efficiency on crop 
production, water use, and welfare.
In the case of the IO approach, Kirsten and van Zyl (1990) compared several methodological 

 

alternatives for determining the impact of irrigation development, and they applied the IO model to 
calculate total output multipliers, income multipliers, and total employment multipliers. Howe et al. 
(1990) analyzed the temporal pattern of water transfer from irrigated agriculture to urban areas with 
the Colorado Forecasting and Simulation Model (COFS). While Lee et al. (1987) estimated the 
effect of projected future groundwater withdrawal rates by San Antonio on irrigated agriculture in 
Uvalde County, Whited (2010) focused on intermediate input changes specific to the actual crops 
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Abstract

Purpose/ Research Question: 
Climate change is one of the most impending issues human beings are facing in this era of 21 
century. Average temperature increase of the earth climate shall have detrimental impacts on 
environmental as well as social and economic areas. According to the IPCC, even if global average 

temperature increase is limited to 2°C successfully, it is expected that more than 2 billion people will 

be suffering from water shortage and 20-30% of bio species shall be extinct. Even worse, impact of 
climate change on Korean peninsula will be more serious than that of the world average. Under this 
context, this study aims to project changes in climate change induced risk over time in urban and 
rural area and to explore policies to mitigate those risk. Climate change induced risks in this study 
include heavy rain, heat wave, and sea level rise. 

Key Literature Reviews: 
Researches on climate change are abundant with diverse focus and interests. However, most studies 
are focusing on specific areas with certain academic discipline without paying due attention to 
interrelated and interactive nature of climate change impact on environmental, social, and economic 
areas. At a highly aggregated level, studies on integrated models on climate change impact have 
been active most notably from economists. In addition, system dynamics model on climate change 
have also been developed actively, reflecting more faithfully the interactive and interrelated nature 
of climate change impact on related areas. World model developed from the study of Limit to 
Growth(Forrester, 1971; Meadows, et.al., 1972, 1974, 1992, 2004; Randers, 2012) provided good 

 

fundamentals of later developed climate change models. Those models include Threshold21 by the 
Millennium Institute 4 , the Climate Rapid Overview And Decision Support (C-ROADS) 
model(Sterman, Fiddaman, et.al., 2012), Behavioral climate-economy model(Fiddaman, 1997, 
2002), etc.. Together with these aggregated world level of dynamics model, relatively small and 
regional level of climate change impact models have also been developed(Huerta, et.al., 2011). This 
study also aims to analyze impact of climate change and explore policy options to mitigate climate 
change induced impact. The model is national level one and focus is to explore strategies to reduce 
risk induced by climate change.  

Design/ Methodology/ Approach: 
System dynamics simulation method was used to build model and to conduct policy analysis with 
simulation period from year 2000 to 2050. Model was built with focus on interaction among three 
sectors; damage restoration cost from heavy rain heat wave and sea level rise, total cost of food 
import due to decrease in arable land and agricultural productivity, changes in government budget to 
respond these problems. 
Policy experiment with system dynamics model was conducted using three scenarios based on 
government budget for climate change adaptation. The first scenario is allocating 10 trillion Korean 
Won(roughly 10 billion $US) government budget for climate adaptation from the year 2000. The 
second scenario is allocating same amount of climate adaptation budget from 2011. The third one is 
allocating budget from 2011 as with the second scenario and increase the budget 5 trillion Korean 
Won (roughly 5 billion $US) more every year from the year 2020. The first scenario could be called 

as ‘early response scenario’, the second one is ‘delayed response scenario’, and the last one can be 

called ‘delayed response with budget increase scenario’.

(Expected) Findings/Results:
Result of simulation analysis shows that the total climate change induced damage restoration cost 
was minimized with scenario 1. Total damage restoration cost in the year 2050 was projected less 
than 5 trillion Won with Scenario 1, over 20 trillion Won with scenario 2, and under 20 trillion Won 
with scenario 3.

Research limitations/ Implications: 
Simulation results indicate that to be effective in risk reduction from climate change impact, it is far 
better to spend government budget earlier. Further, earlier government expenditure contributed to 
reduce food import cost too. It was because by investing government budget earlier to restore 
damaged areas and to improve agricultural infrastructure in advance for preparation of climate 
change, arable land damage and decline in agricultural productivity was minimized.
Implications of study results are as follows. First, climate change induced risks can be managed 
properly if policy response is made at early time. Early response to climate change could reduce 
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Implications of study results are as follows. First, climate change induced risks can be managed 
properly if policy response is made at early time. Early response to climate change could reduce 

                                           
 



 

natural disaster restoration cost and this could free more government budget for infrastructure 
improvement for climate change adaptation and thereby reduce restoration cost further, forming a 
virtuous cycle. Second, if government fails to make early response with long delay, system can be 
under the influence of vicious circle. With no proper preparation for climate change, natural disaster 
damage and restoration cost increases rapidly and government budget available for climate change 
adaptation decreases, leading to a further increase in climate change induced damages. Third, 
delayed policy response to climate change is not effective even if government budget is increased 
substantially. In summary, earlier response to climate change is more effective than delayed policy 
response with larger government budget. 
These findings are consistent with previous researches on climate change. IPCC reports and existing 
studies show that the earlier government spending on climate change could save climate change 
mitigation and adaptation cost substantially. In this study too, the earlier government response was 
proved to save climate change damage restoration cost substantially. In addition, this study shows 
that early response is more effective in reducing food import cost, maintaining agricultural 
productivity, and improving infrastructure for climate change adaptation.
Keywords: climate change policy, risk management, system dynamics modelling, urban and rural 
areas
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Abstracts

Purpose of Research
Although extensive research has explored the relationship between the built environment around 
transit station and transit ridership, the research primarily focuses on the nature of aggregation and 
the cross-sectional approach. Unlike much of the previous research, this paper attempts to measure 
the impacts of longitudinal changes in built environment around transit station on transit ridership 
changes. 

Key Literature Review
While internal factors (e. g, transit fare and service quantity 0 affect transit ridership, a large body of 
literature has documented external factors that influence on transit ridership. The external factors 
include socio-economic factors (e.g., population characteristics and metropolitan economy), spatial 
factors (e.g., the built environment), and alternative travel modes (e.g., highway accessibility, fuel 
price, and parking availability) (Gomez-Ibanez, 1996). It appears more persuasive to conclude that, 
to some degree, the role of physical environmental factors around transit service areas is fairly 
significant, but its magnitude is relatively marginal when compared with socio-economic condition.  
Not surprisingly, the level of income has a negative influence on transit ridership (McNally and 
Kulkarni, 1997). Regarding the role of environmental factors, it is generally assumed that transit use 
is higher in more dense, diverse, and walkable urban environment. Along with the single effect of 
density, Cervero reported the high density brings more transit ridership when it accompanies a mix
of residential, commercial, and office uses in proximity to the station (Cervero, 2002). Similarly, 
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studies conclude that a pedestrian-friendly environment around stations substantially improves the 
accessibility to transit system by foot or bicycle (Cervero, 2001). However, it is difficult to consider 
that the pedestrian-friendly environment itself leads to the significant increase in transit ridership. 
The reasoning is that people who use transit are not limited to walkers, and that pedestrian-friendly 
environment does not necessarily mean transit friendly environment. However, much of research 
mentioned is aggregation and cross-sectional approach. There have been limited research efforts on 
shading light on longitudinal relationship between built environment around transit station and 
transit ridership
Research Method
The geographical extent of this paper is the Los Angeles Metro rail system (LA Metro). The time 
frame for this paper is the 10 years between 2000 and 2010. Due to this time frame, this paper
studies 50 stations of LA Metro. Based on this study area, this research employs a step-wise OLS 
regression analysis as its research method. The dependent variable of the analysis is historical transit 
ridership changes between 2000 and 2010. The independent variables are the changes of built 
environment between 2000 and 2010. The independent variables can be broadly categorized into two 
categories, socio-demographic factor and land use factor. The socio-demographic factor includes  
population, White population, Hispanic population, Asian population, foreign born population, 
dwelling units, population under poverty, population with bachelor or higher degree The land use 
factor consists of single family residential, multifamily residential, non-residential land uses like 
office and commercial, vacant, number of business, number of employee, land use diversity, job -
housing balance, and retail-population balance. In order to control significant internal factors, some 
system factors are also included in the regression analysis.
Findings
The findings of the analysis can be summarized ad below.
The limited socio-demographic and land use impacts of the ¼ mile catchment area on transit 
ridership. 
The significant influence of the trip attraction factor comparing to one of the trip production factor 
The contribution of generic, macro attributes of population to transit ridership increase. 
The positive correlation of the land use features of the trip attraction factor (e.g. office and retail 
land use) with transit ridership, but not employment 
The importance of balance factor, especially land use balance. 
The negative correlation of job-population balance with transit ridership 
Research Limitations
This paper identifies unique socio-demographic and land use features that influence longitudinal 
transit ridership. However, the models presented in this paper are preliminary and are not intended to 
be a final product. Some outputs of the models are skewed due to the geographical location of the 
study area. Furthermore, the OLS models cannot be generalized. The small size of the sample for the 
models is also a limitation. Due to the limited number of stations, this paper is not able to fully 
explore the relationship between specialized population cohorts and transit ridership. Although this 
paper included all of transit stations that have served for Los Angeles Metro rail system since 2010, 

 

50 stations are not enough to serve the purpose of this paper. Another limitation of this study is 
inconsistence of data. It is important to use consistent data sets in terms of sources, formats, and 
attributes in order to guarantee the accurate measurement of chronological changes. However, it was 
impossible to use the exactly same data due to the 10 years of time gap. Therefore, future research 
needs to control the quality of data.

Keywords
Longitudinal analysis, built environment, transit, transit ridership
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Abstract

Measuring economic impacts stemming from various natural disasters is an increasingly common 
interest in the U.S. Even since the U.S. economy experienced severe losses from the two hurricanes 
which consecutively hit the Gulf of Mexico coast in August 2005, we are still experiencing similar 
damage every year. The recent Hurricane Sandy is one of the greatest storms ever to hit the U.S. The 
recent physical disruptions and environmental damages caused by Hurricane Sandy demonstrate the 
fragility of NYC and Long Island in terms of built and natural environmental systems, having 
prompted the discussion of constructing seawalls and other coastal barriers around the shorelines of 
the NYC and Long Island area in order to minimize the risk of destructive consequences from 
another such event in the future. Unfortunately, the majority of these types of studies have depended 
upon governmental reports, focusing on the magnitude of direct building losses or on speculations 
about future impacts on a damaged area. However, these economic impact readings have not 
accounted for indirect effects via economic and trade linkages, even though most direct economic 
losses lead to further economic losses via inter-industrial and inter-regional economic relations. This 
study connected coastal hazards to economic impacts using the lost jobs during the first four days 
affected by Sandy available from a Census data source applied to the NIEMO model. While New 
Jersey and Connecticut are two other States seriously affected, we analyzed what economic impacts 
using short-term job losses associated with Sandy, tracing Sandy’s moving path from Florida to New 
Hampshire. Since Hurricanes Katrina and Rita, we found Sandy had brought another tragedy mainly 
to the NYC and Long Island areas, reaching $2.8 billion in four days with 99% of the loss occurring 
in the last day of Sandy. Furthermore, the national impacts attained $10 billion losses as suggested 
by the NIEMO inter-industrial and inter-regional economic model.
Keywords: Sandy, Economic impacts, NIEMO, Job losses
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Abstract

Innovation to being a green city involves various industrial and entrepreneurial ecosystems that can 
reduce environmental and ecological risks and achieve sustainable urban development without 
degrading the urban environments. Usually green city development involving clean industries is 
believed to attract employees due to better urban environments, which would make labor-supply 
competitive. As a result, some industries will move to the city due to the increased labor supplies. 
However, at the same time, other industries will move out from the green city due to the increased 
production costs stemming from higher taxes, tighter regulations and various invisible costs. These 
factors will make GDP and personal income by Metropolitan Statistical Area (MSA) more complex. 
It is a dearth of studies that examined, however, how such a green-related innovative entrepreneurial 
system could be a growth engine of cities. This paper examines whether or not a greener city can 
contribute to evolving the economic aspects of the city. Two-stage econometrics approach is the 
method applied. Data for 2000 and 2005 have been developed. Data sources include 2000 and 2005 
emissions of carbon dioxide, 2000 Census, 2005 American Community Survey, and 2000 and 2005 
GDP and per capital person income of the Bureau of Economic Analysis. Even though diverse 
indices have been developed for rankings of the U.S. green cities, which are publically reported 
every year, the ranking characteristics may limit to quantifying. Therefore, the contribution of this 
paper will be made in distinguishing concerns about urban environments in green cities from 
concerns about economic performances related with innovative and entrepreneurial ecosystems.

Keywords: Innovative Green Economy, Economic Performance, Urban Environments, Metropolitan 
Statistical Area, 2SLS Model..
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competitive. As a result, some industries will move to the city due to the increased labor supplies. 
However, at the same time, other industries will move out from the green city due to the increased 
production costs stemming from higher taxes, tighter regulations and various invisible costs. These 
factors will make GDP and personal income by Metropolitan Statistical Area (MSA) more complex. 
It is a dearth of studies that examined, however, how such a green-related innovative entrepreneurial 
system could be a growth engine of cities. This paper examines whether or not a greener city can 
contribute to evolving the economic aspects of the city. Two-stage econometrics approach is the 
method applied. Data for 2000 and 2005 have been developed. Data sources include 2000 and 2005 
emissions of carbon dioxide, 2000 Census, 2005 American Community Survey, and 2000 and 2005 
GDP and per capital person income of the Bureau of Economic Analysis. Even though diverse 
indices have been developed for rankings of the U.S. green cities, which are publically reported 
every year, the ranking characteristics may limit to quantifying. Therefore, the contribution of this 
paper will be made in distinguishing concerns about urban environments in green cities from 
concerns about economic performances related with innovative and entrepreneurial ecosystems.

Keywords: Innovative Green Economy, Economic Performance, Urban Environments, Metropolitan 
Statistical Area, 2SLS Model..
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Exploring the developmental trajectory and technological capability  

in the global renewable energy industry 

Abstract 

Since national approach and policies greatly impact the development of renewable energy, this study 

aims to explore the country-level developmental trajectory and technological capability of the seven 

major renewable energy technologies, namely photovoltaic, solar thermal, PV-thermal hybrid, hydro, 

sea, geothermal, and wind energy, in the global renewable energy industry. By utilizing the global 

patent data extracted from the Espacent, this study identifies and analyses a total number of 126,661 

renewable energy patent grants between 1970 and 2013 whereas the different R&D focuses aimed by 

the major countries are revealed. The technological capabilities of renewable energies focused by the 

top five players (i.e. Japan, China, the US, Korea, and Germany) reveal their respectively various 

technological strengths and national approaches in relation to the sustainable solution. China 

dominates the latest emerging thermal-PV hybrid energies in terms of R&D scale and specialization 

while Germany secures intensive patenting activities in the wind energy; Japan has been known as a 

pioneer in the large-scale deployment of PV energy; the US is specialized on the cutting-edge 

geothermal and sea energy technologies; and the fast-follower Korea is seen its aggressive ambition 

to catch up with the technological leaders and has become one of the top renewable energy patentees 

since the year 2010. The results of this study reflected the relationship between technological 

development and opportunity of commercialization in each major country.  

 

Keywords: renewable energy; technological portfolio; technological capability; patent; China
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Exploring the development trajectory and technological capability  

in the global renewable energy industry 

 

1. Introduction 

There are many measures that can be used to assess a country’s technological capability, such as 

the share of the population that receives higher degree education, the scale of its R&D (research and 

development) workforce, R&D investments, the number of new products, and the number of patents 

granted. The patentability of inventions are assessed according to three criteria – novelty, utility and 

originality. Therefore, patent data analysis serving as an effective indicator for technological 

capability performance has been widely recognized, especially in high-tech industries (Amsden and 

Mourshed, 1997; Hagedoorn and Cloodt, 2003; Hu, 2012; Wu, 2014). High-tech or 

knowledge-intensive industries, such as biotechnology, semiconductor production, thin film 

transistor liquid crystal display (TFT-LCD), and even renewable energy, are increasingly called upon 

to focus on intellectual property (IP) issues. This is particularly the case for first movers who attempt 

to secure their advantage, as well as for latecomers who intend to compete with the international 

leaders in the global market (Hu and Mathews, 2008).  

The establishment of technological capabilities is an extremely important step in building a 

successful industry in a country. These capabilities are reflected in a country’s patenting activity, and 

depend to a large degree on the trajectory of global industrial development, which can be measured 

in terms of technology value and economic value (Kogut and Zander, 1992; Rivette and Kline, 2000). 

While the building of technological capabilities has been widely recognized as a catalyst for the 

evolution of latecomer countries from imitators to innovators in high-tech industries, their successes 

have also been attributed to other factors such as liberal market economies, enduring cultural legacies, 

the dynamic capabilities in linkage, resource leverage, learning, and so on (Dodgson, 2009; Hu and 

Mathews, 2005; Mathews, 2002).  

When climate change, resource conservation, and energy security have become critical 

worldwide issues, the development of renewable energy acts as one of the key drivers in the process 

of building eco-cities/low-carbon cities, circular economies, and sustainable society (Jabareen, 2006; 

Joss, 2011; Lehmann, 2011). In particular, the prosperous development of eco-cities (or smart cities) 

around the world has diverse characteristics of renewable energy to be utilized, depending on their 

various geographic characteristics and resources endowment. However, all of them are seeking for 

the most applicable solutions associated with the cost-effective renewable energy technologies to 

develop a sustainable socio-economy. By utilizing the global patent data extracted from the 

http://jpe.sagepub.com/search?author1=Yosef+Rafeq+Jabareen&sortspec=date&submit=Submit
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Espancent (operated by the European Patent Office), the goal of this study is thus to explore the 

development trajectory and technological capability of the seven major renewable energy 

technologies, namely photovoltaic (so-called PV), solar thermal, PV-thermal hybrid, hydro, sea, 

geothermal, and wind energy, in the global renewable energy industry. Since national approach and 

policies greatly impacted the development of renewable energy by means of subsidies, tax 

exemption, financial loans, regulations, and special permissions (Gao et al., 2015; Hu et al., 2015a), 

this study thus tends to focus on the country-level exploration to identify and compare the strengths 

of the seven major renewable energy technologies in the major countries whereas the different R&D 

focuses aimed by the major countries are revealed. The major research questions raised in this study 

deal with two aspects:  

(1) What is the developmental trajectory and landscape of the seven major renewable energy 

technologies in the world and in the major countries? 

(2) Since the development of the renewable energy sector is used to be closely aligned with the 

national approach, understand the respective strength of the renewable energy technologies in a 

nation would greatly help the collaborations and the formation of ecosystem in the global 

renewable energy sector. Therefore, we also aim to explore the following question: what is the 

technological strength and R&D focus in each of the major countries? 

 

To answer the above two research questions, this study used the Espacenet patent database 

(operated by the European Patent Office, EPO) to compile patent grants related to the seven types of 

renewable energy technologies. Consequently, a total number of 126,661 patents have been granted, 

globally, by patent offices over the 44 year period between 1970 and 2013. To explore the insights 

derived from the development trajectory and the technological strengths revealed in these patents, 

this study used a series of econometrics, namely relative growth rate (RGR), relative patent position 

(RPP), and revealed patent advantage (RPA), to demonstrate and compare R&D focuses and 

technological strengths for the top major players. This represents that an original dataset that has 

been used in this study to bring out the evolving development trajectory and technological 

capabilities in the global renewable energies industry. 

 

2. Literature Review 

Technological capabilities, as indicated by patenting activity, are greatly dependent on industry 

evolution and are assessed on the basis of the technological and economic value provided. For 

example, Hall and Ziedonis (2001) argued that the economic advances of the US semiconductor 
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industry are mostly due to the management of patenting as an increasingly important strategic tool, 

especially in high-tech industries, rather than as a consequence of patenting itself. However, previous 

studies have overwhelmingly emphasized the economic/market value of patenting activity (Arundel 

and Kabla, 1998; Cohen et al., 2000). Although the building of technology capabilities in the 

catch-up latecomer countries acts as a catalyst for industrial transition, only a small amount of extant 

literature discusses the significance of variations in technology for patenting activity (Hu, 2012; Jung 

and Lee, 2010). Given the multidisciplinary technological interactions involved in knowledge-based 

innovations, technological knowledge serves as a shareable input in research regarding various 

technologies and innovations (Henderson and Cockburn, 1996), as evidenced not only in the 

semiconductor and TFT-LCD industries (e.g., Hu, 2008; Mathews and Cho, 2000) but also in the 

photovoltaic (PV) industry (Wu and Mathews, 2012).  

Using patent data, a number of studies have investigated the technological capabilities in the 

renewable energy sectors. Among these, the work of Wu (2014) used patent data to analyse and 

compare the technoogical innovation capabilities of China, Korea, and Taiwan in the PV industry. 

His work clearly shows China has successfully caught up in the global PV market, not only in their 

production but also in terms of innovation. In a survey of China’s PV industry, De la Tour et al. (2011) 

found that China’s innovation performance, in terms of patent counts, is remarkable, as it ranks third 

in the world despite Chinese firms tending to file more patent applications for an equivalent 

innovation output. To establish a successful renewable energy industry, government policies are 

crucial. Johnstone et al. (2010) and Popp et al. (2011) examined renewable energy patents to confirm 

the impact of government policies on the technological capabilities made in the renewable energies 

sector. The citation records in the patent bibliography data reveal knowledge spillovers, which 

facilitates the deployment of renewable energies (Braun et al., 2010; Wu and Mathews, 2012). By 

using patent data, Braun et al. (2011) found that the innovation performance of CSP (Concentrated 

Solar Power) was relatively weaker when comapred to other green technologies. The patenting 

activities of CSP were concentrated in high-tech countries, the US, Germany and Japan, which do not 

necessarily have high domestic CSP potentials. 

The above literature provide a general understanding of patenting in renewable energy. Most of 

the existing literature deals with one or two specific technological fields of renewable energies. 

There has few study that offers a comprehensive understanding for the full range of renewable 

energies. This study is thus designed to close this research gap and provide a comprehensive 

viewpoint in this regard. 
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3. Data, Measure and Methodology 

In their analysis of patent data, Hagedoorn and Cloodt (2003) found that the number of patents 

held by a company is a reasonable indicator of its innovation performance, especially in high-tech 

industries. However, some scholars have cautioned that many important innovations are never 

patented and that patents can also be awarded for rather modest technological discoveries (see, for 

example, Arundel and Kabla, 1998; Griliches, 1990; Mansfield, 1986). It thus follows that patent 

numbers are a poor measure of innovation in production sectors in which the great majority of 

innovations are not patented, such as food and tobacco, petroleum refining, basic metals, automobile 

manufacture, and transportation equipment. Nevertheless, despite challenging the use of patents as a 

general indicator of innovation performance, these scholars have recognized the appropriateness of 

patenting measures in the context of high-tech production. 

 

3.1 Data 

While patent data search is the science of art, it's crucial to extract the ‘precise’ set of patents for 

use in the study. Including irrelevant patents or excluding relevant patents in the dataset can result in 

erroneous conclusions being generated. Matching patent titles, abstracts, or claims with certain 

keywords is the most popular and convenient way to search for patents. However, because many 

patent documents do not contain expected keywords and that patents containing them are not always 

relevant, the dataset built from keyword-search has been often demonstrated to be inaccurate (e.g., 

Taylor et al., 2007: 67-68). To address this concern, some studies have made contributions to the 

constructions of datasets specifically for use in patent-related research (e.g., De la Tour et al. (2011); 

Wu and Mathews (2012)]).
1
 However, the accuracy of datasets is still a concern because those 

scholars who are masters in the study of patent metrics are very likely lacking in technological 

knowledge and those lacking the relevant engineering background are unable to understand a given 

patent document. 

Traditionally, patents are categorized according to the eight major sections of the International 

Patent Classifications (IPCs).
2
 The patents relating to renewable energies are found in a variety of 

technology fields and do not fall under one single section. Driven by the recent surge in patent 

                                                      
1
 De la Tour et al. (2011) applied related solar PV keywords combined with a range of IPCs to extract China’s PV 

patents and group them into four value chain sectors; Wu and Mathews (2012) used a three-stage filtering approach to 

identify the specific IPCs directly related to solar PV technologies and make use of the IPCs to search for solar PV 

patents. 
2
 The IPC is an international standard for the classification of technologies in patent applications. It divides technologies 

into eight sections (human necessities; performing operations or transporting; chemistry or metallurgy; textiles or paper; 

fixed constructions; mechanical engineering, lighting, heating, weapons or blasting; physics; electricity) with 

approximately 70,000 subdivisions. See the World Intellectual Property Organization (WIPO) for more information, 

www.wipo.int/classifications/ipc/en/general/preface.html. 

http://tw.search.yahoo.com/r/_ylt=A8tUwY.W1_9QhGwA3gNr1gt.;_ylu=X3oDMTE1aGk2b2k3BHNlYwNzcgRwb3MDMQRjb2xvA3R3MQR2dGlkA1RXQzA3NV8zNjI-/SIG=1181pp5cu/EXP=1358972950/**http%3a/www.wipo.int/
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applications for clean technologies, the EPO has introduced a new patent classification scheme, Y02 

'Climate Change Mitigation Technologies', to the European Classification (ECLA) in order to 

establish reliable, comprehensive, and easily accessible documentation of the information pertaining 

to clean technologies.
3
 Since the 1

st
 January, 2013, the ECLA has been replaced by the CPC 

(Cooperative Patent Classification), when the EPO and the USPTO (United States of Patent and 

Trademark Office) jointly launched the Cooperative Patent Classification System (CPC). The CPC is 

a common, internationally compatible patent classification system and can be used by both the EPO 

and the USPTO in the patent granting process. Hence, the ECLA Y02 is now named the CPC Y02. 

Amongst the CPC Y02 'Climate Change Mitigation Technologies', the CPC Y02E10 is reserved 

for the use of 'the apparatus of energy generation through renewable energy sources'. Table 1 

summarises the variety of renewable energies and their patent classification codes accordingly.  

 

Table 1 Renewable Energy CPC Codes 

CPC Code Description 

Y02E 10/10 Geothermal energy  

Y02E 10/20 Hydro energy  

Y02E 10/30 Energy from sea  

Y02E 10/40 Solar thermal energy  

Y02E 10/50 Photovoltaic [PV] energy  

Y02E 10/60 Thermal-PV hybrids  

Y02E 10/70 Wind energy  

Source: The European Patent Office 

 

Espacenet, operated by the EPO, is a well-known patent database and offers free access to more 

than ninety million patent documents from over ninety patent-granting authorities worldwide. It 

collects all the patent publications from these patent offices with a delay of no more than six months. 

Patent experts from the EPO have re-examined all these patent documents and identified those that 

comply with the clean-technology patent classifications and therefore function as clean technologies. 

With the dedicated patent classifications (Y02 E10) for renewable energies and the most complete 

patent document collection in the world, Espacenet is thus the most suitable source from which to 

extract a dataset for use in the present study. This study thus uses the most dedicated patent 

                                                      
3
 The ECLA classification system is an extension of the International Patent Classification system. It contains 134,000 

subdivisions, i.e. about 64,000 more than the IPC, and is therefore more precise. It is also more homogeneous and more 

systematic.  

http://www.wipo.int/classifications/ipc/ipc8/?lang=en
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classifications relating to the seven types of renewable energies to search for patents in the Espacenet 

patent database and construct the dataset for this study. In total, 126,661 patent grants (constituting a 

total number of 87,204 patent families) published by worldwide patent-granting authorities between 

1970 and 2013 have been extracted and careful examined to compare the technological capabilities 

in the renewable energy industries at the country level.
4
 To better utilize the extracted dataset, we 

applied a series of econometric indicators, such as technological attractiveness, relative patent 

position (RPP), and revealed patent advantage (RPA) to analyze both quantitative and qualitative 

technology portfolios for each of the major renewable energy players, as addressed below. 

 

3.2 Technology portfolios 

Brockhoff (1992) first used patent data to introduce the concept of technology portfolios, with 

researchers such as Schmoch (1995), Ernst (1995), Chen (2011), and Hu (2012) followed by 

demonstrating the viability of various indicators.
5
 Even though their targets are different, it is widely 

recognized that technology portfolios measured by patent data contain useful information to estimate 

a nation’s technological capacity and technology position relative to its competitors in a specific 

industry. In particular, technology portfolios, containing technological attractiveness, relative patent 

position, and revealed patent advantage clearly demonstrate the technological magnitude and altitude 

in relation to the industrial stakeholders along the value chain. The managerial and policy 

implications for R&D strategies and resource allocation are then illustrated.  

 

3.2.1 Technological attractiveness 

Technology attractiveness is measured by relative growth rate (RGR), which refers to the 

average growth rate of patents granted for a particular technology platform relative to the average 

growth rate of total patents granted for all the technology platforms over the total period of analysis. 

A higher RGR in relation to a specific technology platform indicates a higher patenting growth rate, 

implying the greater number of R&D inputs involved and the more attractive this specific technology 

platform is in the industry.  

 

3.2.2 Relative patent position (RPP)  

Brockhoff (1992) and Ernst (1998) applied relative patent position (RPP) as patent portfolios to 

                                                      
4
 The same invention can be patented in different countries. The patents granted on the basis of the same invention 

constitute a patent family. To avoid bias, we used the counts of “patent family” in this study to avoid double counts in the 

patent number. 
5
 Although various indicators are employed in the previous works, three indicators (namely RGR, RTA, and RPP) are 

widely recognized by their importance in evaluating the level of technological capability. 
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illustrate a company’s R&D strategy. This study uses the RPP of a country in a particular technology 

platform to measure the number of patents owned by that country relative to the number of patents of 

its most active competitor country in that particular technology platform. That is, here, the most 

prolific patentee in the sample pool is used as a benchmark, with the maximum value of the RPP in 

each technology platform being in unity. This RPP acts as an indicator of the scale and intensity of 

R&D for a given country for the specified technology platform. 

 

3.2.3 Revealed patent advantage (RPA) 

A number of studies have applied RPA in the comparison of companies or country-level 

technological capabilities (e.g., Grupp (1994); Hu (2012); Schmoch and Schnöring (1994)). RPA is 

analogous to the concept of Revealed Comparative Advantage (RCA) and used to evaluate 

comparative advantage on the basis of a country’s relative specialization in exports. The higher the 

value of RPA in a certain technology platform for a country, the more that the country produces at a 

higher level of technological specialization. That is, a country is operating at a higher level of 

technological efficiency when it produces a certain level of output with the least amount of input. 

RPA thus represented the relative technological efficiency of a country in relation to its technology 

platform. This study adopts RPA to measure the relative strength of different technological platforms 

for each country, and is thus able to represent the relative technological efficiency of a country in 

relation to a specific technology platform. RPA is defined by the following formula: 

 

RPAij = 100 × tanh (ln (

Pij
∑ Piji
⁄

∑ Pijj
∑ Pijij
⁄

)) 

 

Pij refers to the number of granted patents for the technology platform, j, in country i.   

 

4. Empirical Results 

4.1 Overall Trends 

Figure 1 demonstrates the global developmental trajectories of the seven renewable energy 

technologies from 1970 to 2013. It is seen that the significant growth of the global renewable energy 

is not kicked-off until the beginning 2000s while solar thermal technology is dominated during the 

period of 2000-2010 before PV and wind technologies take over the leading position from the year 

2010. To examine such patenting rates closely, it is found that the boom of the solar thermal patents 
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in the 2000s is essentially filed by the Chinese players which has shown in China’s world’s leading 

number of solar thermal installation as well as the ambitious national plans and projects on the 

concentration solar power (CSP) as discussed in the work by Mathews et al. (2014). Likewise, the 

rapid growth of PV and wind patents since the 2010s is also lifted by a varieties of national policy 

supports such as FIT (feed-in-tariff), RPS (renewable purchase standard), and bidding competition 

around the world (Gao et al., 2015). 

 

 

Source: Data extracted from Espacenet and compiled and analysed by the authors. 

Figure 1 Global developmental trajectories of the seven renewable energy technologies, 

1970-2013 

 

As seen in Figure 2, most of renewable energy patents were awarded by the US and Japanese 

patentees between the 1970s and 1980s. Since the 2000s, China has emerged as one of the critical 

innovators in renewable energy technologies while it took just one decade to become the world’s 

most prolific patentee. Since 1998, China has overpassed the US, in terms of renewable energy 

patents number. In 2001, China replaced Japan as the world’s No.1 patentee in the renewable energy 

sector. It is noticed that two of the Asian latecomers, Korea and Taiwan, have also played significant 

roles in the overall patenting activity of renewable energies since the 2000s. In particular, Korea 
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appears to be very aggressive pursuing the renewable energy technologies since the 2010s while it 

overpasses Japan in terms of the total patent number for the seven renewable energy technologies. 

 

Source: Data extracted from Espacenet and compiled and analysed by the authors. 

Figure 2 Top ten renewable energy patentees by country, 1970-2013 

 

4.2 Technology portfolios 

Subsequently, three-dimensional technology portfolios have been used to examine technological 

capabilities among the top five renewable energy patentee countries, namely Japan, China, the US, 

Korea, and Germany. Figure 3a (represented for sea, wind, and thermal-PV hybrids technologies) 

and Figure 3b (represented for hydro, PV, solar thermal, and geothermal technologies) show the 

comparisons of our empirical results for the top five players with technology attractiveness (RGR) on 

the X-axis, relative patent position (RPP) on the Y-axis, and revealed patent advantage (RPA) on the 

Z-axis and illustrated by the size of the bubble circles. 
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Source: Data extracted from Espacenet and compiled and analyzed by the authors. 

Figure 3a Technological portfolios of the top five renewable energy patentees by country, 

1970-2013 - Sea, Wind, Thermal-PV Hybrid Energies 
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Source: Data extracted from Espacenet and compiled and analysed by the authors. 

Figure 3b Technological portfolios of top five renewable energy patentees by country, 

1970-2013 - Hydro, PV, Solar Thermal, Geothermal Energies 

 

Figure 3a shows that the thermal-PV hybrid energies, in terms of RGR, secured the fastest 

growth rate (with the highest number on the X-axis 2.12) among the seven renewable energy 

technologies, despite the number of its patents is the least compared with other renewable energies (it 

only has 455 patent numbers compared with 83,143 renewable energy patents in total). This 

demonstrates that the thermal-PV hybrid energy is an emerging technology and attract a great deal of 

attention for further and future development. In contrast, the most mature and long-developed hydro 

energy technologies attracted the least attention with the lowest RGR (0.3), as seen in Figure 3b, 

followed by the PV (0.7), solar thermal (0.8), geothermal and sea energy technologies (both are 1.0), 

and wind technology (1.1). The comparisons indicate that the various developmental stages of the 

seven renewable energy technologies in the global renewable energy industry as well as their 

commercialization opportunity for R&D inputs.  

In terms of RPP indicator, implying the R&D scale and intensity, China secured the highest RPP 

in three renewable energy technological fields, namely solar thermal, thermal-PV hybrids, and wind 
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leapfrog as an international technology leader and build its endogenous technological capabilities. 

Meanwhile, focused on the solution of environmental issues through the renewable energies with 

large scale of R&D inputs is China’s inevitable choice (Hu et al., 2015b), especially in the potential 

and practical thermal-PV hybrid technologies. It is seen that Japan exerted the highest RPP in the 

hydro and PV technological fields while the US enjoyed the highest RPP in the advance technologies 

of geothermal and sea energy. 

RPA is used to assess technological advantage as measured the degree of technological 

specialization (or technological efficiency). Our results show that the respective technological 

advantages of the top five countries in the renewable energy sectors are divergent, demonstrating the 

different focuses of each country as well as the nature of renewable energy application has to be 

aligned with the geographic characteristics. Specifically, the US leads the RPA in the top five players 

and specialized in more advance and emerging geothermal, sea, and thermal-PV hybrids energy 

technological fields while Japan secures the top position in hydro and PV energies, China excels in 

solar thermal, and Germany specialized in wind energy technology. These results demonstrate the 

different national strategies and comparative advantages in developing the renewable energy 

technologies to cope with the challenge of climate change and sustainability. 

It is worth to note that China leading in both the RPP and the RPA indicators in the solar thermal 

energy field, reflecting the country’s ambition on the development of concentrated solar power 

industry (CSP, which is different from the solar PV cell) as discussed in the work of Mathews et al 

(2014). Indeed, while China is already a world’s leader in solar PV cell and hydroelectricity 

production, in solar thermal installation, and also in addition of new wind generation capacity, it also 

has planned a target of 3 GW of CSP accumulated installations by 2017 while many CSP or 

thermal-PV projects have either announced or under-construction under the strong national policy 

supports. The aim of China is not only to build a leading technological position in the renewable 

energy technologies to solve its urgent environmental issues but also to utilize its specialization on 

massive production capacity.  

 

5. Conclusions 

When the literature has suggested that national approach has significant influence on the models 

of the green development, this study provides a further understanding on the national R&D focus and 

technological strengths for the seven major renewable energy technologies. Another contribution of 

this study is to advance the current literature by identifying a more-comprehensive patent dataset for 

renewable energy technologies, in which seven major technological fields are identified and analysed. 
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The technological capabilities of renewable energies focused by the top five players (i.e. Japan, 

China, the US, Korea, and Germany) reveal their respectively various technological strengths and 

national approaches in relation to the sustainable solution. China dominates the latest emerging 

thermal-PV hybrid energies in terms of R&D scale and specialization while Germany secures 

intensive patenting activities in the wind energy. Japan has been known as a pioneer in the 

large-scale deployment of PV energy since the launch of the Sunshine program aiming to promote 

PV in the 1970s. Consequently, Japan has dominated PV production and innovation activity until the 

emergence of Chinese player overtaken the leading role since the mid-2000s. The US has been used 

to aim for the cutting-edge technologies, namely geothermal and sea energies, which have not yet 

proved their commercialization opportunity in the market. The fast-follower Korea is also seen its 

aggressive ambition to catch up with the technological leaders and has become one of the top 

renewable energy patentees since the year 2010.  

Compared with other six renewable energy technologies, thermal-PV hybrids energy exerted the 

lowest patenting rate but presented as the highest growth rate (as shown by RGR) implies its 

potential for further development and opportunity for commercialization. On the other hand, hydro 

energy technology has the lowest growth rate in RGR, indicating the mature stage of technological 

development. Despite of the development of a sustainable economy is not able to be relied on the 

technology per se, the results of this study reflected the relationship between technological 

development and opportunity of commercialization in each major country.  

Two research limitations associate with the suggestions of future study are noted in this study. 

First, this study focused on the country-level patenting activities in the seven renewable energy 

technologies in order to shed a light on the understanding of national R&D focuses and technological 

strengths. However, future study should investigate the firm-level innovation activity along with the 

derived business models for which the network between public and private partnership is critical for 

the development of renewable energy technologies in a sustainable economy. Second, this study only 

relied on the aggregated CPC patent data base for further analysis, the detailed technological 

strengths in terms of different technological generations are not able to be illustrated and compared. 

For example, the PV technology generally has three generations, namely the 1
st
 silicon-based 

generation, the 2
nd

 thin-film-based generation, and the 3
rd

 organic-based generation. Future studies 

should also consider the deliberate technological classifications so that the respective technological 

strength in each generation are clearly demonstrated.  
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technologies in order to shed a light on the understanding of national R&D focuses and 
technological strengths. However, future study should investigate the firm-level innovation activity 
along with the derived business models for which the network between public and private 
partnership is critical for the development of renewable energy technologies in a sustainable 
economy. Second, this study only relied on the aggregated CPC patent data base for further analysis, 
the detailed technological strengths in terms of different technological generations are not able to be 
illustrated and compared. 
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Abstracts

This research seeks to investigate the environmental, social and governance performance of service 
industry sector in Korea. Service industry is first compared to the non-service industry and financial 
service firms and large service firms are featured and compared within the service industry domain. 
The analysis results tell us that the service industry significantly has better performance in 
governance and socially responsible management but poorer in environmental management than 
non-service. Financial service firms are significantly better in governance and socially responsible 
management than non-financial service firms as they put the priority on the corporate governance 
most because financial service firms must meet the legal requirements concerning the governance 
which are stipulated in the Korean Commercial Act and other related laws. Though legal 
requirements for environmental management have existed for the long time and have been recently 
reinforced, they focus mainly on non-service firms so service firms, in particular financial service
firms do not try to practice the environmental management. In the socially responsible management 
domain, as the existing legal requirements are not so severe, service firms try to expressively do just 
a little. Finally, larger firms have better performance in all ESG performance within the service 
industry, just like in the non-service industry. 
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Abstract:  17 

 18 

This case study was conducted with a team of senior managers at a Korean shipyard in an effort to 19 

elicit particular motivators for implementing management by walking around (MBWA) and 20 

communicational factors arising within them. To identify the key motivators and communication 21 

issues associated with them, a theoretical framework was produced based on the key tensions of 22 

social psychology of communication and upward communication as well as modern organizational 23 

theories.  24 

For this qualitative research analysis, 12 semi-structured interviews were conducted face-to-face 25 

with the executives; the data were then supplemented by five field observations during MBWAs at 26 

the shipyard. Coding frame was used to organize modal salient themes for thematic analysis. The 27 

organizational and individual motivators identified were then analyzed in-depth to elicit 28 

communicational factors underlying these motivators, producing secondary findings that will be 29 

discussed later in this report. While identifying 10 salient motivators as organizing themes, the 30 

research concludes that MBWA is a contingent management strategy intended to promote upward 31 

communication within organizations.  32 

 33 

Keywords:  34 

MBWA, Upward communication, Superior-subordinate communication, Organizational 35 

communication, Social psychology of communication 36 

 37 
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 39 

1. Introduction 40 

 41 

The novelist John le Carré offered: a desk is a dangerous place from which to view the world. The 42 

wisdom of “seeing is believing” is a normative view, yet for many managers, it remains a belief 43 

rather than a practice. Time constraints, operational distance and barriers of varying ranks are some 44 

of the inhibitors of organizational communication. The lack of internal communication however, 45 

when extended in time, can result in a cataclysmic disintegration of the organization. Management 46 

wishes to build inspiring leadership with the employees by teaching, listening, and speaking; but the 47 

efforts are easily tested by unforeseen challenges coming from the outside. Then how can desired 48 

leadership be achieved when the real issues are lurking outside of the executive offices? 49 

 50 

This study was originally inspired by management by walking around, the brainchild of Tom Peters 51 

(1982), who first explored the concept in the 1980s in his book In Search of Excellence. As the 52 

management guru explains, MBWA helps enhance the managerial capability to maintain visibility 53 

and control of teams and their members, thus opening the door for optimization. Hence, MBWA is 54 

not just an impromptu walk. Goffman’s (1959) insight has provided another direction for this study: 55 

an individual’s entering the scene of others commonly is a purposeful action. Thus, it was 56 

anticipated that when a manager makes a regular stroll to a project site, various explicit and implicit 57 

motivators would be at play. The significance of this study lies in its interdisciplinary approach 58 

exploring the salient management practice in light of organizational communication. Lessons 59 

learned through this case study are expected to provide guidance to those who may wish to replicate 60 

the practice in their workplace. 61 

 62 

2. Literature Review  63 

 64 

With the broader insight into the management by walking around, this chapter intends to outline 65 

issues in organizational communication that is specifically informed by concepts of social 66 

psychology and organizational studies. Organizational communication is a product of dynamic 67 

activities that arise in a social group sharing various strategic goals. Despite the growing popularity 68 

and significance of this subject, there has been little research that incorporates communication 69 

theories within the organizational ecosystem. Therefore, understanding the broader landscape of 70 

organizations and communication issues pursuant to them will enrich the discussions about this 71 

emerging management concept.  72 

 73 

Organizational Theories 74 
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 75 

Organizations are embedded in societies and cannot be understood outside of a society’s beliefs, 76 

values, structures, tensions, and ways of managing these tensions (Conrad & Poole, 2012). However, 77 

it was not until the mid-twentieth century that researchers adapted themselves to this growing reality. 78 

Under the doctrine of scientific management, an organization was understood as a purely functional 79 

entity, with its principles varying from specialized supervisions, standardization of work methods, 80 

separate planning functions, to the use of slide rules and task allocation (Singer & Taylor, 1970). In 81 

this perspective, organizations and its environments were viewed as generally controllable entities 82 

with scientific calculations. 83 

However, researchers gradually woke up to the need to understand active constituents that cannot be 84 

controlled by scientific rules only. Departing from the concept of scientific management, Morgan 85 

(2007) described contingent factors that determine an organization’s direction which has come to 86 

shape contingency theory. In this model, organizations are viewed as open systems that can make 87 

decisions and that need careful management to satisfy and balance internal needs and adapt to 88 

environmental circumstances (Morgan, 2007). This approach has helped deepen the understanding 89 

about an organization as a profound reflex system. 90 

Likewise, organizations have been viewed increasingly as a dynamic entity whose components 91 

themselves are constantly in flux. At the core of this construct may be a robust information flow that 92 

enables dynamic interactions among the actors. The systems approach views an organization as an 93 

open system. System theory (Katz & Kahn, 1966) is principally concerned with problems of 94 

relationships, of structure, and of interdependence rather than the constant attributes of objects. Its 95 

focus is on the whole system rather than parts as they are related to the whole (Koehler, Anatol, & 96 

Applbaum, 1981). As an answer to the shortcoming of the classic premise, this perspective focuses 97 

on organizations as hierarchically nested entities that actively “communicate” with their 98 

environment (Katz & Kahn, 1966).  99 

 100 

Organizational Communication 101 

 102 

Relatively low volume of research on the subject field suggests that organizational communication 103 

is a little-established academic discipline. However, the ample availability of theories supported by 104 

social psychology and its subfield of corporate communication may help understand this burgeoning 105 

concept. Some of the themes that will be especially relevant to this research include the key tensions 106 

of social psychology of communication such as unavoidable-improbable, mutual-strategic, and 107 

phatic-informative tensions.  108 

 109 

Key Tensions in Social Psychology of Communication 110 

 111 

Unavoidable-Improbable: Communication is ubiquitous, but it is nevertheless highly improbable 112 
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(Blaschke, 2009). This is a substantial problem to begin with for many communication researchers, 113 

as Luhmann’s (1995) articulations of three improbabilities guide us: co-presence of communication 114 

partners, their misunderstanding of each other, and the successful conveyance of information. 115 

Despite all the obvious improbabilities, Habermas (1984), for example, challenged this thesis and 116 

proposed for the goal of mutual understanding enabled by natural communicative competence. An 117 

organization is a microcosm of the society at large (Kolarska & Aldrich, 1980), and the approach 118 

toward the tensions between unavoidability and improbability in communication can be adapted to 119 

organizational settings.  120 

 121 

Mutual-Strategic: Pursuit of common strategic objectives may be what defines organizations as 122 

strategically built entities. However, their primary goals such as maximized production, expansion, 123 

and growth should be supported and accomplished by collaborations with various interactants. This 124 

tension can be illustrated by the ideal of a true dialogue between communicators in which the aim 125 

and the outcome are concerned with advancing joint understanding, mutual transformation, and 126 

consensus through rational argumentation (Hook et al., 2011). According to this view, 127 

communication enables community building and agreement, which, at the same time, can be 128 

contrasted by an instrumental motive of an opinion leader. Hence, one variation on the 129 

mutual-strategic tension should be the distinction between shared, participatory, or “bottom-up” 130 

forms of communication and more hierarchical “top-down” or vertical structures (Hook et al., 131 

2011).  132 

 133 

Phatic-Informative: Wikipedia (2012) defines phatic communication (phatic expression) as one 134 

whose only function is to perform a social task, as opposed to conveying information. Hook et al. 135 

(2011) emphasizes particularly the question of what is gained in a communicative action as the 136 

criterion for distinguishing phatic and non-phatic or informative communication. Ironically, a lot of 137 

communicative exchange and even the ones with strategic importance aim at no substantial gain at 138 

all (Hook et al., 2011), the function that is precisely performed by informative communication. 139 

Phatic communication, in this sense, primarily concerns a social task, as opposed to conveying 140 

information (Malinowski, 1923). Burnard (2003) highlighted that both forms of communication 141 

serve different purposes and thus the importance of having “a sense of balance” between the two in 142 

communicative exchange.  143 

 144 

Upward Communication 145 

 146 

Upward communication is one requisite of effective corporate management, for without an honest 147 

ascending flow of information, top decision makers may be unaware of phenomena within their 148 

organization (Gaines, 1980). Sharma (1979) also asserted that upward flow of information supplies 149 

valuable information for decision making at the management level. Structure and management are 150 

contingent on the nature of the environment in which the organization is situated (Modaff, 2012). In 151 
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conditions of high variability in the environment, successful performance is likely to depend on 152 

having the capacity for intelligent adaptation to changing circumstances (Child, 1972). Upward 153 

communication can support this aim. 154 

Aside from these motives, considerable evidence refers to its significance in interpersonal and 155 

intrapersonal dimensions as a device for opening up mutual dialogue. One example is its 156 

implications on superior-subordinate communication. Superior-subordinate communication refers to 157 

the interactions between organizational leaders and their subordinates and how they work to achieve 158 

personal and organizational goals (Jablin, 1979). However, discussions on this form of 159 

communication are almost invariably conditioned by an organizational hierarchy, because structures 160 

produce relational contexts that create consequences for communication behaviors (Bisel, 161 

Messersmith, & Kelley, 2012).  162 

The unusual relationship of superior-followers requires specific maintenance strategies since 163 

avoidance of the relationship is unacceptable (Waldron, 1991). Consequently, it is not unusual to 164 

find literatures eliciting strategic dimensions of this model such as supervisors’ communication and 165 

compliance-gaining tactics (Infante, Anderson, Martin, Herington, & Kim, 1993), power bases 166 

(Rahim, Antonioni, & Psenicka, 2001), and its various implications on employee relations. However, 167 

this does not limit the discussion on upward communication to strategic motives. It is because 168 

power even more closely resembles what we call influence than coercion (Wikipedia, 2012) and 169 

thus is more concerned with a communicative genre that strives for consensus (Moscovici, 1985). 170 

The theory of communicative action and public sphere (Habermas, 1984) and concepts of 171 

transformative dialogue (Buber, 1958; Bakhtin, 1981; Freire, 2006) can be valuable in approaching 172 

upward communication, as the principle of dialogue serves the conceptions of effective human 173 

communication (Taylor & Francis, 1971). Freire (2006) also advocated co-construction of 174 

knowledge to encourage participatory learning by contrasting this notion with knowledge 175 

imposition, a ubiquitous form of communication in power-laden relations.  176 

 177 

Word-of-Mouth Communication 178 

 179 

Tannenbaum et al. (1961) suggested a useful way of viewing leadership as interpersonal influence, 180 

directed toward the attainment of a specific goal or goals. This insight implicates the clear link 181 

between the tensions inherent in communication such as those within strategic and mutual, and 182 

vertical and horizontal platform. Since exercising leadership is a nonlinear process that thrives on 183 

multiple facets of communication, the capacity of leading interpersonal communication is an 184 

important leadership trait. Word-of-mouth (hereafter WOM) is the passing of information from 185 

person to person by oral communication (Wikipedia, 2012). Originally introduced as a marketing 186 

buzz word, the concept of WOM and its substantial influence were pioneered by Katz and 187 

Lazarsfeld (1955). Brown and Reigngen (1987) also looked at how WOM interaction happens in 188 

small groups and the flow of communication in different groups, relating this theme to standardized 189 

organizational settings.  190 
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The Shipbuilding Industry and Internal Communication Issues 192 

Shipyards operate as large industrial complexes, the magnitude of which is backed by mega 193 

commercial and governmental deals (Wikipedia, 2012). In particular, demand for skilled labor to 194 

build high-tech, value-added vessels resulted in salient command hierarchy as well as highly 195 

divisional workforce. Hence, key drivers of change for modern shipyards will involve ensuring 196 

collaboration between the management with the key actors, such as specialized suppliers and 197 

qualified personnel (European Commission, 2011). One way of dealing with the complexities will 198 

be stimulating direct communication between the groups (Katz, 1978). However, the coupling of 199 

bureaucratic interests with localized tasks produce a communication boundary that makes 200 

communicative exchange an inherently improbable goal (Tushman and Katz, 1980).  201 

 202 

Management by Walking Around (MBWA) 203 

 204 

Management by walking around (hereafter MBWA) has been used widely to promote 205 

superior-subordinate communication (Amsbary & Staples, 2012). Luthra (2004) explained that 206 

MBWA is an unstructured hands-on approach in which managers directly participate in their 207 

subordinates’ work-related activities. In contrast to rigid and remote management activities, MBWA 208 

managers informally visit work areas and interact with employees, through unscheduled, casual, and 209 

friendly chats (Luria & Morag, 2011). It is an impromptu movement to facilitate upward 210 

communication or “staying in touch,” as Peters and Waterman (1982) articulated. Lavenson (1976) 211 

also aptly captured its communicative feature by emphasizing managerial behaviors such as 212 

“communicating, observing, teaching and listening.”  213 

Empirical research has so far identified two overarching motives of MBWA: leadership and learning 214 

(Luria & Morag, 2011). These two motives have been phrased in varying terms such as improving 215 

employer-employee communication (Akerman, 1982), issue identification and cultural change 216 

(Graham, Brookey, & Steadman, 2005) and “leadership by walking around” (Hopkins, 2011). The 217 

focal point of MBWA practice seems to be the relationship between superior and subordinates 218 

(Peters & Austin, 1985) despite that one potential purpose remaining in learning (Lipshitz et al., 219 

2002). The emergence of MBWA has prompted managers to pay more attention to employee 220 

participation in workplace matters (Luria & Morag, 2011), with the focus in part shifting from being 221 

vertical-versus-horizontal to peer effects (Luria, 2008), a theme that can be related to 222 

word-of-mouth. 223 

 224 

Research Question 225 

 226 

An organization is defined as an arrangement of interdependent parts of a whole, but it is also where 227 
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individual actions combine to lead to accomplishments (Cartwright, 1965). Thus, leadership does 228 

not concern the task of controlling only but also predicting individual actions by seeking open 229 

communication. Therefore, leadership walk-arounds should be understood as part of organizational 230 

communication strategy.  231 

Hence, this study, in large part, aims to investigate the rationales for engaging in the management 232 

stroll in conjunction with communication motives and goals, and from this assumption, two 233 

research questions were formulated as follows:  234 

1. What are the organizational and individual motivators of MBWA? 235 

2. What are the communicational factors underpinning these motivators? 236 

It was believed that the primary findings associated with the key motivators of MBWA and their 237 

analysis would provide useful insights for addressing communication issues underpinning these 238 

objectives. Therefore, the second research question will be discussed in a separate section 239 

(“Cross-Sectional Analysis”) after the first research question was tackled through a thematic 240 

analysis.  241 

 242 

3. Materials and Methods  243 

 244 

Research Design 245 

 246 

Case study is a research design that entails the detailed and intensive analysis of a single case 247 

(Bryman, 2004). In case studies, the focus is on a contemporary phenomenon within some real-life 248 

context (Yin, 1984). Only the case study method could capture such dynamic, changing conditions 249 

(Yin, 1993).  250 

This criterion should justify the method of unobtrusive observation. Participant observation 251 

involves a flexible, open-ended, opportunistic process and logic of inquiry through which what is 252 

studied is subject to redefinition based on field experience and observation (Jorgensen, 1989). Also, 253 

it provides a distinctive opportunity to gain an insider’s perspective and thus an accurate portrayal 254 

of a phenomenon (Yin, 1984).  255 

However, the dynamic nature of case study designs required a number of redesigns of the original 256 

research (Yin, 1993). A pilot interview on the given research question revealed that there would be 257 

more insight to be gained from individual semi-structured interviews than simple observation. 258 

Focus group was not considered because of practical constraints as well as concerns about potential 259 

group dynamics (Kitzinger, 1995; Morgan, 1996) and silence on a specific subject (Koppenhaver, 260 

2004), which typically arises in the organizational setting.  261 

Qualitative research is concerned with words rather than quantification in the collection and 262 
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analysis of data (Bryman, 2004). This research project does not concern measuring frequency or 263 

central tendency out of numerical data, although this approach will be insightful for further research 264 

on this topic. The use of more than one method by triangulating individual interviews and simple 265 

observations was believed to capture the salient social phenomena and enrich the analysis of the 266 

data collected. 267 

 268 

Choosing the Case and Participants 269 

 270 

This research project was conducted for six weeks during the period from early June to mid-July 271 

2012, with a management team of a Korean shipbuilding company (hereafter H Shipyard). H 272 

Shipyard is nested in an industrial island, a distance that requires two hours of journey from its head 273 

office in Seoul. The shipyard is a manufacturing hub for mega-scale new building projects that are 274 

undertaken by 25,000 employees. This picture fitted well with the orientation of this research, as its 275 

location and distance make management walk-around a particularly relevant theme for its managers. 276 

Purposive sampling was applied in the beginning based on three criteria: (a) member of the senior 277 

management team at H Shipyard; (b) practice MBWA regularly and understand the concept very 278 

well; and (c) able to allocate at least one hour for an interview. By a screening selection process 279 

(Yin, 1994), key informants were successfully reached with the help of the researcher’s private 280 

network, and the challenge of getting through gatekeepers was initially tackled.  281 

After the screening, efforts were made to reach prospective interviewees. From that point, 282 

convenience sampling was imperative because of the variance in the managers’ availability. In all, 283 

14 senior managers out of 54 could be reached through snowball sampling that began with two key 284 

actors who had been previously acquainted by the researcher. Finally, two interviewees were 285 

withdrawn from the list because of accessibility, producing 12 individual interviews in total.  286 

 287 

Position  Gender* 

Total years 

in the 

company  

Place of 

interview 
Interview method 

Experience of working  

in the shipyard versus 

the Seoul HQ (years) 

CEO and President  Male 31 Seoul  Face-to-face 7 

Executive Vice President  Male 28 
Shipyard,  

H City  
Face-to-face 3 

Procurement  Male 17 
Shipyard,  

H City  
Face-to-face 11 

Safety I Male 27 
Shipyard,  

H City  
Face-to-face 15 

Safety II Male 25 
Shipyard,  

H City  
Face-to-face 19 
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Strategic Planning Male 9 
Shipyard, 

H City 
Face-to-face None  

New Business 

Development 
Female 5 Seoul Face-to-face None 

Marketing, Europe Male 18 Seoul  Face-to-face None  

Marketing, Asia  Male 21 
Shipyard,  

H City  
Face-to-face 2 

Offshore R&D Male 25 
Shipyard,  

H City  
Face-to-face 10 

HR  Female 27 
Shipyard,  

H City  
Face-to-face None  

Production  

 
Male 26 

Shipyard, 

H City 
Face-to-face 19 

 288 

Procedures 289 

 290 

Semi-structured interviews with open-ended questions were administered to the first five 291 

interviewees. As time progressed, basic themes began to emerge; and from that point, slightly more 292 

structured questions were framed and administered, aiming to better delineate key topics. The topic 293 

guide was completed based on the research question after reviewing relevant literature and 294 

undergoing one pilot interview (Brosius, 2003) with a prospective interviewee, who offered a time 295 

for an informal discussion of the topic. 296 

The first section of the topic guide concerns demographic questions including the manager’s 297 

position, tenure, and general description of his managerial experience, to be followed by section B, 298 

where organizational contexts were explored with an emphasis on its structure and culture. The 299 

concept of MBWA was discussed in depth in section C based on the manager’s experience, covering 300 

topics such as motivators and implications. Following a period of rapport-building, the interviewees 301 

received a brief outline of the research and the topic guide by e-mail and were informed about the 302 

confidentiality associated with the data collection. Under the respondents’ written consent, 303 

face-to-face interviews were conducted in Korean, which were subsequently transcribed by the 304 

researcher (sample translated script—Appendices D and E). 305 

A person can attend to only a small number of beliefs at a given time (Azjen & Fishbein, 1980), and 306 

personal accounts of a social phenomenon can be constrained by beliefs the interviewees hold. 307 

On-site visit of the field was expected to further elicit implicit motives beyond those explicitly 308 

stated by the managers. Finally, opportunities were obtained through which five participant 309 

observations were made on an ad hoc basis over six weeks, each lasting two to six hours. Detailed 310 

field notes of the on-site observations were imported to a comprehensive thematic analysis, along 311 

with the results of individual interviews (sample translated field note—Appendix F). 312 
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 313 

Method of Analysis 314 

 315 

Thematic analysis is a method for identifying, analyzing, and reporting patterns within data; but it 316 

often goes further than this to interpret various aspects of the research topic (Boyatzis, 1998). It 317 

involves a constant moving back and forward between the entire data set (Braun & Clarke, 2006). 318 

The analysis was conducted on the six steps presented by Braun and Clarke (2006). Under a single 319 

global theme inquiring the rationales behind MBWA, two organizing themes of external and internal 320 

motivator were identified, which then was spilled out into four and six descriptive themes, 321 

respectively. For the purpose of this study, coding frame (Attride-Stirling, 2001) was devised, 322 

guided by theoretical background. More meaningfully, it was expanded by the narratives of the 323 

interviewees and field observations.  324 

 325 

4. Results and Discussion  326 

 327 

4.1. The Organizational and Individual Motivators of MBWA 328 

 329 

In this chapter, the findings of the individual interviews and field notes will be presented and 330 

discussed in accordance with the first research question and relevant theories. First, the external 331 

motivator for enforcing MBWA will be explored. It will be matched by another modal salient theme 332 

associated with internal motivators within the organizational context explored in the first section.  333 

 334 

 335 

 336 
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 337 

 338 

 339 

4.1.1. Organizing Theme I: Organizational Context 340 

 341 

An intuitive analysis made out of the individual interviews and field notes indicated that MBWA 342 

was indeed a purposeful strategy rather than an improvisational walk, with the principal goal of 343 

making intellect adaptation to changing environments (Child, 2007) as well as making the 344 

leadership visible to the employees. For this analysis, it will be imperative to make an overview of 345 

the organizational context. Field observations were especially valuable in gaining insights into the 346 

understated aspects of the corporate heritage in the individual interviews.  347 

 348 

Ambiguity of Ownership Structure 349 

 350 

Since its split from the mother company, H Shipyard had to confront a critical issue of “absence of 351 

ownership” and of finding a strategic investor for a takeover. Talks about potential deal-making had 352 

emerged intermittently without leading to a substantial outcome. The controversy about its 353 

ownership structure coupled with failed bidding attempts had significantly undermined 354 

organizational integration, with one of its implications being huge brain drain of qualified 355 

workforce that remains critical to the shipyard’s competitiveness. The field staff bore the brunt with 356 

most of them being excluded from the M&A agenda, being stationed far off from the epicenter of 357 

the discourse. 358 

 In light of the governance structure, I would, first of all, point to the several M&A 359 
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attempts made about the company over the years. Discussions of merger and 360 

acquisition have caused a great turmoil that has given rise to a perception that it is 361 

an “organization without an owner”.  362 

—Procurement Executive 363 

It was apparent from the management’s accounts that the need for upward communication 364 

was urgent at that point. Management directives were distributed to the employees only with 365 

limited success as they failed to reach the on-site staff, most of whom didn’t have access to 366 

such data. Targeting these employees, the initial MBWA campaign was intended to dilute and 367 

eradicate the rumors through direct superior-subordinate communication. The informative 368 

motive of the initial MBWA campaign was demonstrated in a form of speeches and 369 

instructions at the management’s advocacy. Gradually, it turned into increased 370 

rapport-building and mutual dialog with the employees to further dissipate the stressful 371 

situation. While the management’s initial strategic motivator was widely exercised as 372 

knowledge imposition, the MBWA campaign to a large extent served their intended 373 

objectives; providing the right information to the site workers and ameliorating their concerns 374 

about the shipyard’s future. 375 

 376 

Traditional Conduct of Supervision  377 

 378 

The capacity of “slipping a newly built $80 million vessel into the water every four working days” 379 

(Brooke, 2009) is a statement evidencing the high efficiency of Korean shipyards. Behind this 380 

optimized workflow is a conflict between the traditional mode of supervision and a need for 381 

ceaseless innovation. Therefore, there is usually a complicated hierarchy of supervision because of 382 

the incurrence of highly comprehensive auditing protocols (Remington & Pollack, 2007). Likewise, 383 

the collision between optimized efficiency and sporadic protocols at H Shipyard created an eclectic 384 

culture where robust two-way dialogue was constantly tried on multiple levels within the traditional 385 

decision-making structure. 386 

Admittedly, H Shipyard can be defined as an organization where “an executive badge still overrides 387 

a site manager's creative problem-solving.” However, this view was contradicted by some 388 

respondents, making it difficult to generalize H Shipyard’s structural formation. Even a degree of 389 

confidence could be captured in their voices that the somewhat outdated model of its command 390 

structure is only a transient one, reflective of the company's growing drive for innovation. 391 

 True, we still have that inertia, a product of an extended boom, which was ended 392 

abruptly in 2009 when the credit crunch changed the whole landscape . . . As a result, 393 

we have executives going to places to listen and talk, unlike the ones in the former 394 

European shipyards. Naturally, they dropped out of the race. 395 

—Marketing, Asia 396 
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The emerging need for innovation and a brand-new construct of supervision can be explained 397 

by the growing demands for high-tech vessels, coupled with contingent factors arising from 398 

the financial crisis and market downturn. Increasingly, standardization of work methods, 399 

separate planning functions, and the use of slide rules (Singer & Taylor, 1970) gave way to 400 

the view of the organization as an open system (Katz & Kahn, 1966), urging the management 401 

to explore a new avenue of decision making and thus diversified communication channels.  402 

 403 

Changed Organizational Structure and Functional Divisions 404 

 405 

According to Jacobides (2007), organizational structure affects its action by providing the 406 

foundation for standard operating procedures and routines. The research data also indicated that 407 

MBWA was a reaction to a landmark reorganization program enforced in 2010. The shift from the 408 

former divisional structure to an entirely functional one was apparently an adventure for the 409 

management. The exposure to the new functional divisions left the management “clueless,” an 410 

embarrassment that resulted despite much expectation about the change. 411 

 We were absolutely embarrassed by the unprecedented level of disconnectedness 412 

witnessed with the new organization. Its parts were all coming off like poorly welded 413 

steel plates. Shipbuilding is a collaborative task, an immense undertaking that is 414 

enabled by teamwork. 415 

—Executive Vice President 416 

The management team’s embarrassment is understandable: before the reorganization, all the 417 

necessary resources used to be provided within each division of the integrated divisional 418 

structure as closely as planned. Admittedly, the new functional structure ensured increased 419 

operational efficiencies, but this increasingly led to an extremity in labor division and 420 

subsequently a lack of cross-functional communication. The diminished communication 421 

between the functions had a risk of undermining collaboration between them, with the 422 

prospect of eroding the shipyard’s competitiveness (European Commission, 2011). 423 

Facilitation of direct communication between the groups (Katz, 1978) was expected to help 424 

put the fabrics of the organization back together. 425 

 426 

Deterioration of Labor-Management Relations 427 

 428 

Another prospect that fueled a MBWA campaign at H Shipyard is concerned with a changed 429 

labor-management relation. The uncomplicated relationship that the management used to enjoy with 430 

its labor union was being challenged by growing concerns about the company’s future as cited 431 

earlier, fueled by the latest financial crisis. The labor union was explicit about its dissatisfaction 432 
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with the management’s contingency plans on the looming crises and began to claim a quid pro quo 433 

following each labor-management negotiation. Although labor strikes continue to take place 434 

regularly at the shipyard, which has been the prolonged tradition in the industry, the MBWA 435 

campaign gradually led to substantial discussions so as to resolve key issues at H Shipyard. 436 

The scene now looked like a boot camp as the members of the labor union putting up 437 

the placards and banners for a planned rally the next day . . . Spotting the CEO's 438 

profile from a distance, the union leader slipped out of the tent and rushed off to the 439 

CEO, offering greetings like, “Mr. President, I know it sure doesn't look pretty, I'm 440 

sorry. But it has been in our plan, you know!” 441 

—Field note, day 4  442 

Another reason [for doing MBWA] is the relationship with the labor union. Say, we 443 

are different from automakers, most of which are driven by automated production 444 

system with conveyor belts. For us, it is all about people, the technicians and 445 

engineers all should go together to the docks to build vessels. 446 

—CEO 447 

 448 

 449 

Figure 1. Assembly of the labor union 450 
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 451 

Often, labor-management cooperation and “adversarial” nature of collective bargaining are seen as 452 

mutually exclusive alternatives (Rothstein, 1993). This mutual exclusivity of interlocutors caused 453 

by differing positions is not a surprising phenomenon in labor-management relations. Luhmann’s 454 

three improbabilities of communication (1995) were nonetheless partly overcome during the 455 

bilateral talks, when the management and union members came together, attempted dialogue, and 456 

shared timely information as well as their divergent views. While the communicative action 457 

(Habermas, 1984) conceptualizing the ideal of two-way dialogue might not be fully achievable with 458 

the presence of strategically motivated participants, this ideal model can still be approximated to 459 

(Habermas, 1990). The initial improbabilities of communication were alleviated by the 460 

management’s initiative to visit their counterparts which may have created a sense of reciprocity.  461 

 462 

4.1.2. Organizing Theme II: Implementing Leadership Objectives 463 

 464 

The successful venture of a MBWA campaign at H Shipyard is a product of both organizational and 465 

individual drives at the management. Subsequently, further motivators for MBWA will be explored 466 

in this section. Another aspect of the MBWA program at H Shipyard is concerned with leadership 467 

and management objectives. Being a manager is different from being a leader (Kotte, 1990), and it 468 

is predicted that the management walk must go beyond overseeing daily operational issues to 469 

provide a leadership model. The individual interviews were especially helpful in capturing these 470 

apparent yet latent motivators. 471 

 472 

Monitoring and Identifying Issues in Worksites 473 

 474 

An organization uses information strategically in three areas: to make sense of change, to create 475 

new knowledge, and to make decisions (Choo, 1999). Managers constantly engage themselves in 476 

information-seeking, as outlined in the respondents’ emphasis on issue identification and its 477 

management. As Tom Peters (1982) articulated, “staying in touch” in conceptualizing MBWA, a 478 

similar concern was echoed by the interviewees in varying terms from “fighting issues head-on” to 479 

“keeping in touch with the front line.” Losing touch with issues on an ongoing project meant having 480 

the control overtaken by a site manager, creating an awkward structure of supervision for the 481 

duration of the project. 482 

Back from an overseas conference, I made it to the scene of fatality after 48 hours. A 483 

veneer was thrown all over the spot . . . It was a weird feeling to have, that as if the 484 

scene was already under control without me. 485 

—Safety I 486 

Finding and monitoring issues in worksites for senior managers are likely to take a form of an 487 
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independent research, especially in an organization like H Shipyard, where a visible top-down 488 

hierarchy works as the rule of thumb. Interestingly, the interviewees’ narratives and field 489 

observations identified that co-construction of knowledge (Freire, 2006) was the preferred manner 490 

of communication at this stage of MBWA.  491 

The executive vice president walked to the dynamic positioning simulator and 492 

paused to survey the entire shipyard. “How long has the goliath crane been in 493 

operation without a lift?”, he asked “A” project manager. “Three weeks. The first 494 

week went without an operation and an ad hoc replacement was made in the 495 

following week. A new lift ordered is on the way and will be re-installed within three 496 

days.” 497 

—Field note, day 1, see Figure 2 498 

 499 

Dialogue was indeed a valuable communication device that bridged the presumed distance between 500 

the management and employees. This joint construction of knowledge allowed the participants to 501 

mobilize their years of professional expertise on an issue under investigation. Figure 2 portrays a 502 

senior manager deeply engaged in independent issue identification and monitoring; the task that is 503 

normally completed with shared, participatory, or upward communication at the next level, as 504 

contrasted in Figure 3, shaping the momentum for phatic communication with the participants. 505 

 506 

 507 

Figure 2. Independent issue identification 508 

 509 
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 510 

Figure 3. Joint construction of knowledge 511 

 512 

Building Positive Employee Relations 513 

 514 

Another rational for MBWA concerns understanding and diminishing relational contexts (Bisel et 515 

al., 2012) with the employees. In contrast to the issue monitoring and identification directed toward 516 

informative communication, the management seeks phatic moments with the employees at this 517 

stage of the management walk. Once critical issues have been found and examined, the 518 

management immediately shares the agenda with various stakeholders, from site managers to even 519 

associate-level employees. During this leadership walk, the management looks to discuss and share 520 

not only management interests but also “free, aimless, social intercourse,” the kind of small talk, 521 

gossip, or chit-chat (Coupland et al., 1992). 522 

People in all functions come together and sit with me at a company cafeteria, and 523 

then, one of the site workers begins to speak like, “Thank you, Executive Vice 524 

President, for the hard work you're putting in the on-going biddings.” Then I reply, 525 

"Thank you!” 526 

—Executive Vice President 527 

 528 

 529 
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 530 

 531 

Figure 4. Phatic moments 532 

 533 

This motive is exercised within the principles such as disregard of ranks, mutual sharing of common 534 

concern, and inclusivity, in a very similar manner that the public sphere (Habermas, 1974) might be 535 

exercised. While the motive of building positive employee relations is less concerned with 536 

informative communication, critical issues can still be identified and reported through a chance 537 

phatic dialogue. However, this motive during the employee dialogue does not override the phatic 538 

dimension: the managers are happy with what would be a less informative outcome as long as a 539 

meaningful consensus with the employees was achieved. 540 

 541 

Building the Data System and Sharing Feedbacks 542 

 543 

During the interviews, the respondents acknowledged the importance of staying in touch and thus 544 

staying ahead in planning, but the issues identified and monitored did not always lead to an in-depth 545 

analysis and appraisal of those issues. Sharma (1979), for example, defined that inability to follow 546 

up on the issues identified during a MBWA as a stumbling block to upward communication. At this 547 

stage of MBWA, the executives contemplate how to organize and store the data, the task that is 548 

defined by dual steps: managing central database based on the field observations and giving 549 

feedback to participants of MBWA. 550 
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We have a brainstorming with the site teams during the walk-around . . . then the big 551 

question is, how we share the data with the people in sales, marketing, R&D, 552 

production, procurement, and planning, of 42 functions, possibly more when you add 553 

up those subcontractors. 554 

—Strategic Planning 555 

Heading toward the 2009 crisis, we identified by repeated field visits that there were 556 

clearly signs of some empty docks. But no executive was keen to bring it to a 557 

board-level discussion . . . , nor did we make any feedback on the issue. 558 

—Production 559 

Upward communication is critical to undertaking the information sharing, because the database 560 

management is potentially a task of joint construction by all functions. Management feedback also 561 

encourages superior-subordinate communication across the organizational hierarchy by establishing 562 

a reciprocal communication channel. Tourish’s (2005) articulation of “upward feedback” is 563 

especially relevant; but once back in the offices, the upward feedback was rarely attempted by the 564 

management. Reasons for this failure included time constraints and pressure of execution which is 565 

partly explained by the ambiguous nature of MBWA (Amsbary & Staples, 1991). 566 

 567 

Directly Involving In and Mediating with Issues of Conflict 568 

 569 

The next dimension to be examined has to do with typical management roles summarized as 570 

“involving, mediating, and resolving”. The complex nature of shipbuilding and consequently, the 571 

hierarchy of supervision and governance (Remington & Pollack, 2007) create the scene for 572 

communicational improbability, requiring that management exercise vigilance and stay closer to the 573 

issues arising in production sites. Delegating the leadership role to site managers, for example, 574 

hardly leads to a final resolution of an issue, and often the case is prone to aggravation in the 575 

absence of effective leadership.  576 

A site manager’s supervision is easily eclipsed by a client’s single claim, but not 577 

necessarily by a management command. 578 

—Marketing, Europe 579 

Despite the ripe improbabilities of communication (Luhmann, 1995) emerging through the cycle of 580 

a vessel construction, people possess a human relationship that makes mediation possible (Chilton 581 

& Cuzzon, 1999). The presence of management can help employees reach the full potential of 582 

interpersonal and intrapersonal relations by empowering their communication capabilities. The 583 

respondents articulated that leadership is not a negotiable proposition but is an absolute 584 

precondition for making all the fabrics of the organization fit together. Increasingly, the perspective 585 

of the shipyard as an open system emerged: problems of relationships, of structure and of 586 
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interdependence are prioritized in this view, requiring effective mediation for its integration. During 587 

this phase, the management aims to reach provoked parties, comfort and engage with them in order 588 

to resolve critical issues.  589 

 590 

Teaching and Mentoring 591 

 592 

Ashforth (1985) and Blumer (1969) claimed that employees interact with their peers to understand 593 

their organizational environment, and this goal can be better accomplished when supported by 594 

management with elaborate communication strategy. Teaching and mentoring offered by 595 

management is both a phatic and informative event that contributes to improved 596 

superior-subordinate communication during a management walk. At this stage of MBWA, not only 597 

informal dialogue but also highly planned events such as workshops and seminars help produce 598 

similar outcomes.  599 

No one but I could see the tiny opening on the starboard—it looked like a bad 600 

cosmetic surgery, an intuitive observation derived from 10 years’ supervision 601 

experience . . . Clearly, there are things we can see and teach off-site, even to those 602 

site managers. 603 

—Offshore R&D 604 

Often, this didactic communication takes the form of a rhetoric and knowledge extension as 605 

portrayed in Figure 5; a safety-related seminar attended by the top management team.  606 

 607 

 608 

Figure 5. Didactic speech 609 

 610 

This form of public speech is definitely strategic communication, where the discourse is clearly 611 

regulated, or even dominated, by a top-down hierarchy. As the event progresses, however, the 612 

management speech gradually resembles a pep talk, which is then received by the employees as a 613 
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mutual, phatic dialog.  614 

 615 

 616 

Figure 6. Pep talk 617 

 618 

I join their workshop every two or three weeks during my field visit. I share the 619 

stories of what it was like when I was an associate and how I made my way to the 620 

management. The young people listen to me, and we have a big laugh together. 621 

—Procurement 622 

In investigating safety walk-around in high-risk industries, Clarke and Ward (2006) suggested that 623 

higher employee participation can make training program in worksites more successful. This insight 624 

may suggest that organizational learning still need to embrace phatic elements to produce desired 625 

results. As suggested in the response above, a phatic mentoring of this kind can be a vehicle for 626 

employee learning and development. 627 

 628 

Generating Positive Storytelling via WOM 629 

 630 

WOM is a rarely discussed motivator in MBWA research, so it should be a meaningful discovery of 631 

this case study. In contrast to upward communication, WOM is more concerned with the horizontal 632 

effect of the communication. The management expected that MBWA would produce a sort of 633 

“storytelling” (Mazzarol & Sweeney, 2007) by encouraging a common discourse among the 634 

employees in its wake, helping maximize leadership effect and support its further motivators. 635 

[Next day,] the employees cannot, not hear the story [of the dinner with the CEO] . . . 636 

It caused a positive response to their husbands and neighbors . . . Well, the same story 637 
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goes for an employee who breaches a safety rule. Once an employee without a helmet 638 

was spotted, he was stopped immediately and informed to attend five disciplinary 639 

education sessions. The rumor spreads so quickly that I could hear the story traveling 640 

back to my office. 641 

—CEO 642 

However, WOM can trigger both positive and negative storytelling (Herr et al., 1991). The 643 

respondents voiced this concern too, that too much visibility of the leadership may even be 644 

counterproductive by causing indifference of the employees or even complaining behavior or rumor 645 

(Herr et al., 1991). The management was aware of the potential pitfalls of MBWA caused by 646 

negative WOM.  647 

They [skilled site staff] can’t like us, because they work with the pressure of 648 

immediate delivery of the project. . . They can easily blame us next day for being 649 

“interventionists.” 650 

—Safety II 651 

As marketing studies relate, WOM is a communication tool far more effective than advertising or 652 

publications. For a large organization like H Shipyard, internal communications such as the intranet 653 

and newsletters serve the organization’s strategic goals. Most of these publications deliberately run 654 

executive speeches and columns, designed to propagate leadership goals. Another side of this 655 

spectrum will be that the practice of depositing knowledge hampers dialogic enrichment between 656 

communicators (Frere, 2004), the consequence that would potentially undermine upward 657 

communication. In this context, WOM is expected to be a valuable management strategy as it 658 

promotes collective storytelling among employees, which will in turn encourage more horizontal 659 

communication.  660 

 661 

4.2. Cross-Sectional Analysis: Communicational Factors Underlying in MBWA 662 

 663 

In this chapter, the organizational and individual motivators of the two organizing themes will be 664 

combined together to provide a cross-sectional analysis, in an effort to highlight salient 665 

communicational factors underpinning these themes. To this aim, the theoretical framework 666 

provided in the literature review will be revisited. Secondary findings will be presented briefly in 667 

the later part of this chapter based on the primary analysis. 668 

 669 

4.2.1. Upward Communication 670 

 671 
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Taken together, the findings of this research indicate that MBWA is indeed a leadership 672 

communication strategy that draws on various communication motives, particularly within the three 673 

salient tensions of improbable-unavoidable, phatic-informative, and strategic-mutual 674 

communication. First of all, we can conclude that the MBWA campaign at H Shipyard has been an 675 

effort to break the hierarchical boundaries in superior-subordinate communication. It will be worth 676 

reiterating Bisel et al.’s (2012) concept of relational contexts that continued to emerge in 677 

superior-subordinate relations. The systematic hierarchy inherent between superior and subordinates 678 

make free flow of communication between them virtually improbable. As shown in the example of 679 

the labor-management relations in this research, however, dissatisfaction in their dialogue could 680 

impair the company’s production schedule and thus challenge its long-term viability.  681 

Based on the research findings, we can conclude that the MBWA campaign at H Shipyard was 682 

devised as an upward communication strategy to break the disruptive relational mold. In discussing 683 

upward communication and its efficacy, the primacy has so far been placed on “upward flow of 684 

information” as Sharma (1979) advocated. The research findings share this perspective, but they 685 

come with emphasis on its under-researched aspect of relationship-building. Thus, it can be stated 686 

that improved upward communication (a) helps superior and subordinates break their relational 687 

boundaries while (b) supporting their efforts to promote valuable information-sharing in an open 688 

and horizontal manner. These dual objectives should inform that both phatic and informative 689 

communications are emphasized in balance in establishing a successful upward communication.  690 

 691 

4.2.2. Various Communicational Tensions 692 

 693 

Various motivators of upward communication surfaced during the MBWA campaign at H Shipyard, 694 

which can be further explained by the key tensions of social psychology of communication as stated 695 

in the preceding chapters. First, upward communication by the management was intended to 696 

challenge the communicational improbability and unavoidability with the organizational members. 697 

Second, it is true to an extent that the unusual relationship of superior-subordinates provides 698 

predominantly strategic motivators in their communication efforts—however, the research data also 699 

support that the leadership communication strategy could be accomplished only when these 700 

motivators were combined with mutual communication efforts, as shown in the example of the 701 

management’s teaching and mentoring during the walk-arounds. Third, the phatic component during 702 

MBWA was almost invariably crucial to ensuring the sustainability of upward communication while 703 

providing justification to the participants.  704 

WOM should be considered also as an outgrowth of successful phatic and mutual communication. 705 

In this case study, the findings suggested that WOM had the potential of overshadowing the 706 

classical corporate communication strategy that had been predominated by top-down, strategic 707 

command. Instead of top-down propagation of management policies, WOM could create a common 708 

discourse among employees and open up more participatory dialogue. Based on this analysis, it is 709 

concluded that goals of organizational communication can be best achieved by having “a good 710 
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balance” of various tensions (Burnard, 2003) such as those of phatic-informative and 711 

mutual-strategic communication.  712 

 713 

4.2.3. MBWA as Crisis Management Strategy 714 

 715 

As secondary research findings, it is concluded that the MBWA campaign at H Shipyard was 716 

conceived and established as part of a crisis management strategy. The data elicited that MBWA at 717 

H Shipyard was designed to tackle environmental obscurity stemming from the shipyard’s 718 

ambiguous ownership structure, a series of crises such as the 2009 credit crunch, and souring 719 

labor-management relations, among others. The traditional top-down supervision and governance 720 

became outdated in the face of the contingencies that were uncontrollable to the management.  721 

Systems thinking was helpful in understanding the management’s increasingly tactful response to 722 

these changes. A helicopter view is often criticized as a failed management strategy: from an 723 

executive suite, it is almost impossible to view the whole picture of the organization. Ascending 724 

information flow is disrupted when top-down communication rules, undermining the management’s 725 

view and the free flow of internal communication. The worst-case scenario will be organizational 726 

disintegration.  727 

The extended market boom when the only question concerned was maximized production capacity 728 

was followed by the looming crises, which could have been avoided to an extent when MBWA was 729 

implemented in the initial stage. Furthermore, the dynamically evolving nature of shipbuilding, in 730 

addition to the increasing industrial complexities, forced the management to take a holistic 731 

management view by adopting contingent management actions—we can conclude that the MBWA 732 

campaign was one of them. 733 

 734 

5. Conclusion  735 

 736 

Based on the emergent business concept of management by walking around, this case study 737 

intended to answer two modal research questions: (a) What are the organizational and individual 738 

motivators of MBWA? (b) What are the communicational factors underlying in these motivators? 739 

Using the lens of a management team at a large organization of a Korean shipyard, this research 740 

highlights the following findings in terms of the first research question:  741 

At the organizational level, the management turned to MBWA to fight with (a) ambiguity of 742 

ownership structure, (b) traditional conduct of supervision, (c) ramifications of an expedited 743 

reorganization, and (d) deterioration of the labor-management relations. At the individual level, the 744 

management leveraged the MBWA campaign to achieve leadership objectives such as (a) 745 

monitoring and identifying issues in worksites, (b) building positive employee relations, (c) 746 

building the data system and sharing feedbacks, (d) directly involving in and mediating with issues 747 
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of conflict, (e) teaching and mentoring, and (f) generating positive storytelling via word-of-mouth.  748 

In responding to the second research question, therefore, we can conclude that  749 

a. the MBWA campaign at H Shipyard was designed to reduce and tackle contingent factors that 750 

increased environmental obscurity;  751 

b. upward communication was used as the instrument for the MBWA campaign, aiming to reduce 752 

the “relational gap” and ensure “ascending flow of information”; and  753 

c. upward communication can be facilitated by exploring various tensions of communication such 754 

as phatic-informative and mutual-strategic one to challenge the improbable-unavoidable tension in 755 

superior-subordinate communication; therefore, having a good sense of balance in exploring these 756 

fundamental tensions will be helpful in implementing a successful MBWA strategy. 757 

 758 

6. Limitations and Future Research 759 

 760 

Management by walking around is an emergent concept in the business world rather than an 761 

established theoretical work. As a result, examining the issues of social psychology of 762 

communication within the context of a volatile organizational environment still remains a work in 763 

progress. The research design has undergone several changes especially because of issues of 764 

accessibility, challenging the initial motivation for incorporating ethnomethodology in full scale. It 765 

is expected that this limitation is overcome as informed executives gradually turn to this valuable 766 

management/communication concept and offer more research opportunities. 767 

The culture and setting cannot be underestimated. While the case study approach allows an in-depth 768 

analysis of a single organization and social trend, the limitations of a skewed balance in gender, 769 

nationality, and locations tend to diminish its generalizability. It is especially pronounced in terms of 770 

national culture values (Hofstede, 1984), which could not be tackled in this study. Parallels from 771 

multiple cases will be conducive to improved generalizability. 772 

Furthermore, it is believed that the qualitative nature of this study will be fully exploited when 773 

substantiated by a quantitative methodology. The initial design was to incorporate the results of an 774 

employee survey to examine reflexivity (Mead, 1921). While this idea was dismissed in order to 775 

better delineate the research question, integrating both qualitative and quantitative methods is 776 

expected to enrich the research findings.  777 

Additionally, the ethnomethodology can be further expanded to include in-context interviews 778 

captured at the moment of observation, in order to achieve a full narrative of the under-researched 779 

dimensions of MBWA.  780 

  781 
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 782 

Based on the emergent business concept of management by walking around, this case study intended to 783 
answer two modal research questions: (a) What are the organizational and individual motivators of MBWA? 784 
(b) What are the communicational factors underlying in these motivators? Using the lens of a management 785 
team at a large organization of a Korean shipyard, this research highlights the following findings in terms of 786 
the first research question:  787 

At the organizational level, the management turned to MBWA to fight with (a) ambiguity of ownership 788 
structure, (b) traditional conduct of supervision, (c) ramifications of an expedited reorganization, and (d) 789 
deterioration of the labor-management relations. At the individual level, the management leveraged the 790 
MBWA campaign to achieve leadership objectives such as (a) monitoring and identifying issues in 791 
worksites, (b) building positive employee relations, (c) building the data system and sharing feedbacks, (d) 792 
directly involving in and mediating with issues of conflict, (e) teaching and mentoring, and (f) generating 793 
positive storytelling via word-of-mouth.  794 

In responding to the second research question, therefore, we can conclude that  795 

a. the MBWA campaign at H Shipyard was designed to reduce and tackle contingent factors that increased 796 
environmental obscurity;  797 

b. upward communication was used as the instrument for the MBWA campaign, aiming to reduce the 798 
“relational gap” and ensure “ascending flow of information”; and  799 

c. upward communication can be facilitated by exploring various tensions of communication such as 800 
phatic-informative and mutual-strategic one to challenge the improbable-unavoidable tension in 801 
superior-subordinate communication; therefore, having a good sense of balance in exploring these 802 
fundamental tensions will be helpful in implementing a successful MBWA strategy. 803 

 804 
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Appendix A 823 

 824 

Topic Guide 825 

 826 

Thank you very much for taking the time to be a part of this project. Before we begin, I would like 827 

to ask for your permission to tape-record our conversation. This is purely for academic purposes. 828 

The information obtained will be kept strictly confidential, and no names will be mentioned.  829 

Background information about the researcher is provided:  830 

- Master’s student at LSE  831 

- Data was being gathered for her dissertation on the key motivators of MBWA at H Shipyard  832 

Are there any questions you would like to ask before we begin? 833 

 834 

 835 

Section A—General 836 

 837 

- Could you tell me a little about yourself? 838 

- How long have you been with H Shipyard? 839 

- What do you do in the organization in what role and function?  840 

- Have you ever worked in the shipyard if you’re currently based in Seoul? 841 

 842 

Section B—The Organizational Context 843 

 844 

- Can you please explain a bit about the corporate structure of this company? 845 

- What is your general appraisal of the corporate culture? 846 

- How do these factors affect the communication channels within the organization?  847 

- What makes H Shipyard different from other shipyards? 848 

- How are the cultures different between the Seoul office and the shipyard? 849 
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 850 

 851 

Section C—Management by Walking Around 852 

 853 

- Have you come across a concept of MBWA before? What was your impression of it?  854 

- How would you define MBWA in personal terms?  855 

- How frequently do you carry out MBWA (e.g., daily/weekly/biweekly/monthly)? 856 

- What were the motivators for you to turn to MBWA initially? Could you describe in detail any 857 

antecedents, either internal or external, or personal judgment or decision that drove you to the idea 858 

of MBWA?  859 

- What were the specific objectives that you had had in mind for aligning the ethos of MBWA with 860 

your management goals?  861 

- How do the objectives relate to the particular motivators mentioned earlier? 862 

- What do you actually do when you go to the field? Are there any set procedures that you follow? 863 

- Who do you go to the project sites with? 864 

- How do you think that MBWA actually makes a difference? 865 

- Do you experience or anticipate many obstacles in executing MBWA in your day-to-day 866 

managerial role? 867 

- How do you think the listed objectives for MBWA can be reached more effectively? 868 

- How do you think MBWA can be better implemented in the shipyard? 869 

- Do you have any further comments or thoughts to share?  870 

 871 

Thank you very much for taking the time to participate in this interview. I promise you again that 872 

the information obtained will be kept strictly confidential and that no names will be mentioned. I 873 

will be glad to respond to any questions you might have concerning this research, the progress, and 874 

the final use of the data, so please contact me anytime by the e-mail I sent the topic guide to. 875 

 876 

 877 
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 878 

Appendix B  879 

Themes from the Field Notes 880 

 881 

Codes  Description  Basic 

Themes  

Organizing 

Themes 

Global 

Theme 

ID plate with three red 

stripes  

Management directives  

The chain of command  

“Stop the Job” badge  

Tenure and seniority 

Keeps distance  

Restaurant reserved for the 

management team 

Employees’ silence  

Set decision-making 

procedures 

 

This theme describes 

factors that make the 

organizational 

hierarchy distinctive, 

which could hinder 

superior-subordinate 

communication 

Hierarchy Tackling 

obstacles of 

internal 

communication  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Motivat

ors of 

MBWA  

 

The banner and placard set 

up in preparation for a 

planned rally  

Dispute with the labor union 

leader 

Rally on the electric tower 

Repeated labor-management 

negotiations  

 

Increasingly tense 

relations between the 

management and labor 

union during the crises 

were described in this 

theme 

Souring 

labor-manag

ement 

relations 

Small UN village 

A uniform in different colors  

Cacophony in the site team 

The company man  

Indian cabin crew  

Social communities of their 

own  

Small arguments  

Young technicians and 

seasoned masters  

 

This theme deals with 

factors that make the 

divergent employee 

identities salient, 

except those stemming 

from the shipyard’s 

hierarchical structure 

Diversity of 

the 

workforce 

Two hours of journey  Referring to obstacles Distance 
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Small industrial island  

Separate R&D centers  

The factory and the think 

tank 

VIP helicopters 

The fatigue  

Slow, tedious reporting 

between the people in two 

cities  

Self-sufficient village  

 

in internal 

communication arising 

from the significant 

locational distance 

between the 

company’s Seoul head 

office and shipyard 

and its various 

functions  

between 

functions  

Alternative reporting 

procedure  

Less pressure  

The “helipad reporting”  

Extended office hours and a 

long queue 

The flexibility in time  

Small talk on the road 

The drop-in session  

At H Shipyard, most 

of the executives are 

based in Seoul except 

some functions, often 

causing delayed 

reporting. This theme 

explains how MBWA 

in the shipyard helps 

expedited reporting of 

urgent issues.  

 

Expedition 

of 

unscheduled 

reporting  

Implementation 

of management 

objectives  

The expertise  

Updates on key R&D 

projects  

Observation on the bridge  

Dialogue with project 

managers  

Arranging a phone call to the 

safety committee 

Inviting the procurement 

executive  

Informal inquiry  

The secretary making a note  

Simulating the equipment  

Prolonged Q&As 

 

Referring to 

independently driven 

management research 

on ongoing field issues 

Issue 

investigation  

The secretary e-mailing the 

management  

Conducting phone inquiries  

Providing consultation  

Making a quick decision  

Thorough review of the 

Referring to time-wise 

issue management, 

associated with timely 

feedback provided by 

the management on 

issues reported or 

Provision of 

immediate 

feedback 
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proposal 

 

identified 

independently  

Warm and kind greetings  

Informal dialogue  

Shaking hands one by one  

A broad smile on face  

Lunch with site workers  

Joining the labor union event  

Meeting the task force team 

Touring the site teams  

Lunch with project managers  

The thank-you card 

 

Interpersonal 

dimensions of MBWA 

are articulated in this 

theme 

Building 

positive 

employee 

relations 

Unscheduled meeting with T 

company  

Contingent budget allocation  

Motivation for S1 goals  

Fund-raising  

Conflict resolution  

Special meals and treats 

 

Referring to 

immediate 

management support 

provided to ensure 

on-time delivery of 

projects 

Provision of 

management 

support 

 882 

 883 

  884 
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Appendix C 885 

Coding Schedule Derived from the Individual Interviews with Supplementary Themes and Excerpts 886 

from the Field Notes  887 

 888 

Quotes and Excerpts   Basic Codes  Organizing 

Themes  

Global 

Themes 

“H Group claimed they would buy us at *** 

KRW, but they decided to forgo with the 

outbreak of the subprime mortgage crisis” 

Failed M&A 

negotiations 

Ambiguity of 

ownership and 

governance 

structure  

External 

motivators: 

Organizational 

context  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“We felt like an illegitimate child without a 

parent, an owner, and was growingly 

disoriented” 

Absence of 

ownership  

“Anxiety would be the right word” 

 

Low employee 

morale  

“It is mostly the tenure that defines their 

ranks” 

Hierarchy  Traditional 

conduct of 

command and 

control  “We have no time to stop, from naval 

architects to the surveyors, the whole project 

team works around the clock, with the top 

priority being an on-time delivery” 

Optimized 

workflow of 

shipbuilding  

“The management is the necessary evil for 

controlling this massive traffic, but they 

should pay heed to the growing voice of 

concerns from the employees in setting 

management policies” 

Top-down 

decision 

making 

construct   

“We do have separate R&D centers, 

sporadically in both the Seoul office and the 

shipyard which creates confusion in 

undertaking a single research project” 

Locational 

distance  

Changed 

organizational 

structure and 

functional 

divisions  
“We were absolutely embarrassed by the 

unprecedented level of disconnectedness 

witnessed with the new organization” 

Extreme 

division of 

labor  

“They always go to lunch with their 

colleagues . . . the IT guys go to drink with 

our people less and less” 

Lack of 

cross-function

al 

communicatio

n  

“I think they (the labor union) felt as if they Dissatisfaction Deterioration 
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were excluded from the discussions . . . it 

drove them to the edge when the M&A talks 

were under way” 

with the 

management’s 

contingency 

plans  

of 

labor-manage

ment relations  

“The labor union stage regular strikes to this 

day although many issues have been 

resolved through peaceful negotiations . . . 

continue to invite the management to their 

sites” 

Increasing 

labor strikes 

affecting the 

tight 

construction 

schedules  

“I don’t believe in the formal reporting 

procedure. I prefer getting real-time updates 

from the site staff on the decks without a 

delay” 

“Staying in 

touch with the 

front line” 

Monitoring 

and identifying 

issues in 

worksites  

 

Individual 

motivators: 

Implementing 

leadership 

objectives  

“I do sneak in every once in a while, in this 

way, without notifying anyone, to monitor 

the site, mostly problematic ones such as the 

B project that has been on hold for a 

considerable time” 

Undertaking 

covert 

investigations  

“While walking toward the R&D conference 

room, the executive vice president keeps 

asking questions to the employees walking 

next to him” 

Building new 

knowledge 

together  

“The company cafeterias turn into ‘public 

spheres’ where employees of all levels come 

together to have meals with the 

management . . . Topics diverge during this 

time, and often the management discuss 

issues identified during their walk-arounds” 

Inviting a wide 

range of 

stakeholders to 

discussions of 

management 

agenda  

Building 

positive 

employee 

relations  

“The executive vice president stopped almost 

on every floor to say hello to the site 

workers, handing out his handkerchief or a 

bottle or water, extending warm remarks 

again” 

Social 

intercourse 

“After the warm handshaking, the 

procurement executive interrogated the site 

manager, ‘why T company has not sent the 

people yet’ . . . Back in the executive office, 

an unscheduled meeting was arranged with 

the T company officials” 

 

Secondary 

issue 

identification  

“When I spot the anomaly, I discuss it with 

other onboard personnel and keep record of 

In-depth 

analysis and 

Building the 

database and 
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it for further review” appraisal of 

the issues 

identified 

sharing 

feedbacks  

“Like the procurement division has their own 

IT archives other than inventories. We’re 

working with our IT team, SAP guys to build 

an advanced storage system for effective 

knowledge sharing” 

Organize and 

store data 

“How we share the data with the people in 

sales, marketing, R&D, production, 

procurement, and planning, of 42 functions, 

possibly more when you add up those 

subcontractors” 

Sharing the 

data 

“They help me transmit key messages 

regarding our field tours to other functions or 

respond to any comments made within site 

teams later” 

Provision of 

feedbacks  

“A site manager’s supervision is easily 

eclipsed by the client, but not necessarily a 

management command” 

 

Resolving 

hierarchy of 

supervision  

Directly 

involving in 

and mediating 

with issues of 

conflict  “They look out for someone who could 

intervene and set it straight. That’s the thing 

only leadership can do” 

Provision of 

mediation for 

on-going 

disputes  

“Only I could see the poorly finished 

welding on the starboard—it looked like a 

bad cosmetic surgery, an intuitive 

observation derived from 10 years’ 

supervision experience . . . There are 

definitely things we can teach, even to site 

managers” 

Impromptu 

knowledge 

sharing  

Exercising the 

role of 

teaching and 

mentoring  

“I share the stories of what it was like when I 

was an associate and how I made my way to 

the management. The young people listen to 

me and we have a big laugh” 

Hosting and 

participating in 

educational 

events  

“[Next day,] the employees cannot, not hear 

the story [of the dinner with the CEO] . . . It 

caused a chain reaction effect to their 

husbands and neighbors” 

Encouraging a 

common 

discourse 

Generating 

positive 

storytelling via 

word-of-mout
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“While you’re there to monitor people, 

you’re being monitored too . . . I try to 

become their role model when I’m with 

them” 

Setting role 

models  

h 

“Give them a sense of unity against the 

challenges coming from outside” 

Motivating 

and inspiring  

 889 

 890 

 891 

 892 

  893 
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Abstract

Purpose/ Research Question: 
1. What would be the most determining factors if I perform regression analysis using several 

independent variables? 
2. How can we build up the formula to estimate the proper royalty rate and up-front payment using 

multiple data I can get simply as input?
Key Literature Reviews: 
Lee et al. (2016) study is believed to be the first case to estimate the royalty rate and upfront
payment using the formula derived from the regression of the dataset of historical licensing data, but 
further in-depth research is necessary for investigating the relationship between royalty-related data 
and more input descriptors such as market size, molecular and IP.   Market size, licensee revenue, 
molecular structure, and IP can be converted to numerical value and can be used for the input for
prediction (Lee et al., 2016). The value of technology depends on a large number of factors. These
include the target market size for the final therapeutic product, the anticipated clinical qualities of 
the drug and the extent of competition for the drug. These will include the phase specific success 
probabilities, development costs and timelines, the expected market size and market share, and the 

 

costs of goods, marketing and administration. Add to these the scenarios of product life cycle and 
commercial performance based on predicted ethical and/or generic competition and the task of 
calculating the value appears almost impossible. (Nigel Borshell and Taskin Ahmed, 2012). A more 
complex method conceptually to valuate is Monte Carlo simulation. Instead of putting in single 
point estimates of all the inputs to calculate a single value in a model, the Monte Carlo methodology
puts in probability distributions for various inputs such as market size, costs, pricing and time to 
market, and then samples all those distributions to run multiple simulations, each calculating an 
NPV (Linda Pullan, 2014). There was no perfect correlation between the market sizes of certain 
therapeutic areas and the market caps of companies in these spaces (Vinay Ranade, 2008). Patents 
and patent valuation have raised tremendous concerns from the research-based pharmaceutical 
industry for a long time. It is demonstrated that PTDI (Pharmaceutical technology details indicators) 
actually have significant influence on patent value and, more significantly, enhance the quality of 
existing valuation methods ((Yitao Wang, 2008). There was a simulation approach to value patents 
and patent-protected R&D projects based on the Real Options approach (EDUARDO S. 
SCHWARTZ, 2004). Hence, patent valuation has increasingly attracted considerable interest of 
researchers and practitioners. Nevertheless, few of the firms that can benefit from patent valuation
have the capability to perform in-house patent valuation, and even the patent valuation expertise of 
consultancies and financial institutions seems limited (Carte 2005; Ernst, Legler, and Lichtenthaler 
2010). Thus, at present, there are problems and challenging issues for the research on patent 
valuation. First, among previous studies that provide the excellent overviews about the determinants 
of patent, it was shown that forward citations are significantly correlated with a patent’s market
value (Nair, Mathew, and Nag 2011). However, measuring a patent’s market value by simply
counting the patent’s forward citations is incapable of reflecting the complexity in the networks of 
patents. Moreover, previous studies have shown that the structural patent indicators of the patent 
citation networks (PCNs) are correlated with patent value and the correlations are different among 
the groups of firms (Hu, Rousseau, and Chen 2012). Nevertheless, few efforts have been made to 
investigate the effect of structural patent indicators in forward citations on patent price. Second, it 
is difficult to investigate dynamics between patent indicators and patent price because the actual 
price at which the patent is sold or licensed is often a privately maintained record. To resolve these 
problems and challenging issues, the paper proposed a systematic approach, which investigates the 
effect of the structural patent indicators, extracted from forward citations, on patent price from the 
relationship with firm market value. To explain, first, the paper introduces the forward patent 
citation networks (FPCNs), from which the structural patent indicators are extracted as a set of 
features to represent patent price. Moreover, the structural patent indicators of the FPCNs are 
integrated at a firm level to obtain the features that represent a firm’s market value. Thereafter, the 
panel data econometric approach is applied to examine the relationship between the firm-level 
structural patent indicators and enterprise value (EV), selected as firm market value. Finally, 
dynamics between the structural patent indicators in the FPCNs and patent price are explored by 
referring to the discovered relationship (Jong Hwan Suh, 2015).
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multiple data I can get simply as input?
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molecular structure, and IP can be converted to numerical value and can be used for the input for
prediction (Lee et al., 2016). The value of technology depends on a large number of factors. These
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costs of goods, marketing and administration. Add to these the scenarios of product life cycle and 
commercial performance based on predicted ethical and/or generic competition and the task of 
calculating the value appears almost impossible. (Nigel Borshell and Taskin Ahmed, 2012). A more 
complex method conceptually to valuate is Monte Carlo simulation. Instead of putting in single 
point estimates of all the inputs to calculate a single value in a model, the Monte Carlo methodology
puts in probability distributions for various inputs such as market size, costs, pricing and time to 
market, and then samples all those distributions to run multiple simulations, each calculating an 
NPV (Linda Pullan, 2014). There was no perfect correlation between the market sizes of certain 
therapeutic areas and the market caps of companies in these spaces (Vinay Ranade, 2008). Patents 
and patent valuation have raised tremendous concerns from the research-based pharmaceutical 
industry for a long time. It is demonstrated that PTDI (Pharmaceutical technology details indicators) 
actually have significant influence on patent value and, more significantly, enhance the quality of 
existing valuation methods ((Yitao Wang, 2008). There was a simulation approach to value patents 
and patent-protected R&D projects based on the Real Options approach (EDUARDO S. 
SCHWARTZ, 2004). Hence, patent valuation has increasingly attracted considerable interest of 
researchers and practitioners. Nevertheless, few of the firms that can benefit from patent valuation
have the capability to perform in-house patent valuation, and even the patent valuation expertise of 
consultancies and financial institutions seems limited (Carte 2005; Ernst, Legler, and Lichtenthaler 
2010). Thus, at present, there are problems and challenging issues for the research on patent 
valuation. First, among previous studies that provide the excellent overviews about the determinants 
of patent, it was shown that forward citations are significantly correlated with a patent’s market
value (Nair, Mathew, and Nag 2011). However, measuring a patent’s market value by simply
counting the patent’s forward citations is incapable of reflecting the complexity in the networks of 
patents. Moreover, previous studies have shown that the structural patent indicators of the patent 
citation networks (PCNs) are correlated with patent value and the correlations are different among 
the groups of firms (Hu, Rousseau, and Chen 2012). Nevertheless, few efforts have been made to 
investigate the effect of structural patent indicators in forward citations on patent price. Second, it 
is difficult to investigate dynamics between patent indicators and patent price because the actual 
price at which the patent is sold or licensed is often a privately maintained record. To resolve these 
problems and challenging issues, the paper proposed a systematic approach, which investigates the 
effect of the structural patent indicators, extracted from forward citations, on patent price from the 
relationship with firm market value. To explain, first, the paper introduces the forward patent 
citation networks (FPCNs), from which the structural patent indicators are extracted as a set of 
features to represent patent price. Moreover, the structural patent indicators of the FPCNs are 
integrated at a firm level to obtain the features that represent a firm’s market value. Thereafter, the 
panel data econometric approach is applied to examine the relationship between the firm-level 
structural patent indicators and enterprise value (EV), selected as firm market value. Finally, 
dynamics between the structural patent indicators in the FPCNs and patent price are explored by 
referring to the discovered relationship (Jong Hwan Suh, 2015).



 

Design/ Methodology/ Approach: 
This research analyzes the dataset, including the royalty-related data like running royalty rate and 
up-front payment, regarding drug candidates for specific drug class of anticancer, by regression 
analysis between royalty-related data and multiple input descriptors like development phase, market 
size,  TCT median value for the IPC code (IP), and the revenue data of the license buyer for 
deriving the formula to predict royalty-related data.
(Expected) Findings/Results:
In royalty negotiations in Life Science area, manager can (1) have simple tool to estimate the proper 
royalty rate and up-front payment using a formula derived from the regression of historical royalty 
dataset (2) have insight what would be the most determining factors to get appropriate license fee 
among several multiple factors like development phase, market size of subclass of a drug class,  IP, 
and the revenue data of the license buyer which can be expressed in numeric form. This study 
covers only one drug class of anticancer and will be extended to cover more drug classes.
Research limitations/ Implications: 
This research is limited to the relationship between multiple input variables and royalty-related data
in one drug class of anticancer (antineoplastics).
Keywords: Valuation, Licensing deal, Drug, Royalty data, Royalty rate, Up-front fee, Milestones, 
Regression, Drug class, Anticancer, Antineoplastics, Attrition rate, Development phase, Licensee, 
Life sciences, rNPV, eNPV (expected NPV), DCF, Multivariable analysis, TCT median value,
Market Size, IP, Revenue, Multiple input descriptor 

 

Study on the value chain network analysis methodology and 
system development based on business transaction 

information

Dae-Hyeon Lim
Senior Researcher, Korea Institute of Science and Technology Information, Korea

Email: sunct@kisti.re.kr
Young-Su Moon 

Principal Researcher, Korea Institute of Science and Technology Information, Korea
Email: youngsum@kisti.re.kr

Ho-Shin Lee(Corr.).
Manager, Korea Institute of Science and Technology Information, Korea

Email: leehs@kisti.re.kr

Abstract 

This article proposes the method to develop value chain mapping based on business transaction in 
Korea. Many government programs for SMEs innovation are provided corresponding to the 
subjective needs of each SME. However we find that many companies are not fully aware of their 
competitive environment in their value chain.  
To solve the issue, this paper suggest the value chain network analysis logics and its systematization 
based on business transaction information. 
The value chain network can provide SMEs ‘real’ competitive environment  information and help 
them to establish “proper’ business plan. consequently, it help SMEs  to  select the ‘right’
government  programs to innovate their business. 

Purpose/ Research Question: 
1. Are the SMEs aware of their suppliers, buyers or competitors properly?
2. Is there any easy way to show SMEs the competitive environment in their value chain?

Key Literature Reviews (About 3~5 papers): 
Krisztina Demeter et al analyzed the supply chains of two focal car manufacturers (Audi and Suzuki) 
with assemblies in Hungary. They conducted interviews with the focal companies and their suppliers 
to show how supply chains are affected by different corporate strategies. The proposed supply chain 
shows on Figure 1.
However, the interview with the suppliers, they used, may not efficient to develop supply chain for a 
large number of companies.
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Abstract  
 

As a number of support programs for competence improvement are provided to small and medium enterprises in 

Korea, it is recommended that these enterprises collaborate with each other. However, without information 

about other enterprises in the industry that they belong to or are planning to enter, many small and medium 

enterprises find it difficult to look for partners that they can collaborate with. 

This paper focuses on extracting a list of enterprises in a supply chain of a specific industry through a 

business information database and a Korean trademark rights database. Also, it focuses on suggesting a 

methodology that would show a list of actual deals made between enterprises found through a business deal 

database.  

Through these, it becomes possible for small and medium enterprises to have knowledge about other 

enterprises and their previous deals in a supply chain or a system of a specific industry. Small and medium 

enterprises will thus be able to build a suitable business plan based on such information. 

Moreover, this paper will be helpful for policy makers as it will help them understand the system and 

characteristics of the industry and come up with a suitable program that can support small and medium 

enterprises.  

 

Keywords: 

 

Introduction 

 

In 2014, the total number of Korean enterprises reached 3,810,000 with 99.9% being small and medium 

enterprises. Out of the 19,900,000 employees in Korea, 86.4% work for small and medium enterprises (‘Reports 

of the’, 2015). However, the income of small and medium enterprises is only 35.1% of the total income. Also, 

when one takes a look at the business profit rate or debt rate, it is obvious that these enterprises have a weak 

financial structure (see Table 1).  

As seen from the above, small and medium enterprises comprise a large part of the Korean economy in 

terms of quantity; however, there is relatively little competence among them. To support the development of 

small and medium enterprises and reinforce their competence, the Korean government established the Small and 

Medium Business Administration (SMBA) in 1996 and established the ‘Act on the Promotion of Technology 

Innovation of Small and Medium Enterprises’ to provide a legal basis and consistently provide them with 

support for the promotion of technology innovation of small and medium enterprises. The government budget 

on small and medium enterprises was KRW 1.0148 trillion in 2007. Five years later, in 2012, this amount has 

more than doubled as it reached KRW 2.0956. It is expected that the government budget will continue to grow 

and take up a large part of the research and development costs. However, based on recent analysis, it is 

suspected that the government R & D budget for supporting small and medium enterprises needs to improve its 

efficiency (National Assembly Budget Office, 2014). 

Noh (2014) insisted that it is required to have an objective investigation of whether the government R & D 

investment has actually succeeded in supporting small and medium enterprises and efficiently allocating the 

resources. It is because various divisions carry out the government support R & D programs on a project basis 

and not all of those divisions are accessible to the integrated management database.  

An alternative to improving the efficiency of these government support R & D programs is having a 

networked collaboration among small and medium enterprises. Networked collaboration refers to a horizontal 

relationship where a number of small and medium enterprises voluntarily participate in making deals and 
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sharing technology, manpower and resources instead of depending on a contractor–subcontractor relationship 

(Kim, 2011). 

However, this networked collaboration relatively lacks in capital, manpower, technology and resources. 

Thus, these small and medium enterprises can work together on the development of new products and new 

markets, thus allowing them to overcome their limitation—lack of resources (Small and Medium Enterprise 

Research Institute, 2007). Besides, it is also possible to improve the budget efficiency and reduce the duplicated 

investment by sharing the results of their collaborative research and development (Korea Institute for Industrial 

Economics and Trade, 2004). 

Based on such advantages, the Korean government has been offering support programs to encourage 

collaboration among small and medium enterprises since 2003. There are two types of support programs: 

‘collaboration between vendors’ through which small and medium enterprises deliver products to large 

enterprises and; ‘collaboration for the development of new products’ where small enterprises from different 

industries collaborate with each other. For more information on the collaboration types and characteristics, 

please refer to Table 2.  

The most important factors that make such collaboration among small and medium enterprises possible are 

the following: establishment of a collaborative organization (29.8%), exchanging and sharing of information 

(28.3%) and collaboration on the development of new technology (21.9%) (see Table 3) (Kim, 2007). 

‘Exchanging and sharing information’ or ‘collaboration on the development of technology’ can be seen as an 

actual form of collaboration whose precondition will be the ‘establishment of a collaborative organization’. One 

of the great challenges for small and medium enterprises applying for a government support program for 

collaboration is the ‘difficulty with building a proper collaborative body’ (Jang, 2010). 

When SMBA provides financial support to a collaborative R & D project in which more than two small and 

medium enterprises participate for ‘technology development through collaborations among SMEs’, it is 

common that most enterprises find their partner through ‘individual contacts’ (see Table 4). 

In the case of ‘individual contacts’, it is difficult for small and medium enterprises that have lesser human 

resources and information than large enterprises to find candidates for future partnership. Kim (2011) suggested 

building online and off-line infrastructures that can support collaboration among small and medium enterprises
i
.  

In line with that, this paper attempts to show a methodology for building an online infrastructure that can 

help small and medium enterprises find candidates for future partnerships in the industry. 

More specifically, this paper focuses on a methodology about searching and allocating enterprises that 

produce or distribute items in a supply chain system
1
 of a specific industry through a business information 

database, a business deal database and a Korean trademark rights database.
3
 

 

Materials 

 

In order to develop a methodology that constitutes of the value chain, the business information database and 

business deal database of Korea Enterprise Data (KED) and the trademark rights database of the Korean 

Intellectual Property Office (KIPO) have been used.  

KED is a company founded in 2005 by the Korean government and is a specialised credit-rating agency for 

Korean enterprises. Its stockholders include national banks such as the Korea Technology Finance Corporation 

(KIBO), the Korea Development Bank, the Industrial Bank of Korea and the Korea Federation of Banks, as well 

as major Korean commercial banks. These stockholders offer documents submitted—ignoring loans or surety 

bonds for businesses—to KED, who would then build a database from the collected information. KED provides 

business information such as enterprise name, address, major products and its Korean Standard Industrial 

Classification (KSIC). In the business deal database, there is information on the business deals made and 

collected by KED from 2000 to 2015.
4
 

The trademark rights database of KIPO includes information about the patent applicant, application number, 

designated goods or services and the Korean Trademark Classification Code (KTCC)
5
 (see Table 5). 

 

Methods for Mapping Out the Supply Chain 

 

It is required to map out the framework of the supply chain frame as a preliminary stage of this methodology 

through consultations with the industry literature review specialists. By using keywords that refer to a certain 

item for searching enterprises, it is possible to get a list of known companies that produce (or distribute) that 

item in Korea (see Figure 1.)  

By using keywords and known companies, it is possible to extract from the business information database 

‘unknown companies’ that do not belong to ‘known companies’ and that produce (or distribute) the items related 

to keywords. This is called ‘method for extracting a list of companies by using a business information database’. 

 

Step 1. Extracting confirmed companies 



 

The researcher used refined keywords in this research to avoid errors that can happen when one searches for 

companies only through keywords and to improve the accuracy of extracting the list of enterprises that produce 

the items that one is looking for. As seen from the example in Figure 1, a muffler has two meanings: ‘a device 

attached to the engine of a vehicle to make it quieter’ and ‘a piece of cloth worn around your neck to keep it 

warm’
8
. Because a muffler has two meanings, if one tries to extract companies by using ‘muffler’ as a keyword, 

companies in the clothing industry will also be extracted. To avoid such error, refined keywords may be used—a 

combination of the item name and the final product name made with the item such as ‘(car or truck or vehicle) 

and (muffler or silencer)’. 

Looking for refined companies from a business information database through a search by ‘major products’ 

using refined keywords and known companies turn out to be the same. Thus, both are the confirmed companies 

that produce mufflers for automobile (see (a) of Figure 2). 

 

Step 2. Extracting companies by refined parameter 

 

As the business information database is based on the submitted data enterprises, there is a higher chance of 

getting the exact name of the product written in the field of ‘major products’. Although it is a company that 

produces a muffler for automobiles, if ‘various parts for automobile’, ‘parts for automotive exhauster’ or 

‘industrial silencer’ is written in that field, the company cannot be extracted by only following Step 1.  

Thus, in order to extract companies that do not belong to ‘confirmed companies’ and that produce a muffler 

for automobiles, it is recommended to search by KTCC as its refined parameters. The KTCC is what is common 

between the KSIC—often shown in the ‘confirmed companies’—and the trademark rights of the ‘confirmed 

companies’.  

The KSIC is a system of classification for statistical purposes, which categorises the major products of 

enterprises based on their similarity. This method came from the idea that there is higher chance of finding the 

right companies that produce a muffler for automobiles if the filtered companies have the same KSIC as the 

‘confirmed companies’ and have the same KTCC as the trademark rights that the ‘confirmed companies’ asked 

for in order to engage in the business of selling mufflers for automobiles (see (b) of Figure 2). 

Furthermore, if the filtered companies have the same KSIC as the confirmed companies and have 

‘keywords’ such as ‘muffler’ or ‘silencer’ in the field of ‘major products’ of the business information database, 

there is a higher chance of finding the right companies that produce a ‘muffler for automobile’ even if these 

companies do not have the trademark rights (see (c) of Figure 2).  

Thus, by repeating the process shown in Figure 2, it is possible to extract companies in the industry by item. 

In addition, by comparing the name of the filtered companies with the name, products and clients of the 

companies in the business information database, it is possible to map out business deals made among enterprises 

(see Figure 3). 

 

Discussion 

 

If an enterprise maps out and systematises how the supply chain works by using the business information 

database and trademark rights database, it is possible to know where in the supply chain the enterprise is located 

as well as understand the upstream and downstream relationships by placing the enterprise in the center of the 

supply chain. If the enterprise provides information about its technological and entrepreneurial competence, all 

these information will be important factors for small and medium enterprises to find candidates for a future 

collaboration and decide who would be the right partner for them. 

For example, from the perspective of CA, CA ’would be a competitor as it can provide their products to 

CA’s customers. On the other hand, CC2 would be CA’s ‘potential customer’ as CA ’provides the same products 

as CA to CC2’. Meanwhile, CS2, the supplier of CA, ‘would be a “potential supplier” of CA’ as well (see Figure 

4). 

Based on the methodology discussed in this paper, an understanding of the supply chain can be utilised in 

various ways, depending on the roles of the employees in the enterprise. 

 

1) R & D  

 

They can use their understanding of the supply chain to analyse the products of their competitors. By reviewing 

the products of upstream and downstream companies and competitors, they can also get good ideas on how to 

expand their business. 

 

2) Sales 

 



They can check out the customers of their competitors. Moreover, they can use the information about the 

downstream companies as a stepping-stone for discovering potential customers. Also, by reviewing the products 

of the downstream companies, they can get ideas for new business opportunities. Besides, by analysing the 

product list of the competitors, it is possible to understand the activities of their competitors. 

 

3) Buyers 

 

By checking where their competitors buy goods, they can also discover potential purchase locations. Based on 

the information about the product of the upstream companies, it is possible to work on the improvement of their 

products.  

In addition, through financial information about upstream and downstream companies and competitors, they 

can provide analysis indicators that allow them to understand the technological and entrepreneurial competence 

of the candidates for future partnership (see Table 6). 

 

Conclusion 

 

While small and medium enterprises in Korea make up 99.9% of the total number of the enterprises, their 

income is only 35.1% of the total income. Moreover, they are often seen as having relatively less competence 

than large enterprises. In order to support the growth of small and medium enterprises and the reinforcement of 

their competence, the Korean government has been increasing the budget for small and medium enterprises. 

However, questions on whether various government support programs are efficient enough continue to arise. 

An alternative to improving the efficiency of these government support programs is that the government 

provides exclusive financial support when small and medium enterprises voluntarily gather and begin to 

collaborate. 

However, it is not easy for small and medium enterprises to find partners who can collaborate on the 

development of new technology as they relatively lack in human resources or information compared to large 

enterprises. 

Therefore, this paper attempts to suggest a method that would understand where in the supply chain an 

enterprise is located and what its roles are by extracting companies that produce certain items and constitute the 

supply chain of a specific industry. 

If the enterprises incorporate this methodology into their business, it is possible to find candidates for 

potential partnership based on the information of the upstream and downstream companies and of their 

competitors in the industry. Besides, through analysis indicators included in the business information, they can 

evaluate their candidates for potential partnership. 

In addition, policy makers for small and medium enterprises can get information about the distribution of 

enterprises that produce or distribute parts, modules and products, as well as those that constitute the supply 

chain of a specific industry. In addition, information about their business deals can also be taken. With an 

appropriate understanding of the industry, these policy makers will consequently be able to plan better support 

programs for small and medium enterprises. 

The Korea Institute of Science and Technology Information (KISTI) is currently planning to build a 

system—tentatively named ‘system for providing information about the supply chain’—based on this 

methodology. Securing high-quality data for the improvement of the system capacity and planning an algorithm 

for the improvement of the date processing speed would be the next challenge that KISTI will face. 

In addition, KISTI is also planning to carry out research for developing a user-oriented system that can 

intuitively monitor the supply chain and the trend of the items as well as automatically offer a data analysis 

report  

 

  



NOTES 

 
1. Among the participants of the R & D support program for small and medium enterprises, jobs for 0.47 people per KRW 100 million and 

4.1% of sales were created, which is a very low numerical value (2008 to 2013). 

2. 2.1 Large and Small Business Cooperation Foundation’s Support Program for Collaboration – a program for small and medium 

enterprises specialised in one field such as R & D, manufacturing, design and marketing in order to support the development • 
production • sales of products created in collaboration with each other. 

The applicants should be ‘more than two small and medium enterprises in the field of manufacturing, R & D, marketing and so on that 

form a collaborative body through a division of works and that develop • produce • sell products or provide relevant services’.  
It is a support program designed for the small and medium enterprises whose collaborative project plans were approved. They can get 

loans (for finding new markets, develop products, purchase original materials and take loans for trademark development (loans of up to 

KRW 15 billion per year)) and incentives depending of the project’s output when they apply for the SMBA’s support program (source: 
COBIZ, https://www.cobiz.go.kr/, accessed on 2 May 2016). 

2.2 ‘Convergence Federation of Small and Medium Business’ project for supporting the interchange between different business 

categories 
When companies that belong to different business categories voluntarily form a ‘society’ to solve marketing or technical problems, this 

support program works to support the society by supplying manpower or covering training or consulting costs in order to vitalise this 

‘society’. If great ideas that can lead to new business opportunities come out from the ‘society’, this support program helps people apply 

for SMBA’s support program for small and medium enterprises by offering them a chance to have consultations with specialists in 

various fields such as marketing and IP (source: Convergence Federation of Small and Medium Business, 

http://www.koshba.or.kr/sub_business/support.html, accessed on 2 May 2016). 
3. While finding partners through individual contacts was decreased by 18.8% in 2008 compared to 2007, finding partners through the 

government support program for collaboration among small and medium enterprises increased by 24% comparing to the previous year, 

thus proving that the government support program have thus made an impact. However, finding a partner through individual contacts is 
still the dominant culture in the industry. 

4. Kim (2011) proposes that along with having an online community and relevant associations as a collaborative platform among small 
and medium enterprises, the government should discover competent small and medium enterprises, encourage them to collaborate with 

each other and provide incentives to the government R & D support programs. 

5. Christopher (1992) defines supply chain as ‘the network of organizations that are involved—through upstream and downstream 
linkages—in the different processes and activities that produce value in the form of products and services delivered to the ultimate 

consumer. In other words, a supply chain consists of multiple firms, both upstream (i.e., supply) and downstream (i.e., distribution) and 

the ultimate consumer (Mentzer, DeWitt, Keebler, Min, Nix, Smith et al., 2001)  
6. In Korea, mapping out the supply chain of a specific industry and listing the companies that produce (or distribute) items belonging to 

that supply chain can work as basic information that can have an impact on policy-making about supporting an industry. Often this 

information is interchangeable with the concept of value chain. 
7. Source: https://www.kedkorea.com/en/, accessed on 3 May 2016 

8.  SIC is a classification system for statistical purposes based on the similarity of the major business field of a company. In order to 

achieve accuracy and make a comparison with other countries, it follows the International Standard Industrial Classification (ISIC) 
recommended by UN. KSIC also works as the standard for deciding the industry fields that industrial policy-related laws can be applied 

to (source: https://kssc.kostat.go.kr, accessed on 3 May 2016). 

9. KED’s business deal database is a digitalised version of business deals written in the application forms for loans and surety bond, made 
by stockholder banks. 

10. KIPO uses the Korean Classification, a modified version of the international trademark rights classification system, Nice Classification, 

as well as a similar group code created for facilitating the evaluation process as official trademark rights classification systems. For 
example, ‘brakes for motor cars’, would be ’12 type G3712B’ (Korea Patent Office, 2007). 

11. The researchers excluded the supply chain of the sales and distribution after manufacturing the automobiles. In case of keywords, 

because the database used was in Korean, keywords in both Korean and English were chosen. 
12. Source: http://www.merriam-webster.com/dictionary/MUFFLER, accessed on 14 May 2016 
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TABLE 1 

Comparison between Management Indexes in Small and Medium Enterprises and Large Enterprises 

(2014) 

 

Sales 

(trillion Korean won) 

Business Profit Rate 

(Per cent) 

Debt Rate 

(Per cent) 

Large enterprises 

Small and 

medium 

enterprises 

Large enterprises 

Small and 

medium 

enterprises 

Large enterprises 

Small and 

medium 

enterprises 

2,316 1,255 4.42 3.12 127.01 161.45 

Source: The Bank of Korea. The financial statement analysis for 2014–2015.  

  



TABLE 2 

Collaboration Types among Small and Medium Enterprises 

 

 Collaboration between Vendors Collaboration for the Development of new 

Products 

Type of participant - First, second and third vendors of large 

enterprises 

- Small and medium enterprises from 

different industry 

Collaboration type - Collaboration on production 

- Collaboration on quality management  

- Collaboration on the development of 

technology 

- Collaboration on negotiating deals with 

large enterprises 

- Two to five enterprises collaborate with 

each other  

- A one-time collaboration for the 

development of a specific product or 

technology 

- Complementary collaboration throughout 

the process of R & D, production and sales 

Expected outcome  - Win-win between large enterprises and 

vendors  

- Improvement of product competence  

- Development of new products and 

technology 

- Development of new markets and 

business transition  

Source: KOSBI. (2007). Current state of collaboration and policy issues among small and medium enterprises. 

  



TABLE 3 

The Most Important Factors for the Success of Collaboration among Small and Medium Enterprises 

 

Section Answer (Per cent) 

Collaboration on the development of technology  21.9 

Establishment of a collaborative organization 29.8 

Group purchase of relevant components  2.9 

Encouragement from relevant large enterprises 4.8 

Exchanging and sharing of information 28.3 

Collaboration on negotiating deals with large enterprises 10.2 

Government financial support for collaboration 0.3 

No answer 1.9 

Total 100 

Source: KOSBI. (2007). Current state of collaboration and policy issues among small and medium enterprises. 

  



TABLE 4 

Ways to Find Partners for Collaboration 

 

(unit: per cent)  

Ways to find partners 2006 2007 2008 Average 

Individual contacts 72.7 74.4 55.6 67.6 

Relevant associations 3.0 2.3 0.0 1.8 

Conference 6.1 7.0 11.1 8.1 

University 3.0 4.7 0.0 2.6 

Government support program for 

collaboration 

17.2 9.3 33.3 19.2 

Other 0.0 2.3 0.0 0.7 

Source: Shin, J.H. (2012). Current state of R & D collaboration among small and medium enterprises and its 

major issues. KISTEP.  

  



TABLE 5 

Used Database 

 

Name of DB Data Contents Number of 

Data 

Source 

Business Information DB Name of enterprise, name of the 

representative, address, major products, 

Korean Standard Industrial 

Classification  

3,000,000 Korean Enterprise 

Data 

Business Deals DB Names of enterprise, products for sale, 

price of the products, name of the 

purchaser, date of purchase 

16,000,000 Korean Enterprise 

Data 

Trademark rights DB Applicant for a patent (name of 

enterprise or name and address of an 

individual), designated goods, Korean 

Trademark Classification Code 

950,000 Korean Intellectual 

Property Office 

Source: Author’s own. 

  



TABLE 6 

Analysis Indicators to Understand the Competence of the Potential Partners among Small and Medium 

Enterprises 

 

Analysis 

Indicators 
Formula 

Technological 

competence 

(Research and development cost of an enterprise / amount of sales) / (Average research and 

development cost per item of the filtered companies / amount of sales)  

Rate of 

technological 

growth 

(Rate of increase of (research and development cost of an enterprise / amount of sales) for 

the last three years) / (Rate of increase of (average research and development cost per item of 

the filtered companies / amount of sales) for the last three years) 

Growth 
Rate of increase of the amount of sales for last three years / average amount of sales of the 

filtered companies for the last three years 

Profitability Business profit rate / average business profit rate of the filtered companies per item 

Safety Debt rate / average debt rate of the filtered companies per item 

Activity 
Working capital turnover ratio / average working capital turnover ratio of the filtered 

companies per item 

Source: Author’s own.  

  



FIGURE 1 

Keywords of Items and Known Companies in the Supply Chain (e.g., automotive industry, muffler)
9
 

 

 
Source: Author’s own.  

  



FIGURE 2 

The Process of Extracting Enterprises that Produce a Certain Item by Using the Business Information 

Database 

 

 

 
Source: Author’s own. 

  



FIGURE 3 

Business Deals Made among Filtered Companies 

 

 
Source: Author’s own. 

  



FIGURE 4 

Competitive Business Relationship based on Business Deals 

 

 
Source: Author’s own. 
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The research objective of our study is to find the route how the information provided in SME supporting services affects 

business performance. Contribution to decision making and information competitiveness were introduced as mediating 

variables to analyze the relation between provided information and business performance. The provided information in SME 

supporting services can give an effect on the decision-making process of senior executives in SMEs. It was assumed that 

decision-making behavior of senior executives in SMEs affects business performance such as revenue increase, cost 

reduction, export increase, employment growth, etc. The information provided in SME supporting services can also enhance 

information competitiveness of SME senior executives. Information competitiveness means capabilities of a company to 

properly manage and use information. It was assumed that the provided information strengths information competitiveness 

of senior executives in a company and the enhanced information competitiveness have a contribution to business 

performances of a company. Contribution rate for decision-making of senior executives in SMEs was shown and the relation 

between contribution rate for decision-making of SME senior executives and business performances was analyzed. And also 

the effect of information competiveness growth on business performances was shown. And the role of decision-making 

behavior and information competitiveness growth of SME senior executives was statistically analyzed. 



Introduction 

In the modern Information Age, there are difficulties a person can have understanding an issue and making 

decisions due to the presence of too much information.(Yang et al. 2003) Bertram Gross defined this phenomena 

as information overload.(Goodall & Gross 1967) Speier et al. said that “Information overload occurs when the 

amount of input to a system exceeds its processing capacity. Decision makers have fairly limited cognitive 

processing capacity. Consequently, when information overload occurs, it is likely that a reduction in decision 

quality will occur.”(Speier et al. 1999) From the information overload, it has been difficult for SME(Small-

Medium Sized Enterprises) executives to make decision properly. The well-defined information analysis 

services need to be provided to improve decision quality of SME executives and contribute to SME business 

performances such as revenue growth, cost reduction, export growth, employment growth, etc. 

KISTI(Korea Institute of Science and Technology Information) provides the well-defined information 

services to maximize SME business performances. KISTI SME supporting services are mainly composed of 

system, consulting service, and community. SME executives can obtain industry & market information, conduct 

technology valuation, and be given promising business items in SME supporting systems. Potentials and 

opportunities for technology, market, patent, and commercialization can be analyzed by SME consulting 

services. KISTI constructs and operates industry-university-research institute cooperation communities. In the 

cooperation communities, SME executives can discover core information which can affect business 

performances. 

The research objective of our study is to find the route how the information provided in SME supporting 

services in South Korea affects business performances. Contribution to decision making and information 

competitiveness were introduced as mediating variables to analyze the relation between provided information 

and business performances. The provided information in SME supporting services can give an effect on the 

decision-making process of SME executives. It was assumed that decision-making behavior of senior executives 

in SMEs affects business performances. The information provided in SME supporting services can also enhance 

information competitiveness of SME senior executives. Information competitiveness means capabilities of a 

company to properly manage and use information. It was assumed that the provided information strengthens 

information competitiveness of senior executives in a company and the enhanced information competitiveness 

has a contribution to SME business performances. 

We proposed four research questions to analyze relationship between SME supporting services and business 



performances. 

RQ1. Is there a statistically significant correlation between SME supporting services and mediating variables 

(contribution to decision making of SME executives, growth of information competitiveness, user 

satisfaction)? 

RQ2. Is there a statistically significant correlation between mediating variables and SME business 

performances? 

RQ3. Are the SME business performances dependent on mediating variables? Are the mediating variables are 

dependent on an independent variable? 

RQ4. Are the mediating variables fully mediated or partially mediated? If any mediating variable is partially 

mediated,  

 

Literature Review 

There have been several attempts to analyze the effects of BI (Business Intelligence) on managerial decision 

making. Wieder et al.(Wieder et al. 2012; Wieder & Ossimitz 2015) provided insights into how BI management 

directly or indirectly influences the quality of managerial decision making. Data quality, information quality, 

and the scope of BI solutions were selected as mediating variables. It was confirmed that BI management 

quality has positive direct and indirect effects on data quality, information quality, and the scope of BI solutions 

by mediation analysis. They also found that mediating variables have a positive indirect effect on the quality of 

managerial decision making. 

Marchand et al.(Marchand et al. 2000; Marchand et al. 2001; Marchand et al. 2002) firstly introduced the 

definition of information orientation to answer the question below: 

“How does the interaction of people, information and technology affect business performance?” 

The answer to the above question is information orientation. Information orientation is a metric for effective 

information use. It is closely related to the capabilities of senior executives to manage and use information 

effectively. Effective information use of senior executives can affect business performance. Information 

orientation has three main characteristics: Information Technology Practices(ITP), Information Management 

Practices(IMP), and Information Behaviors and Values(IBV).  

M.S. Kim et al. investigated business performance of SMEs through IT investment by using the concept of 

information orientation defined by Marchand et al. Business performances were classified into five categories 



such as financial performance, process improvement, customer service, innovation & learning, and competitive 

advantage based on BSC(Balanced Score Card) method. The input variable was IT investment, and the 

mediating variables were ITP, IMP, and IVP. Target variables were five classified business performances. 

 

Methodology 

1735 target users of KISTI SME supporting services were selected to investigate the effects of SME 

supporting services on business performances. Investigation into business performances from SME supporting 

services was conducted by a survey method. An e-mail invitation was sent to the target users to participate in the 

survey by completing a web-based online questionnaire. The online-based survey had been conducted for two 

months and 471 firms responded to the survey. Relationship between business performances and SME 

supporting services was statistically analyzed by using SPSS program.  

 

Fig. 1 Research Model 

 

Figure 1 shows a research model in our study. Information utilization of SME supporting services was used as 

an independent variable. Contribution degree for decision-making, growth of information competitiveness, and 

user satisfaction were selected as mediating variables. Contribution degree for growth of current revenue, future 

revenue, future export, and employment were selected as dependent variables. Correlation and regression 

analysis were conducted to investigate the relationship between an independent variable, mediating variables, 

and dependent variables. Direct and indirect effect of mediating variables was analyzed by using a mediation 



model.(Baron & Kenny 1986) 

 

Results and Discussion 

  Descriptive statistics for independent, mediating, and dependent variables are shown in Table 1. The degree 

for information utilization of SME supporting services was 79.1%. SME supporting services contributed to 

decision making behavior of SME executives at the rate of 53.0%. Information competitiveness of SME 

executives was increased up to 22.8%p. by SME supporting services. The degree for user satisfaction was as 

high as 81.6%. SME supporting services contributed to growth of current revenue, future revenue, future export, 

and employment at the rate of 34.7%, 24.1%, 39.0%, and 38.1%, respectively.  

Table 1 Descriptive statistics for independent, mediating, and dependent variables 

 
N Min. Max. Mean Stdev. 

Information utilization of SME supporting services 487 9% 100% 79.1% 20.7% 

Contribution degree to decision making 487 0% 100% 53.0% 24.9% 

Growth of information competitiveness 396 0% 100% 22.8% 23.7% 

User satisfaction 487 9% 100% 81.6% 17.6% 

Contribution degree to current revenue growth 259 1% 100% 34.7% 28.2% 

Contribution degree to future revenue growth 74 0% 100% 24.1% 20.4% 

Contribution degree to future export growth 274 1% 100% 39.0% 28.7% 

Contribution degree to current employment growth 132 0% 100% 38.1% 28.2% 

 

Table 2 shows results of correlation analysis for independent, mediating, and dependent variables. 

Information utilization of SME supporting services had positively significant correlations with contribution 

degree to decision making, growth of information competitiveness, and user satisfaction. And their correlation 

coefficients were 0.462, 0.226, and 0.730, respectively. It could be found that contribution degree to decision 

making, growth of information competitiveness, and user satisfaction increase in proportion to the information 

utilization of SME supporting services. Contribution degree to decision making, growth of information 

competitiveness, and user satisfaction had positively significant correlations with SME business performances 

except contribution degree to growth of future revenue. It could be confirmed that contribution degree to 

decision making, growth of information competitiveness, and user satisfaction affect growth of current revenue, 

future export, and current employment. 

 



Table 2 Correlation matrix for independent, mediating, and dependent variables 

 
1 2 3 4 5 6 7 8 

1. Information utilization of SME 

supporting services 
1        

2. Contribution degree to decision 

making 
.462

**
 1       

3. Growth of information 

competitiveness 
.226

**
 .212

**
 1      

4. User satisfaction .730
**

 .439
**

 .223
**

 1     

5. Contribution degree to current 

revenue growth 
.168

**
 .354

**
 .287

**
 .244

**
 1    

6. Contribution degree to future 

revenue growth 
.064 .125 .196 -.005 N/A 1   

7. Contribution degree to future export 

growth 
.225

**
 .402

**
 .258

**
 .286

**
 .825

**
 .863

**
 1 

 

8. Contribution degree to current 

employment growth 
.122 .331

**
 .206

*
 .232

**
 .708

**
 .498 .733

**
 1 

**significant at p<0.01; *significant at p<0.05 (two-tailed) 

Simple linear regression has been analyzed to investigate the relationship between an independent variable 

and mediating variables as shown in Table 3. From F-statistics and p-values, it could be shown that the 

regression model can be used for all mediating variables. Contribution degree to decision making (F=131.371, 

p<0.001), growth of information competitiveness (F=21.271, p<0.001), and user satisfaction (F=554.608, 

p<0.001) were significantly dependent upon information utilization of SME supporting services. Coefficients of 

determination (R
2
) were 21.3%, 5.1%, and 53.3%, respectively. Table 4 shows the simple linear regression 

results which analyzed the relationship between an independent variable and dependent variables. Contribution 

degree to future revenue growth was excluded in the regression analysis as the variable had non-significant 

correlation with independent and mediating variables. From F-statistics and p-values, it could be found that the 

regression model can be used for only two dependent variables. (Contribution degree to current revenue growth 

(F=7.482, p<0.01), contribution degree to future export growth (F=14.474, p<0.01)) Coefficients of 

determination were relatively low compared with the results in Table 3. 

Table 3 Results of regression analysis to investigate the relationship between an independent variable and 

mediating variables 

Mediating variable 

 

Independent variable 

Contribution degree 

for decision making 

Growth of information 

competitiveness 
User satisfaction 

C 9.028 .920 32.371 

Information utilization of SME 

supporting services 
.556

***
 .273

***
 .622

***
 

R
2
 .213 .051 .533 

F 131.371
***

 21.271
***

 554.608
***

 

***significant at p<0.001(two-tailed) 



Table 4 Results of regression analysis to investigate the relationship between an independent variable and 

dependent variables 

Dependent variable 

 

Independent variable 

Contribution degree 

for current revenue 

growth 

Contribution degree 

for future export 

growth 

Contribution degree 

for employment 

C 9.519 7.481 21.381 

Information utilization of SME 

supporting services 
.299

**
 .374

***
 .197 

R
2
 .028 .051 .015 

F 7.482
** 14.474

*** 1.976 

***significant at p<0.001, **significant at p<0.01(two-tailed) 

  Multiple linear regression analysis was conducted to investigate the relationship between mediating variables 

and dependent variables as shown in Table 5. From F-statistics and p-value, it has been confirmed that all the 

regression models can be used. However, when the dependent variable was contribution degree to current 

employment growth, the variable was significantly dependent on only one mediating variable. (contribution 

degree to decision making) Coefficients of determination for each dependent variable were 20.0%, 21.9%, and 

16.1%, respectively. From the above results of regression analysis, decision making of SME executives had the 

biggest influence on the business performances. Growth of information competitiveness and user satisfaction 

had significant influence on the growth of current revenue and future export, however, they had non-significant 

effect on the current employment growth. 

Table 5 Results of regression analysis to investigate the relationship between mediating variables and 

dependent variables 

Dependent variable 

 

 

Mediating variable 

Contribution degree 

to current revenue 

growth 

Contribution degree 

to future export 

growth 

Contribution degree 

to current 

employment growth 

C -14.939 -17.653 -15.595 

Contribution degree for decision making .361
***

 .381
***

 .392
***

 

Growth of information competitiveness .270
***

 .227
**

 .173 

User satisfaction .260
*
 .336

**
 .293 

R
2
 .200 .219 .161 

F 21.260
***

 22.606
***

 8.191
***

 
***significant at p<0.001(two-tailed) 

Baron & Kenny’s mediation model was used to investigate the role of mediating variables. The process for 

verification of mediating variables is as follows. 

Step 1 :  

Regress the mediating variables on an independent variable.  



Independent variable → mediating variable 

M = 𝛼0 + 𝛼1𝑋 + 𝜖1 (𝛼0: constant, 𝛼1: coefficient, 𝜖1: error) 

𝛼1 should be significant. 

Step 2: 

Regress the dependent variables on the independent variable. 

Independent variable → dependent variable 

Y = 𝛽0 + 𝛽1𝑋 + 𝜖2 (𝛽0: constant, 𝛽1: coefficient, 𝜖2: error) 

𝛽1 should be significant. 

Step 3: 

Regress the dependent variables on the independent and mediating variables. 

Y = γ0 + γ1𝑀 + γ2𝑋 + 𝜖3 (γ0: constant, γ1& γ2 : coefficient, 𝜖3: error) 

𝛾1 should be significant. And 𝛾2 should be smaller than 𝛼1. If 𝛾2 is nonsignificant, mediating variables 

have fully mediated effects on the dependent variables. On the other hand, if 𝛾2 is significant, mediating 

variables have partially mediated effects. 

Table 6 shows results for first step of Baron & Kenny’s mediation model. 𝛼1 is standardized coefficients for 

regression equations of mediating variables on the independent variable. 𝛼1 was significant for all mediating 

variables. Table 7 shows results for second step of the mediation model. 𝛽1 was significant for current revenue 

and future export, however, 𝛽1 for employment growth was nonsignificant. From the final step of mediation 

model, when the mediating variables were decision making and user satisfaction, the independent variable had 

nonsignificant effect on the business performances. Among business performances, current employment growth 

has been excluded in the regression analysis of dependent variables on the mediating and independent variables. 

Because 𝛾2 was smaller than 𝛼1, it could be confirmed that the mediating variables had mediating effects on 

the business performances. Decision making and user satisfaction had fully mediated effects on the business 

performances such as current revenue growth and future export growth as 𝛾2 is nonsignificant. On the other 



hand, information competitiveness had partially mediated effects on the business performances as 𝛾2 was 

significant. For information competitiveness, direct(𝛾2) and indirect(𝛼1 × 𝛾1) effect was calculated as shown in 

Table 9. The proportion of indirect effect to total effect for current revenue growth was 48.8% which was higher 

than that for future export growth. For future export growth, direct effect of an independent variable was higher 

than indirect effect. 

 

Table 6 Verification of mediating variables – first step 

 

Contribution degree for 

decision making 

Growth of information 

competitiveness 
User satisfaction 

Information utilization(𝛼1) .462
***

 .226
***

 .730
***

 

***significant at p<0.001(two-tailed) 

Table 7 Verification of mediating variables – second step 

 

Contribution degree for 

current revenue growth 

Contribution degree for 

future export growth 

Contribution degree for 

employment 

Information utilization(𝛽1) .168
**

 .225
***

 .122 

***significant at p<0.001, **significant at p<0.01(two-tailed) 

Table 8 Verification of mediating variables – final step 

 

Contribution degree 

for current revenue 

growth 

Contribution degree 

for future export 

growth 

Decision making(𝛾1) .333
***

 .368
***

 

Information utilization(𝛾2) .083 .101 

Information Competitiveness(𝛾1) .268
***

 .230
***

 

Information utilization(𝛾2) .130
*
 .171

**
 

User satisfaction(𝛾1) .231
**

 .246
**

 

Information utilization(𝛾2) .020 .059 
***significant at p<0.001, **significant at p<0.01, *significant at p<0.05(two-tailed) 

Table 9 Direct and indirect effects on business performances by information competitiveness 

 

Contribution degree for 

current revenue growth 

Contribution degree for future 

export growth 

Information 

Competitiveness 

Direct effect .130 .171 

Indirect effect .124 .052 

Total effect .254 .223 

 

 

 

 



Conclusion 

   

 

 

Baron R.M. & Kenny D.A. (1986) The moderator–mediator variable distinction in social psychological research: 

Conceptual, strategic, and statistical considerations. Journal of personality and social psychology 51, 

1173. 

Goodall B.A. & Gross B.M. (1967) The Managing of Organization: The Administrative Struggle. p. p.856. 

JSTOR. 

Marchand D.A., Kettinger W. & Rollins J.D. (2001) Making the invisible visible: How companies win with the 

right information, people, and IT. John Wiley & Sons, Inc. 

Marchand D.A., Kettinger W.J. & Rollins J.D. (2000) Information orientation: people, technology and the 

bottom line. In: MIT Sloan Management Review, p. 69. 

Marchand D.A., Kettinger W.J. & Rollins J.D. (2002) Information orientation: The link to business performance. 

Oxford University Press. 

Speier C., Valacich J.S. & Vessey I. (1999) The influence of task interruption on individual decision making: An 

information overload perspective. Decision Sciences 30, 337-60. 

Wieder B. & Ossimitz M.-L. (2015) The Impact of Business Intelligence on the Quality of Decision Making–A 

Mediation Model. Procedia Computer Science 64, 1163-71. 

Wieder B., Ossimitz M. & Chamoni P. (2012) The impact of business intelligence tools on performance: a user 

satisfaction paradox? International Journal of Economic Sciences and Applied Research 5, 7-32. 

Yang C.C., Chen H. & Hong K. (2003) Visualization of large category map for Internet browsing. Decision 

Support Systems 35, 89-102. 

 

 



The Evaluation of the Korean Agricultural Science and 
Technology By Delphi, Patent, and Publication Analysis

Kim, Kiil*; Kim, You Eil**; Park, Sang-Won***; Kim, Hyun-Ran****; and Choi, 
You-Lim*****

1. Introduction

  The purpose of this paper is to help improve the technological 
competitiveness and establish mid- and long-term R & D development plans 
in agriculture by evaluating the level of technology of agriculture in Korea.
  Outgrowing the reach of the primary industry that produces simple food, 
agriculture is now turning into a convergence industry inclusive of various 
sectors such as water, energy, environment, and resources. In particular, 
as the population of the world has already reached beyond 7 billion, 
agriculture, which is related to many issues such as food, environment, 
and energy, has accordingly been positioned as a highly critical industry in 
many countries around the world.  
  With Korea being a peninsula land-locked in the north by the 
demilitarization zone, the country has a greater resemblance to the 
features of an island. As such, agriculture is given an additional role in a 
strategic industry to provide food for the people living there. In taking a 
closer look, at first, the country’s  aging population and the increase of 
their income have led to an ever-increasing demand for healthy, 
functional, and organic food. Moreover, there has been a conspicuous 
increase in the production of new high value-added products created 
through a convergence with the bio-industry. However, the aging of the 
people engaged in agriculture has led to the decreasing competitiveness of 
the agricultural sector.
 In general, not only advanced countries evaluate their own technology 
level. Developing countries have also begun similar evaluations, which were 
designed to check their technological status and take relevant measures. 
However, as there is no uniform way of evaluating the technology level, a 
survey was designed that takes into consideration previous research and 
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the needs of the relevant sector. Relevant data have also been collected 
and analyzed (Moonjung Choi and Byoung Soo Kim 2011).
  In Korea, the purpose of evaluating the technology level is specified at 
the governmental level in accordance with Clause 2 of Article 14 of the 
S&T Basic Law. Moreover, the evaluation has been performed according to 
the ordinance.
  The level of technology has been displayed by institutes including Korea 
Institute of Science and Technology Evaluation and Planning (KISTEP), 
Korea Evaluation Institute of Industrial Technology (KEIT), and Science and 
Technology Policy Institute (STEPI).    
  In the past, uniform methods of data analysis, such as patent analysis 
and paper analysis, were significantly used but were found to be distant 
from reality. Supplementing those methods, subjective opinion survey 
methods, such as the Delphi survey, were attempted, and the resultant 
evaluation was that the survey methods helped evaluate the technology 
level in a way that is close to reality (Gordon, T. J. 1994). However, the 
methods were also found to reflect too many personal subjective opinions 
in some areas. Accordingly, this paper attempted to make a more 
reasonable evaluation of the technology level of agriculture in Korea 
through the application of patent and paper analyses, as well as a parallel 
application of the Delphi survey.

1.1 Scope and methods of the research 

  To evaluate the agriculture industry in Korea, the researchers divided 
agriculture into seven fields and, then, divided them into 36 key 
technologies for evaluation.

[Table 1] Classification of agricultural technologies in Korea
Field Key technology

1. Agricultural biotechnology

1-1. Technology for genome analysis
1-2. Foundation technology for 

agricultural biotechnology 
1-3. Technology for promoting the 

utilization of agricultural 
biotechnology

1-4. Technology for evaluating the 
products of agricultural 
biotechnology

2. Technology for stable food 2-1. Technology for nurturing and 



production for the nation

raising rice cultivars
2-2. Technology for nurturing and 

raising wheat cultivars
2-3. Technology for nurturing and 

raising corn cultivars
2-4. Technology for nurturing and 

raising bean cultivars
2-5. Technology for nurturing and 

raising potato cultivars 
2-6. Technology for nurturing and 

raising cultivars of minor cereals 
and oil seeds

3. Technology for eco-friendly 
agriculture and the production of safe 
agricultural and livestock products

3-1. Technology for monitoring 
environmental change in arable 
lands

3-2. Technology for the livestock 
environment

3-3. Technology for protecting crops
3-4. Technology related to silkworms
3-5. Technology for securing the 

safety of agricultural and 
livestock products

4. Technology for the stable production 
of high-quality agricultural and 
livestock products

4-1. Technology for producing 
vegetables

4-2. Technology for producing fruit 
trees

4-3. Technology for producing flowers
4-4. Technology for producing 

mushrooms
4-5. Technology for producing ginseng
4-6. Technology for producing 

medicinal crops
4-7. Technology for mechanized 

horticulture
4-8. Technology for producing cattle
4-9. Technology for producing pork
4-10. Technology for producing 

poultry

5. Technology for mechanizing and 
automatizing agriculture

5-1. Technology  for automation and 
precise agricultural technology 

5-2. Technology for post-harvest 
treatment, storage, and 
distribution

5-3. Technology for preventing 
disasters



  When it comes to the Delphi survey, the researchers surveyed 
agricultural experts on the technology level and the technology division 
among 10 countries—Korea, US, Japan, EU, China, Australia, India, 
Canada, Brazil, and Russia—with regard to the 36 key agricultural 
technologies. In the first round of the survey, 442 experts were surveyed 
and among them, 254 responded in 315 cases. In the second round of the 
survey, out of the 254 respondents of the first round of the survey, 189 
experts responded in 252 cases. The survey result was subsequently 
analyzed.  
  To analyze papers and patents, the key words of the 36 key technologies 
were generated. Papers were analyzed by searching through Scopus, while 
the patents were analyzed by searching through the patents registered in 
the US. The recorded or registered period of the relevant materials was 
restricted to the period from 2010 to 2014.

6. Technology for securing biodiversity 
in biological resources for agriculture

6-1. Genetic resources of plants
6-2. Genetic resources of 

microorganisms and insects
6-3. Genetic resources of livestock

7. Technology for future agriculture

7-1. Technology for saving the energy 
and developing new and 
renewable energy

7-2. Technology for responding to 
climate change

7-3. Green amenity resources
7-4. Technology for improving  

value-added agricultural food 
products

7-5. Technology for city farming and 
care farming



Analysis Paper Patent

Country

10 countries, including 
Korea, US, Japan, EU, 
China, Australia, India, 

Canada, Brazil, and 
Russia 

10 countries, including 
Korea, US, Japan, EU, 
China, Australia, India, 

Canada, Brazil, and 
Russia 

Data Papers recorded in 
Scopus 

Patents registered in the 
US

Period applied
Recent 5 years based on 

the recorded date
(Jan. 2010 – Dec. 2014)

Recent 5 years based on 
the registered date

(Jan. 2010 – Dec. 2014)
DB utilized Scopus USPTO

[Table 2] Scope of paper and patent analysis

2. Evaluation of the technology level of individual countries

2.1 Delphi analysis

  According to the Delphi analysis, the technology level of Korea reached 
83.5% (ranked 5th) when compared with the US, which owns the world’s 
best technology. Meanwhile, the gap between the 2 countries is 5.2 years. 
The technology level of China reached 75.4% when compared with the US, 
and the rate is 8.0% lower when compared with Korea.

Classification KR US JP EU CN AU IN CA BR RU

Technology 
level(%)

83.4
(5th)

100
(1st)

93.0
(3rd)

95.8
(2nd)

75.4
(7th)

83.3
(6th)

67.1
(10th)

86.3
(4th)

70.6
(8th)

70.4
(9th)

Technology 
gap(years) 5.2 0.0 2.0 1.5 7.7 4.9 10.8 4.3 9.6 9.5

[Table 3] Technology level and gap in 2015 in agricultural science and general

technology



Classification KR US JP EU CN AU IN CA BR RU

Technology 
level(%)

88.4
(5th)

100
(1st)

95.2
(3rd)

96.6
(2nd)

83.9
(7th)

87.0
(6th)

73.9
(10th)

89.0
(4th)

75.5
(8th)

75.2
(9th)

Technology 
gap(years) 3.4 0.0 1.5 1.2 5.1 3.9 8.6 3.4 8.1 8.0

In addition, according to the results of survey analysis with regard to expected

technology level of Korea’s agricultural science and technology in 2020, its

technology level, when compared with the USA, is expected to increase to 88.4%

(ranked 5th) in 2020 from 83.4% in 2015, and the technology gap is expected to

decrease to 3.4 years in 2020 from 5.2 years in 2015.

[Table 4] Technology level and gap in 2020 in agricultural science and general

technology

2.2 Paper analysis

Rank Country 2010 2011 2012 2013 2014 Total
Annual 
increase 

rate
Portion

1 EU 2,496 2,893 3,124 3,253 3,657 15,423 10.0% 31.3%
2 US 1,301 1,325 1,414 1,585 1,663 7,288 6.3% 14.8%
3 CN 702 970 1,071 1,401 1,479 5,623 20.5% 11.4%
4 IN 425 483 496 566 553 2,523 6.8% 5.1%
5 BR 363 397 411 444 466 2,081 6.4% 4.2%
6 JP 385 387 397 381 417 1,967 2.0% 4.0%
7 KR 281 296 346 364 382 1,669 8.0% 3.4%
8 CA 283 314 297 310 350 1,554 5.5% 3.2%
9 AU 218 243 313 277 359 1,410 13.3% 2.9%
10 RU 57 49 41 60 70 277 5.3% 0.6%

11 Others
1) 1,544 1,873 1,867 2,028 2,193 9,505 9.2% 19.3%

[Table 5] Rank based on the number of papers on agricultural science and

technology

(Unit: paper number)

  According to the results of the analysis of the papers on agricultural science 

1) Others show the total number of the papers of the 127 countries excluding the 10 main 
countries (KR, US, JP, EU, CN, AU, IN, CA, BR, and RU).



and technology publicized from 2010 to 2014, EU, which had publicized 15,423 
papers (31.3%), ranked 1st and showed a trend increase at the rate of 10.0%. 
Publicizing 1,669 papers (3.4%), Korea ranked 7th and showed a trend growth at 
the rate of 8.0%.
  In addition, according to the results of the portion and annual increase 
rate analysis of the papers of the 10 main countries, Europe had 31.3% 
and ranked 1st in terms of portion, and China recorded 20.5% and ranked 
1st in terms of annual increase rate. Of the 10 main countries, Australia 
registered a portion below the average but showed a high annual increase 
rate of 13.3%, signifying that Australia is taking off in agricultural science 
and technology. Korea recorded 3.4% in terms of portion and 8.0% in 
terms of annual increase rate, which shows that Korea is somewhat below 
average. However, considering that the number of papers has been 
annually increasing, the country is expected to experience rapid growth in 
the future.

[Figure 1] Comparison of the portion and the annual increase rate of the 
papers on agricultural science and technology

2.3 Patent analysis



  Of the total patents on agricultural science and technology registered at 
USPTO by individual countries from 2010 to 2014, the US accounted for 
7,650 patents—the highest number—and showed an annual increase rate of 
8.5%. China and Brazil ranked 6th and 9th, respectively, in the number of 
registered patents. However, they registered an annual increase rate of 
above 23%, signifying that they are growing fast in agricultural science and 
technology. It is found that Korea ranked 4th (the portion is 3.1%) in terms 
of the number of registered patents and showed an annual increase rate of 
12.0%, signifying that Korea is growing fast compared with advanced 
countries.

Rank Country 2010 2011 2012 2013 2014 Total
Annual 
increase 

rate
Portion

1 US 1,387 1,407 1,463 1,472 1,921 7,650 8.5% 45.1%
2 EU 664 631 729 788 944 3,756 9.2% 22.2%
3 JP 343 373 378 335 459 1,888 7.6% 11.1%
4 KR 82 85 110 128 129 534 12.0% 3.1%
5 CA 95 81 102 88 135 501 9.2% 3.0%
6 CN 45 29 48 73 106 301 23.9% 1.8%
7 AU 56 53 58 42 56 265 0.0% 1.6%
8 IN 28 32 33 37 41 171 10.0% 1.0%
9 BR 6 18 16 23 14 77 23.6% 0.5%
10 RU 3 5 2 1 0 11 -100% 0.1%

11 Others
2) 324 304 346 371 455 1,800 8.9% 10.6%

[Table 6] Number of patents registered in the US on agricultural science and

technology

(Unit: patent)

  According to the results of the comparison and analysis of the portion 
and annual increase rate of patents of the 10 main countries, the US and 
Europe accounted for 45.1% and 22.2%, respectively, which were well above 
the average. Five countries—including Korea, China, Brazil, India, and 
Canada—recorded a portion lower than the average. However, they showed 
a higher annual increase rate than the average, signifying that they are 
rising in agricultural science and technology.

2) Others show the total number of the patents of the 35 countries excluding the 10 main 
countries (KR, US, JP, EU, CN, AU, IN, CA, BR, and RU).



[Figure 2] Comparison of the portion and the annual increase rate of the 
patents on agricultural science and technology

2.4  Evaluation of the technology level of Korea in 7 agricultural 
technology  fields 

  This study analyzed the seven agricultural fields in Korea based on the 
Delphi survey, paper analysis, and patent analysis. Korea ranked high in 
Delphi analysis with regard to item 2, technology for stable food production 
for the nation (ranked 4th). The country also ranked high in paper analysis 
with regard to item 4, technology for the stable production of high-quality 
agricultural and livestock products.



Field Delphi Paper Patent
1. Agricultural biotechnology 6th 9th 4th
2. Technology for stable food production for 
the nation 4th 9th 4th

3. Technology for eco-friendly agriculture 
and for the production of safe agricultural 
and livestock products

6th 9th 4th

4. Technology for the stable production of 
high-quality agricultural and livestock 
products

5th 4th 4th

5. Technology for mechanizing and 
automatizing agriculture 6th 8th 5th

6. Technology for securing biodiversity in 
biological resources for agriculture 7th 8th 4th

7. Technology for future agriculture 6th 9th 5th

[Table 7] Korea’s rank in technology level in 7 technology fields based 
on each evaluation method

2.5 Evaluation of the technology level of the 36 key technologies

  This paper analyzed 36 key agricultural technologies in Korea. The 
rankings Korea received in the 36 key technologies were mostly similar to 
those recorded in the 7 technology fields. Korea ranked 1st in the Delphi 
analysis, 1st in paper analysis, and 2nd in patent analysis with regard to 
the technology for ginseng production, signifying that the country is the 
best in the relevant technology. The country also ranked 2nd in the 
technology for nurturing and raising rice cultivars, showing that it owns a 
world-class technology level.

[Table 8] Korea’s rank in technology level in 36 key technologies based on 
each evaluation method

Key technology Delphi Paper Patent
1-1. Technology for genome analysis 7th 7th 5th
1-2. Foundation technology for agricultural 

biotechnology 5th 9th 4th
1-3. Technology for promoting the 

utilization of agricultural 
biotechnology

5th 9th 4th

1-4. Technology for evaluating the products 6th 9th 6th



of agricultural biotechnology
2-1. Technology for nurturing and raising  

rice cultivars 2nd 6th 4th
2-2. Technology for nurturing and raising 

wheat cultivars 6th 10th 6th

2-3. Technology for nurturing and raising 
corn cultivars 7th 8th 4th

2-4. Technology for nurturing and raising 
bean cultivars 9th 8th 4th

2-5. Technology for nurturing and raising 
potato cultivars 6th 7th 3rd

2-6. Technology for nurturing and raising 
cultivars of minor cereals and oil 
seeds

9th 9th 5th

3-1. Technology for monitoring 
environmental change in arable lands 6th 9th 5th

3-2. Technology for the livestock 
environment 6th 8th 6th

3-3. Technology for protecting crops 6th 9th 4th
3-4. Technology related to silkworms 4th 9th 8th
3-5. Technology for securing the safety of  

agricultural and livestock products 6th 8th 4th

4-1. Technology for producing vegetables 5th 8th 4th
4-2. Technology for producing fruit trees 6th 7th 6th
4-3. Technology for producing flowers 6th 7th 6th
4-4. Technology for producing mushrooms 4th 7th 5th
4-5. Technology for producing ginseng 1st 1st 2nd
4-6. Technology for producing medicinal 

crops 5th 5th 5th
4-7. Technology for mechanized 

horticulture 4th 9th 5th
4-8. Technology for producing cattle 6th 9th 4th
4-9. Technology for producing pork 6th 4th 4th
4-10. Technology for producing poultry 6th 6th 5th
5-1. Technology  for automation and 

precise agricultural technology 5th 9th 5th

5-2. Technology for post-harvest treatment, 
storage, and distribution 6th 7th 4th

5-3. Technology for s 6th 9th 7th
6-1. Genetic resources of plants 7th 9th 7th
6-2. Genetic resources of microorganisms 

and insects 6th 6th 4th

6-3. Genetic resources of livestock 6th 8th 5th
7-1. Technology for saving the energy and 

developing new and renewable energy 5th 6th 5th

7-2. Technology for responding to climate 6th 10th 4th



2.6 Strong and weak technologies in Korea

  It is evaluated that Korea owns the world’s best technology with regard 
to item 4-5, technology for producing ginseng. The technology level of 
Korea reached 92.2% with regard to item 2-1, technology for nurturing and 
raising rice cultivars, 91.5% with regard to item 4-4, technology for 
producing mushrooms, and 90.9% with regard to item 3-4, technology 
related to silkworms, signifying that Korea is second to Japan, which owns 
the world’s best technology in those technologies. In general, Korea is 
found out to be strong in item 4, technology for the stable production of 
high-quality agricultural and livestock products.

Rank 36 key technologies

Country 
with the 

best 
technology

Korea’s 
technology 
level (%)

1 4-5. Technology for producing ginseng KR 100

2 2-1. Technology for nurturing and 
raising rice cultivars JP 92.2

3 4-4. Technology for producing 
mushrooms JP 91.5

4 3-4. Technology related to silkworms JP 90.9
5 4-10. Technology for producing poultry EU 87.8
6 4-8. Technology for producing cattle US 87.6

7 4-7. Technology for mechanized 
horticulture EU 85.8

8 4-1. Technology for producing vegetables EU 85.8

9 4-6. Technology for producing medicinal 
crops US 84.3

10 2-5. Technology for nurturing and 
raising potato cultivars EU 83.7

[Table 9] Top 10 technologies in which Korea is strong

  It is evaluated that the technology level of Korea reached 63.2%—the 
lowest—with regard to item 7-5, technology for city and care farming, when 

change
7-3. Green amenity resources 6th 9th 3rd
7-4. Technology for improving the value 

added of agricultural food products 6th 6th 4th
7-5. Technology for city and care farming 6th 4th 5th



compared with the country that owns the best technology. Besides, Korea 
reached 68.6% with regard to item 5-3, technology for preventing disasters; 
69.3% with regard to item 2-3, technology for nurturing and raising corn 
cultivars; and 75.9% with regard to item 4-3, technology for producing 
flowers. With the results taken into consideration, it was found that it is 
necessary to improve the technology level in the future through the 
development of relevant technologies.

Rank 36 key technologies

Country 
with the 

best 
technology

Korea’s 
technology 
level (%)

1 7-5. Technology for city and care 
farming US 63.2

2 5-3. Technology for preventing disasters US 68.6

3 2-3. Technology for nurturing and 
raising corn cultivars US 69.3

4 4-3. Technology for producing flowers EU 75.9

5 6-2. Genetic resources of microorganisms 
and insects US 77.1

6 1-2. Foundation technology for 
agricultural biotechnology US 77.3

7 7-3. Green amenity resources EU 77.3

8
3-5. Technology for securing the safety 

of agricultural and livestock 
products

EU 77.5

9 6-1. Genetic resources of plants US 77.8

10
1-3. Technology for promoting the 

utilization of agricultural 
biotechnology

US 78.0

[Table 10] Top 10 technologies in which Korea is weak

3. Conclusion

  According to the results of the technology level evaluation of Korea’s 
agricultural science and technology, the country ranked 5th among the 10 
comparable countries when compared using the Delphi method; 4th when 
compared using patent analysis; and 7th when compared using paper 



analysis. The US showed the highest technology level when compared using 
the Delphi method and patent analysis. China lagged behind Korea when 
the Delphi method was used, but it stayed ahead of Korea when compared 
using paper analysis and came after Korea when compared using patent 
analysis. Considering that papers are more focused on fundamental 
research and patents on practical areas that are closed to industrialization, 
China is highly expected to surpass Korea’s technology level in the long 
term.  
  Agricultural experts in Korea evaluated that the technological level of the 
country’s agricultural science and technology is lower in rank when 
measured using patent analysis and higher in rank when measured using 
paper analysis. However, it is agreed that the country owns the best 
technology in the world when it comes to ginseng production. With all 
things considered, it is judged that there should be efforts to acquire other 
technologies considered as the world’s best in the future.

Rank Delphi Papers Patents
1 US EU US
2 EU US EU
3 JP CN JP
4 CA IN KR
5 KR BR CA
6 AU JP CN
7 CN KR AU
8 BR CA IN
9 RU AU BR
10 IN RU RU

[Table 11] Korea’s rank in technology level based on each 
evaluation method
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For want of a nail, the shoe was lost; 
For want of the shoe, the horse was lost; 
For want of the horse, the rider was lost; 
For want of the rider, the battle was lost; 

For want of the battle, the kingdom was lost; 
And all for the want of a horseshoe nail. 

 
 

Abstract: Since their first meeting in 1991, the authors have enjoyed a friendly 
dialog centered around topics of interest to the journal Technological Forecasting 
& Social Change. Now, five years after Phillips succeeded Linstone as Editor-in-
Chief of the journal, we recap the driving ideas that have characterized the 
partnership.  
The ideas span areas of systems, complexity, and scientific progress; the nature 
and measurement of innovation, social change, and technological change; the 
limits to growth; and multiple perspectives, as these pertain to technology 
forecasting and assessment. Collectively, the ideas and discussions have shaped 
our editorial philosophy and have appeared piecemeal in TFSC research papers, 
perspective pieces, and editorials. We now restate these key ideas in hopes of 
maximum clarity for researchers, managers, and policy makers. 

 
Overview: The systems framework 
 
Since their first meeting in 1991, the authors have enjoyed a long and friendly 
collaboration centered around the topics of interest to the journal Technological 
Forecasting & Social Change.1 Now, five years after Phillips succeeded Linstone as 
Editor-in-Chief of the journal, we look back to recap the driving ideas that have 
characterized the partnership. This paper remarks on those (i) ideas that emerged from 

                                                             
1 Linstone became Founding Editor of Technological Forecasting (later re-named Technological 
Forecasting & Social Change) in 1969. Phillips’ first paper in the journal appeared in 1996, and Linstone 
invited him to the Board shortly after. Early in the next decade, Phillips was appointed Associate Editor, 
and (in 2006) Senior Editor. In 2011, Linstone became EIC Emeritus, and Phillips the new Editor-in-Chief. 
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items the two of us discussed, (ii) ideas on which one of us responded to the other’s 
invitation for comments or collaboration, and (iii) ideas of Fred’s that Hal, as mentor, 
expressly endorsed. 
 
Topics and ideas arose alternately from papers others had sent to TFSC, from TFSC 
special issues in progress, from current events (including natural disasters, and “unnatural 
disasters” such as the banking crash or current world politics), from our own prior work, 
or from striking trends in research elsewhere (e.g., the founding of the Santa Fé Institute). 
Each idea fit into our common orientation toward system thinking and into Hal’s 
multiple-perspective schema as he had updated it in Linstone (2003). These ideas 
represent our struggles to find viable ways to deal with the future of technology and 
society, as we drew on many disciplines, from engineering to sociology and from history 
to accounting, economics, and political science.  
 
The ideas are set down here in an order, not chronological, that allows clearest flow of 
exposition. They have to do with: The nature of innovation, and how it manifests in 
sudden shifts in trend lines; Extensions to Hal’s “discounting” idea, and to his Multiple 
Perspectives framework; Disaster response and recovery; Regionalism and Popperian 
experiments; “Bounded futures”; “Big data” and the nature of scientific progress; The 
duality of forecasting and organizational flexibility; The increasingly combinatorial 
nature of the innovation-commercialization chain; Whether social change or 
technological change is now faster, and how they continually interact; and, finally, about 
artificial intelligence and the so-called Singularity. 
 
System theory 
We happened to have been influenced by some of the same thinkers and their works: 
Manfred Eigen, whose The Laws of the Game (with R. Winkler, 1983) impressed us with 
its clarity and profundity; Charles Perrow (1985, 1986), whose work on system failures in 
organizations was pathbreaking; and Karl Popper (1957), whose “multiple engineering 
experiments” notion affected our views on decentralization and regionalism.  
 
We were acquainted with Herb Simon, whose ideas influenced the direction of our 
common interest in system theory. That interest had grown due to the efforts of our 
respective teachers at university, our involvement (in separate eras) with the International 
Society for Systems Science ISSS, Hal’s experience at RAND and Fred’s at the General 
Motors Research Laboratories (Phillips 1972; see also Phillips 2013), plus our later 
experience with people and ideas at the Santa Fé Institute, and the systems-oriented 
inclinations of the distinguished Advisory Board of TFSC.  
 
A systems thinker is disinclined to consider individual trends in isolation. One wants to 
foresee interactions among trends, as it is these interactions that shape society. However, 
the toolkit of technology forecasting includes only two techniques that attempt the latter: 
Cross-impact analysis, and scenario methods (Phillips 2011a; 2014a). Scenario methods 
are becoming more scientific (see e.g., Kwakkel, Cunningham and Pruyt 2014), but the 
analysis of interactions of trends remains mostly art, the domain of futurist practitioners. 
Nonetheless, as problems of a globalized economy and changing climate become more 
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complex, scenario building becomes our most valuable planning tool,2 even as (because 
scenarios are, after all, fiction) it is the one arguably most open to criticism. Variants of 
Table 1 have appeared in many publications; the Table illustrates the point above. 
 

Table 1. Techniques suited to different complexity regimes. 
Scenario methods occupy the top right quadrant. 

 
 

Organizational 

Complexity 

 

High Leadership Dialog/Qualitative 

Methods 

Low Just do it Statistics & Math 

  Low High 

  Technical Complexity 

 
Complexity  
There is much literature on “managing complexity.” The present authors agree that we do 
not want to manage complexity. The theory of chaotic bifurcations suggests that 
managing complexity is somewhere between very difficult and impossible. Linstone cites 
Casti’s (2012) many examples of unanticipated catastrophes that occur when our systems 
become overly complex and increasingly vulnerable.  
 
As Hal suggested in Linstone (2003), the management tasks falls mainly to preventing 
harmful disruptions of a system that has become unavoidably complex. He cites the ease 
of committing terrorist acts that disrupt an interconnected society. Wisdom is called for in 
distinguishing these harmful disruptions from the beneficial disruptions (e.g., 
Christensen’s disruptive technologies) that ultimately move us forward. 
 
It is sometimes possible, however, to forestall complexity. By smart organizational 
design, by centralizing or decentralizing, or via regulation of industry, we may prevent 
problems from attaining the dangerous category of complexity that Perrow called “Type 
D,” involving “intricate interactions and tight coupling” (Linstone and Phillips, 2013).3 

 
The political process aiming at nuclear non-proliferation illustrates an effort to simplify 
an overly complex system (Linstone 2014). “We must not drift unaware toward Type D 
situations, but rather see the advance signals of tight coupling and intricate interactions, 
and take counter-measures – and do so without falling prey to false simplifications” that 
stem from pathological denial or avoidance of complexity (Linstone and Phillips, 2013). 
 
                                                             
2 Even the Saudis are conducting an “end of oil” foresight exercise. (Nick Cunningham, Saudi Arabia 
Planning For Transition To Renewables. 22 May 2015, http://oilprice.com/Alternative-Energy/Renewable-
Energy/Saudi-Arabia-Planning-For Transition-To-Renewables.html) 
3 The Google search http://tinyurl.com/obyv626 yields book titles such as Managing Organizational 
Complexity; Embracing Complexity; and Harnessing Complexity, but none on “preventing complexity.” 
The lurid title Organizational Complexity: The Hidden Killer hints that complexity is best avoided. 
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Eigen and Winkler’s (1983) work made it clear that system theory had progressed beyond 
the old definition of a system as a fixed set of entities (nodes) and connections (arcs). We 
now know that the system is the set of generative rules that govern the birth and death of 
nodes and the evolution of their interactions.4 From the journal’s perspective, this insight 
clarified the link between cellular automata and innovation diffusion models, especially 
spatial diffusion models,5 and tied system theory more closely to ideas of technological 
evolution. The latter consideration led to a special issue of TFSC on evolutionary 
technology strategy (Phillips and Su 2009) and a later paper (Hu and Phillips 2011a) on 
technological evolution in biofuels. 
 
A paper of Gordon and Greenspan (1986) was the first in Technological Forecasting & 
Social Change dealing with the “new science of complexity.” It sparked Linstone’s 
interest in the link between complex systems and technology forecasting. Phillips and 
Kim (1996) authored the journal’s second such article.6 It was followed by a special issue 
on navigating complexity in organizations (Phillips and Drake 2000).  
 
In that same year, Gladwell (2000) popularized the phrase “tipping point” as it applies to 
social change. Curious about how tipping points could exist in innovation diffusion 
processes, given that Modis (2006) had pointed out that the single-parameter logistic 
function commonly used to model diffusion is scale-free (i.e., evinces nothing that can be 
called a tipping point), Phillips (2007) applied a systems view to a 3-parameter diffusion 
process which considers active organizational resistance to change. With 2+ parameters, 
s-curves evince “intricate structure” (Modis’ term) yielding possibly multiple tipping 
points of diverse kinds. The greater data requirement for fitting multi-parameter curves 
presents a trade-off, in practice. Yet the tipping points are useful flags for managers. 
 
Limits to growth? 
In 1972 The Club of Rome had just published The Limits to Growth (Meadows, 1972), 
and the head of General Motors Research Laboratories’ math department nervously asked 
Phillips to replicate the model. (What was then the US’ biggest company couldn’t afford 
to believe there were limits to growth!) The project was traditional system dynamics, to 
the extent that the era’s computers could crunch it. It is worth mentioning here only 
because of the subsequent forty years of debate between the “limits to growth” advocates 
and the “no limits” pundits who place all faith in innovation and price-mediated input 
substitution. We observe that: 

                                                             
4 Phillips (1997) presented Eigen’s idea to managers and planners at the World Future Society, to their 
evident interest. Both present authors emphasized it again on a panel at a later PICMET conference in 
Portland, when it appeared that the idea was not widely grasped. The idea implies that theory plays an 
important role in the analysis of large data sets (Phillips 1985-6). Curiously, the work of VanDuijn et al 
(2003) is one of the few we’ve seen that observes this rule. As the age of big data gains momentum, most 
published analyses are statistically empirical or merely ad hoc. 
5 The future unfolds over both time and space. Our s-curves over-emphasize the time dimension and under-
emphasize spatial diffusion. (In fact we suspect our epidemiologist colleagues are more sophisticated in 
diffusion modeling than technology management scholars are.) The future is already happening 
somewhere. Travel, and look for it. 
6 Phillips is grateful for Linstone’s decision to publish it, and for Gordon’s concurrence. 
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• Though local resource shortages exist, and cause suffering, there are still few 
global shortages of anything.  

• Technological innovation has indeed postponed collapse, though its benefits have 
been geographically uneven, and uneven among social classes. 

• No one foresees “economic substitutes” for air or water. There are no known 
substitutes for e.g., dysprosium and neodymium, or phosphates for fertilizers, nor 
are such substitutes reasonably foreseeable (Phillips, 2014a). 

• “The key factor for the change in capitalism is that it is no longer dependent on 
large-scale production and efficiency, but on technology, adaptability, and 
flexibility” (Kozmetsky, 1996). Localization of format, content, and language; 
local solutions; complexity costs and transport costs all eat into economies of 
scale. 

In the long term our imagination is constrained so that we may not recognize that in a 
new era new solutions will be found to problems that seem intractable today.  Thus water 
and energy supplies may no longer be the problems they are forecast today; robots may 
be effectively controlled and global warming may prove reversible (Linstone 2014). 
However, it appears there are limits to price substitution theory, and the second law of 
thermodynamics implies there is no totally sustainable growth in the long run (Phillips, 
2008).  
 
What is innovation? 
 
As Phillips emphasized in (1999 and 2001) (and as was foreshadowed by Ijiri and Simon 
(1977) and Nakicenovic et al (1999)), an innovation is a non-differentiable point in an 
experience curve. Somehow many jagged learning curves aggregate to suggest the 
relatively smooth trendlines that we call business cycles and Kondratieff waves.  

 
Fig. 1a. “The Kink”: Innovation increases the momentary rate of decline of unit costs. 
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Fig. 1b. “The One Step Back + Two Steps Forward”: Innovation decreases productivity while the 
organization learns to use the new product, service, or procedure. Management hopes that unit costs will 
then decline at a rate that more than compensates for the short-term productivity hit. 
 

Fig. 1. Two possible effects of innovation on the learning curve. (Adapted from 
Phillips 2001). 

 
This tied in with our discussions on the limitations of trend extrapolation. The learning 
curve for polyvinyl chloride, ubiquitous in textbooks, was a perfect example of Joe 
Martino’s dictum that “a trend is a trend until it bends.” The kink in the PVC learning 
curve could only have come from a manufacturing innovation. How to model this? 
Phillips (1999) devised (to Martino’s delight) a non-parametric piecewise-linear 
regression for this purpose. 
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Fig. 2. An innovation in the manufacture of polyvinyl chloride, as evidenced by its 
kinked learning curve. (Source: Phillips, 1999) 

 
Extensions to discounting 
 
Linstone (e.g., 1973) has emphasized that for laymen, the perceived importance and 
probability of an event (including a disaster event) drops off with its distance in time and 
space. Fig. 3 depicts this idea. We agreed to add the scope of events, i.e., whether the 
event affects a single person or masses of people, to the abcissa. As we have been 
conditioned throughout history to react to the standard arc of a narrative (in plainer 
language, campfire stories), with a protagonist, a setting, a conflict, and a resolution, it 
seems clear that we are more sensitive to the plights of individuals or small groups than 
to masses.  
 
Both of us have written that the degree of discounting may vary with the individual’s 
cultural and social status: Environmental pollution, climate change, and loss of biological 
diversity may be concerns for the ethical affluent; for the poor in many countries, for 
whom daily survival is what matters, they are not top concerns (Linstone 2014; Phillips 
2014a).7 Hal (2014) emphasizes that different discount rates can lead to quite different 
decisions about the future. 
 
Hal conjectures that heavy discounting of distant events (a tendency also shown in the 
experiments of Tversky and Kahneman) was a survival trait (and, Fred adds, often a 
moral imperative) through most of our history. This is because it was probably not 
uncommon for an unexpectedly fatal event tomorrow to make moot a plan made for next 
week. That fact has not changed much; it is the global scope of our problems that is new. 
 

 
 
Fig 3. The Linstone Principle: We discount the significance of people and events as 

                                                             
7 We recognize the exception of poor countries that depend on eco-tourism revenue. 
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their distance from us in time, scope, and space increases. The shape of the curve 
differs for different demographics. 

 
None of these extensions to the discounting principle change the conclusion Hal has 
enunciated for more than 40 years: We cannot deal effectively with global issues that 
affect us locally (e.g., water pollution and climate change) if we base our planning on a 
heavily discounted future.  
 
It is possible that learning to delay gratification – that is, to lower the discount rate – 
enabled civilization in the first place. Zinn (2015) writes, “Humans advanced mainly 
because… we could see beyond our villages and wonder what was over the horizon. We 
learned to suppress the urge to eat seeds, because planting them produced greater 
abundance. Our intellect overcame the [energy-minimizing] man, driving the start of 
[agricultural] civilization.”  
 
We’ve done it once; let’s hope we can do it again. As with agriculture, we can expect 
new, low-discount ideas and practices to originate in individual communities and diffuse 
outward. 
 
Multiple Perspectives: Extensions to TOP 
 
Linstone is well known for his advocacy of multiple perspectives (MP) in decision 
making. with each perspective yielding insights missed by the others. The technical, 
organizational, and personal views T, O, and P of the system have been particularly 
useful (Linstone 1981, 2010).  
 
Hal has recently (Linstone 2014) elaborated on TOP: O is typically process oriented 
whereas T is product oriented; O tends to mistrust academic techniques. P draws in the 
important characteristic of leadership. T+O+P offer a superior basis for decision making 
than T alone.  The choice of perspectives requires judgment. O and P are case specific. 
Perspectives are dynamic and change over time.  T tends to dominate in the planning 
phase, O and P in the implementation phase. P is particularly important for effective 
communication.  
 
In Linstone (1999 and 2003), Hal posited an “R” (religious) perspective. This addition 
was spurred by today’s many religion-motivated armed conflicts (or those perpetrated 
under the guise of religion), terrorist acts, and repressive policies, but also by the 
necessity to recognize in decision making situations that people’s faiths are liable to 
make them resistant to T-based evidence and arguments. 
 
In the course of Phillips (2011b) and Phillips, Chang, Heetun, Kim, Lee, and Park’s 
(2013) research on cooperation among aid agencies following disaster events, Hal agreed 
that it’s sensible in certain applications, including disaster applications, to separate the O 
perspective into intra-organizational and inter-organizational.8  
                                                             
8 Disaster response was a key theme of Mitroff and Linstone (1993). When SUNY Press requested a 2nd 
edition of this work in 2010, Mitroff and Linstone asked Phillips to co-author it. (Personnel changes at 
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Table 3. Evolution of Multiple Perspectives for Analysis – From TOP to PORTI. 

(Source: Phillips 2011b) 
Original Current 

T  =  Technical P =  Personal 
O  =  Organizational O  =  (Intra-)organizational 
P =  Personal R  =  Religious 
 T  =  Technical 
 I  =  Inter-organizational 

 
Table 4 augments Linstone’s (1999) detailed characterization of T, O, and P by adding 
the same for R and I. Table 5 shows the application of MP to the post-disaster situation, 
mapping the tools that may be used to influence aid agencies’ behavior against the MPs. 
In this case, the mapping highlights the relative lack of tools for responding to the R 
perspective, an observation borne out by world events of 2015-16 and anticipated by Hal 
(Linstone 2003). (Coates (1994) offered a brilliant and disturbing argument that even 
ethics, the only check-marked item in the “R” column of Table 5, is insufficient for the 
task.) 
 
Table 4. Multiple Perspectives. The T,O,P columns are due to Linstone (1999). The 

R, I columns are added/modified here by the authors. 
 T O P R I 
World view Science/techn

ology     
problem 
solving            

Group/institu
tion            
process, 
action              

Individual, 
self 
power, 
prestige 

Varied: 
Illusion, 
duty, test, 
preparation 

Competitive 

Ethical basis Objectivity                    Fairness, 
justice                  

Morality 
 

Scripture Law 

Mode of 
inquiry   

Analysis,                       
observation,                 
cause-effect                

Satisficing,                           
bargaining,                          
agenda                                 

Intuition,  
Learning,  
challenge - 
response 

Revelation Negotiation 

Planning 
horizon  

Far                          Moderate 
discounting       

High 
discounting 
for most 

Next world Based on 
assessment of 
likelihood, 
frequency of 
cooperation 

Uncertainty 
view  

Uncertainties 
noted      

Uncertainties 
used      

Uncertainties 
disliked 

Will of the 
divine 

Minimize via 
communicati
on, business 
intelligence 

                                                                                                                                                                                     
SUNY Press killed the project.) We have mentioned Perrow’s (1985, 1986) work on human-caused 
disasters, which did much to maintain our interest in this variety of disaster as well as the natural kind. 
Bowonder and Linstone (1987) examined the Bhopal and Chernobyl disasters from multiple perspectives. 
We were happy to publish the special issue on planning and foresight for emergency preparedness and 
management, TFSC Vol. 80, No. 9, guest-edited by Murray Turoff, Starr Roxanne Hiltz, Víctor A. Bañuls, 
and Gerd Van Den Eede. 
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Risk criteria  Logical 
soundness        

Political 
acceptability    

Loss-gain 
imbalance 
 

Various: 
Afterlife, 
forgiving 
God, etc. 

Reliability of 
partner  

Scenarios Exploratory                  Preferable                          Visionary Survival. 
Conversion 
of 
unbelievers. 

Trust. 
Competition 
for 3rd-party 
funding. 

 
 
The Table is also pertinent to calls to unify the social sciences (e.g., that of Gerring 
2005). We hope such unification will not happen, because we need the multiple 
perspectives brought to problems by the various social sciences – even though these 
perspectives are sometimes contradictory (Mitroff and Linstone 1993) and though we do 
expect some convergence as scientists from the various disciplines succumb to the lure of 
“big data.” 
 

Table 5. Mapping a toolset (for post-disaster performance of aid agencies) against 
the Multiple Perspectives. (Source: Phillips 2011b) 

 

 
 
 
Scientific progress, and “big data” 
 
Figure 5 depicts the four components of scientific progress, in the guise of leaping frogs. 
As the leap-frog game progresses and Theory is temporarily in advance of Data, scientists 
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enjoy Theory's guidance on where to look for new data. Then Methodology jumps to the 
front of the queue. And so on. The leap-frog game is the central characteristic of 
scientific progress. (See Phillips 2008 for historical examples of each leap.) It is how 
science advances in an ongoing but somewhat unbalanced manner.  
 
 

 
Fig. 5. Leapfrog theory of scientific progress. Source: Learner and Phillips (1993). 

 
Like the microscope and telescope before them, cheap computer memory and sensors 
have enabled the observation, collection and recording of vast amounts of new, 
unexpected data. The methodology frog jumped to the fore, setting the stage for the data 
frog to overtake it. The problems frog is poised to leap, as industries struggle to hire 
enough “data scientists” and thus to know their customers better. 
 
The point of Figure 5, however, is that there is no “data science.” There is only science, 
and the data frog temporarily leads, even as methodologies for handling large data sets 
struggle to catch up. 
 
Nation-states, regionalism, and Popperian experiments.  
 
Hal moderated a panel at the 1997 World Future Society conference and asked, “What is 
the future of the nation-state?” Panelist Phillips punted on that question, focusing his 
remarks on Hal’s other queries to the panel. After all, nation-states are the only voting 
members of international fora like the United Nations, so what possible alternative could 
there be to nation-states? They must persist.  
 
However, reasons to doubt quickly became visible. Western Europe had already become 
an ambiguous semi-federal entity. Other signs:  

• Recent and pending Free Trade Agreements amounted to a signing-away of national 
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sovereignty (Phillips 2004).9 

• Northerners’ blithely ill-informed drawing of national boundaries in Africa and the 
Mid-East in post-colonial and post-WWII years has led to one violent conflict after 
another. Yet, left to themselves, the peoples of Kenya or Iraq might well form ethnic 
conclaves, setting modern civilization back as effectively as today’s clumsy borders 
have done. The good news is that South Sudan has been recognized as a nation-state; 
the bad news (aside from all the violence) is that it is just that kind of ethnic retreat. 
Taiwan, where one of us now resides, is not recognized internationally as a nation-
state at all, much to the distress of its citizens. Lin (2011) notes that some countries, 
in particular China, have never culturally subscribed to the idea of geographic 
boundaries, but have conceptualized their nationhood in terms of spheres of 
influence. 

• As Phillips (e.g., 2006) has noted repeatedly, high-tech industry clusters develop in 
metropolitan areas, not in nations as a whole (except for the smallest ones like Israel 
or Singapore). Often, as is the case with San Diego-Tijuana, the metro areas cross 
national borders. It is innovative metro regions, not nations, that are creating wealth, 
jobs, and the future. 

• With the US government paralyzed by political polarization – and acting the 
handmaiden of corporate lobbyists – and with many of the States strangling on 
reduced budgets, it is becoming recognized that the only politicians taking 
constructive and effective actions are city mayors.10 

• We have noted (Linstone and Phillips 2013) the growing internationalization of 
research teams. 

Nation-states are in trouble. (Sci-fi dystopias in which people are ‘citizens’ of 
corporations rather than nations may soon be not too far off the mark.) We are finding 
our research focuses more constructively on regions.  
 
“Region” is a term that enjoys a flexible definition in economic geography: It may be as 
small as a neighborhood or as large as a contiguous grouping of (subsets of) countries. It 
may not have a single government that is co-extensive with its boundaries. These 
characteristics allow regions with diverse environments but common interests in, say, a 
technology, to share assessments with one another, helping each to learn what works in 
what circumstances. This is what Karl Popper called, with great foresight, multiple 
engineering experiments.  
 
                                                             
9 Phillips’ 2004 article “Trading Down” took the interdisciplinary approach, combining ideas from 
economics, physical science, marketing, security policy, politics, and business strategy. That article is again 
on point as President Obama (unfortunately, in secret) negotiates the Trans-Pacific Partnership. 
10 As two leading magazines have recently agreed. “While Washington seems paralyzed by partisan 
bickering, America’s mayors are busy putting ideas into action” http://www.newsweek.com/most-
innovative-mayors-us-63571, and “[While] our federal government is so stubbornly committed to failure… 
here are seven mayors from around the country who are actually doing their jobs and doing them well”  
www.esquire.com/news-politics/news/a24973/age-of-mayor-1013/. Both magazines list several mayors 
who have made great strides in education, public health and safety, environment, quality of life, 
attractiveness to entrepreneurs, or job creation in their respective cities. 
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How does this help solve global problems? The late Bill Cooper, editor of Kohler’s 
Dictionary for Accountants, defined a policy as a rule that must be followed 90% of the 
time. Phillips (2014a) extended Cooper’s idea to craft a rigorous definition of the current 
term “adaptive policy”11: In adaptive policies of the first kind, the 90% figure changes as 
conditions change over time – going sometimes to zero, either due to a sunset clause or to 
(constant monitoring and) adoption of policies that are working well in other localities. 
An adaptive policy of the second kind would allow the percent figure to vary over 
geography, in response to local conditions.  
 
Naturally, the cross-region information sharing and the monitoring of adaptive policies is 
made possible by information/communication technologies, ICT. Linstone (2010) 
summarized how economic power is being pushed to the individual desktop and to 
micro-enterprises even as global conglomerates continue to merge and grow. (And the 
micro-enterprises, whether digital wedding photographers in India or textile designers in 
Ghana, are connected to suppliers and customers via the Internet.) History is driven by 
local languages, neighborhoods, ethnicities, and new states. That is, by regionalism. 
 
Hourglass-shaped time: Bounded futures 
 
Again with regard to the limitations of trend extrapolation: The past is undetermined, the 
present is fuzzy, and the future is uncertain. Witnesses deliver conflicting testimony 
about a past event, and physical evidence is ambiguous. Psychology and neurology tell us 
there is a time lag between an event and our perception of that event, and moreover that 
perception is colored by our biases and prior expectations. That is, the present is fuzzy. 
The future is commonly depicted (at least, in physics) as a cone in space-time, 
encompassing many possibilities. 
 

 
 
Fig. 4. Multiple valid explanations lead to divergent extrapolations. (Source: Phillips 

2008) 
 
Appropriately enough, time looks like an hourglass (laid on its side, in Fig. 4), widening 
as we go farther back or forward, and narrow – but definitely not the dimensionless point 
                                                             
11 Which in practice, absent this qualification, all too often seems to mean “no policy at all.” 
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that would denote full certainty – at the “present moment.” 
 
The dashed lines in Fig. 4 show (conceptually) two differing extrapolations of the same 
phenomenon from two different but perhaps equally plausible histories. Extrapolation 
from past data is risky because all past data are uncertain. 
 
Time-as-hourglass is consistent with complexity theory’s “butterfly effect.” A butterfly 
may cause a hurricane, but we can't identify the butterfly by analyzing the hurricane. At 
some moment we may predict the loss of the kingdom, but that will be far later than the 
moment the horseshoe nail is lost. We can no more trace the kingdom’s fall back to the 
nail than we can predict the hurricane at the moment the butterfly flutters off. 
 
We are somewhat more certain about the boundaries of the cone on the right hand side of 
Figure 4. This observation gives rise to the three-legged “Bounded Futures” approach to 
planning. We serve the future better by (i) attending to possible scenarios within the cone, 
AND (ii) accepting that events outside the cone are currently impossible – and then 
deciding what to do about the latter. Table 6 summarizes the approach via examples. 
 

Table 6. Illustrating the bounded futures approach (Source: Phillips 2014a) 
Example constraint  Example creative response 

Traditional venture capital will not drive 
entrepreneurial growth. 

Develop government, corporate, angel, 
and crowd-sourced funding for startups. 

Economies of scale will not drive diffusion 
of innovation through worldwide 
distribution of standard tangible products. 

Online networks for peer-sharing of local 
problems and locally-developed solutions 
that may find application in new locales. 

Climate change will not be reversible. Try to slow migration to vulnerable 
coastal areas.  
Develop technologies for hardened 
infrastructure. 
Emphasize adaptation, mitigation, rather 
than reversal. 

Neither governments nor corporations will 
clean up legacy polluted sites. 

Find ways to contain toxins until future 
possible cleanups. Focus research on 
plants and bugs that metabolize the toxins. 
Design controls against unintended 
consequences of the plants and bugs.  

 
(iii) The third leg of the Bounded Futures approach is to understand that the cone may not 
represent a hard constraint; concerted effort or an unexpected discovery may soften parts 
of it. The boundaries of the cone of possible futures then need to be redrawn. To be 
valuable for planning, the constraints imposed by the cone must be reasonably non-
obvious, as are the examples in Table 6. 
 
The yin and yang of forecasting 
 
We would love to predict the future with pinpoint accuracy, but we know it will not 
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happen. We would be happy enough to bracket the true future with confidence intervals 
and scenarios. These hopes are stymied by sleeper events, black swans, and wild cards. 
The latter might include “very low likelihood events such as a systemic failure of the 
internet or a widespread electromagnetic pulse that destroys electronics over a wide area” 
(Linstone 2014). 
 
Linstone said,12 “The military are trained to work through many scenarios, not so that 
they will pick ‘the most likely’ (as business usually does) but to make them able to react 
well to unanticipated ones.” Phillips and Tuladhar (2000), Phillips (2008) and others have 
written similarly in TFSC about organizational flexibility and personal resilience as ways 
to prepare for the future, when our forecasts are presumed to be just a little bit wrong – or 
maybe way off the mark. 
 
The real point of forecasting is not to be “right,” but to deal with the future in a 
maximally positive and economic way. This is a dual task, effected by (i) crafting our 
best-shot visions of the unfolding future, and (ii) preparing our psyches and organizations 
to comprehend the range of possibilities and react with flexibility and resilience to events 
falling in that range and maybe outside of it. TFSC Associate Editor Tugrul Daim and 
Phillips recently turned thumbs-down on a DARPA RFI because the document restricted 
inquiry to the passive yin (confidence-interval prediction) of low-probability events, and 
precluded active yang responses (organizational preparation). 
 
This section and the previous one imply that the most precise forecast is not necessarily 
the most useful forecast. A forecast will be used to make an action decision; otherwise, 
why forecast? Therefore what is important is not the forecast’s confidence interval. 
Rather, we ask: What variance between forecast and reality would cause a change in the 
decision? 
 
The multi’s, and combinatoric technology 
 
Phillips (2008) wrote of “the Multis, the Biggers, the Smallers, and the More 
Connecteds.” (The “smallers” were added at Linstone’s suggestion.) Building on a 
speech of a former president of Microelectronics and Computer Consortium, he said 
technology and decision making are trending toward “Multi-product, Multi-country, 
Multi-culture, Multi-company, Multi-industry, Multi-technology, Multi-career, Multi-
tasking, Multiple mechanisms for innovation diffusion, Multiple business models, 
Multiple stakeholders with Multiple objectives and agendas, and still more “Multis.”  
 
Hal replied that even as projects become Bigger (bigger national economies, bigger 
global problems, bigger technological creations, and bigger computational models), other 
important things become Smaller: Microcircuitry, nanofabrication, etc.  
 
Meanwhile, they and we all become More Connected, thanks to ICT: Telecomm and data 
networks, social networks, environmental problems, organizational structures, regional 
economies, and the Internet of Things. If you need a single image to tie all this together, 
                                                             
12 In a private communication, around 2007. 
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try: Large numbers of globally connected nano-machines repairing the Sydney Harbor 
Bridge. 
  
We now connect the ideas of this section to innovation practice and to opportunities for 
technology-follower countries. Kodama (1992) showed that innovative R&D need not 
mean linear advances at the leading edge, and in fact much or most of today’s innovation 
is not. Instead, it is “technology fusion,” combining advances from multiple labs and 
disciplines. (Kodama’s idea was the forerunner of today’s “open innovation.”) Flagg et al 
(2013) went further, saying, “The literature demonstrates that the technological 
innovation process involves a complex interaction between multiple sectors, methods, 
and stakeholders.” We can generalize, to assert that almost all aspects of modern 
innovative activity are combinatoric in nature. 
 
Matching new products with their best markets, dismantling old supply chains and re-
creating them with new entrepreneurial business models, breaking down services into 
modules and re-ordering them, putting together special-purpose international teams for 
new research collaborations, or forming new business alliances and consortia, settling on 
the feature set of a new electronic product or hotel brand – all of these innovative 
activities are processes of mixing and matching. 
 
Technology-follower countries may or may not be able to build a capacity for leading-
edge research, using the most advanced instruments. And if they can, it may not be soon. 
Technology-follower countries can engage in combinatoric innovation as successfully as 
tech leader countries. There is no reason a researcher in a technology-follower country 
cannot be a better networker than a researcher in a technology leader country. Or have a 
better imagination. In this way, technology-follower countries can increase their pace of 
useful innovation. 
 
The speed of change, and the Circle of Innovation 
 
Many of our social and economic problems, and much of the grist for our research, 
comes from the mismatched speeds of technological, psychological, and institutional 
change. In 1985 Peter Drucker wrote that for several decades social change had been 
slower than technological change. Phillips (2008) claimed that that era was over, with 
social change now the hare and tech change the tortoise, relatively speaking.  
 
Later developments seemed to support this position. The fact that America is said to have 
institutions “too big to fail” means that incumbents’ advantage is reinforced.13 The fact 
that the millennial generation would prefer to start small Main Street businesses rather 
than Silicon Valley businesses (Kammer-Kerwick and Peterson 2015) means fewer 
brains focused on transformational innovation. 

                                                             
13 Archibugi, Filippetti, and Frenz (2013) found that in Europe, where banks were also bailed out at that 
time (creditwritedowns.com/2011/09/european-bank-bailout.html), large enterprises slowed their 
innovation investments relative to smaller firms. It was not possible to separate banks from other large 
firms in their study, but it is possible to infer that banks believed they were rewarded for sticking with the 
older technologies. 
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Though Hal noted that an innovation slowdown is consistent with K-wave theory, he later 
(2014) wrote, “Technology is [still] racing ahead at a clip that is outpacing our social 
systems.” Though Hal came at the relative speed question from an angle slightly different 
from Fred’s, it appears we were not in complete agreement. 
 
Part of the resolution lies in sociologists’ distinction between society and culture. Society 
is made up of people and their physical environment – including their technological 
environment, as noted in Linstone (2003). Thus there’s a confounding when comparing 
technology to society; they are not separate concepts. Culture, on the other hand, is the 
intangible component of society, encompassing beliefs, attitudes, practices including 
language, and opinions. The meaningful question, then, is whether technology changes 
faster than culture. 
 
A rather clever Bloomberg analysis makes a step in the right direction, with an interactive 
graphic called How Fast America Changes its Mind, 
http://www.bloomberg.com/graphics/2015-pace-of-social-change/. Another is in 
Sonnad’s (2015) How Brand New Words Spread Across America. Both address 
intangibles. However, as Bloomberg’s analysis spans a period encompassing vastly 
different mass media, and Sonnad focuses on the diffusion of new vocabulary via 
Twitter, technology effects are still present, and a definitive answer to the relative speed 
question may be beyond reach. 
 
Linstone (2014) wrote, “As the half life of knowledge shrinks while health technology 
lengthens the human life span, lifelong learning becomes not merely useful but essential. 
It has made remote and continuous learning possible, thereby creating a superior work 
force.” His statement illustrates what Phillips (2014b) calls the Circle of Innovation: 
Innovations create not just new products and services, but new ways of using new 
products and services. The latter force changes in the ways we organize and interact with 
one another. The newer kinds of organizations generate new needs, which are answered 
by still further technical innovations.  
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Fig. 6. Nonlinear innovation models portrayed as epicycles within the Circle of 

Innovation 
 
Most published papers address either the left-hand arc of the Circle, or (more frequently) 
the right-hand side. This is probably because of researchers’ professional specializations. 
However, TFSC is concerned with the entire circle.14 
 
Fig. 6 suggests how the grand feedback cycle of the Circle of Innovation can serve as a 
frame for the several more detailed nonlinear models of innovation that grace the 
journal’s pages. Moreover, the Circle of Innovation has immediate implications. For 
example, conventional market segmentation targets customer characteristics. Ted Levitt 
(1983) and Clayton Christensen (2003) advised differently: They said, target products to 
the customers’ “circumstances,” or usage scenarios, not to their demographics. The 
nonlinear view in Fig. 6 helps us see that the product will change the circumstances. This 
further implies the importance of corporate foresight: Being first to envision the changed 
circumstances means being first to market still newer products that meet the new needs. 
 
Artificial intelligence and its dangers 
 
“Advanced robots may gain the intelligence to initiate a devastating attack on their 
erstwhile creators” (Linstone 2014). Or on each other, we might add. Then there is the 
“gray goo” scenario, in which nano-machines eat everything in sight, organic or 
otherwise, in order to reproduce themselves.  
                                                             
14 Historians do debate whether a change in technology or a change in values led the agricultural 
revolution. This seems a valid question for paradigm-busting innovations that come once a millennium or 
more seldom. For the kinds of innovations usually treated in the pages of TFSC, however, feedback effects 
occur more quickly, and the Circle of Innovation applies. 
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Neither of us believes the “Singularity” will bring a qualitative change. Stupid people are 
more dangerous than smart machines. Venal people caused the global financial crash, not 
to mention wars. To be sure, a machine with evolutionary, self-modifying code is 
qualitatively different from one with static programming. That does not change the fact 
that outcomes are influenced by the initial programming, which may have been done 
wisely or with utter obtuseness. 
 
An obvious regulatory remedy would have been to decree that for the present, intelligent 
machines may be made no bigger or smaller than can be smashed with a baseball bat. 
That suggestion is not only facetious; it is infeasible: The robots are already armed and 
able to fight back. Asimov’s three laws have been trumped by the imperatives of the 
military-industrial complex, which wants autonomous fighting machines; Michael 
Miner’s Robocop was more realistic fiction.  
 
The greater danger, however, is AI in distributed systems (Manzalini and Stavdas’ 2014 
title, “The Network is the Robot,” cuts to the heart of the matter. See also Stuart Russell’s 
remarks in Bohannon 2015. Musgrave and Roberts’ 2015 Atlantic article goes on about 
the topic at greater length.) Again, the culprits are human, specifically the interests 
backing 5G telecomm. 5G, the technology enabling the universally networked robot, will 
eliminate free wifi (according to Johnson 2015), exacerbating the digital divide and its 
attendant social ills.  
 
All this will become perfectly clear, at least in the legal sense, as soon as there are 
damages to be assessed. Will the crash of a driverless car be blamed on the car 
manufacturer or on the software provider? A recent Dilbert comic asks the more poignant 
question, if a person with a networked implant commits a crime, who be charged in court 
– the person, or the programmer? Even farther out on the poignancy scale is the question 
of whether a driverless car may be programmed to kill its passenger rather than a 
bystander, in an either-or situation.15 
 
We should settle these questions soon. As we leave the ICT era and enter the molecular 
era (Linstone 2010), we will face similar questions with artificial wet life. Better to have 
answers in hand in advance.  
 
People, we agree, may disrupt society before machines do. Hal wrote (2014), “We are 
witnessing growing dissatisfaction with governance on one hand and eager local 
initiatives on the other as a counter to federal political paralysis in Washington. The 
rising disenchantment with governance may lead to institutional instability and chaos.” 
Phillips (2008) had noted the prospect of revolution in the USA, and earlier in this paper 
we mentioned disruption due to terrorist acts.   
 

As for the Singularity, the MP principle gives us helpful advice: “A singularity 
anticipated with a technical perspective may not occur at all with another perspective” 
                                                             
15 See e.g., http://qz.com/536738/should-driverless-cars-kill-their-own-passengers-to-
save-a-pedestrian/ 
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(Linstone 2014).  
 
Conclusion 
 
Implications of the ideas described in this paper are explored more fully in the cited 
original publications. We have recapped the ideas here for a number of reasons: As a 
convenience for readers, as a historical record, and to further clarify, for each idea, our 
intended meaning and our current thinking. Collectively, these ideas frame our 
philosophy of technology forecasting and assessment.  
 
Our dialog was enriched by all papers and special issues in the journal; it is impossible to 
cite all the influential pieces here. We will be happy to see future submissions to TFSC 
that either support or challenge the ideas discussed in this paper. The journal’s mission 
and scope remain as stated on its web site, and nothing in the present article is intended to 
further limit the diversity of the papers the journal receives and publishes. 
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Abstract 

This study investigates using innovative on-line technology for the teaching, learning, and 

assessment of 3D spatial visualization skills for high school Science, Technology, Engineering, 

Math (STEM) students. This research also seeks to help reduce the gap in spatial visualization 

skills between men and women. On-line learning for architectural students includes visual and 

real world contexts, followed by verbal information for best results. Interaction between teacher 

and student, real world problems, and making their own decisions about learning, gives 

architectural students the most satisfaction with on-line learning. The outcomes of this research 

includes but not limited to the following: a better understanding of how to enhance 3D spatial 

visualization skills with the use of innovative on-line technology, a reduction in the gender gap 

in spatial visualization abilities, and making this knowledge generalizable. 

 

Keywords: Spatial visualization skills, online learning, virtual reality. 

 

Introduction 
This research proposes to revise and administer an existing first semester college architectural 

communication course into a two semester online course, using virtual reality and 3D interactive 

web content to high school STEM students; the results we hypothesize will show greater 

improvement in spatial visualization skills and the lowering of the gender gap as compared to 

existing cognitive tests. This research involves a longitudinal study of STEM high school 

students beginning the online course with free hand sketching, moving to Sketch-Up, Revit, and 

finishes with 3D virtual reality exercises using Oculus headsets. A virtual classroom system 

using MEAN stack and X3DOM is proposed. The research objective of this proposal is to test 

the hypotheses: 1) that an online classroom system using interactive web content and virtual 

reality technology will enhance 3D spatial visualization skills of STEM (Science, Technology, 

Engineering, Math) students while reducing the gender gap; 2) and prove that for many Learning 

Styles, a 3D spatial visualization improvement course, based on an architectural paradigm, works 

better than the existing engineering models. 
 

Intellectual Merit 

The intellectual merit begins with exposing high school students to college level courses, using 

the most advanced computer, hardware and software to date. The proposed project activities will 

engage high school students with communication models and cutting-edge virtual reality 

experiences through online and personal interactions. The online course focuses on innovative 

teaching/learning theories, problem-solving skills, mathematical and algorithmic thinking, 

geometry concepts, spatial visualization skills, and design. This project will help to expand and 

create new knowledge in: how people learn, cyber-infrastructures, virtual reality as an 

educational tool, enhancing spatial visualization skills, while equipping future underrepresented 

populations and STEM workforces with the latest up-to-date education. This project will also test 

a new paradigm with 3D virtual reality in an online course to improve visualization skills.  



 

 

Broader Impacts 

The broadest impact of this research is helping to educate and equip tomorrow’s STEM 

workforce, including underrepresented groups, to address and solve this nation’s future problems 

and tests. This research also creates new paradigms in “how people learn”.  An online learning 

platform, using 3D web and virtual reality to enhance spatial visualization skills, could become a 

major transformative advancement in education. This project also has the aspects of STEM 

recruitment and skill improvement among women and minority groups. The curriculum materials 

developed from this project will be transferable by speeches, lectures, conferences, curriculums, 

and publications. 

 

Interaction between teacher and student, visual and real world problems, followed by verbal 

information, and making their own decisions about learning, gives (architectural) students the 

most satisfaction with on-line learning. The outcomes of this research includes but not limited to 

the following: a better understanding of how to improve spatial visualization skills with the use 

of innovative online 3D and virtual reality technology, significant improvement of spatial 

visualization sills among underrepresented populations and reduction of the gender gap, making 

the research transferable, and improving the future of STEM workforces.  

 

Vision and Goals 

The objectives for the proposed work include revising and administering an existing first 

semester college architectural course, ARC 121: Design Communications 1, into a two semester 

online course, beginning with free hand sketching and ending with virtual reality and 3D 

interactive web content to high school STEM students; the results we hypothesize will show 

greater improvement in spatial visualization skills and the lowering of the gender gap as 

compared to the literature review of past initiatives. A virtual classroom system using MEAN 

stack and X3DOM is proposed. Other objectives include: developing lecture materials and 

learning aids; a workbook covering freehand sketching, Sketchup software, Revit software, and 

Virtual Reality software exercises; quizzes; and teacher’s guidebook. Pilot training courses and 

focus groups will be held at summer architectural camps to revise and ready the product for 

implementation. 

A local high school has formed a partnership with us to preform a classical experiment, using 

their CAD class population for control and experimental groups. The high school students will 

be surveyed and spatial visualization skills measured with the following pre- and post-tests: 

Purdue Spatial Visualization Test: Rotations (PSVT:R); the Lappan Test (Lappan, 1981); Mental 

Cutting test (MCT) (CEEB, 1939); and other tests and evaluations as deemed required.  

Students passing both semesters of online courses will receive college credit. We are hoping the 

experience and passing of the online courses will give the students inspiration to attend college 

and do well, another objective. Opportunities to learn and use advanced 3D web and virtual 

reality computing technologies such as the Oculus headset will enable students to build and 

strengthen their 3D spatial knowledge, develop practical skills in designing basic 3D models, and 

deepen their understanding of spatial concepts, geometry, and math skills. Females, 

underrepresented minorities and all students will find the design of this course attractive and 

interesting. Hence improving the enrollment in some traditionally underrepresented majors such 

as architecture, engineering, and computer science.  



 

Current literature reviews points toward starting intervention in middle & high school; and the 

use of action video games and virtual reality in course work shows significant improvement in 

spatial visualization skills and eliminating the gender gap. We will know that our research is a 

success and hypotheses were correct, when the statistical results from the quizzes, surveys, and 

pre- and posttests show significant improvement in spatial visualization skills and the elimination 

or near elimination of the gender gap. This novel curriculum will stimulate students’ interest and 

inspire them to pursue higher education and careers that require 3D spatial visualization skills; a 

better workforce. 

 

The Innovation 

The research objectives are to establish an efficient and long-term teaching and evaluation 

environment for learning by utilizing the modern 3D web and virtual reality technologies for 

local high schools and college students through various theoretical and hands-on programs.  Due 

to the nature of spatial visualization, students need to see and interact with 3D scenes to get 

tangible feelings of the embedded 3D model. In order to allow user interaction with 3D models 

and scenes, we plan to use X3DOM to create 3D web content, which is directly written into the 

HTML markup. In our HTML markup, we only need to include the X3DOM as a JavaScript 

library, along with the X3DOM CSS file for proper formatting. Users can access the full 

functions of our website by using a webGL compatible browsers which include Internet Explorer 

11, Google Chrome 9.x or higher, Firefox and Safari 5.1 and newer on OS 10.6 or higher can all 

support WebGL natively without any plugin. For mobile devices, iOS 8 or higher and recent 

mobile Chrome and Firefox mobile for Android also support WebGL natively.   

The MEAN (MongoDB, Express.js, AngularJS and Node.js) stack will be used as a group of 

synergized technologies. The web system is lightweight and efficient, due to the event-driven 

and non-block I/O models. The front-end and back-end are both coded in JavaScript. The high 

performance NoSQL database MongoDB will be used to store our student and test data. 

MongoDB is very flexible to allow data-fields changes to accommodate future dramatic data 

layer updates. MVC, namely Model, View and Controller pattern will be exploited to separate 

the programming concerns for easy maintenance and expansion.  

These modern technologies will be utilized to provide an efficient, easy-to-use, and attractive 3D 

spatial learning and evaluation environment for K-12 students. To our best knowledge, no 

similar system exists based on our literature review.  

The system architecture consisting of the components and communication patterns are illustrated 

below in Fig. 1. The supporting technologies include MEAN stack (MongoDB, Express, Angular 

and Node.js) and X3DOM and Revizto (ref: https://revizto.com/en/ ) for 3D web content and 

virtual reality. Users can be students or teachers and each type of users has different access right. 

In order to address the heavy processing and communication request from a potential large 

number of users simultaneously, we plan to deploy this system in SIU newly purchased big dog 

cluster. MongoDB database is document-based NoSQL database to store our users, lesson, and  

http://www.mongodb.org/
http://expressjs.com/
https://angularjs.org/
http://nodejs.org/
https://revizto.com/en/


 

 
Figure 1. The system architecture of our online 3D spatial learning system  

 

results data etc. Some key processing components include authentication, lesson management, 

grading and statistical reporting. Users will need a Google or Facebook account to sign in the 

system before using any functions provided by the system.  Each type of user is assigned with 

different sets of access rights and legal actions.  Once signed in, a teacher will be able to create, 

edit or delete course, create assignments, grade assignments and post grades. A student can sign 

up (or subscribe) to existing course(s), learn the lessons and do the assignments. As mentioned 

above, our system leverages on social media’s authentication engine to authenticate users.  

Teacher can create assignments with different types of questions, which will be added to the 

Q&A bank. A graphical web interface is designed for teachers to create multiple-choice 

questions, true or false questions, and free answer questions. Teachers can also provide standard 

solutions to these objective questions such as multiple-choice and true or false. A reference 

solution to subjective question such as free answer can also be provided. Our system can 

automatically grade those objective questions submitted by students after the assignment due 

date or any date as requested by teacher. Teacher only needs to manually grade subjective 



 

questions. Such functionality greatly reduces the workload of teachers as well as the human 

subjective error (Mumba and Zhu, 2013).  

When students choose to answer the questions from an assignment, the order of the questions can 

be generated randomly and the order of multiple choices can also be random. So even two 

students choose to do the same assignment at the same time, their correct answer orders could be 

completely different.  

Some basic math question related to geometry can be included. For example, how to calculate 

the volume of a cylinder when a 3D object is shown in the browser? Students can view the 3D 

object from different perspectives since he/she can zoom and rotate the object at his/her 

fingertips. Such experience will enhance student’s spatial understanding of the 3D objects and 

enhance the knowledge acquiring process.  

In particular, collaboration and information sharing among students are strongly encouraged 

using the public section of their online learning materials. All new curricular materials will be 

published at a public Teach Engineering website for free access.   

As compared to Blackboard and Desire2Learn, two popular commercial course management 

systems, our web system is free and provides the learning through interactive 3D content and 

virtual reality supported by X3DOM and Oculus headset respectively. In addition to the 

computer technologies, we will also be teaching free hand sketching, as well as SketchUp 

software and Revit software. We believe that our system can provide a unique and attractive web 

platform for teacher and students to interact with in a virtual cyberspace to promote an effective 

and convenient 3D Spatial Mobile-Learning (M-Learning) experience.  

The pre and post-tests will be given to students via this web-learning platform. The objective 

questions can be graded automatically by the system and the two-sample t test the ANOVA tests 

can be performed by our statistic and reporting module. The analysis results together with the 

graphical output can be generated by the system for teachers to examine the student performance 

in a visual and quantitative way. The social media accounts such as Facebook and Google will be 

used to log in our system. The system will allow students in the same friend circle to share and 

discuss their learning experience. For example, students can form a project group to work on a 

final architecture design project. The online system can be used for them to view and modify 

some shared documents.  

Virtual Reality 

In order to help students to gain immersive virtual reality experience, we will use Oculus Rift 

DK2 headsets to interact with the navigable 3D environments converted by Revizto from BIM 

and CAD models created in Trimble SketchUp, Autodesk Revit, and Navisworks. Revizto 

combines powerful 3D gaming technologies with cloud solutions to provide collaborative virtual 

reality experience with Oculus Rift headsets as shown in Figure 2, below. The 3D virtual models, 

realistic renderings, and fly-through animations can provide students true virtual reality 

experience to envision space that has not been built.  

 



 

 
Figure 2. Revizto with Occulus [From Architect: The Journal of the American Institute of 

Architects, March 18
th

, 2015]  

Literature Review 
Constructivism is a belief of learning based on the idea that knowledge is created by the 

individual through his/her contacts with their environment (Rovai, 2004). Constructivists believe 

in individual understanding of reality (Sjoberg, 2007). Sjoberg (2007) argues that constructivism 

is a learning methodology that gives learners the opportunity to gain experiences by which they 

can solicit their own questions and build their own models. Sjoberg (2007) also argues that 

constructivism enables a community of learners to participate in reflection, activities, and 

discourse. Inspires learners to ownership of ideas and purse independence, shared social 

relationships, and enablement as the goal. Learning becomes a self-regulatory activity: Students 

figure out things for themselves instead of responding to stimuli. 

 

Constructivists argued that everyone has their own special learning style. Sometimes, the 

learning styles have as much to do with how the brain works as environment. Autopsies have 

been performed on both dyslexic and normal brains. The dyslexic brain showed even 

development on both spheres of the mind, while the normal mind showed asymmetrical growth 

in only one sphere.  

Equal development of both spheres permits learning-differently students to enjoy special gifts. They “see” 

things 3-dimensionally, giving them a unique kind of spatial awareness. This allows some of them to be, 

among other things, excellent architects, inventors, directors of film and theatre, interior decorators, and 

teachers for other learning-differently students (students who learn differently)(Alsenoy, 2011, p. 1). 

Ferriman (2013) argues that there are seven categories of learning styles:  

1. Visual—Individuals use images, pictures, color, and diagrams to learn; 

2. Physical—Individuals learn by doing; 

3. Aural—Individuals use sound to learn, such as recordings, rhythms, and music; 

4. Verbal—Individuals use words to learn, reading aloud, making speeches, and writing; 

5. Logical—Individuals use logic and reasoning to comprehend a concept; 

6. Social—Individuals learn best in groups and enjoy working with others; 

7. Solitary—Individuals enjoy working and learning alone. 

It is safe to say that most individuals have more than one learning style; using a combination of 

styles to learn. For example, architects use visual, physical, logical, and solitary styles to learn, in 

that order. 



 

We have learned that with M-Learning individuals on their own or collaboratively can convey 

meaning (learning) for themselves, in a situated context, using their own mobile device. Mobile 

devices offer distinct advantages to education: portability, ubiquitous and affordable access, and 

just-in-time learning opportunities, enabling social connectivity and interactivity, personal and 

individualized learning experiences. It is argued that students taking online courses with high 

levels of interactions learn more and make better grades than students in similar face-to-face 

classes. Mobile learners construct their own abstract understanding of their physical and social 

biosphere and interact accordingly. 

 

It has been argued by many that the best predictors of student satisfaction with online courses are: 

learner-instructor interaction, Internet (and software) self-efficacy, and learner-content 

interaction. It was also argued that gender, year in school, and learner-learner interaction were 

not factors in student satisfaction with online courses.  

 

This research includes two surveys: The first administrated to an undergraduate architecture 

design class and the second given to the graduate M-Arch class. The two surveys are different, 

but have some of the same questions; in which both groups of students gave similar answers, 

verifying the literature review. One hundred percent of the students own laptop computers and 

smartphones; using laptops most for schoolwork. Most students thought M-Learning could be of 

use, saving time and giving them the ability to learn anywhere. Barriers to M-Learning include 

Internet down, cheating, miscommunication, and lack of student motivation. Students said that 

they learn best with visual instruction, followed by ‘real world’ context (Brazley, 2014). 

 

The online students taking the graduate survey also use their laptops the most for school work, 

followed by use of their smartphones. Graduate students similar to the undergraduates said that 

they learn best with visual information, followed by real world contexts and third with verbal 

information. Graduate students appeared to be very satisfied with their learner-instructor 

interaction; not as enthusiastic or satisfied with learner-learner interaction; showed mixed 

satisfaction for authentic learning; expressed some satisfaction for active learning and personal 

relevance. The majority of students expressed satisfaction with student autonomy and their 

online class. The scales that brought the students the most satisfaction are Learner-Instructor 

Interaction, Active Learning, Student Autonomy, and Satisfaction with M-Learning (Brazley, 

2014). 

 

Graduate students listed “anytime, anywhere learning” as one of the major benefits to  

M-Learning. Some of the barriers to M-Learning mentioned were: software, missing personal 

connections, communication, and D2L. Students commented that video and recorded lectures 

along with online D2L classes would help improve M-Learning (Brazley, 2014). Felix Kamuche 

(2005) argues “This study provides clear evidence that faculty can use learning styles data to 

help them design creative matches with students learning preferences. …Clearly, the author can 

say students learned better when instruction was geared toward their learning style”. Everyone 

has their own learning style(s), M-Learning for architectural students should include more visual 

and real world contexts, followed by verbal information for best results. Interaction between 

teacher and student, real world problems, and making their own decisions about learning, gives 

architectural students the most satisfaction with M-Learning.  

 



 

Scribner and Anderson (2005) argue the success of integrating teaching methods that enhances 

different learning styles to improve scholarship. 

 
               “The literature review and the results of this research study support the following recommendations  

                for teaching graphical representation. Educators in technical education programs should 

1. Incorporate instructional methods that address modality learning styles when teaching spatial 

visualization 

2. Use modality learning styles to help students with a single dominant learning style strengthen weaker 

learning styles 

3. Incorporate tools such as sketching, three-dimensional handheld models, three-dimensional solid 

model software, and orthographic and isometric projections to aid in developing spatial visualization 

(Scribner, 2005).” 

The next step for this research would be to develop M-Learning classes for high school & 

college students, include more: learning styles, visual information (freehand sketching, computer 

drafting, and virtual reality), videos, and recorded lectures for students. But increasing instructor-

learner interaction is the greatest single item for online teaching success. 

Spatial Visualization 

Spatial ability is characterized as one’s innate capability to visualize and rotate objects, mentally, 

before formal training, i.e., one is born with the gift (Sorby, 1999).  But spatial visualization 

skills can be acquired or learned through training. “It is well documented that spatial 

visualization skills are teachable (Brinkman; Battista, Grayson, and Talsma; Lappan) 

(Gimmestad & Sorby, 1996, pp.6).   

Sheryl Sorby (1996) was one of the first researchers to connect the gender gap with spatial 

visualizations skills. “Unfortunately, studies show that 3-D spatial visualization skills of women 

often lag behind those of their male counterparts” (Sorby, 1966; Sorby, 1998; Sorby, 1999a; 

Sorby, 2007; Sorby, 2009).  Smith (1964) and Maier (1994) found visualization skills to be a 

major predictor of success in technical professions. In her paper, Sorby explains the Piagetian 

theory of the three stages of spatial visualization development, the Purdue Spatial Visualization 

Test, and the development of a new curriculum to improve spatial visualization skills. The course 

consisted of four hours of lab and lecture per week for ten weeks, computer lab manual, textbook, 

and instructional aids. The Pre- and Posttest responses were studied according to gender; spatial 

visualization skills improved overall but the gender gap continued to exist (Sorby, 1966; Gorska, 

Sorby, & Leopold, 1998; Sorby, et al, 2000; Sorby, 2009). 

It is argued that computer & video games, physical sports, construction toys, and courses such as 

drafting, math, and shop have a positive relationship with 3D spatial visualization skills 

(Gimmestad & Sorby, 1996, pp.6; Medina, Gerson, & Sorby, 1998; Gorska, Sorby, & Leopold, 

1998; Sorby 2007). Sorby (1999b) argues that free hand drawing and sketching improves one’s 

spatial skills more than 3D modeling software; and that the Mental Cutting Test (MCT) is a 

major predictor of success of one’s ability to interact with computer 3D modeling. 

Spatial visualization skills are usually measure by educational researchers with one of the 

following 3-dimensional tests: the Mental Cutting Test (MCT) (CEEB, 1939); the Differential 

Aptitude Test: Space Relations (DAT;SR) (Bennett et al., 1973); the Purdue Spatial 

Visualization Test: Rotations (PSVT:R) (Guay, 1977); the Mental Rotation Test (MRT) 

(Vandenberg & Kuse, 1978); and the 3-Dimensional Cube (3DC) test (Gittler, 1998). The MCT 

has students choosing the correct cross section of an object; the DAT:SR has students choosing 

the correct 3D object from a 2D pattern; the PSVT:R students are asked to select the correct 



 

rotated object(s); the MRT students are asked to select the two correct rotated images; and the 

3DC a third test to visualize rotated objects (Sorby, 1999a; Sorby, 2007; Sorby, 2009) 

Sorby, Baartmans, and Wysocki in 1998 received funding from the National Science Foundation 

(NSF) to develop a workbook and multimedia software as a stand-alone course or supplement to 

their existing spatial visualization skills course. After the multimedia course was developed, 

delivery was divided into two sections; the first section worked with software and workbook 

only, their counterparts worked with lecture and lab but no workbook. When tested, it was found 

that the section working with software and workbook only, did as well if not better than the 

lecture and lab section (Gerson et al., 2001). With the advent of the new multimedia software, 

3D spatial puzzles, and the workbook, the researchers were able to convert their quarter system 

of 10-weeks of classes with 20 hours of faculty contact to a 15-week semester system with 4 

hours of faculty contact while continuing to improve spatial visualization skills (Sorby, 2005a; 

Sorby, 2005b; Sorby, 2007; Sorby, 2009).  

It was found that the new software and workbook helped non-engineering students to make 

statistically significant improvements on their spatial visualization evaluations. The non-

engineering group was divided into three sections. The section that used software and workbook 

attained significantly higher test scores than the software only section. ‘Software only’ section 

scores equaled to those of the control group (Sorby et. al., 2005; Sorby, 2007; Sorby, 2009). It 

was found that the spatial visualization course not only helped to improve the skills of all college 

students but also K-12 students; in this instance 8
th

 gradersT 

 
        “The results from the pilot study showed that the materials developed for 

           Michigan Tech’s first-year engineering students are suitable for use with a  

           younger audience. …The amount of time these students required to  

           complete the exercises was typically longer than that required by the  

           Michigan Tech students” (Parolini et al., 2006). 

 

The software and workbook was shown to help improve the spatial visualization skills of 

students in a high school geometry class but again the gender gap remained (Sorby, el. al, 2006; 

Sorby, 2009). “Attitudinal surveys completed by the high school students also showed that they 

found the materials easy to use and to understand” (Sorby, 2009).  

Sorby argues that spatial visualization skills training has a positive impact on grades earned, 

student retention and graduation rates for students of all ages, especially underrepresented 

minorities and women (Sorby, 2012; Study, 2011). Yet in another study “…it was determined 

that the spatial skills of some minority groups, in particular African Americans, Asian Americans, 

and Native American males, appear to be significantly lower than those of White students” 

(Sorby, et al., 2012). The spatial skills of international students were also found to be behind the 

majority of American students. 

Martin-Dorta, et al., (2008) argues that ‘fast remedial courses (6-12 hours)’ of enhancing spatial 

visualization skills, can deliver significant improvements in abilities, with equality of the gender 

gap. “The average gain is around 5 points in MRT and 8 points in DAT:SR, compared with 8 

points in MRT” (Martin-Dorta, et al., 2008). 

Toptas, Celik, and Karaca (2012) in their study of 8
th

 graders using Google SketchUp (GSU) 

software, argues that there was a significant increase in spatial visualization skills, differential 

aptitudes, and mental rotation skills after the posttests. The use of Google SketchUp helped to 



 

improve all students’ spatial visualization skills; but female students, compared to male students, 

performed better on the posttests (Toptas, el. al., 2012).  

 

          “If the debate is to be moved forward, a better understanding of other types  

              of training programs that increase spatial visualization such as three- 

              dimensional virtual reality programs needs to be developed. We may want  

              to revise our treatment program. Students may require more time  

              outside of the classroom to work with GSU. …If students are provided with 

              a computer for use, we can log the amount of time they use the software  

              and for what purpose” (Toptas, et al., 2012). 

 

Feng, Morgan, and Ahmed (2004) argue that existing learning materials and courses are not well 

suited to aid students in developing their spatial visualization skills and that a new approach is 

needed. “The main contention of this study is that a thorough understanding of students learning 

styles and abilities combined with the exploitation of advances in Virtual Reality technology, 

especially online Virtual Reality applications, has the potential to offer an effective instruction 

tool for improving CAD students spatial visualization skills” (Feng, el. al., 2004). A learning 

environment of virtual models in Web3D will allow students to gain a better understanding of 

3D objects and increase their spatial visualization skills (Feng, et al., 2004).  

 

Ji Young Cho (2012) questions whether the existing spatial visualization test are ‘domain-

specific’ and if they should be. If the tests are domain-specific, one domain does not fit everyone. 

Cho (2012) also argues improvement of spatial visualization scores by way of virtual reality 

technology.  

 
          “This raises a question about whether existing tools measure domain-specific 

            spatial ability as well and whether the development of tool to measure  

            domain-specific spatial skills are needed. In research of and training for spatial 

            ability, one of the recent changes regards the use of virtual environment 

            technologies. Many recent publications (Martin-Gutierreza, 2010; Rafi,  

            2008; Rafia, 2005) have reported the improvement of spatial tests through 

            the use of virtual reality” (Cho, 2012).  

 

Dayana Farzeeha Ali, et al., (2013) argues students that are taught with virtual environment 

courseware have improved skills of mentally rotating 3D objects, and visualizing cross sections 

of objects. “New and innovative approaches to using technology, including the use of various 

hardware and software, has shifted the paradigm and introduced nontraditional methods teaching 

and learning” (Bertoline & Wiebe, 2005). Spatial visualization skills of students are positively 

enhanced by virtual environment courseware (James, et al., 2002; veide, 2013). “The findings 

from this study support the conclusion that the virtual learning environments become one of the 

key factors in the delivery of education in the higher learning institutions” (Ali, et al., 2013).  

 

Distinct advantages of virtual learning environments include: the mobile learning aspect gives 

students anytime, anyplace access; the unique character of virtual reality is a motiving influence 

to students to increase their spatial visualization skills; and the technology of Web3D which 

integrates Flash, XML, HTML, 2D drawings and 3d models (Feng, el. al., 2003).  

 

           “In addition, it has been established that existing tutorials and learning materials 

               are not well suited to assist students in developing their spatial ability. It is  



 

               increasingly acknowledged that there is a need for a new approach, which  

               fosters CAD students’ spatial visualization skills… It is the contention of this  

               study that a thorough understanding of students’ characteristics, learning  

               styles and abilities combined with the exploitation of advances in  

               Virtual Reality technology, especially online Virtual Reality applications,  

               has the potential to offer an effective instruction tool for improving CAD  

               students’ spatial visualization skills” (Feng, et al., 2003). 

 

Jianping Yue (2008) used first year community college and high school students to perform a 

classical experiment, using control and experimental groups to test spatial visualization 

performance with conventional isometric drawings and realistic 3D views. He found that all 

groups that studied with realistic 3D views performed better on the spatial visualization tests than 

the control groups (Katsioloudis, 2014a; Katsioloudis, et al., 2014b). The high school group 

studying realistic 3D images showed the greatest improvement, with a 15% increase on their 

posttests (Yue, 2008). “The study results provide evidence that 3D solid model enhances 

students’ performance on visualization tests, thus making it a better tool to be used in spatial 

visualization tests to help students visualize virtual objects and to allow educators to obtain 

accurate assessments of students’ visualization abilities” (Yue, 2008). 

 

Outline of the General Plan of Work 
We propose to revise an existing, 4 credit hour, first semester architectural course (ARC 121: 

Design Communications 1) into a two semester online course emphasizing the improvement of 

spatial visualization skills. The existing course description shall remain: an introduction to basic 

drawing and graphic modeling skills for architecture and interior design graphic communication. 

Students will receive instruction in two and three-dimensional visualization of form and space. 

Topics include: Basic freehand drawing and drafting skills. Orthographic projection, paraline 

drawing, sketching, drawing and project composition, perspective geometry and projection and 

model building. Drafted and freehand drawings of actual and proposed environments are 

considered, including analysis of light, shade, materials, textures and various contextual elements. 

Original course objectives shall remain also: Develop skills in drawing and presentation 

composition; Develop skills in 2 and 3 dimensional drawing for communication of information; 

Develop the skills and understanding to execute drawings standard to the profession; Develop 

skills in visual perception and presentation composition; and Develop the skills necessary to 

build precise architectural models. 

 

The first year of the grant we propose to develop the online courses, teacher’s resource 

guidebooks, accompanied by a textbooks, surveys, quizzes, lecture materials and learning aids 

(snap blocks, Play-Doh, paper & scissors, etc.); identify software to be used and pre and posttests. 

The course topics include freehand sketching, computer games & drafting, and model building. 

The activities and topics are arranged in a logical order for the improvement of spatial 

visualization skills. See Table 1 below for the sixteen-week course outlines.  



 

 
 
 
TABLE 1 - ONLINE ARC 121: COMMUNICATIONS 1 
FIRST SEMESTER - MODULE 1  

WEEK 1 - Course Introduction & 

Fundamentals of Sketching 

 Pre-Tests 

 Drawing Tools and Materials 

 Architectural Drafting 

 Dream House Project #1 

 Introduction to Architectural Hand-Lettering 

 Inclined and Single-Curved Surfaces 

WEEK 2 – Fundamentals of Sketching 

 Two and Three Coordinate Drawings 

 Rotation of Objects 

 Reflection and Symmetry 

WEEK 3 – Fundamentals of Sketching 

 Cross-Section of Solids 

 Surfaces and Solids of Revolution 

 Combining Solids 

 Quiz #1 

WEEK 4 - Orthographic Sketching 

 Orthographic Projection (both plan and 

elevations) 

 Axonometric Projection (elevations) 

 

WEEK 5 - Oblique Drawings 

 Oblique Projections (both plan and elevations) 

 Perspective Projections (elevations) 

 Quiz #2 

 

WEEKS 6 & 7 - Multiview Drawings 

 Floor Plans 

 Doors & Stairs 

 Elevators & Baths 

 Site Plans and Contours 

 Building Sections 

 Building Elevations 

 Quiz #3 

WEEK 8 - Paraline Drawings 

 Types of Paraline Drawings 

 Constructing Paraline Drawings 

 Expaned Views 

 Cutaway Views 

 Phantom Views 

 

WEEKS 9 & 10 - Perspective Drawings 

 Perspective Elements 

 Linear Perspective 

 One Point Perspective Drawings 

 Two Point Perspectives Drawings 

 Dream House Project Drawings & Model are 

Due 

 Quiz #4 

 



 

 

 

 

 

MODULE 2  
WEEKS 11 & 12 - SketchUp – Getting Started 

 Introduction and SketchUp Basics  

 Dream House Project #2 

 Understanding Edges and Faces 

 Representing Three Dimensions on a Two-

Dimensional Screen 

 Moving and Copying Objects in your Model 

 Adding Color and Texture 

 Building a Model 

WEEKS 13 & 14 - Getting Started 

 Changing the Way the Model Looks 

 Exporting a JPEG File that can be Emailed. 

 Drafting a Floor Plan 

 Going from a 2D Plan to a 3D Model 

 Inserting Doors and Windows 

 Modeling Stairs 

 Adding a Roof 

 Quiz #5 

WEEKS 15 - Organize your Model 

 Components and Outliners 

 Using Layers 

 Using Components to make Symmetrical Models 

 Extruding around Circles 

 The Rotation Tool 

WEEKS 16 - Organize your Model 

 Cutting Plans and Sections 

 Printing/Plotting your Work 

 Dream House Project #2 Drawings & Model 

are Due 

 Post-Tests 

 

SECOND SEMESTER - MODULE 3  
WEEK 1 – Revit 

 Pre-Tests 

 Introduction and the Basics of ‘Building 

Information Modeling’ (BIM) 

 User Interface and Project Organization 

 The Basics of the Toolbox 

WEEK 2 – Massing and Modeling for 

Design 

 Dream House #3 

 Configuring Standards and Templates 

 Modeling and Massing 

 Concept Design and Design Analysis 

WEEK 3 – Modeling Techniques 

 Visualization 

 Creating Walls 

 Modeling Floors and Ceilings 

 Quiz #1 

WEEK 4 – Modeling Techniques 

 Modeling Roofs 

 Designing with the Family Editor 

 Creating Stairs and Railings 

WEEK 5 – Documentation 

 Detailing Your Design – Building Sections 

 Documenting Your Design 

 Annotating Your Design 

WEEK 6 – Presenting Your Design 

 Presenting Your Design 

 Build Your Model 

 Quiz #2 

WEEK 7 – Presentation 

 Dream House Project #3 Drawings & Model are 

Due 

 

 



 

MODULE 4  
WEEK 8 – Virtual Reality (RV) 

 Introduction, Definition, and History of VR 

 Sensors, Displays, Alternate-World Generator 

 Human Senses, Perception 

 Dream House #4 

WEEK 9 – Modeling 

 Geometric Modeling, 

 Transforming Rigid Bodies 

 Yaw, Pitch, and Roll 

 

WEEK 10- VR 

 Angle-Axis Representation 

 3D Rotation Inverses and Conversions 

 Homogeneous Transforms 

 Quiz #3 

 WEEK 11 – VR 

 Canonical Views  

 Perspective Transforms 

 Light Propagation 

WEEK 12 – VR 

 Spherical Aberrations 

 Tracking Systems, Estimating Rotation, Drift 

Errors 

 Tilt and Yaw Correction, Estimating Position 

WEEK 13 – VR 

 Perspective n-point 

 Sensor Fusion 

 Lighthouse Approach 

 Quiz #4 

WEEK 14 – VR 

 Graphical Rendering 

 Ray Tracing 

 Shading 

 

WEEK 15 – Audio 

 Audio for VR, Sound Propagation 

 Audio Simulation and Rendering 

 Interfaces for Locomotion, Manipulation 

 Quiz #5 

WEEK 16 – Presentation 

 Dream House Project #4 Drawings & Model are 

Due 

 Post-Tests 

 

 

Based on the literature review, many of the lessons will focus on four dimensions of spatial 

visualization skills: spatial perception (water-level task); mental rotation (rotating blocks); 

memory (rotating letters); and spatial visualization (paper folding). Fall and Spring classes of 

ARC 121: Communications 1, will be worth 2 SIUC credit hours per semester. Students will 

meet in class for one hour, three times per week. During class period students will receive 

lectures with demonstrations, hands-on-activities, class discussions and work on completing each 

section of the modules, assessment quizzes, and surveys. Homework will consist of workbook 

problems, and computer games as training exercises.  Each student will be given their own 

laptop, headsets, and textbooks to be used in school and at home; use of the computers will be 

monitored. 
 

Promoting Generalizability and Transferability of the New Genre 

The most practical issues addressing this new genre is how to improve one’s visualization skills 

and how do you reduce the adjoining gender gap.  We believe the answer to both questions is 

‘virtual reality’. Literature reviews has shown that the use of virtual reality has significantly 

improved one’s spatial visualization skills while all but eliminating the gender gap. Current 

research includes: middle & high school students learning science by means of mixed-reality 



 

technologies, augmented reality technologies, Internet System for Networked Sensor 

Experimentation (iSENSE) technologies, simulation and embodied learning, gaming toward 

positive social behaviors and health, collaborative problem solving through digital sketching & 

touch, PerSketchTivity – empowering engineers through perspective sketching (something 

architects have been doing for years – digitally sketching), workflow visualization systems for 

design-based research, using gaming to improve visualization skills, removing gender 

differences in 3-D spatial skills, and multi-media software for the development of 3-D spatial 

visualization ability. Students at the University of Maryland are experimenting now with virtual 

reality and distance learning. Our new learning platform incorporates the majority of the above 

research but is developed along a new paradigm using both ‘learning styles’ and architecture. 

The existing engineering models have had limited success for the last twenty-five or more years; 

our new online learning platform, incorporating among other features ‘virtual reality’, ideal for 

addressing today’s issues. One of the weaknesses of our solution is the dependence upon the 

internet, computers, and headgear. 

 

The type of lessons we are expecting to extract from this innovation include; how do students use 

online virtual reality activities; what kind of practices and new opportunities will online virtual 

reality afford students and teachers; and how do these new opportunities relate with learning? 

We know that virtual reality is more effective than similar activities without simulations and 

sensors but does it promote deep and coherent learning? And what kind of curriculum and 

instructor support best enhances scholarship based virtual reality mobile learning? 

 

The instructional designer on this project will advise the instructors on the design and delivery of 

the course content, learning activities, and assessment process. Based on the identified learning 

outcomes, the course will be designed for high school students providing engaging activities and 

interactions with the instructor and their peers. To meet the learning outcomes, each weekly topic 

will be presented in a similar structure consisting of a: 

 topic introduction and overview, 

 instructional demonstrations and examples, 

 opportunities for students to practice and apply knowledge, 

 ways to monitor and check student learning, 
 methods to provide feedback to students, and 
 means to measure mastery. 
 The instructional designer will also review the course and identify solutions for 

improvements. 

We believe students will be intrigued by the online virtual reality platform and gaming; their 

curiosity and interest will keep them online learning. The lessons will become hands-on, the 

curriculum will transfer from computer screens to drawings and models; each student working at 

their own pace. Students will post their work online, communicate via multimedia and build 

shared communities of perception and understanding. Students will share ideas, help each other 

with homework and other real life issues. 

 

 

 

 



 

Detail Description of the Data to be Collected and How it will be Analyzed to Extract Lessons or 

Guidelines 

We will begin and end each semester with one of the pre- or posttest below:  

 Mental Cutting Test (MCT) (CEEB, 1939); Mental Rotation Test (MRT) (Peters et al., 

1995; Vandenberg & Kuse, 1978); The Lappan Test (Veurink et al., 2009); The Paper 

Folding test (PFT); and Purdue Spatial Visualization Test: Rotations (PSVT:R).  

Online surveys will be used to get student demographics and ask answers questions concerning: 

each teaching module’s duration, ease, value, etc. Survey shall have two types of responses: (1) 

rating of teaching module, in terms of lectures, workbook problems, software as being helpful to 

learning and (2) ratings of the module’s complexity. The following methods of evaluation will 

also be used but not limited to: 

 Means and Standard Deviation measures, t-values and p values for pre- and post-semester 

test and gain scores (control & experimental groups),  

 A two-way analysis of variance (2-way ANOVA) with interactions performed to detect if 

there were any group or gender differences among the participants in the study. ANOVA 

results for Mental Rotation Test (MRT) pre-course test by training condition and gender 

& their interactions, 

 A two-way analysis of covariance (2-way ANCOVA), taking as the null hypothesis the 

fact that mean values for spatial skills did not change after the end of the semester. The 

post-MRT will be used as the dependent variable, the pre-MRT as the co-variable and the 

gender and group as independent variables. Compute the interactions between gender & 

group and between the factors of the co-variables (pre-MRT), leaving the pre-MRT 

Group interaction in the model. ANCOVA results for the dependent variable by group 

and gender & their interactions, 

 And Multiple Regression Models. 

When the above information is analyzed, we will have a good understanding if the 

experiment significantly enhanced spatial visualization skills and lessen or eliminated the 

gender gag. 

 

Conclusion  

The proposed project activities will infuse high school students with 3D spatial models and 

cutting-edge virtual reality experience through interaction and engagement with the  proposed 

activities. (2) The program focuses on innovative learning/teaching theories, algorithmic thinking 

and practical problem-solving skills in a wide range of communication and 3D spatial 

visualization areas. (3) Students will learn fundamentals in geometry, graphic communication 

and increase their spatial visualization skills. This project will help to expand and create new 

knowledge in areas of: how people learn, cyber-infrastructures, virtual reality as an educational 

tool for high school & college, enhancing spatial visualization skills while reducing the gender 

gap, and equipping future underrepresented populations and STEM workforces with the latest 

up-to-date education. This project will also test a new spatial visualization paradigm, using 

architecture and 3D virtual reality in an online course to improve skills. The next step is to 

acquire funding and put this proposal to the test. 
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VIRTUAL REALITY: THE UNLIMITED TOOL

Michael Brazley
Architect- Ph.D., Associate Professor, School of Architecture,

Southern Illinois University, Carbondale, USA, Email: mdbraz7@siu.edu

Abstract

This research proposes to transform an existing college architectural communication course into an 
online course, using virtual reality and 3D interactive web content to high school STEM (Science, 
Technology, Engineering, Math) students; the results we hypothesize will show greater improvement 
in spatial visualization skills and the lowering of the gender gap as compared to existing cognitive 
tests. This research involves a longitudinal study of high school students beginning the online course 
with free hand sketching, moving to Sketch-Up, Revit, and finishes with 3D virtual reality exercises. 
A virtual classroom system using MEAN stack and X3DOM is proposed. The research objective of 
this proposal is to test the hypotheses: 1) that an online classroom system using interactive web 
content and virtual reality technology will enhance 3D spatial visualization skills of students while 
reducing the gender gap; 2) and prove that for many Learning Styles, a 3D spatial visualization 
improvement course, based on an architectural paradigm, works better than the existing engineering 
models.

The proposed project activities will engage high school students with communication models and 
cutting-edge virtual reality experiences through online and personal interactions. The online course 
focuses on innovative teaching/learning theories, problem-solving skills, mathematical and 
algorithmic thinking, geometry concepts, spatial visualization skills, and design. This project will 
help to expand and create new knowledge in: how people learn, cyber-infrastructures, virtual reality 
as an educational tool, enhancing spatial visualization skills, while equipping future 
underrepresented populations and workforces with the latest up-to-date education. This project will 
also test a new paradigm using 3D virtual reality in an online course. 

The broadest impact of this research is helping to educate and equip tomorrow’s workforce, 
including underrepresented groups, to address and solve this nation’s future problems and tests. This 
research also creates new paradigms in “how people learn”.  An online learning platform, using 3D 
web and virtual reality to enhance skills, could become a major transformative advancement in 
education. This project also has the aspects of recruitment and skill improvement among women and 
minority groups. This research would also assist existing military, design and manufacturing 
industries with their educational, production, and presentation efforts.
Keywords:  STEM Education, Virtual Reality, Design Pedagogy, Architecture.

 

Mapping Interchangeability and Incommensurables –
Incorporating Community Knowledge

Craig Anz
(Architect- BED, MArch, MSAS, Ph.D., Director and Associate Professor,

School of Architecture Southern Illinois University, Carbondale, USA,
Email: canz@siu.edu)

Abstract

This research negotiates comparative community design and regional development scenarios as 
dialogic assemblages (interchanges) between recombinant perspectives, a mapped interplay of 
epistemic enactions, events, functions, and even emotive desires already-present as a rich palimpsest 
underlying the creation of place(s).  Incommensurability, however is a condition of lacking 
common or shared measures or even approaches leading to comparative or mutually accepted 
standards, or even as an extra muros conditions of disproportional external (i.e. globalism) or 
hegemonic measures that tend to override or redirect those otherwise commonly cultured objectives 
particular to a given locale.  Beyond being physically or geographically situated, reciprocally we 
are also psychologically emplaced to co-create and find meaning within the world aesthetically as 
we create ourselves.  In these scenarios, community life-spaces are viewed as essentially composed 
of clustered events, systemic or environmental correspondences, enacted knowledge networks, and 
interpersonal interactions (the motive, socio-human context).  Mutually, we also recognize 
corresponding structural attributes of inter-compositions enacted within particular community 
environments that can further contextualize how epistemological claims contain aesthetic, 
meaningful, and co-validating content to their participants.  If community development can be seen 
as a meshwork of possible divergent categories and patterns, which at the same time co-exist and 
often co-substantiate each other, we then must also negotiate distinct first-person, participant 
agencies (stakeholders - viewers and actors within an enacted spectrum) that experience their 
inhabited physical spaces as they also know themselves.  

Grounding these theoretical positions in pedagogical practice, this paper documents approaches to 
community design and architectural education, implemented as iterative case-study and design 
scenarios, where divergent perspectives amalgamate into emergent design configurations, critically 
rooted in the conditional particularities of place.  Digital technologies are incorporated along with 
analogical methods as tools to integrate multiple perspectives into a single, working plane.  
Engaging the above framework, the approach fosters critical (re)constructions and on-going, co-
vested regenerations of community and the context of place while attempting to dialogically 
converge multiple systemic environmental conditions with agential modes-of-thought through the 



 

co-application of various technologies.  Critically understanding complex socio-environmental 
situations involves dialogically analyzing, mapping, and modeling discursive, categorical structures 
through common goals and rationales that sees dialogic synthesis between divergent constructions 
while forming mutual, catalyzing impetuses between varying facets.  As such, the work brings to 
light dynamically varying aesthetic experiences as they emerge in situ and draws together 
multivalent data, digital mapping, and multi-media approaches in direct correspondence to particular, 
multi-composed contexts that can further inform design interventions.  

In essence, the integration of varying technologies in conjunction, connected to real world scenarios 
and a guiding epistemic framework, cultivates effective cross-pollination of ideas and modes 
through communicative and participatory interaction.  As such it also provides greater ease in 
crosschecking mechanism between a multitude of divergent modes, and against hegemonic 
disparities, playing upon environmental design and community development.  Since current digital 
technologies aid in data collection and the synthesis of information, varying factors can be more 
easily and collectively identified, analyzed, and then simultaneously used in subsequent design 
configurations.  It inherently fosters the not fully realized potential to collectively overlay or 
montage complex patterns and thoughts seamlessly and to thus subsequently merge a multitude of 
corresponding design configurations simultaneously within an on-going, usable database.  As a 
result, the pedagogical process reveals richly textured socio-cultural fabrics and thus produces 
distinct amplifications in complexity and attentive management of diverse issues, while also 
generating significant narratives and themes for fostering creative and integrative solutions (a sort of 
meaningful and useful thickening of epistemic horizons).  Working alongside and in advocacy with 
community, the co-evolution of form and experience as a gradual transition from imitation of habitat 
and associations, to knowing it well and flourishing poetically and vitally as one's own existence in 
sublime aesthetic growth, can be represented and incorporated as subtle mechanisms for mediated 
aesthetic agendas, design interventions, and for understanding shared goals toward co-effective 
urban life and well-being.

This essentially critical environmentalist perspective fosters comprehensive, reciprocally unifying 
epistemological frameworks that can significantly inform architectural interventions in order to 
foster increased vitality and a certain co-invested attention to the complexities of the greater domain.  
As a model for urban, community, environmental, and social development, this theoretical frame is 
further supported by the integrative and tethered use of digital technologies as an effective means 
and management for essential, communicative interchange of knowledge and thus rapprochement 
between divergent modes-of-thought, promoting critical, productive interaction with others in the 
(co)constructive processes of our life-place(s).

Keywords: Critical Environmentalism, Urban and Regional Design, Recombinant Theory, 
Architecture, Critical Social Theory, Hermeneutics, Stakeholder Development, Aesthetic Experience, 
Place Studies.

 

EDUCATING DESIGN INTUITION:
A SURVEY OF PROBLEM SOLVING METHODS USED IN 

ARCHITECTURE AND INTERIOR DESIGN STUDIOS

Jon Daniel Davey 
(PhD, Professor, School of Architecture, Southern Illinois University,

Email: jdavey@siu.edu)

Abstract

The scope of this research aims not only to define and explore the strengths and limitations of 
humans' "sixth sense" intuition, but also to discover how it can be improved in design thinking and 
better understood during the maturation of a design student. Intuition is aligned with, among other 
things, automatic, tacit and unconscious processing, implicit memory, and procedural knowledge. 
Broadbent (1973) argued in Design in Architecture that there were seven avenues to approach any 
particular problem, to include deduction, induction, algorithm, ratio, analogy, metaphor, and chance.  
But perchance, there might be another that is often overlooked; that is intuition.  In Educating 
Intuition (Hogarth, 2001) tackles a fascinating topic that has until now garnered little scientific 
attention; that is intuition. This study conducts a survey of the design pedagogy, in particular the 
problem solving methods taught to undergraduate architecture and interior design students.  It is 
hypothesized that the problem solving method of intuition is not addressed.  Observations as to 
why intuition is not addressed as a design problem solving method are provided in order to assist 
faculty in developing opportunities for such to occur.

Keywords: Neuroscience and Cognition, Design Intuition, Architecture
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Abstract 

The scope of this research aims not only to define and explore the strengths and 

limitations of humans' "sixth sense" intuition, but also to discover how it can be 

improved in design thinking and better understood during the maturation of a 

design student. Intuition is aligned with, among other things, automatic, tacit and 

unconscious processing, implicit memory, and procedural knowledge. Broadbent 

(1973) argued in Design in Architecture that there were seven avenues to approach 

any particular problem, to include deduction, induction, algorithm, ratio, analogy, 

metaphor, and chance.  But perchance, there might be another that is often 

overlooked; that is intuition.  In Educating Intuition (Hogarth, 2001) tackles a 

fascinating topic that has until now garnered little scientific attention; that is 

intuition. This study conducts a survey of the design pedagogy, in particular the 

problem solving methods taught to undergraduate architecture and interior design 

students.  It is hypothesized that the problem solving method of intuition is not 

addressed.  Observations as to why intuition is not addressed as a design problem 

solving method are provided in order to assist faculty in developing opportunities 

for such to occur. 



June 2 (Thursday)
(Venue: Student Union Theatre, Time: 17:00~19:00)

General Meeting of SOItmC 
with Awards(Best Paper Award) Ceremony, 

2017 Hosting Chair Speech

■ Awards Ceremony
• We will award the following prizes to superior presentation winner. 

  1. Best Paper Award 

  2. Beautiful Paper Award 

  3. Fantastic Paper Award 

  4. Wonderful Paper Award 

  5. Business Model Award

■ The Planning on SOItmC 2017 Conference
• Hosted by Riga Technical University in Latvia 

• Organized by Society of Open Innovation: Technology, Market, and Complexity (SOItmC)

• Date: June 15 (Thur.) – June 18 (Sun.), 2017

•  Venue: Riga Technical University, Latvia
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June 2 (Thursday)
(Venue: Fairmont San Jose Hotel, Time: 19:00~22:00)

Gala Dinner 

•  Gala Dinner will be at Fairmont San Jose where the US president had stayed in before and also the 

best hotel in San Jose

 

• Payment of registration: $100

※  Payment of registration fee is only possible through wire transfer in advance or cash on site. Credit 

card is not available.

 



June 3 (Friday)
(Venue: BBC302, Time: 19:00~22:00)

Round Table – Open Innovation of Public Policy, Grassroots 
Innovation & Biotech

■ Inviting Talk: Anil K. Gupta, Praveen K. Saxena & KwangHo Jung
■ Open to the every conference members
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June 3 (Friday)
(Time: 10:00~21:30)

Industry Visiting
“Google, Apple, San Francisco”

 

■ (SJSU → Google, Apple) The bus departure
• 10:00 at main gate of Ramada Hotel 

• 10:10 at main gate of SJSU dormitory 

■ (Google, Apple → San Francisco)
• 14:00~20:00, Participants may act for themselves, 

• The Baggage can be loaded in the bus and participants can go to another place (ex. Airport) 

whenever you would like to.

■ (San Francisco → SJSU)
• 20:00~21:30 (the arrival at SJSU dormitory)

■ How to apply: through email(openinnovationtmc@dgist.ac.kr) 

• First 40 applicants can only participate in the tour.

※ Water and a sandwich will be provided. 



Appendix 1. Journal of Open Innovation: Technology, Market, and Complexity 
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Appendix 2. Call for Paper of SOItmC & CSCOM 2016 Conference



Appendix 3. Campus Map
• 4 rooms for the conference: Student Union Theatre(SU), BBC302, 304, 323(BBC)
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Appendix 4. Transportations to San Jose State University, USA

From San Francisco International Airport:

Take the AirTrain (SFO’s internal train system) to the SFO BART station located adjacent to the 

international terminal.

At the BART station, purchase a ticket and enter the paid area. On weekdays, take any train to San 

Bruno. At the San Bruno station walk to the opposite platform for a train to Millbrae. (10 minutes) On 

nights and weekends, take a train that goes directly to Millbrae.

At Millbrae, purchase a Caltrain ticket and board a southbound train to San Jose. (1 hour and 5 

minutes on local trains) Get off  at the Diridon Station (main station) in San Jose.

Take the DASH bus (blue/white) to the University. This is a free bus!

Caltrain is a regional rail line serving San Francisco, San Jose, Gilroy, and stations in between. 

Currently Caltrain operates 92 weekday trains providing local, limited stop, and Baby Bullet express 

services between San Francisco and San Jose Diridon Station . Six trains are operated between San 

Jose and Gilroy during weekday peak hours only. Hourly local service is provided on weekends and 

holidays between San Francisco and San Jose. 

 





SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA





SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

Memo



Memo



SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

Memo



Memo



SOItmC & CSCOM 2016
May 31 – June 3, San Jose State University (SJSU), California, USA

Memo




	(p. 221) Dynamics from open innovation to evolutionary change.pdf
	Abstract
	Research question: background
	Literature review
	Model building: methods
	Open innovation in the OCE model
	Complex adaptive systems in the OCE Model
	Evolutionary change in the OCE Model

	The smart phone market case: results and discussion
	OCE model simulation: results and discussion
	Implications and conclusion
	Appendix 1
	Appendix 2
	Abbreviation
	Competing interests
	Acknowledgements
	References


