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Abstract: What do we need for sustainable artificial intelligence that is not harmful but beneficial
human life? This paper builds up the interaction model between direct and autonomous learning
from the human’s cognitive learning process and firms’ open innovation process. It conceptually
establishes a direct and autonomous learning interaction model. The key factor of this model is
that the process to respond to entries from external environments through interactions between
autonomous learning and direct learning as well as to rearrange internal knowledge is incessant.
When autonomous learning happens, the units of knowledge determinations that arise from indirect
learning are separated. They induce not only broad autonomous learning made through the horizontal
combinations that surpass the combinations that occurred in direct learning but also in-depth
autonomous learning made through vertical combinations that appear so that new knowledge
is added. The core of the interaction model between direct and autonomous learning is the variability
of the boundary between proven knowledge and hypothetical knowledge, limitations in knowledge
accumulation, as well as complementarity and conflict between direct and autonomous learning.
Therefore, these should be considered when introducing the interaction model between direct and
autonomous learning into navigations, cleaning robots, search engines, etc. In addition, we should
consider the relationship between direct learning and autonomous learning when building up open
innovation strategies and policies.

Keywords: direct learning; autonomous learning; open innovation; closed innovation; sustainability

1. Introduction

Discovery involves collaboration among man’s intellectual activities [1]. That is, new knowledge
can be found by having collaboration with the environment or other colleagues [2]. In addition, learning
plays a vital role in the development of autonomous agents [3]. The ability to learn new knowledge
is one of the major characteristics of humans who are autonomous agents [4]. 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 [5–7]. 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

Sustainability 2016, 8, 797; doi:10.3390/su8080797 www.mdpi.com/journal/sustainability
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Discovery involves collaboration among man’s intellectual activities [1]. That is, new knowledge
can be found by having collaboration with the environment or other colleagues [2]. In addition, learning
plays a vital role in the development of autonomous agents [3]. The ability to learn new knowledge
is one of the major characteristics of humans who are autonomous agents [4]. 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 [5–7]. 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
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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 [8–13].
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 [14]. The Distributed Knowledge Management (DKM) approach or swarm intelligence is
also a kind of social or organizational approach [15,16]. The present study includes the learning within
the boundaries of organizations like firms in an open regional innovation system [17].

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 called implicit learning, solving a problem, or introspective measures of
learnings [18]. 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 similar to humans, they will also be able to
accumulate knowledge autonomously similar to humans [19].

What do we need for sustainable artificial intelligence that is not harmful but beneficial for
human life?

Is it possible to design an autonomous learning model which is similar to that of humans or a
firm? 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 [20–24]. 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” [17,25,26]. 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 [27].

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 [28]. Second, we construct the causal model of the interaction model between direct
and autonomous learning (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.

This study treats not learning but open innovation learning. It means that learning of open
innovation is the target of this paper.

2. Model Building

2.1. Basic Concept Modeling of Human and Firm Learning

Human learning covers a broad range of learning theories and key perspectives on learning related
to education, including behaviorist, cognitive, social cognitive, contextual, and developmental theories,
always highlighting relationships between concepts [29]. The theory of direct perception holds that
perception is specific to properties of ambient energy arrays [14]. However, the propensity of learners
for autonomous learning is a function of the development of cognitive and metacognitive abilities for:
(a) processing, planning, and regulating earning activities; and (b) controlling and regulating affect
and motivation [30].
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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 like Figure 1.
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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 [31,32].

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 [1,8].

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 [33]. 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
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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 [8–13].
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 [14]. The Distributed Knowledge Management (DKM) approach or swarm intelligence is
also a kind of social or organizational approach [15,16]. The present study includes the learning within
the boundaries of organizations like firms in an open regional innovation system [17].

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 called implicit learning, solving a problem, or introspective measures of
learnings [18]. 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 similar to humans, they will also be able to
accumulate knowledge autonomously similar to humans [19].

What do we need for sustainable artificial intelligence that is not harmful but beneficial for
human life?

Is it possible to design an autonomous learning model which is similar to that of humans or a
firm? 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 [20–24]. 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” [17,25,26]. 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 [27].

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 [28]. Second, we construct the causal model of the interaction model between direct
and autonomous learning (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.

This study treats not learning but open innovation learning. It means that learning of open
innovation is the target of this paper.

2. Model Building

2.1. Basic Concept Modeling of Human and Firm Learning

Human learning covers a broad range of learning theories and key perspectives on learning related
to education, including behaviorist, cognitive, social cognitive, contextual, and developmental theories,
always highlighting relationships between concepts [29]. The theory of direct perception holds that
perception is specific to properties of ambient energy arrays [14]. However, the propensity of learners
for autonomous learning is a function of the development of cognitive and metacognitive abilities for:
(a) processing, planning, and regulating earning activities; and (b) controlling and regulating affect
and motivation [30].
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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 like Figure 1.
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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 [31,32].

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 [1,8].

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 [33]. 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
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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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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 [3].

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.

Fourth, proven knowledge, which gradually increases hypothetical knowledge that is suitable for
the exponentially increasing number of networks, is obtained through autonomous learning.
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2.3. The Relationship between Open Innovation and Autonomous Learning

As shown in Figure 4, open innovation paradigm approaches to external ideas and knowledge
activate autonomous learning, thereby actively increasing hypothetical knowledge all the more [2,27].
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 [34–36].
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On the other hand, closed innovation 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 [4,28]. 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.
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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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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 [3].

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.

Fourth, proven knowledge, which gradually increases hypothetical knowledge that is suitable for
the exponentially increasing number of networks, is obtained through autonomous learning.
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2.3. The Relationship between Open Innovation and Autonomous Learning

As shown in Figure 4, open innovation paradigm approaches to external ideas and knowledge
activate autonomous learning, thereby actively increasing hypothetical knowledge all the more [2,27].
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 [34–36].
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On the other hand, closed innovation 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 [4,28]. 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.



34

Sustainability 2016, 8, 797 6 of 20

Sustainability 2016, 8, 797  6 of 20 

 
Figure 5. Learning model in closed innovation-centered paradigm. 

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. 

The hybrid models that combine these two learning methods, for instance, a learning model 
CLARION can be proposed [37]. 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. 

Figure 4 shows the high ratio of open innovation, while Figure 5 shows the high ratio of closed 
innovation.  

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 Figure 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 Aa, Bb, Cc, and Dd, 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 
AB, AC, AD, BA, BC, BD, CA, CB, CD, DA, DB, and DC. Second, 12 pieces 
of autonomous learning will occur from the links among the existing predicates. They are ab, ac, 

Figure 5. Learning model in closed innovation-centered paradigm.

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.

The hybrid models that combine these two learning methods, for instance, a learning model
CLARION can be proposed [37]. 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.

Figure 4 shows the high ratio of open innovation, while Figure 5 shows the high ratio of
closed innovation.

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 Figure 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
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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.

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.

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, respectively, 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
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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.

The hybrid models that combine these two learning methods, for instance, a learning model
CLARION can be proposed [37]. 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.

Figure 4 shows the high ratio of open innovation, while Figure 5 shows the high ratio of
closed innovation.

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 Figure 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
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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.

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.

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, respectively, 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
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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.

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 [37]. 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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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 and 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 [38].

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.
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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).
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Figure 7. Causal relationship model of autonomous learning and direct learning.

These are “AL and DL reinforcing each other and existence of capacity limit)”, “AL and DL
Synergy (synergic to each other)”, and “AL and DL conflict (conflict to each other)”. They are also
discussed more deeply.

5.1.1. 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 direct learning knowledge system (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 autonomous
learning knowledge system (ALKS) (knowledge stock from autonomous learning). The amount of
direct learning (DL) is determined by DL effort and DL effectiveness.

• (Round(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 reasons why we distinguish (R-DL-1) and (R-DL-2) are as follows. We expect that the
coefficient so to say DLKS in the relationship “from DLKS to DL effectiveness” and the coefficient
(let us say, c-Total KS) in the relationship “from Total KS to DL effectiveness” can be different with
each other. In general, it is expected that DL effectiveness will be more greatly affected by DLKS
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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.

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 [37]. 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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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 and 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 [38].

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.
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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).
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Figure 7. Causal relationship model of autonomous learning and direct learning.

These are “AL and DL reinforcing each other and existence of capacity limit)”, “AL and DL
Synergy (synergic to each other)”, and “AL and DL conflict (conflict to each other)”. They are also
discussed more deeply.

5.1.1. 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 direct learning knowledge system (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 autonomous
learning knowledge system (ALKS) (knowledge stock from autonomous learning). The amount of
direct learning (DL) is determined by DL effort and DL effectiveness.

• (Round(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 reasons why we distinguish (R-DL-1) and (R-DL-2) are as follows. We expect that the
coefficient so to say DLKS in the relationship “from DLKS to DL effectiveness” and the coefficient
(let us say, c-Total KS) in the relationship “from Total KS to DL effectiveness” can be different with
each other. In general, it is expected that DL effectiveness will be more greatly affected by DLKS
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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”. This is because the
efficiency of DLKS’s impact onto DL Effectiveness is expected to lower 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.

5.1.2. 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.

5.1.3. AL and DL Conflict

A conflict between AL and DL also exists because each comes from “resource constraint” and
“AL or DL propensity”.

Sustainability 2016, 8, 797 11 of 20

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 were an infinite resource, it would not be a problem.

There are two types of AL and DL conflict, (R-Conflict1), and (R-Conflict2). In addition, 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↑ DLP (DL Propensity) ↑ ALP↓ AL Effort↓ AL↓ ALP↓ DLP↑
DL Effort↑ DL↑ (not through KS but through propensity)

• (R-Conflict1) DL↑ DLP (DL Propensity) ↑ ALP↓ AL Effort↓ AL↓ ALP↓ DLP↑
DL Effort↑ DL↑ (not through KS but through propensity)

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 on, just one of the AL or
DL is going to be mainly used, while 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↑ DLP↑ ALP↓ AL Effort↓ AL↓ ALKS↓ Total KS↓ DL
Effectiveness↓ DL↓ (It also exists the same in the AL part.)

This “self-conflict” means: 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 be cautious so that excessive reliance on single learning method
will not negatively affect the entire learning process.

5.1.4. 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 will inevitably boost long-term Total KS
growth. We have three necessary considerations, which are as follows:

• 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.
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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”. This is because the
efficiency of DLKS’s impact onto DL Effectiveness is expected to lower 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.

5.1.2. 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.

5.1.3. AL and DL Conflict

A conflict between AL and DL also exists because each comes from “resource constraint” and
“AL or DL propensity”.
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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 were an infinite resource, it would not be a problem.

There are two types of AL and DL conflict, (R-Conflict1), and (R-Conflict2). In addition, 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↑ DLP (DL Propensity) ↑ ALP↓ AL Effort↓ AL↓ ALP↓ DLP↑
DL Effort↑ DL↑ (not through KS but through propensity)

• (R-Conflict1) DL↑ DLP (DL Propensity) ↑ ALP↓ AL Effort↓ AL↓ ALP↓ DLP↑
DL Effort↑ DL↑ (not through KS but through propensity)

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 on, just one of the AL or
DL is going to be mainly used, while 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↑ DLP↑ ALP↓ AL Effort↓ AL↓ ALKS↓ Total KS↓ DL
Effectiveness↓ DL↓ (It also exists the same in the AL part.)

This “self-conflict” means: 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 be cautious so that excessive reliance on single learning method
will not negatively affect the entire learning process.

5.1.4. 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 will inevitably boost long-term Total KS
growth. We have three necessary considerations, which are as follows:

• 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.
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(a) 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, i.e., DLKS, as well as the sum of HK, i.e., ALKS. The accumulation of PK also interacts with
the accumulation of HK. These are different from the perspective of machine learning in several
facts [38].

(b) 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 [39], deleting of old DL, which does not fit with changed environment.

(c) 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. In addition, 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.

(d) 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 coefficients DL_min and DL_max, which set the minimum and
the maximum bound of DL propensity, respectively.

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))

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
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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.
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(a) 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, i.e., DLKS, as well as the sum of HK, i.e., ALKS. The accumulation of PK also interacts with
the accumulation of HK. These are different from the perspective of machine learning in several
facts [38].

(b) 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 [39], deleting of old DL, which does not fit with changed environment.

(c) 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. In addition, 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.

(d) 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 coefficients DL_min and DL_max, which set the minimum and
the maximum bound of DL propensity, respectively.

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))

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
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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.
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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.
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The result of DL Propensity DLPt and AL Propensity ALPt is also shown in Figure 10. We set the
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 remains, where DL and HL converge to some values.
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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 on, 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.
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6. Discussion and Application

6.1. 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
Figure 12, 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. In addition, 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.
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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 Figure 13, 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
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The result of DL Propensity DLPt and AL Propensity ALPt is also shown in Figure 10. We set the
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 remains, where DL and HL converge to some values.
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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 on, 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.
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6. Discussion and Application

6.1. 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
Figure 12, 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. In addition, 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.
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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 Figure 13, 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
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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.
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Third, intelligent Web search engines can be included. For instance, if three pieces of direct
learning occur in stage n − 1 as shown in Figure 14, 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 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.
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6.2. 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, as seen in Figures 8 and 9. However, autonomous
learning cannot increase without enough direct learning. This situation is the 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.

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, as seen 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, as seen
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 Figures 9 and 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.
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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.
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Third, intelligent Web search engines can be included. For instance, if three pieces of direct
learning occur in stage n − 1 as shown in Figure 14, 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 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.

Sustainability 2016, 8, 797 17 of 20

Sustainability 2016, 8, 797  17 of 20 

 
Figure 14. Autonomous learning algorithm of an intelligent Web search engine. 

6.2. 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, as seen in Figures 8 and 9. However, 
autonomous learning cannot increase without enough direct learning. This situation is the 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. 

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, as 
seen 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, as 
seen 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 Figures 9 and 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. 
  

Figure 14. Autonomous learning algorithm of an intelligent Web search engine.

6.2. 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, as seen in Figures 8 and 9. However, autonomous
learning cannot increase without enough direct learning. This situation is the 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.

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, as seen 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, as seen
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 Figures 9 and 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.
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7. Conclusions 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.

Finally, we confess that we studied the open innovation learning which means the common
area of open innovation, and learning. Thus, studies on “learning in open innovation” and/or
“open innovation in learning” should be researched additionally.
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7. Conclusions 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.

Finally, we confess that we studied the open innovation learning which means the common
area of open innovation, and learning. Thus, studies on “learning in open innovation” and/or
“open innovation in learning” should be researched additionally.
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Lima, Peru (2016) 
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High population density, inadequate infrastructure, lack of affordable 
housing, flooding, pollution, slum creation, crime, congestion, 

poverty, … 

ECONOMY 
80% of global GDP is from cities 

SOCIETY 
70% of global population resides in cities (2050) 

ENVIRONMENT 
70% of global CO2 comes from cities 

KNOWLEDGE 
93% of global innovation comes from cities 

MY ONENVIRO

Cities determine the future of 
environment 
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Mass Extinction Events on Earth Time Of Occurrence 

Ordovician–Silurian extinction events 439 million years ago 
Late Devonian extinction 364 million years ago 
Permian–Triassic extinction event 251 million years ago 
Triassic–Jurassic extinction event 199 million years ago 
Cretaceous–Paleogene extinction event 65 million years ago 
Holocene extinction Present 

Earth Of OccurrenceOf Occurrence

The Anthroposcene (Age of Man) Era 
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Mega-growth = Mega-complexity 
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Smart Urban Technologies 
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Smart Urban Systems 

 INFRASTRUCTURAL INFORMATION TECHNOLOGIES 
 World wide web 
 Broadband 
 Mobile broadband 

 
 LOCATIONAL AND SENSING TECHNOLOGIES 

 Geographic information science technologies 
 Radio frequency identification 
 Ubiquitous sensor network 
 Context-aware computing 

 
 UBIQUITOUS COMPUTING AND AUGMENTED REALITY 

TECHNOLOGIES 
 Mobile and built ubiquitous computing environments 
 Mobile augmented reality technologies 

 
 CONVERGENCE TECHNOLOGIES 

 Internet and media convergence 
 Marketing convergence 
 Telecommunications convergence 

 INFRASTRUCTURAL INFORMATATATATA ION TECHNOLOGIES

Smart Urban Information Technologies 
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 SMART URBAN TRANSPORT SYSTEMS 
 Connected vehicles 
 Autonomous vehicles 

 
 SMART URBAN GRID SYSTEMS 

 Smart meters 
 

 SMART URBAN WATER AND WASTE SYSTEMS 
 Water smart homes 

 
 SMART URBAN EMERGENCY AND SAFETY 

SYSTEMS 
 Smart urban surveillance systems 

 
 SMART URBAN PARTICIPATORY DECISION SYSTEMS 

 Volunteered geographic information apps 

Smart Urban Systems 
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What is a Smart City? 
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Smart City Frameworks 

EU, 2007 Yigitcanlar, 2016 

 
 A public administration or authorities that delivers (or aims to) a set of new generation services and 

infrastructure, based on information and communication technologies  (González & Rossi, 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 (Zhao, 2011). 
 

 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 (Lazaroiu, 2012). 
 

 Smart city is referred as the safe, secure environmentally green, and efficient urban center of the 
future with advanced infrastructures such as sensors, electronics, and networks to stimulate 
sustainable economic growth and a high quality of life (Schaffers et al. 2012). 
 

 Smart city is a community that systematically promotes the overall wellbeing for all of its members, 
and flexible enough to proactively and sustainably become an increasingly better place to live, work 
and play (Lara et al., 2016). 
 

 A smart city could be an ideal form to build the sustainable cities of the 21st century, in the case that 
a balanced and sustainable view on economic, societal, environmental and institutional development 
is realized (Yigitcanlar, 2016). 

Smart City Definitions 
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Vienna 
Smart City 
 
https://smartcity.wien.gv.at/site/en/the-
initiative/framework-strategy/ 

 BEST SMART CITIES FROM SOUTH EAST ASIA 
 Incheon, Korea 
 Singapore, Singapore 

 
 BEST SMART CITIES FROM EUROPE 

 Amsterdam, Netherlands 
 Barcelona, Spain 

 
 BEST SMART CITIES FROM THE MIDDLE EAST 

 Abu Dhabi, United Arabic Emirates 
 Dubai, United Arabic Emirates 

 
 BEST SMART CITIES FROM NORTH AND SOUTH 

AMERICAS 
 San Francisco, United States of America 
 Rio de Janeiro, Brazil 

 
 BEST SMART CITIES FROM OCEANIA 

 Auckland, New Zealand 
 Brisbane, Australia 

 BEST SMART CITIES FROM SOUTH EAST ASIA

Smart Cities Best Practice 
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Amsterdam  
Smart City 
 
https://amsterdamsmartcity.com/map  
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Rio de Janeiro Smart City 

Barcelona Smart City 
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Singapore Smart City 
   

Masdar  
Smart City 
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Songdo Smart City 

Hong Kong Smart City 
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 Technology is leaving us increasingly 
connected, dependent, and 
vulnerable.  
 
 
 
 
 
 
 
 
 

 We ignore the overwhelming evidence 
of technological risk around us at our 
own peril. 

 Technology is leaving us increasingly Technology is leaving us increasingly Technology is leaving us increasingly 

Smart City 
Cyber Security 

Smart City Big Data Analytics 
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Insights from the UK 

 Birmingham 
 Bradford 
 Bristol 
 Cardiff 
 Edinburgh 
 Glasgow 
 Leeds 
 Leicester 
 Liverpool 
 London 
 Manchester 
 Newcastle 
 Nottingham 
 Portsmouth 
 Sheffield 

Do smart cities lead to sustainable 
outcomes? 
 
a) Does urban smartness bring sustainability to cities in terms of CO2 emissions?  

 
b) Does the impact of urban smartness on CO2 emissions change over time?  
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Methodological Approach 

Pooled regression model 
 

A first step in the analysis of the data could be to pool the information from all t = 1, . . . 
, 9 panel waves for all i = 1, . . . , 15 cities and treat them as though they represented 
independent information for n = 9 * 15 = 135 cities. An ordinary least square (OLS) 
regression model was estimated using these pool dataset, assuming that the residual 
(εit) behaves like the OLS error term. 

 
𝑦𝑦𝑖𝑖𝑖𝑖 =  𝛽𝛽0 + 𝛽𝛽1𝑥𝑥1𝑖𝑖𝑖𝑖 + ⋯+ 𝛽𝛽𝑘𝑘𝑥𝑥𝑘𝑘𝑖𝑖𝑖𝑖 + 𝛾𝛾1𝑧𝑧1𝑖𝑖 + ⋯+ 𝛾𝛾𝑗𝑗𝑧𝑧𝑗𝑗𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖    
  
where, subscript i refers to the i = 1, . . . , 15 cities, which have been observed at t = 1, . . 
. , 9 equidistant points in time; 𝑦𝑦𝑖𝑖𝑖𝑖 denotes the value of the dependent variable CO2 
emissions for city i at time point t; k and j represent time-variant (𝛽𝛽1𝑥𝑥1𝑖𝑖𝑖𝑖 …𝛽𝛽𝑘𝑘𝑥𝑥𝑘𝑘𝑖𝑖𝑖𝑖) and 
time-invariant (𝛾𝛾1𝑧𝑧1𝑖𝑖 … 𝛾𝛾1𝑧𝑧𝑗𝑗𝑖𝑖) independent variables; and 𝛽𝛽1 …𝛽𝛽𝑘𝑘 and 𝛾𝛾1 … 𝛾𝛾𝑗𝑗 denote the 
corresponding regression coefficients to be estimated. 

Variable Name Description Summary Mean Std. Dev. Min Max Observations 
ID ID of the case study cities (#15) overall 8 4.33 1 15 N=135 

between 4.47 1 15 n=15 
within 0 8 8 T=9 

Year Observation year (2005-2013) overall 2009 2.59 2005 2013 N=135 
between 0 2009 2009 n=15 
within 2.59 2005 2013 T=9 

CO2 Per capita CO2 emissions (tons) overall 6.36 0.79 4.79 8.4 N=135 
between 0.51 5.42 7.03 n=15 
within 0.62 5.26 7.79 T=9 

Websites 
Quartile classification of the number of website 
hosted per 1,000 population overall 2.6 1.09 1 4 N=135 

between 1.12 1 4 n=15 
within 0 2.6 2.6 T=9 

IP address 
Quartile classification of the number of IP addresses 
per 1,000 population overall 2.6 1.09 1 4 N=135 

between 1.12 1 4 n=15 
within 0 2.6 2.6 T=9 

GDP Per capita GDP (US$, 2010)  overall 35986.9 7328.8 24949.1 54537.86 N=135 
between 7478.48 26762.7 53284.92 n=15 
within 1059.75 33825.3 38616.93 T=9 

Green Green area (m2 per million person) overall 163.28 76.57 35.61 329.70 N=135 
between 78.83 37.42 315.67 n=15 
within 4.36 149.18 177.32 T=9 

Density Population density (person/km2) overall 2301.06 868.57 894.85 4011.50 N=135 
between 893.14 923.47 3815.93 n=15 
within 65.81 2118.69 2496.63 T=9 

Sprawl Sprawl index  overall -2.82 2.04 -6.78 0.62 N=135 
between 2.10 -6.78 0.62 n=15 
within 0 -2.82 -2.82 T=9 

Polycentricity Number of functional centres overall 1.6 1.26 1 6 N=135 
between 1.30 1 6 n=15 
within 0 1.6 1.6 T=9 

Variable Name DescriptionDescriptionDescriptionDescriptionDescriptionDescriptionDescriptionDescription

Variables  
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Methodological Approach (cont’d) 

Random effect panel data model 
 

In this model instead of treating 𝛼𝛼𝑖𝑖 as a set of fixed numbers, we assume that 𝛼𝛼𝑖𝑖  is a set 
of random variables with a specified probability distribution. For example, it is typical to 
assume that each 𝛼𝛼𝑖𝑖 is normally distributed with a mean of 0, constant variance, and is 
independent of all the other variables on the right-hand side of the equation. The model 
can include time-invariant predictors. 
 
𝑦𝑦𝑖𝑖𝑖𝑖 =  𝛽𝛽0 +  𝛽𝛽𝑖𝑖. 𝑡𝑡 + 𝛽𝛽1𝐼𝐼𝐼𝐼𝑖𝑖 . 𝑡𝑡 + 𝛽𝛽2𝑊𝑊𝑊𝑊𝑊𝑊𝑖𝑖 . 𝑡𝑡 +  𝛽𝛽3𝐺𝐺𝐺𝐺𝐼𝐼𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝐺𝐺𝐺𝐺𝑊𝑊𝑊𝑊𝐺𝐺𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝐺𝐺𝑊𝑊𝐺𝐺𝐷𝐷𝐷𝐷𝑡𝑡𝑦𝑦𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑖𝑖 +
𝜀𝜀𝑖𝑖𝑖𝑖   
 

Methodological Approach (cont’d) 

Two-way fixed effect panel data model 
 

The model assumes that something within the city may impact or bias the predictor or 
outcome variables and we need to control for this. This is the rationale behind the 
assumption of the correlation between unit-specific error, 𝜇𝜇𝑖𝑖 and predictor variables. The 
model removes the effect of those time-invariant characteristics so we can assess the 
net effect of the predictors on the outcome variable. Another important assumption of 
the model is that those time-invariant characteristics are unique to the cities and should 
not be correlated with other city characteristics. Each city is different, and therefore, the 
city’s error term and the constant, which captures cities characteristics, should not be 
correlated with the others. 
 
𝑦𝑦𝑖𝑖𝑖𝑖 =  𝛽𝛽0 +  𝛽𝛽𝑖𝑖. 𝑡𝑡 + 𝛽𝛽1𝐼𝐼𝐼𝐼𝑖𝑖 . 𝑡𝑡 + 𝛽𝛽2𝑊𝑊𝑊𝑊𝑊𝑊𝑖𝑖 . 𝑡𝑡 +  𝛽𝛽3𝐺𝐺𝐺𝐺𝐼𝐼𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝐺𝐺𝐺𝐺𝑊𝑊𝑊𝑊𝐺𝐺𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝐺𝐺𝑊𝑊𝐺𝐺𝐷𝐷𝐷𝐷𝑡𝑡𝑦𝑦𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑖𝑖 +
𝜀𝜀𝑖𝑖𝑖𝑖  
 
𝛼𝛼𝑖𝑖 is the city specific effect that captures all observed and unobserved heterogeneity of 
cities 
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Findings  

Urban form and CO2 emissions 

 Increasing sprawl increases CO2 emissions level whereas polycentricity 
reduces CO2 emissions levels. 
 

 There is no association between the amount of green area in a city and CO2 
emissions! 
 
 

Socioeconomic effects 

 Per capita GDP had a positive effect on per capita CO2 emissions. 
 

Time effects 

 Per capita CO2 emissions were reducing over the period and at an 
increasing rate after controlling for socioeconomic, urban form, and city 
smartness factors. 
 

Variables Pooled OLS model Fixed effect model Random effect model 
  Coefficient t P>|t| Coefficient t P>|t| Coefficient z P>|z| 
Urban form characteristics                   

Population density 0.0004 2.63 0.010 -0.0020 -3.04 0.003 -0.0002 -0.88 0.381 
Green area 0.0136 5.86 0.000 0.0123 0.85 0.399 0.0101 2.82 0.005 
Polycentricity -0.1403 -1.68 0.095       0.0784 0.55 0.582 
Sprawl index 0.3158 5.30 0.000       0.0845 0.88 0.378 

Socioeconomic factor                   
GDP 0.0001 4.31 0.000 0.0001 0.64 0.522 0.0001 -0.01 0.992 

City smartness factor                   
Websites (ref: first Q)                   

Second -0.0226 -0.10 0.924 Omitted      0.3849 0.92 0.359 
Third -0.3488 -1.81 0.073 Omitted     -0.1197 -0.32 0.746 
Fourth 0.9961 2.91 0.004 Omitted     1.2451 2.12 0.034 

IP addresses (ref: first Q)                   
Second 0.3458 1.63 0.106 Omitted     -0.1608 -0.41 0.683 
Third -0.9345 -2.77 0.006 Omitted     -1.2095 -2.08 0.038 
Fourth -0.8177 -3.24 0.002 Omitted     0.0828 0.20 0.844 

Year (ref: 2005)                   
2006       -0.3955 -2.57 0.013 -0.1459 -2.76 0.006 
2007       -0.5538 -3.37 0.001 -0.3450 -6.02 0.000 
2008       -0.6085 -3.68 0.000 -0.5308 -9.58 0.000 
2009       -1.0410 -5.98 0.000 -1.2225 -21.92 0.000 
2010       -0.8702 -4.65 0.000 -1.0119 -17.28 0.000 
2011       -1.5443 -7.65 0.000 -1.5951 -25.85 0.000 
2012       -0.9918 -4.52 0.000 -1.2788 -19.47 0.000 
2013       -1.1558 -4.86 0.000 -1.4664 -20.91 0.000 

Constant 2.295969 3.69   8.9833 2.71 0.009 6.0534 7.170 0 
N 135     135     135     
F/Chi2 8.56**   0.000 42.08 0.000   2561.86   0.000 
R2 (Overall) 0.4336     0.09     0.81     
R2 (Between)       0.03     0.56     
R2 (Within)       0.98     0.96     

Variables Pooled OLS model
Coefficient t P>|t| CoefficientCoefficient

Summary of Results   
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Findings (cont’d)   

 
 Some cities consistently maintained their ranking in city smartness and CO2 

emissions indicators (i.e., Bristol, Cardiff, Leeds, Liverpool, Nottingham). 
 

 The ranking has changed for the remaining cities justifying the need to 
investigate for both smartness indicators (IP addresses and websites). 
 

 Per capita CO2 emissions gradually declined from 2005. 
 

 Per capita CO2 emissions of the cities that fall within the upper quartiles of 
smartness classification (according to the IP addresses) is remarkably higher 
than other classes throughout the period. 
 

 A different trend in the level of CO2 emissions was observed when the cities are 
classified according to the ‘hosted websites’. 

City smartness and CO2 emissions 
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Conclusions 
 A positive correlation exists between technology adoption and sustainable 

outcomes.  
 

 The impact of urban smartness on CO2 emissions change over time.  
 

 Despite to their promise, smart city practices in the UK cities have failed to 
make a considerable contribution to the sustainability agenda beyond the 
rhetoric.  
 

 Findings call for further investigation and better aligning smart city strategies 
to lead to concrete sustainable outcomes.  
 

 Importance of prospective investigations to accurately scrutinise existing smart 
city projects’ outcomes, and emphasising the necessity of developing smart city 
agendas that deliver sustainability oriented outcomes.  
 

 The need to mature the smart city paradigm—as a city planning and 
development model and emerging urban reality—that is already in continuous 
transformation. 

Findings (cont’d)  

 The cities have been consistent in terms of their efforts of achieving 
sustainability irrespective of their smartness status. An overall declining trend 
exists.  
 

 Time has an impact on the level of CO2 emissions, perhaps cities are becoming 
more aware of sustainability issues and adopting policies and awareness among 
the city population. 
 

 No clear pattern of the effect of city smartness on CO2 emissions levels, need to 
empirically examine further. 
 

 The findings show that there is a statistically significant relationship between city 
smartness and CO2 emissions. However, the relationship is not linear, but tended 
to be U-shaped.  
 

 There is no temporal effect of the city smartness on CO2 emissions. 
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Abstract

As a result of the open innovation dissemination, the necessity of open innovation is
being magnified in the theory of national innovation system. Nevertheless, research
on the relationship between the open innovation and national innovation system is
insufficient so far. Therefore, this research aims to analyze the open innovation cases
of Roman era with the framework of national innovation system. We discovered and
analyzed the case of Roman era such as Acquisition, In-sourcing, Collaboration, User
innovation and Spin-off among the several type of open innovation. We expect that
this research can help the establishment of future national innovation policy.

Keywords: Open innovation, National innovation system, Roman era

Background
The concept of open innovation has been recently hailed to be a new R&D strategy fol-

lowing the diversification of consumer demands and corporate competition, and the

need for responsive and continuous innovation that they require (Chesbrough; 2003).

The recognition of open innovation has been expanding widely among corporations

(Schiele; 2010), and there has been a continuous demand to realize the concept in a

national level (Vanhaverbeke and Cloodt, 2006; West et al. 2006). For a nation to

realize such innovation, it is forced to rely on external resources (human, technology,

capital, etc.). However, a national innovation system (NIS), which actively creates and

disseminates knowledge, can overcome its initial lack of resources, manpower, and

knowledge and pursue its forerunners by the virtue of rapid and effective acquisition

of technology (Freeman, 1987; OECD; 1992). Consequently, Chesbrough (2003) has

presented a model of the relationship between the NIS of the United States and

open innovation as well as analyzed that the changes in the NIS of the United

States has catalyzed the emergence of open innovation. Several advanced nations,

including the OECD member states, have focused on the strategy of open

innovation to strengthen and improve the capacity for science and technological

innovation on national level. In addition, they have been carrying out relevant ac-

tivities accordingly (Jang and Lee; 2009).

However, the literature on the relationship between NIS and open innovation re-

mains limited (Wang et al. 2012; De Jong et al. 2010). The majority of the studies on

© 2015 Jeon et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.
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the literature regarding the NIS has focused only on the structure, function, effect, and

types of such system (Lundvall, 1992; Lee, 2009). Likewise, the majority of the studies

regarding open innovation has focused solely on presenting case studies centered

around corporations (Chesbrough, 2003; Gassmann and Reepmeyer, 2005), the relation-

ship and the effect between innovation and R&D collaboration (Amara and Landry

2005; Kline, 2003; Lichtenthaler, 2008), as well as the results and the effects of R&D

with regards to the types of partners in collaboration (Eom and Lee, 2010; Belderbos

et al. 2004).

Thus, this study shall present a historical case study analysis of the application of

open innovation in NIS and derive points of reference to the examples of open

innovation being applied in the context of the NIS. This study has selected the Roman

period as the subject. The Roman period refers to the ancient civilization that had

started from a small village in the middle of the Italian Peninsula, eventually growing

into a gigantic empire spanning the entire Mediterranean Sea. This study shall look at

the examples of open innovation during the building of such a great empire and

present its analysis based on the NIS.

This study consists of the following parts. Chapter 2 shall look at the concepts of NIS

and open innovation as well as the historical significance of the Roman period. Chapter

3 will present the individual case studies. Chapter 4 will present the conclusion of the

study and the recommendations for future researches.

Previous literature
NIS

The NIS theory is developed from the historical experience that the technological

innovation of a nation is dependent not only on the scientific and technological

capability of a nation but also its socio-economic conditions. The theory was

conceived from the analysis on why the Japanese economy during the 1980s

showed greater growth compared to United States and Europe (Lee et al., 2007).

The definitions given to the NIS include “the network between public and private

organizations that conduct technological development and interactions to acquire,

improve, and disseminate new technology (Freeman, 1987),” “all parts of eco-

nomic system and institutional organizations, which affect exploration, inquiry,

and learning (Lundvall, 1992),” as well as “national systems that determine the

speed and direction of technological acquisition, their incentive system, and com-

petitiveness (Patel and Pavitt, 1994).” Across all definitions, however, the NIS

adopts a systemic approach to overcome the limitations posed by a linear ap-

proach to technological innovation process (Seo, 1998). Such a systemic approach

upholds that the overall success of an economy is not dependent on how specific

official institutions (corporations, research institutions, universities, etc.) perform,

but rather, it is dependent on how they interact as constituents of an overarching

system that creates and uses knowledge and how they interact to social institu-

tions such as values, norms, and laws (OECD, 1997). OECD (1999) has men-

tioned that the NIS is composed of corporate networks, research institutions,

support institutions, and scientific systems that are centered around corporate-

driven reforms, and it is dependent on their interactions. Specifically, the OECD

Jeon et al. Journal of Open Innovation: Technology, Market, and Complexity  (2015) 1:20 Page 2 of 17
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mentioned the need for an organizing entity that establishes technological and

innovation policies, conducts R&D, provides financial support to R&D, and fos-

ters human resource development, technological dissemination, and entrepreneur-

ship (OECD, 1999). The NIS is made up of three major elements, including

technological innovation process, closed system elements, and open system ele-

ments (Lee, 1996). By subdividing them, important elements, such as innovative

agents (made up of groups such as corporations, universities, research institu-

tions, policymakers, and individuals), their networks (such as interactions in mar-

ket and nonmarket context) (Koo et al. 2012), and dynamic interactions (Lim,

2003, 2006; Lee et al. 2012) shall be included. Thus, the NIS is a collection of

entities that produce, disseminate, and adopt new technological knowledge, and

the activeness of the collaboration and dissemination made through the interac-

tions of the constituents in the system can be counted as a sign of an outstand-

ing NIS (Moon, 2006; Hong, 2007). By doing such, the NIS carries out functions,

including creating knowledge, setting directions for future inquiries, providing re-

sources, deriving externalities, and promoting the formation of markets (Johnson

and Jacobsson 2003). To better understand the interactions among the elements,

an NIS model and its infrastructure must be presupposed (Lee and Song, 1998).

Lee and Song (1998) has proposed a model of the infrastructure, which is subdi-

vided into five areas, including technological innovation system in the private

sector, government policy, international economy and technological environment,

domestic economy and institution, as well as domestic science-technology infra-

structure. In the technological innovation system of the private sector, entities

such as corporate users, corporate producers, material and component corpora-

tions, corporate competitors, and final consumers are considered as the source of

technological innovation and an affecting element. The types of government pol-

icy include technological demand policy, supply policy, dissemination policy, and

R&D investment policy, while government R&D investment and policies serve to

support or promote technological innovations (Hong and Lim, 1999). The ele-

ments in international economics and technological environment include the de-

mands and the needs of the clients and buyers in the overseas export area, as

well as the characteristics and learning patterns of the local businessmen’s foreign

investment activities. The elements relevant to the domestic economy and institu-

tional context include social awareness on the technological innovations of finan-

cial support norms, which is the degree of conservativeness based on the reaction

to technological innovations in finance institutions, while the elements in the do-

mestic science and technological infrastructure include information dissemination,

linkage, and support organizations (Lee and Song, 1998; Hong and Lim, 1999).

Figure 1 presents a summary of the structure and the constituents of the NIS. The

constituents of the NIS, the institutional context, the domestic economy and policy en-

vironment, as well as the international economy and technological environment (Lee

and Song, 1998; Hong and Lim, 1999; Song, 2009) form the environmental and techno-

logical context, which serves as a framework for technological innovations. Also, the in-

ternal circle is made up of science and technological system (Lee and Song, 1998; Hong

and Lim, 1999; OECD, 1999), the agents of innovation (Lim 2006; Koo et al. 2012), and

their interactions (Lee, 1996; Hong and Lim 1999; Lim, 2003, 2006; Koo et al. 2012),
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while the relationships among individual constituents form the external circle. Figure 1

shows the process that leads to innovation through the mutual interaction and supple-

ment among innovative agents, the science and technological infrastructure, and gov-

ernment support policies.

Open innovation

According to Chesbrough (2003), open innovation is defined as the usage of

knowledge inflow and outflow from the corporation to accelerate internal

innovations and maximize their value by enlarging the market for external

utilization (Fig. 2). Thus, it is a paradigm of innovation that uses external ideas

in addition to domestic ones to commercialize the firm’s technology as well as

to open external and domestic ones when establishing a foothold into the

market. Considering this, open innovation is an overarching integration of the

acquisition, transfer, and commercialization strategies in technologies and

products.

With the emphasis on the importance of open innovation, there have been

various studies in several dimensions such as firm, industry, and NIS. Firstly, in

the dimension of firm, the analysis on the acquisition of technology and

commercialization strategies, R&D efficiency, corporate interactions and strategic

profit analysis, as well as technological innovation assessments show the positive

effect of open innovation (Amara and Landry 2005; Arora et al. 2001; Chesbrough,

2003; Gassmann and Reepmeyer, 2005; Kline, 2003; Lichtenthaler, 2008). The

analysis on the R&D achievements and effectiveness in accordance with the types

of external partners in collaborative activities are being conducted actively

Mutual interaction 
and supplement

Organization

Individual

Corporation

Research 
Institution

Policy
makers

University

Interaction between 
individual agents in 

market and non-market 
context

Science and Technological Infrastructure

Government Support 
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Environmental and Institutional Context

Mutual interaction 
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Fig. 1 Structure of the NIS
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(Belderbos et al. 2004). Han and cho (2015) find the determinants of successful

platform business, through the case study of KakaoTalk, a representative fast

growing social platform in Korea. Secondly, in the dimension of industry, empir-

ical studies on the effects of collaborative activities and factors that influences

the efficiency of R&D, are being conducted through case studies (Eom and Lee,

2010). Technology planning in accordance with finding collaborative partners in

the related industry has been established itself as a research area of open

innovation (Jeon et al. 2011). Christensen et al. (2005) insisted that the success

of open innovation can differ across technologies and industries. Thirdly, in the

dimension of NIS, diverse policies for increasing the open innovation of firms are

introduced through networking, collaboration, corporate entrepreneurship, and

R&D (De Jong et al. 2008). Santonen et al. (2007) proposed the innovation

triangle framework which consolidates the national open innovation system for

supporting the Finnish national system of innovation. Yun et al. (2015) expanded

the research on open innovation policy in that it estimated the effects by simula-

tions through an NIS causal loop diagram and system dynamics. This study

established that open innovation policies aim at the production as well as the

distribution and consumption of knowledge and technologies. Patra and Krishna

(2015) explored the structure of linkages of foreign R&D centers with institutions

in India.

Innovation-related journals, such as Research Policy, R&D Management, Technova-

tion, Technological Forecasting and Social Change, Academy of Management, and Cre-

ativity and Innovation Management have engaged on active researches as well. Major

forms of advanced researches can be organized as shown in Table 1, while the types of

Fig. 2 Open innovation model (source: Chesbrough, 2003)
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open innovation can be organized as shown in Table 2. However, the majority of the re-

searches are solely focused on case studies centered on corporations, and national level

researches remain limited.

Roman period

Ancient Rome is a civilization that began as a city-state following the settlement of

Latins near the Tiber River on 8th century BC, which eventually rose to become a gi-

gantic empire spanning the entire length of the Mediterranean Sea (Kim DS, 2004)

(Fig. 3). Over the centuries of its expansion, it progressed from a monarchy to a repub-

lic and eventually to an empire. At the time of the 7th century BC, Rome was a prosper-

ous city-space and the center of the surrounding region, ruled by a king (BC 753–509).

Table 1 Several literature Reviews on Open Innovation

Dimension Subject Reference

Firm Importance of technology market Arora et al. (2001)

Relationship between innovation and R&D collaboration Amara and Landry (2005), Kline
(2003), Lichtenthaler (2008)

Open innovation case studies in corporations Chesbrough (2003), Gassmann
and Reepmeyer (2005)

Determinants of successful platform business, through the case
study of KakaoTalk

Han and cho (2015)

Industry R&D achievements and effectiveness in accordance with the
types of external partners in collaborative activities

Eom and Lee (2010), Belderbos
et al. (2004)

Selecting collaborative partner Jeon et al. (2011)

NIS Diverse policies for increasing the open innovation De Jong et al. 2008

Innovation triangle framework which consolidates the national
open innovation system

Santonen et al. (2007)

Open innovation policies aim at the production as well as the
distribution and consumption of knowledge and technologies

Yun et al. (2015)

Structure of linkages of foreign R&D centers with institutions in
India

Patra and Krishna (2015)

Table 2 Types of Open Innovation and Contents

Method Concept Cases

In-sourcing Exploring external technology or know-how “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 a product M&As of Cisco

User innovation Innovation that is performed by the user and not the
supplier

Medical Instrument, Toy,
Game

Technology licensing Licensing internal technology outside (sic. \\outward
licensing of internal technology)

MIPV’ of MS

Spin-off Spinning off internal organization “New venture group” of
Lucent

Joint venturing Investing venture with venture capital (VC) Venturing between HP
Lab and VC

Openning (sic.
opening) project

Openning (sic. opening) project or source to the public Linux
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On 5th century BC (510 BC), the monarchy collapsed, and a republic was established

with the collaboration of the nobility and the common people. When Octavianus accepted

the title of Augustus from the Senate at the end of the 1st century BC, he became the first

emperor of Rome. The early days of the Roman Empire were called “Pax Romana,” a time

of unprecedented peace and prosperity enforced by the dominance of the empire

(Kim DS, 2004). Its openness to the culture and religion of its subjects led to prosperity

and integration of its lands, and many different cultures of the Ancient period were assim-

ilated, integrated, and spread among the various constituents of the multicultural and

polytheistic empire, including Greece, the Orient, the Semites, and the Western Europe.

The empire, as a result, contributed heavily to the progress of law, politics, arts, lit-

erature, architecture, technology, and language of the West. Afterward, the empire

eventually split into East and West, the West collapsing on 476 AD, the East (Byzantine

empire) on 1453 AD.

Research framework
For analyzing the cases of open innovation in Roman period from the viewpoint of the

NIS, research flow is shown in Fig. 4. Firstly, from various database about the Roman

period, cases of open innovation are collected. Secondly, collected cases are classified

according to types of open innovation as shown in Table 2. Thirdly, classified cases are

analyzed based on the constituents of NIS. Four major factors of NIS are derived based

on the literature review of NIS as shown in Table 3: innovative agent, technological

innovation activities, government support policies, environmental and institutional con-

text. Various cases of open innovation of Roman period are analyzed with respect to

these four constituents. Finally, implications of Roman period with respect to NIS of

open innovation are derived.

Fig. 3 The Map of Roman Period (https://simple.wikipedia.org/wiki/Classical_antiquity, accessed
at 10/Oct/2015)
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Case study
The type of acquisition: integration of Non-Romans

A case of open innovation through acquisition may be found in the efforts to integrate

non-Romans in the subjects of the empire. Ancient Rome accumulated many subjects

through countless number of battles, and unlike other tribes in the Italian Peninsula, it

made a conscious effort to integrate its former enemies into the group, even offering

citizenships. Also, it recognized the religion and political structure of the subjects.

Caesar instituted a policy in which non-Romans with medical skills would be allowed

to become a citizen of Rome in exchange for 10 years of medical service in the country,

drawing many talented doctors into Rome regardless of race, skin color, place of birth,

or social standing. Rome established an environment that allowed not only doctors but

also many other talents to be drawn actively from various professions, through which

the people of the subject areas rose to nobility and even to the throne. For example,

Hispania-born Ulpius Traianus, commander of the X Legion Fretensis during the

Jewish–Roman War and the eventual father of the emperor Trajan, and Julius Agricola,

a general from Gaul who was assigned to Britannia, managed to rise to the ranks of the

nobility. Also, Trajan (ruled from 98–117) was an emperor from a subject province

who led the empire to the height of its territory and widely considered as one of the

greatest emperors of the empire. Septimius Severus (193–211), hailing from a subject

province in Northern Africa, also rose to the throne. Thus, the ancient Rome formed

many policies and institutions to integrate the non-Romans and make use of their tal-

ents, and as its territory and the number of non-Romans in its borders grew larger, it

Fig. 4 Research flow
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adopted the jus gentium, an international law applicable to everyone, both Roman citi-

zens and non-Romans, in the territory.

Open innovation through acquisition, in the form of integration of non-Romans, can

be seen as a case study of innovation in national defense and medical system by acquir-

ing talented doctors and soldiers. Table 4 shows the analysis of Rome’s acquisition or

integration of non-Romans, from the context of the NIS.

Table 3 Constituents of NIS

Constituents Definition Subfactors Researchers

Innovative agent Organization who
carry out innovation
in a certain area

Corporate organizations,
noncorporate organizations
(universities, research
institutions, policymakers
etc.), individual

Freeman, 1987; Lundvall, 1992;
Nelson and Rosenberg, 1993;

OECD, 1999; Hong and Lim, 1999;
Lim, 2003; Koo et al., 2012

Technological
innovation activities

Process in which an
agent learns and
carries out newly
known product
designs or production
processes, regardless
of being the first to
do so or not

An agent-driven activity
that features agents such
as corporate users, corporate
producers, material and
component corporations,
corporate competitors, and
final consumers.

Freeman, 1987; Lee, 1996;
Lee and Song, 1998;
OECD, 1999

Government
support policies

Government policies
designed to support or
foster technological
innovations

Technological demand policy,
supply policy, dissemination
policy, R&D investment policy,
small and medium enterprise
innovation policy, and local
innovation policy, etc.

Lundvall, 1992; Lee and
Song, 1998; Hong and
Lim, 1999; Seong and
Song, 2007; Song, 2009;
Lee, 2013

Environmental and
institutional context

The institutional context
in which a suitable
environment and the
basis of active
technological
innovation can be
established.

Social infrastructure, such as
financial support, patent and
educational policies, culture,
production structure, market
structure, competitive
environment such as
international situation,
science and technology
information network,
information integration,
support organizations,
and R&D facilities

Freeman, 1987; Lundvall, 1992;
Lee, 1996; Lee and Song, 1998;
Song, 2009; Koo et al. 2012;
Lee, 2013

Table 4 Case Study Analysis on the Acquisition-type Integration of Non-Romans

NIS Constituents Description of case

Innovative Agent Government of Ancient Rome (centered around diplomatic agents)

Innovative activity Developing and reforming the manpower inflow system through
acquisition-type innovation in which talented manpower are acquired in
exchange for certain rewards

Because of the inflow of talented soldiers, doctors and educators, innovation of
education, and medical system (especially military hospitals) were made possible.

Government Support
Policies

Assigned citizenships to talented doctors in exchange for 10 years of medical
service, with the goal of acquiring talented doctors regardless of social standing,
race, and birthplace.

Environmental and
institutional context

Created and applied jus gentium to all citizen within the territory in an equal
manner.

Established an institutional environment in which talented individuals, regardless
of their birthplace, could rise to nobility and office.
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The type of in-sourcing: calendar reform

Ancient Rome initially used a lunar calendar. Julius Caesar, after his conquest of Egypt,

ordered the reformation of the calendar into a solar calendar in an example of open

innovation through in-sourcing. The pre-Julian lunar calendar was adopted by the 2nd

king of Rome, Numa, on 7th century BC and featured 355 days in a year, with leap

months added to balance out the days once every few years. The corrections to the cal-

endar was made by the priests of the era in an arbitrary and unscientific fashion. After

the conquest of Egypt, however, Rome adopted and reformed the Egyptian solar calen-

dar into what is now known as the “Julian Calendar.” Over the course of reform,

Egyptian astronomers and Greek mathematicians were called upon to form a research

team for the calendar, whose insight into the scientific nature of the calendar allowed

them to provide valid amendments to the process. The Earth takes 365 days and 6 h to

make a full orbit around the sun, and the solar calendar as a result takes 365 days as

the length of a year. The six-hour difference was corrected by a single day being

inserted between the 23rd and the 24th of February every four years, and the resulting

“Julian Calendar” was put into effect over the entire territory of the empire, providing a

standard for the reckoning of time. This “Julian Calendar” was used until the amend-

ments made by the pope Gregory III on 1582.

This example of in-sourcing open innovation can be seen as an innovation of time

system (or calendar), in which the superiority of the subject land’s calendar was recog-

nized, amended through scientific methods and finally put into effect, standardizing all

existing calendars into a single system. Table 5 below shows the calendar reform,

broken down into subtypes of the NIS.

The type of collaboration: roman alliance

As an example of open innovation through collaboration, Rome had formed a number

of alliances with its surrounding nations. There is a saying that “Rome was built in a

day,” and this shows that the power of Rome was not formed singularly by the way of

military conquests, but rather through an ongoing historical process over the span of

centuries through the method of alliances with the surrounding nations. The start of

Table 5 Analysis of Calendar Reform as an In-sourcing-type Open Innovation

NIS Constituents Description of case

Innovative Agent Government of the Ancient Rome (centered around scientific and technological
agents)

Innovative activity Innovation through in-sourcing by the replacement and adoption of a solar cal-
endar in the place of the existing lunar calendar and its unscientific corrective
mechanisms to provide the standardized time and precision

Standardization of time through the usage and distribution of precise and
scientific calendar

Government Support
Policies

Policies recruiting and supporting the scientists and mathematicians (basic
scientists from Egypt and Greece) for the reformation process.

Environmental and
institutional context

By taking in various academic knowledge (engineering, mathematics, science,
philosophy, etc.) from the conquered lands, academic progress had already been
in motion.

Rome had already received talented individuals in a wide field of knowledge,
including the basic sciences, and had formed a talented pool of researchers
beforehand.
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the alliance-building can be traced to the end of the 6th century BC, when the Roman

Republic had just been formed. The first alliance that the fledgling republic had sought

was the Latin League, made up of regional nations in the Latium area. Latin League

was an alliance that formed and headed the Kingdom of Rome as a means to provide a

common offering to the god, Jupiter, on the Alban Mount. However, the league was re-

formed by the Treaty of Cassius on 493 BC, which was outwardly a treaty of equality

and reciprocity but had, in reality, elevated Rome onto the head of the league. The

Latin League formed the springboard from which Rome initiated the conquests of

Etruscans, Sabines, Aequians, and Volscians. The members of the league, however,

voiced their opposition to the League, which had increasingly become a tool for the

Romans, and began to deviate and oppose the league and the Rome at times of their

weakness. To mitigate these opposition, Rome began to reform the alliance, binding

the member states with bilateral treaties and prohibiting individual treaties among the

member states. Those nations, which accepted these reforms, received Roman citizen-

ship as a member of the Roman nation. Also, the opposition were destroyed and their

politicians banished from the territory. Over the course of these alliances, Rome

allowed self-governance for the member states, and coupled with a series of successful

wars, it established itself as the ruler of the Italian Peninsula. Figure 5 shows the rela-

tionship structure in the Latin League and the Roman Alliance after the reformation.

With collaboration-type innovation and internal reforms, Rome established an effect-

ive system of collaboration between nations with Rome at its helm. Also, through these

alliances Rome was able to acquire talented manpower into Rome, and acquired the

drive to sustain continuous territorial expansions. Table 6 shows the analysis of the

collaboration-type innovation in the NIS standpoint.

The type of user innovation: adopting military technology from surrounding nations

As a form of user innovation, the Rome adopted military technology from the sur-

rounding nations. The military of Ancient Rome was based on the weapons and the

tactics of the Greeks. For example, the basic combat formation of “Phalanx” with long

spears and circular shields was derived from the Greeks. However, with territorial

Fig. 5 Structure of the Latin League (Left) and the Reformed Roman Alliance (Right)
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expansions and the resulting variations in terrain, the military techniques of the Greeks

proved to be insufficient. The Roman capacity for openness showed itself in military

situations as well. In mountainous regions, long spears were discarded after their limi-

tations were recognized, and short swords were adopted in their stead. The short

swords in question were the modified versions of the Iberian “Gladius.” Also, recogniz-

ing the dangers of javelins used by the Samnites, the Romans adopted the javelin

“Pilum,” which eventually was developed into the “Plumbata,” which was light enough

for a soldier to carry multiple shafts. As the equipment of the army underwent changes,

the combat and defense formations and techniques changed subsequently as well.

Figure 5 shows the contrast on the pre-user innovation equipment and combat forma-

tions with the ones after the innovation.

These examples of user innovations show a specialized variety of innovation in the

military systems following the territorial expansion and the increased varieties in ter-

rain. Overall, it can be seen as an example of a general innovation in national defense,

through the acquisition of new weapon systems and defense planning. Table 7 presents

the analysis of the user innovation in the NIS standpoint.

The type of spin-off: building roads and cities

Through a series of innovations and technological influx from the Greeks and the

surrounding nations, the Roman architecture technology, along with its military,

became the centerpiece of the outstanding technology that the Romans possessed.

The Roman architecture, in particular, adopted precise and rigorous plans and pro-

portions from the Greeks and featured significant architectural elements like com-

posite and Tuscan columns, a new way of arranging shafts and capitals, and dome

technology from Etruscan arches. Figure 6 shows the examples of Etruscan struc-

tures. These technology were applied not only in the Rome proper but also in the

conquered lands. Recognizing that the roads signify the commitment to territorial

alliances, Rome built many roads that were all linked to Rome, through which

Table 6 Collaboration-type Roman Alliance Analysis

NIS Constituents Description of case

Innovative Agent Government of Ancient Rome (centered around diplomatic agents)

Innovative Activity Collaboration through the formation and the reformation of collaborative
systems (Latin League) among the member states to manage the territorial wars
and subjects effectively.

Restructuring of relationship between Rome and member states, and among the
member states themselves to mitigate the opposition to the previous
collaborative activity and maintain loyalty (Roman Alliance)

Government Support
Policies

Through mutual equality treaties among the member states, centered around
Rome, the member states were assigned the same profits (spoils, military
provisions, and allowances from war), rights (citizenship with suffrage, marriage
rights, etc.) and duties (conscription and participation)

Allowed bilateral treaties between Rome and member states only, and not
among the member states

Environmental and
Institutional Context

The planned territorial expansions to both southern and northern areas in the
Italian Peninsula and support from the surrounding nations played heavy
importance in combat personnel and logistics support

Surrounding nations preferred alliances with the powerful Rome, but some
dissent and opposition were shown because of the unfair relationship
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political, military, administrative, cultural, and technological ideas were dissemi-

nated to the conquered lands. The roads in Rome, made of concrete, were notable

for their sturdy construction and were used even after a thousand years from the

fall of the empire. The efficient road network stretched to 50,000 miles in length,

constantly playing its part in enlarging the hegemony in Rome and its sphere of

influence. For example, the Via Appia (312 BC), linking Rome and Capua, is still

in use today (Jung JY, 2007). Roman construction in conquered lands allowed their

engineering skills (roads, buildings, sewage, etc.) to spread to the conquered lands,

and the resultant urban renewal projects allowed the conquered lands to fulfil its

purpose as a model of Roman self-governance, rear area defensive base, and eco-

nomic center of the region (Fig. 7).

These examples of spin-off technologies can be seen as an example of innovation

which allowed the formation of Roman network, through which technological and

cultural disseminations and administrative support could be efficiently conducted.

Through these innovations, an infrastructure was built that allowed for the flow of

various knowledge, economic resources and technology. Table 8 shows the exam-

ples of Roman spin-off type road and city-building projects.

Fig. 6 Military of Roman

Table 7 Analysis of User Innovation Type and adoption of Military Technology from Surrounding
Nations

NIS Constituents Description of case

Innovative Agent Government of Ancient Rome (centered around military agents)

Innovative Activity User innovation from the recognition of limitations in existing weapon systems
and adopting, modifying, and making use of foreign weapon systems

Caused innovation to spread to the military systems in general, affecting various
areas such as military strategy

Government Support
Policies

Assimilating skilled military personnel from conquered lands or issuing tailored
strategies to legions

Environmental and
Institutional Context

The increased pace in territorial expansion and war made the usage of the
existing Greek systems risky.

All military personnel (leadership and soldiers) were aware of the threats posed
by the weapon systems of the natives, which were tailored to the battlefield
conditions.
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Discussion and conclusion
Theoretical and managerial implications

This research attempted to analyze the case studies of open innovation in the Roman

period from the NIS standpoint, with the aim of understanding the relationship be-

tween open innovation and the NIS. Through this, the study focused on the national

examples of open innovation, instead of the corporate-centered examples that had fea-

tured heavily in literature. In particular, among various different types of open

innovation, the Roman equivalents of acquisition, in-sourcing, collaboration, user

innovation, and spin-off types were analyzed over the course of this study. By reviewing

the literature on the NIS, the constituents and the organization of the NIS has also

been reworked for application to the Roman Period. The constituents of the NIS were

organized into four major subtypes: the innovative agent, innovative activity, govern-

ment support policies, as well as environmental and institutional factors, and the sum-

mary of the case studies are provided on the Table 9. This result is expected to help

present policy officers make the ‘Open’ NIS. For example, with respect to innovative

agent, various organizations such as diplomacy, science and technology, military can

conduct open NIS. In the case of acquisition in NIS, encouraging innovations in vari-

ous fields are needed such as education and medicine through the influx of talented

Fig. 7 Building Structures of Roma

Table 8 Spin-off-type Road and Urban Construction Analysis

NIS Constituents Description of case

Innovative Agent Government of the Ancient Rome (centered around territory management)

Innovative Activity By applying the Roman style of road and urban construction in the conquered
lands, architecture technology could be spun off to the conquered lands

Formed networks in the conquered lands that allowed them to receive various
military, political, administrative, cultural, technological knowledge and
regulations and at the same time serve as a strategic base for administration

Government Support
Policies

Adopting and disseminating superior technology of the subjects

Providing support to outsourcing policies targeting locals to utilize the
technology of the subjects directly.

Environmental and
Institutional Context

Relative superiority of architecture and cityscape engineering technology in
surrounding nations (Etruscan civil engineering and construction, Greek
planning, etc.)

Rome required various architectural technology (construction as well as civil and
cityscape engineering), because it was still in its developing stages at that point
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personnel and non-countries in exchange for citizenship. Table 10 shows the summary

about types and cases of open innovation in corporate and national perspectives.

While the majority of the literature focused on a corporate-level analysis of open

innovation, this study attempted to provide a national-level analysis through the stand-

point of the NIS, with the following significant points. First, this study shows that any

analysis of open innovation must be made according to the size of the innovative agent.

There were many cases of open innovation with various sizes in the agents, and these

examples affect their development. The analysis may be made not only in the stand-

point of national entities but also in local and global innovation systems, and through

such analysis, significant lessons may be learned from the development process of the

agents involved. Second, by referring to the cases of open innovation in the NIS of the

historical powers, this study shows the importance of a suitable innovation system to

the individual nations for a modern nation to join the ranks of the powerful. In the

Table 9 Analysis of Case Study of Open Innovation from the Standpoint of the NIS

NIS
constituents

Open innovation type

Acquisition type In-sourcing type Collaboration
type

User innovation
type

Spin-off type

Innovative
agent

Diplomacy Science and
technology

Diplomacy Military Territorial
management

Innovative
activity

Encouraging
innovations in
various fields
such as
education and
medicine
through the
influx of talented
personnel and
non-Romans in
exchange for
citizenship

Adopting and
reforming the
scientific and
precise solar
calendar as well
as the basic
scientists from
the conquered
lands, thereby
standardizing the
time

Establishing
collaborative
systems and
reforming such
networks to
provide combat
support and
efficient
management of
conquered
territories

Innovations in
military system
through
territorial
expansions and
wars, such as
adopting
suitable weapon
system and
combat
formations or
reforms in
strategy and
tactics

Adopting foreign
technology to
urban
construction
projects in
conquered lands,
and fostering
architectural
reforms
throughout the
territories by
disseminating
relevant
technology to
subject lands.

Government
Support
Policies

Enacted a policy
to assign
obligations for
medical service
in certain areas
with citizenship

Provided support
to
mathematicians
and earth
science
personnel
regardless of
their home
nation or
birthplace

Assigned equal
profits, rights,
and duties to the
subjects and
prohibited
treaties between
subject nations

Assimilated and
adopted superior
military elements
into the ranks
and assigned
suitable
strategies
tailored to
individual
legions.

Assimilated
superior
technology or
technicians from
subject lands and
assigned
outsourcing
projects to these
technicians when
the construction
requires their
specialty

Environmental
and
institutional
context

Established a
social
environment in
which all capable
men can rise
into the office
and enacted jus
gentium, a law
that is applied
equally to all
citizens
regardless of
their background

Influx and
adoption of
various academia
due to territorial
expansions and
conquests,
research teams
formed in various
areas

The Surrounding
nations were, in
overall, positive
about having an
alliance with
Rome, and many
approved the
openness of
Rome.

The increase in
the pace of
combat in both
southern and
northern regions,
and maintaining
existing systems
were risky

Surrounding
nations had
superior
technology in
architecture and
construction
technology,
making adoption
of such
technology
feasible
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NIS, the factors that affect the innovation, such as culture, institution, as well as scien-

tific and technological infrastructure are becoming ever more diverse and developed.

To keep up with these changes, a suitable NIS must be sought to pinpoint the direction

of the innovation.

Limitations and future research

Although there are some meaningful implications in this study, our research has some

limitations. This study cannot reliably provide a framework of analysis to other nations

because of the continuous evolution of the process and the differences in the NIS of in-

dividual nations. Also, the framework for the analysis of the NIS, which is used in this

study, does not represent precisely the changes in civilization at the time of Ancient

Rome. Thus, for future studies, the changes in civilization and the characteristics of the

NIS must be derived and applied in addition to those of the Ancient Rome. Also, other

case studies on various types of open innovation in a national level must be discovered

and analyzed, and the lessons for the nation in question must be derived as well.
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Abstract

Platform business is often regarded as notable examples of successful businesses
model in the mobile industry. The purpose of this study is to find the determinants
of successful platform business, through the case study of KakaoTalk, a representative
fast growing social platform in Korea. This study also discusses how to create a value
proposition and how organizations using the platform can cooperate.
The case analysis indicates that a preparation, spread, evolution (PSE) curve is a
successful platform business evolution. The PSE curve is composed of three phases: a
preparation phase that establishes the platform and sets the target group, a spread
phase where the firm provides killer content, such as KakaoGame, a low pricing
strategy, and reinforcement of the platform rules in the early stages of the platform;
and an evolution phase where the platform continues to evolve. This study proposes
a platform evolution pattern that involves the PSE curve in order to form successful
platform. This study contributes to the innovation for social platform businesses.

Keywords: KakaoTalk; Business model; Business model innovation; Platform; Korea

Background
Over the last ten years, unprecedented growth in social network services (e.g., Face-

book) has greatly increased the use of platform business models. In addition, the in-

crease in smartphone penetration has led to a battle among platforms. The mobile

revolution was triggered by the introduction of Apple’s iPhone, and since then, the

business environment around such platforms has brought about increased competition.

The emergence of new information and communication technologies (ICT) and of the

Internet have opened new opportunities to design open market business models by en-

abling companies to fundamentally change how they organize and engage in economic

exchanges both within and across companies as well as through industry boundaries

(Zott and Amit, 2007). In Korea, the mobile Internet environment has flourished in

the last ten years, and as a result, social platform enterprises and app stores are grow-

ing rapidly. KakaoTalk is the provider of a mobile messaging application and mobile

social platform in Korea. Since KakaoTalk, launched in 2010 as Mobile Instant messen-

ger (MIM), it has strongest position in the mobile industry, expanding its service be-

yond messaging to a social platform encompassing games, digital contents, marketing

e-commerce and more. It has become key stone for the mobile industry growth in

Korea by providing mobile platform ecosystem. KakaoTalk was chosen the No 1 free

Short Messaging Service (SMS) App by CNET, an American media website that
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publishes reviews, news, articles, blogs, podcasts and videos on technology and con-

sumer electronics globally in 2011. KakaoTalk, leading in the mobile industry, and be-

came an inseparable part of the lives of Korean users. Most smartphones users,

regardless of gender and age, use KakaoTalk.

We pose research questions on how KakaoTalk could achieve huge success in Korea

unlike other social platform enterprises. Based on research back ground, the purpose of

this paper is to find determinants of KaKaoTalk’s huge success, and describe the plat-

form business model. By analyzing KaKaoTalk’s business model, we find that PSE

(Preparation, Spread, Evolution) curve, composed of three phases: the preparation

phase that establishes the platform to set the target group; the spread phases where

killer content is provided in the early stages of the platform, such as KakaoGame, a low

pricing strategy, and reinforcement of the platform rules; and the evolution phase

where the platform continues to evolve. KakaoTalk has vitalized the mobile game in-

dustry by collaborating with game developers to provide Kakao Game, while launching

Plus Friend, a powerful mobile marketing channel for enterprises and content providers.

In addition, KakaoTalk’s Gift Shop, which allows users to send gifts like Starbucks coffee

or fine jewelry to their KakaoTalk friends, has created a new window of opportunity in the

mobile commerce market.

This paper is organized as follows. Section 2 presents the research methodology as

well as reviews of the literature on business model. Section 3 describes the specific case

involving KakaoTalk’s platform business, and the findings are used suggest the determi-

nants for success in order to derive the platform business as an ecosystem model. In

the final section, we shed light on the evolution of platform business model in mobile

industry.

Literature review and research methodology

Business model

KakaoTalk providers a free software application for mobile devices that allows cus-

tomers to send and receive messages and voice calls for free. Users can not only send

texts, photos, videos, and contact information, but can also enjoy voice calls, all on a

one-to-one basis or in groups. Before the finding of what KaKaoTalk’s business model

is, we review the business model.

Recently, some scholars have devoted a growing amount of attention to business

model innovation (Teece, 2010; Najmaei, 2013). A business model articulates the logic

and provides data and other evidence that demonstrates how a business creates and de-

livers value to customers (Teece, 2010). In short, a business model could be defined as

the manner in which an enterprise creates and delivers value to customers, and then

converts the payments that are received into profit (Björkdahl, 2009; Chesbrough, 2007;

Zott and Amit 2010; Zott et al., 2011). No consensus exists yet regarding the definition,

structure, and evolution of a business model. The manner in which firms create and

capture value is a popular research topic. Each firm has its own business model, but no

generally-accepted definition of the term ‘business model’ has yet emerged. Prior stud-

ies regarding business models fail to reach a consensus to define their components.

The interest in business models is relatively recent, and Boudreau (2010) noted that

early work to identify business models focused on capturing the revenue stream of

web-based firms. No matter the sector, there are criteria that enable one to determine
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whether or not one has designed a good business model. Business models yield value

propositions that are compelling to customers, achieve advantages in terms of the cost

risk structures, and enable significant value to be captured by the business.

At the most rudimentary level, business models are defined in terms of a firm’s eco-

nomic model (Morris et al., 2005). The business model concerns the logic of how profit

is generated by the firm. Steward and Zhao (2000) assert that the business model is a

statement of how a firm will both make money and sustain its profit stream over time.

Furthermore, the business model can be defined as an architectural configuration of

the firm’s survival. Slywotsky (1996) noted that a business model consists of the totality

of how a company selects its customers, defines and differentiates its offerings, defines

the task it will perform itself and those it will outsource, configures its resources, goes

to market, creates utility for customers, and captures profits. A business model is re-

lated to a number of other managerial concepts, and it captures the key components of

a business plan. The business model components consist of price, product, distribution,

organizational characteristics, and market strategy (Horowitz, 1996; Timmers, 1998;

Dubosson-Torbay et al., 2001; Hamel, 2001). What do we know about a business

model? Prior studies are referenced in this study to define the business model of a com-

pany as a simplified representation of its business logic. Namely, a novel business

model is crucial to maximize profits. It is called multi side platform business model like

KaKaoTalk. Multi-side platform is widely known for customers, and plays a role to link

or broke between the interdependent groups, based on web and smartphones. AirBnB

is the firm, operating to link between groups that want to find houses and groups that

want to lend a house. Thus, the both supply side and demand side is the key compos-

ing the market. Amazon, Facebook, E-bay, twitter, Google and apple is the successful

firms by using the multi-side Platform business model.

Conceptualization of platform

The role of a platform is to mediate between various stakeholder constituencies by co-

ordinating interactions between two or more members from distinct groups of stake-

holders (Evans, 2003; Rochet and Tirole, 2003; Jullien, 2005; Cortade, 2006).

Jacobides et al. (2006) emphasized that a platform creates value and is an important

structure of the industry architecture in the ICT sector. Also, a platform in the ICT sec-

tor can be referred to as a hardware configuration, an operating system, a software

framework or any other common entity shared by users (Ballon et al., 2008; Bresnahan,

1999). Gawer and Henderson (2007) state that we can conceptualize a platform as a

technological system where a product or service is one component that is functionally

interdependent with other components. Thus, a platform provides a number of benefits

to its users. As a result, user demand is for the overall system, and hence, there is no

demand for individual components when they are isolated from the overall system

(Gawer and Henderson, 2007).

A platform-mediated network is a composite set of users whose transactions are sub-

ject to direct and/or indirect network effects, along with one or more intermediaries

that facilitate users’ transactions (Rochet and Tirole, 2003; Evans and Schmalensee,

2007). From the literature, we can induce that a platform is the set of components and

rules that are commonly employed when users conduct transactions. Such components
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include hardware, software, and service modules, along with an architecture that speci-

fies how they fit together.

In such a market, the value obtained by one customer group increases as the number of

users from the other customer group increases (Evans, 2003). This phenomenon is de-

scribed as a network externality, for which consumption by one side of the market does

not depend on the same group, but on the opposite side of the market (Roson, 2005). A

buyer takes into account the number of potential sellers on the platform when making a

purchase. Evans (2003) pointed out that an intermediary is necessary to internalize the ex-

ternalities created by one group for the other group. In economics, this kind of behavior

between two markets is regarded as an indirect network effect of two-sided markets.

A successful platform coordinates the interaction between individuals belonging to

various stakeholder groups, and it is also able to internalize the externalities created by

one group for the other group. A platform business model, thus, needs to get various

stakeholder groups on board and needs to balance the interests of these groups by fo-

cusing on balancing the openness and lock-in of customers rather than on profit

maximization in a single market (Cortade, 2006; Ballon et al., 2008). Technology plat-

forms are two-sided or multi-sided markets that bring together various types of partici-

pants (Rochet and Tirole, 2003). Unless a business serves two or more distinct types of

customers who depend on each other in some form, it is not platform. When various

types of customers interact with each other, then it is called a platform. Prior to review-

ing platforms in greater detail, we can conceptualize the function of a platform as fol-

lows: a platform is ‘open’ to the extent that no restrictions are placed on participation

during its development and/or utilization.

Platform-mediated networks are comprised of entities that play several distinct roles,

including demand-side platform users, commonly referred to as ‘end users.’ Supply-side

platform users offer complementary participation and are employed by demand-side

users by using the core features of the platform. The platform provider serves as a

user’s primary point of contact on the platform. Platform sponsors exercise property

rights and are responsible to determine who may participate in a platform-mediated

network and who may develop its technology. For a given platform, each of these roles

may either be open or closed. Consequently, a platform can be characterized by its

openness. Eisenmanne et al. (2008) related a platform to a business model. Eisenmann

et al. (2008) considered a platform business to be a platform-mediated network. Figure 1

shows that a platform-mediated network is composed of demand-side users, supply-

side users, platform providers, and platform sponsors.

The transactions between the demand-side users and the supply-side users, which are

likely a result of the network effect, are facilitated by the intermediary’s role in provid-

ing the platform and recruiting platform sponsors.

Methods
The goal of this study is to find successful the social platforms by analyzing KakaoTalk

as a representative example as well as to propose the evolution of the platform business

model. KakaoTalk has created the dominant platform business market in Korea, and it

has tremendous influence on entrepreneurs within the app ecosystem. Fieldwork and

field interviews were carried out to obtain raw data. When the targets were selected for
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the intensive interviews, a purposive sampling question was adopted in order to identify

interviewees, including their individual characteristics. This method is particularly ef-

fective and appropriate for this type of qualitative research (Punch 1998). Before con-

tacting the individuals in person, it was necessary to scrutinize the details of data

released by secondary sources, such as turnover, brief history, and CEO’s creed and

former achievements. In particular, the information released by newspaper was thor-

oughly examined before having an interview and academic journals and periodicals

were also analyzed.

Due to firm policy, which has a strong emphasis on internal security, it takes time to

meet experts related to business model development, including the CIO of KakaoTalk,

by proving that the purpose for such contact involves academic research aims. In order

to effectively implement the case analysis, the data was collected from KakaoTalk’s

intranet information, various data released in newspapers, in-person interviews with

developers, and several in-depth discussions with relevant parties. To further improve

the quality of the research quality, interviews with App developers and KakaoTalk users

were also carried out over a period of 5 months. To gain further insight into the aca-

demic process for formulating and analyzing business models, the author used a stand-

ard interview format with the CIOs or founders of such companies. Most of the

interviews were recorded with the consent of the interviewees, including those inter-

views conducted over the phone.

Results
Business summary

As social platform provider, KaKaoTalk offers a wide range of content and services in-

cluding business marketing, commerce, games, digital content, fashion and music.

KaKaoTalk has more than 150 million registered users including the across the world.

Messages are delivered in 15 languages, on Android iOS, BlackBerry, Windows Phone,

and NoKia Asha. Since 2010, KaKaoTalk, offering a mobile social platform has rapidly

grown. When considering the increase ratio of users, KakaoTalk’ users reached 10 million

users only over 1 year 2011, 42 million in 2012 years, and more than 150million users

after 3 years. Kakao Inc., which provides the KakaoTalk service, launched several internet-

Fig. 1 Structure of a Platform Business
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based services. At the initial stage, Kakao’s CEO, Kim BumSoo launched ‘buro.com’ and

‘wisia.com’ with the goal of achieving user-oriented evolution, but both of these services

failed to get the attention of users. After Kakao had captured customers using its free

messenger service, the users were then absorbed into ‘Kakao Game.’ Next, the company

created platform value by linking game operators and developers. This strategy was effect-

ive, and it greatly affected the domestic mobile game market, for which the market size in-

creased from 20 billion to 800 billion won as a result of Kakao Game. Since then, Kakao

has continued to expand its platform by providing a mobile shopping mall called Kakao

Style and has also provided further social SNS features through Kakao Story. Most of

Kakao’s profits are in the form of brokerage fees and ad sales in game-related businesses.

Google and Apple receive a 30 % commission of the total game sales, and Kakao gets

30 % of the remaining 70 % commission. A considerable number of Kakao games offer in-

app purchases, which means that they make profits by selling useful items in the process

of playing the game, while the games are offered for free. Kakao matches a broker’s fees

for game items and gifts to sales. This is the typical platform business strategy: the more

games that become popular on the Kakao game platform, the more Kakao’s profits rise.

Kakao’s revenue reached 46.2 billion in 2012, with total sales of 1 trillion won. KakaoTalk

can take the lead the mobile game industry by collaborating with game developers to pro-

vide Kakao Game, while launching Plus Friend, a mobile marketing channel for firms and

content providers. In addition, KakaoTalk’s Gift Shop, which allows users to send gifts like

Starbucks coffee or fine jewelry to their KakaoTalk friends has a play role to create a new

social commerce market. The Item Store market, which sells emoticons, is also important

success ingredients, representative win-win business model that has contributed to the re-

vival of the digital content market, as profits are shared fairly with the content creators. In

additions, KakaoTalk brings about new paradigms to the mobile contents market via

KakaoPage, a new form of mobile digital contents platform, while KakaoMusic has estab-

lished a distinctive social music service where users can share their favorite music with

friends. Kakao also already have a positioning as a global mobile platform, Kakao con-

tinues to secure its position as an important benchmark and industry pioneer in the global

community. KakaoTalk has been recognized worldwide by influential organizations, win-

ning the Red Herring Asia Top 100 Award in 2012, and nominated as finalist for Global

Mobile Awards most Innovative App in 2014.

Business platform

“We want to make the platform to earn the money,” said Kim BumSoo, the CEO, at

the press conference. He emphasized platform. He defined the platform system as an

opportunity for partners to make money. The concept of platform has been used over

a long period of time in a variety of fields such as a stock exchange, department stores,

and magazines. Recently, however, the rapid development of technology and the accel-

eration of digital convergence have come into the spotlight (Lim, 2012) (Table 1).

When building the platform, the first consideration is to make a decision to provide

some value in some industry. The most successful platforms have a common ground in

that they appear when there are social changes or changes in lifestyle. When we want

to create a successful platform, it is very important to have an understanding of large

flows of social change since there is likely to be no existing platform or there will be

few successful cases when a new lifestyle appears. Even today, many industries have
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entered a mature stage, so there are new changes happening somewhere else, and op-

portunities are created when there are changes (Hirano and Andrei, 2011).

Upon the iPhone was launched in Korea at the end of 2009, Kim Bumsoo, CEO of

KakaoTalk predicted a mobile revolution and noted that communication was a key

value of the mobile space. “What is a phone? A phone is for calling. What is a killer

app on your phone? Either calling or sending a text message. Then we did not have to

hesitate. A communication tool is the killer app, otherwise a search tool is the most im-

portant tool for a personal computer. The essence of a phone is communication. Fi-

nally, we launched KakaoSuda, KakaoAgit, and KakaoTalk.” That is, he understood the

fundamental attribution of mobile as tool for communication, and he tailored it to

meet the needs of customers suited to their lifestyle. In brief, he realized that the attri-

bute of a mobile phone could be delivered through the KakaoTalk service. He replaced

an existing tool within phones that was being offered as a paid service and replaced it

with KakaoTalk, which was a free service delivered over the Internet. This also im-

proved communications.

Despite having launched one year in advance, Google Hangouts (then called Google

Talk) had a weakness in that user registration was incovenient. Google Talk users were

required to directly register as members and other members also had to register for the

service. So people felt uncomfortable with this demand, and so Google Talk failed to

gain many users.

KakaoTalk took advantage of this weakness in the process required by Google Talk by

implementing a convenient automatic registration rule for users. If you download the

KakaoTalk application, you can easily use free mobile instant messaging service without

Table 1 KaKao mobile platform

Platform Service Partners of mutual growth Details

Mobile
Commerce

Gift Store Mobile coupon companies
and other partners

• Creates new opportunities for the mobile
commerce market and generates new
consumption trends that lead to m-commerce
vitalization

KakaoStyle Online fashion malls • A new mobile shopping channel that connects
Korea’s Soho fashion malls with KakaoTalk users
(note: I have not been sure what ‘Korea’s Soho
fashion malls’ has been describing – the unique
style of Korean boutique fashion perhaps? Is it
specifically connecting brick and mortar stores to
mobile shoppers? Could be my cluelessness…)

Marketing Plus Friend Corporate/product brands,
social welfare organizations,
celebrities, media, etc.

• A new advertising model optimized for mobile

• A customer-targeted marketing platform that
brings maximum efficiency to both customers
and advertisers

Contents Game Small- and mid-sized game
developers

• World’s first mobile game platform based on
social networking that strives for joint growth
with small mobile game developers

• First Kakao service that has proved the power
of Kakao’s platform

KakaoPage Content creators • World’s first mobile content distribution channel
where anyone can create and market their
original content

KakaoMusic Record companies, Entertainment
agencies, Copyright holders

• Social music service of a new concept of sharing
and communicating with friends through music

Source: Revised KakaoTalk 2014 report
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registration procedures, such as those required by Google Talk. After that, it dominated the

market by advancing in the market and developing more quickly that its rivals, Mypeople

and Line. As a result, KakaoTalk created a new platform for mobile instant messaging that

replace the paid messaging services provided by mobile carriers (Chang and Oh, 2013).

According to the interview data, Platform also become the ‘place’ essentially indicates

where some activity takes place. Finally, a platform business produces a variety of ex-

changes where a seller and a buyer meet. In an early stage, KaKao try to find how to in-

crease the satisfaction. Smartphone users desired to have a new style of communication

when KakaoTalk came into the market. KakaoTalk is helpful for having conversations

and to build a network, so it is possible to have one-to-many communication and to re-

view past conversations. Furthermore, we can use emoticons to express various feel-

ings. KakaoTalk is a fresh platform where users can check whether a message has been

read, and in addition, photos and profile names can be used within KakaoTalk, and

many users are attracted to the platform due to these features.

Interactive system and killer contents

In the Platform, more important thing is to create the interactive system not leaving the

platform. If the platform has attractive contents, so called killer content, we can with ease

establish interactive system such as, a strategic alliance with other companies that have

different content, and the platform can be built together. At first, KakaoTalk was a mes-

senger service that provided only text. Since then, the number of users on KakaoTalk has

quickly increased, amplified by the fact that it is a free service. As a result, the company

has built a self-centered ecosystem. Kakao Inc. now offers KakaoGame, KakaoPage,

KakaoStyle, etc. to provide game and content services; KakaoFriends, gift, itemstore, etc.

to provide marketing services; and KakaoTalk, KakaoStory, etc. have been expanded

within social networking offerings. The business structure of Kakao matches up against

that of a mobile platform to expand and develop the business model based on subscribers

and to build an ecosystem to lead the industry (Kim, 2013) (Table 2).

To be successful, a platform provides the right content to its users, and a platform

can be more competitive by bundling services in order to further engage consumers

with killer content.

As the mobile industry began to grow, Iwilab, the prior name of Kakao, simultan-

eously released KakaoSuda, KakaoAgit, and KakaoTalk as mobile services, but they all

initially failed. The value that KakaoTalk provided to customers as a free messenger ser-

vice then became clear, and it provided the momentum needed to secure customers. At

the beginning, the free messenger service was the killer content provided by KakaoTalk.

After 2010, Kakao also began to offer the Gifticon and Choco services. Since then, the

company has bundled other services, such as an emoticon service and KakaoStyle, and

has expanded its business activities to games, fashion, business marketing, digital content,

etc. KakaoGame then became the killer service provided by KakaoTalk that provided fur-

ther rapid growth. KakaoGame basically provides a social network for games, which is a

new type of service for games to blend gaming and social network service (SNS) features

to build online connections, such as that also provided by Facebook. Existing games use

network technologies to enhance the enjoyment provided by the game itself. However, so-

cial network games use the game to provide a further sense of closeness between the
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users. Online games can possibly invite bad behavior, such as when players use swear

words. However, users feel intimacy with each other in KakaoGame, and this closeness

can minimize the negative behaviors in online games. KakaoTalk has remained the market

leader by providing killer content that combines both game and SNS features.

The pricing strategy depends on the relationship of the dynamics between the plat-

form provider and the participants, the attachment of the group to the platform, and

the competitive environment. Therefore, a platform provide must adjust prices flexibly

according to a variety of conditions and must also carefully observe market trends and

the responses of participants.

Whats App is the world’s largest mobile messenger app, and it merged with Facebook

for a price of 16 billion dollars. As of August 2013, the traffic handled by the com-

pany included 31 billion message transfers in a day. The company has focused on pro-

viding a simple and easy-to-understand service without advertisements by charging a

$0.99 an annual fee instead. This service has kept to its original function as a messa-

ging service (Han, 2013).

On the other hand, users do not pay to use the messenger service provided by

KakaoTalk. The KakaoTalk users only pay when they buy items from the emoticon ser-

vice, Gifticon, and KakaoGame. As we consider the revenue figure, kaKaoTalk has marked

348 billion Won ($311 million) in revenue during the first year of the launch of its mobile

game services. That’s an impressive 194 percent from the final quarter of 2012, when the

platform grossed 118 billion Won ($105 million). Total sale is 8,984 billion won in 2014.

When it comes to the number of users, KaKaoTalk is 3094 million, 87.8 %, and over over-

whelmingly dominant the mobile messenger market as of 2015.

Although KakaoTalk tried to make profits from the Gifticon and emoticon services, it

did not achieve the expected results. However, KakaoGame, which launched in July

2012, has become a huge game platform and has changed the dynamics of the domestic

gaming market. Starting with Anipang and Dragonfly, KakaoGame quickly attracted

Table 2 Service of Kakao

Content

KakaoTalk Social networking service that provides chat and voice services (voice talk, group call) between
groups and 1:1

KakaoStory Social networking service to share photos and private events between users

KakaoMusic Service to listen to music using the smartphone

KakaoGroup Social networking service to share photos and private lives in a group chat with a number of
group members

KakaoHome Service to help users decorate and add character to the home screen of their smartphone

KakaoPlace Location-based social networking service to share the popular restaurants and attractions
between KakaoTalk friends

KakaoAlbum Mobile photo share service to collect photos taken by friends in one place

KakaoPage Mobile marketplace to buy, sell, and share music, videos, e-books and other digital content

KakaoStyle Social network service to see the hottest fashion in one place and to share it with friends

KakaoAgit Service to get together and to share photos, videos, music, etc. between close friends

KakaoGame Mobile game platform to compete with Kakao friends

KakaoAccount One account to explore all of Kakao’s apps and linked services through email

KakaoLink Service to send links from external apps or mobile webpages to KakaoTalk and KakaoStory

Source: Revised KaKaoTalk 2014 report
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KakaoTalk users into KakaoGame. This means that KakaoTalk’s 60 million users have

contributed to the growth of the service (Choi et al. 2014).

The revenue strategy for Kakao is to embody various forms of content as a distribu-

tion platform, not just for mobile advertising (Han, 2013). “Portals are used to rushing

into a market or taking over the company when the market grows up, but Kakao will

be faithful to our role of assisting other enterprises,” This shows that Kakao differs

from portals that devastate the ecosystem and concentrate on turning a profit.

Strategy for ‘evolution and utilization of open innovation

The platform must always evolve in order to survive because the transition towards

new platforms is quite common. The important fact to remember is to not lose per-

spective, namely, the original desire of the group to participate in the platform. In order

to do that, we must consistently ask why this platform exists as well as when, who,

what, where and how this service or product are used. KakaoTalk has evolved through

a three-step process Step 1 consists of the introduction phase to expand its subscriber

base. KakaoTalk rapidly increased the number of its subscribers as the dominant free

messaging service in the Korean market. In Step 2, KakaoTalk attempts to launch a var-

iety of social services. KakaoTalk was confident in the release of KakaoStory, etc., and

the company evolved its service to the next step. In Step 3, KakaoTalk evolves from an

SNS service to a social media company that provides a social platform. KakaoTalk

already provides media, like movies, fashion, employee-related news and contents

within the culture and media category of the KakaoPlus service. This feature is similar

to the one-to-many communication service provided by Twitter, and we can interpret

KakaoTalk to be at the beginning of providing social media (Jung, 2012) (Table 3).

Those who are related to KakaoTalk, such as external developers, internal staff, and

users, described Open Innovation as a common strategy for success. KakaoTalk itself

does not create content, such as Facebook and Twitter. External participants create a

variety of content, and KakaoTalk is only responsible to opearte the platform. There-

fore, KakaoTalk can expend minimal manpower for development, and it has a competi-

tive edge by concentrating on its core activities. In a mobile ecosystem, there are more

disadvantages than advantages to monopolize content with internal staff, such as how

Naver operates. On the other hand, it has a great advantage in that it provides both

speed and quality for parties to supply content from outside the platform.

In this study, we find that the PSE curve is a unique feature in KakaoTalk’s platform.

During the prepreation, in other words, the platform formation stage was to be defined

Table 3 The evolutionary process of KakaoTalk

Step 1 Step 2 Step 3

The early stage of the SNS The growth stage for the
SNS company

Evolution toward social media and a platform

-Ensuring social services through
user expansion

-Trying a variety of social
service

-Providing media channels in KakaoPlus

-Photo based KakaoStory,
game marketing platform
KakaoGame, etc.

-Expanding influence as a media platform

-Trying to be a social platform with avatars,
app stores, advertising and commerce

(Source: Jung, 2012)
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the target group for the interactive system. During the spread stage, KakaoTalk rapidly

grew by utilizing KakaoGame’s so-called killer content. In order to get quickly grow its

user base, the services and content were bundled as a key feature. In addition, the pricing

strategy had a great influence in attracting customers during the spread stage. In the final

evolution stage, it is necessary for the platform to continue to evolve in order to maintain

constant growth. These three stages offer the opportunity for the platform business to be-

come sustainable. That is, our findings indicate that applying the PSE curve provides an

advantage over late movers. KakaoTalk has actively conducted these strategies, and it has

therefore dominated the domestic mobile instant messaging market (Fig. 2).

This study has determined the success factors that are relevant for a business plat-

form by conducting research and interviews with many stakeholders. These success fac-

tors suggest a new business platform model. Figure 6 depicts the business model that

corresponds to such an eco-system. When a new business platform starts, it is import-

ant to set up a domain and the target groups, and then a proper pricing strategy is es-

sential. To operate efficiently, platform business enterprises should establish an

interactive system that allows activity with different platform elements. Killer content

are a precondition for platform growth.

A useful method to develop a new product or service is to secure killer content. At

this stage, interested parties (users, platform members, and the platform provider)

interact with each other in many ways, and this solidifies the success factors that will

lead to success for the business platform. Through these stages, a platform becomes

ready to evolve. A platform constantly evolves through interactions with internal and

external members of the platform. Finally, an eco-system between the members belong-

ing to the system (platform members, users, platform provider) is established, and a vir-

tuous circle begins to operate. In this complete system, a business platform model for

an eco-system is organically formed (Fig. 3).

Discussion and conclusions
KakaoTalk can be able to grow rapidly as a result of the quick use of unique platform

strategies. This study performed a case analysis of KakaoTalk to find the determinants

of successful social platforms as well as to determine how to create a value proposition

Fig. 2 PSE (preparation, Spread, Evolution) Curve
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and how organizations in the platform can cooperate. The goal of the research is to

suggest a platform business model that is useful for building eco-systems. In order to

fulfill these research aims, this study utilized direct data related to KakaoTalk as well as

discussions and interviews with the CIO at KakaoTalk and other stakeholders.

These findings reveal that in the first stage, KakaoTalk created a mobile instant messen-

ger within a new domain. In the second stage, existing mobile users who were searching

for new means of communication were obtained. In the third stage, KakaoTalk grew rap-

idly by providing a free service and further expanded its business to the marketing and so-

cial domains. In the fourth stage, KakaoTalk decided to continue to offer free text

transmissions as a killer service, and the company expanded its range of services to

games, fashion, business marketing, digital contents, etc. by bundling services. In the fifth

stage, KakaoTalk redefined its business not only as a simple mobile messaging service but

also as a distribution platform and began to provide a wider variety of content. In the

sixth stage, KakaoTalk underwent three evolutionary stages including an early stage as an

SNS Service, growth stage as an SNS company, and evolutionary stage as a social media

platform. In the seventh stage, KakaoTalk actively engaged in open innovation.

KakaoTalk is the mobile instant messenger that the vast majority of Korean smart-

phone users constantly use, and Kakao developed this app as its core platform and has

provided a variety of follow-up platforms, such as mobile commerce, mobile advertise-

ment, mobile games, etc. Continuous user interaction is necessary for the company to

continue to be successful as a platform business. In other words, an open innovation

strategy is also required to ensure business model evolution.

Finally, the findings of the case analysis suggest that the PSE curve is a unique pattern

of the success of a social platform business model. The PSE curve is comprised of three

faces: a preparation face that establishes a platform to set the target group; a spread face

where killer contents are provided in the early stage of the platform, such as KakaoGame,

a low pricing strategy, and reinforcement of the platform rules; and an evolution face

where the platform continues to evolve. In addition, we have created a business model for

a platform provider to build an eco-system by using the PSE curve to achieve success. In

this paper, we find the successful path of platform business model, and suggest the eco-

Fig. 3 Business Platform Model for Eco-system
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model evolution. What KaKao can evolve from simple mobile message to SNS platform

in the first in the world is to find new value for customers using killer contents instead of

seeking a business. Through this study, we find PSE (preparation, spread, evolution)

curve.

The results of this study are subject to some limitations, but they also offer significant

findings in that they provide the basics of an academic analysis of the factors that lead to

the success of a platform. Further study is planned to address the merger of mobile mes-

sengers and this research can contribute to the mobile platform strategies in the future.
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Abstract

As the creative economy has developed, the university has been given an important
role of nurturing creative talents that companies desire to have. The most important
objective in creative education is to provide a support system and a good environment
for fostering creativity. This will help students in obtaining results and profits through
experimenting as well as gaining experience in each step of the process in performing
innovation by developing their ideas through utilizing self-directed information and
knowledge. There are various creative economy-related businesses being conducted in
Korea, which have been supported by the government since 2008, the supporting
environment has been constructed to utilize the internal and external systems of
universities. However, there are a number of cases where supporting projects that are
possible to utilize are overlapping each other or support for projects is not available, as
these sorts of supporting systems are designed according to the purpose and drawing
performances for each business. For this, creating a “student customized innovation
model” has been attempted by linking internal and external support for universities
with a process of steps from design thinking to commercialization. The education
model in universities should be established by balancing the roles and needs of
enterprises, universities, and governments. An open innovation based system should be
built for students who are being nurtured the university. The research method for this
is as follows: First, the research aim was determined by considering the relationship
between creative economy and the concept of open innovation. Second, a new model
was developed by analyzing and doing case investigation of university convergence
education programs that nurtured creativity. Third, this proposed model (CHEESE
program (CHEESE Program stands for Creativity Human Emotional Experience Solution
Evaluation)) was customized and designed based on the linkages between the creative
education programs and open-innovation. Then, the outcomes from the project’s three
years test run were analyzed and organized. The development of the model was
intended for design-engineering students based on integrating design-engineering
thinking and activities in the process of innovation. The main objective of this study
was to create a model (CHEESE program) based on the needs-centered activities that
students wanted. This model has been restructured by linking the model with internal
and external supporting projects of the university. The model has achieved continuous
growth for 3 years and the performance has been improved in various aspects, such as
patents, competition awards, and exhibition presentations. This project has drawn
meaningful results in terms of experiencing the whole process of innovation, from the
stage of determining an idea to making a prototype and commercializing it thorough
exchanges with the internal and external systems of the university.

Keywords: Open Innovation, Creative education, Student customized
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Introduction
In his book The Creative Economy, the British business strategist John Howkins (2002)

predicted that creativity will invigorate the manufacturing, service, retail, and entertain-

ment industries beyond the deficient development of information and software. In the

case of Korea, the country has been industrialized within merely half a century, and has

maintained economic growth by developing IT and digital-based knowledge and

information with manufacturing industries. However, after the global economic crisis in

2008, Korea has stepped into a stage of sluggish development, and it became crucial to

find a way to have alternative innovation within an existing industry basis. In 2013, the

new Korean government has implemented the concept of ‘the creative economy’ in

national strategies to solve these problems by developing services and contents that

focused on creative convergence industries. This system was built to cooperate and

support various spectrums, and clarify vital relationships between the government, en-

terprises, and universities. Students with competence and experience obtained through

the overall innovation processes of commercializing creative ideas are ideal for the cre-

ative workforce which enterprises are looking for, and this transition of system will pro-

vide opportunities to reinforce national competitiveness as a result. In this paper, we

will propose a “Students Customized Creative Education Model” based on open

innovation by reconstructing internal and external systems of universities and support

projects to foster creative talents suitable for the creative economy. Subsequently, we

will analyze the performance results and discuss the direction of future development.

Research question

How can we create a way to drive student involvement in the innovation process of

commercializing creative ideas?

Methods
The scope, content, and method of this study were 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 for a convergence education cur-

riculum based on interests between enterprises, government, and universities was also

reviewed. Second, a case study was carried out in other universities under the operation

system of a creative convergence education curriculum, and its execution, including

contents, configurations, and operating conditions was analyzed. Based on this re-

search, 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 capable of commercializing creative ideas was constructed into the

creative educational model. This new concept model was configured to compensate for

the needs and outcomes of students as the main benefiters of education. Third, the

proposed model, the CHEESE program, was used for upperclassman design-

engineering students at Kumoh National Institute of Technology, South Korea between

2013 and 2015. The comprehensive earnings and results from the extended case studies

were analyzed. Through the analysis of theoretical studies, case studies, and results

from the established model, the direction of future development for the specialized cre-

ative education curriculum was proposed (Fig. 1).
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Literature review

Creative economy

The world economy is undergoing a crisis as it enters a serious low-growth era after

the global financial crisis of 2007–08. The era-leading core growth-paradigm proposed

new alternatives that focused on “value-oriented” in order to overcome these problems.

Coy (2000) emphasized the emergence of a new economic system and defined the term

“creative economy” to mean the economic structure where individual creativity,

imagination, and ideas act as the key elements to generate social wealth. Lee (2013)

suggested that as the knowledge-based society was established in South Korea, the

support and preparation 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 government since 2008 has

engaged in various support policies for the “creative economy” in the direction of the

national administration (Table 1).

Open innovation

The traditional closed innovation paradigm is no longer operating in the management

and development of creative economy. Chesbrough (2003) mentioned 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 a changing era, there will be more opportunities of practicing

with consumers, beyond listening to the voice of consumers or judging the ideas within

the enterprise. 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 talents for a creative economic era, the universities

should be aware the consumers are the students, who are the center of education. By

Fig. 1 Research framework

Table 1 Economic Paradigm of Republic of Korea (Lee 2013)

Classification Industrial Economy Knowledge Economy Creative Economy

Period 70s–80s, Oil Crisis 90s, IMF Currency Crisis Global Financial Crisis

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
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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 their own

creative ideas. Likewise, this context applies to the industry’s efforts in responding to

rapidly changing markets. Kodama and Shibata (2015) contended the importance of the

consumer-centric approach by stating that “people don’t know what they want until

you show it to them. That’s why I never rely on market research. Our task is to read

things that are not yet on the page.” 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 of university professors with

expertise is no longer research based, yet the concept is extending to the activities asso-

ciated with business in the concept of R&BD (Research & Business Development). In-

creasingly, 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 appropri-

ate for the market at the level of utilizing the foundation or companies’ ideas will be

needed in the short term. In order to actualize the learning environment through

research and practice in the university, the role of the government and external com-

panies are crucial. Chesbrough (2003) stated that “In many industries today, the logic

supporting an internally oriented, centralized approach to R&D has become obsolete.

Useful knowledge is widespread in many industries, and ideas must be used with alac-

rity if they are not to be lost. These factors create the new logic of Open Innovation,

which embraces external ideas and knowledge in conjunction with internal R&D. This

logic offers new ways to create value, along with the continuing need to claim a portion

of that value.” In basic open innovation, external ideas and knowledge in conjunction

with internal R&D were created and formed into the new logic and new value.

Fostering creative talents

With the aim of human resource development for the creative economy era, univer-

sities have played an important role. In order to attain the creative economy, Lee

(2013) created the countermeasures for each organization: companies, central govern-

ment, local governments, university and research institutes, and the public. Above all,

he argued that in universities, it is more important to strengthen the convergence pro-

gram and groundwork of convergence human resource cultivation, as well as founda-

tions. This means that the orientation and structure of university education have to be

designed in accordance with the relevant formation of the balanced requirements and

roles of universities, companies, and the government. In addition, Ortega and Bagnato

(2015) remarked that the university should be the generator of knowledge and indi-

cated that “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 devel-

opment of innovation with a direct impact on society.” For the students, it is important

to perceive the feasibility of the idea through practice of innovation process and fill the

gaps between research and development, which are caused by the different goals. Yun,

Lee, et al. (2016) observed the markets/industry as “many subjects whom we meet in

markets pay more attention to business models than anything else”, and “the necessity
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of new business models for access to new markets and new business models created by

the combination of technologies and markets is being intensified more than ever”.

These characteristics of markets support the purpose of fostering creative talents that

student can penetrate a market more easily, especially whom with innovative/creative

skills and potential ideas can be developed.

The importance of creative convergence education

Ito (2013), who works for the integrated education organization MIT Lab, asserted that

“Creativity is difficult to achieve through the education based on existing manufactur-

ing 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 university programs focused on Problem Based Learning

(PBL), Wilkerson (1996). PBL, which started in McMaster University Medical School in

Canada in 1960, believes that student-centered learning cultivates students’ positive at-

titudes and confidence through a troubleshooting process where they face problems in

a real context, which results in effective self-directed learning (Barrows 1996). Also,

Yun, Yang, et al. (2016) mentioned “many pieces of knowledge that determine the

amounts and qualities of individual humans’ decision making and behaviors are of fun-

damental differences because of the variations among individuals, which are made

through autonomous learning that surpasses humans’ direct learning.”. When students

are able to utilize their knowledge and autonomous learning skills, students learn the

way of finding the optimal solution by undergoing trials and errors, and by doing that

individual students can reflect one’s strong and weak points in terms of practices and

time management. For students, as they are preparing to enter the society and industry

field, the correlations between the industry and university are essential in terms of ac-

quiring practical experiences and applying their knowledge at a working-level. But also

for the industry and government, this method is beneficial in fostering talents to drive

industrialization within a rapid globalization and technological evolution (Etzkowitz

1997). In summary, the three fields must be linked to form a virtuous circle structure

to provide the dynamics of the creative economy. In order to foster students’ creative

talents, convergence education based on concept of open innovation (system supported

by internal/external exchanges) should be achieved, which will eventually develop stu-

dents’ creativity. Creative economy becomes the background for active exchanges in

each field (Fig. 2).

Limitation of previous research on student education

As studied above, previous research has focused on the effects of education itself rather

than focusing on students who are consumers of education. Therefore, this study focused

on autonomous activities and processes of students who are major consumers of educa-

tion beyond the scope of pedagogical research. This is a result of planning and operating a

program that reflects reality, which is a differentiated characteristic of this paper, and it is

meaningful to establish a reality-oriented activity into academics.

Case studies: creative convergence education program

Domestic and international institutions systemically promote various policies by main-

taining a system to lead and prepare for the flow of convergence, for example, between
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technology, liberal arts, and design, which is happening all across the industries. In par-

ticular, design is considered to be the core branch to lead the convergence flow of the

creative economy and a number of plans are being prepared to utilize them in various

fields. The design for advanced countries, from a convergence aspect, is an important

factor that commercializes the idea and makes user-centric products. Therefore, realiz-

ing that design capabilities that support the infrastructure is essential, they are introdu-

cing policies to develop design skills (Europe 2020 flagship initiative innovation union,

2010). Thus, the convergence of university education is becoming more essential in

order to support the activity of an institute that is based on a convergence policy, which

is the essential way to prepare for the upcoming future. Recently, training creative con-

vergence talent is a major issue in education, and to achieve this, design related conver-

gence education is mainly being operated by Korea, which emphasizes the convergence

of science, technology, and the arts. There are also a number of programs overseas being

operated such as D-School in Stanford University and the Double Master’s Joint Course,

MA &MSc from King’s college London due to an early realization in the importance of

creative convergence education, and has achieved effective results. In the case of Korea,

Education courses operated by universities such as Seoul National University and UNIST

gets supported Through National supported program called ‘convergence design univer-

sities promotion business'.

As comparative research shows in Table 2, the curriculum of design-oriented creative

convergence education at six domestic and foreign universities usually takes place in

postgraduate studies based on major courses. Seoul National University in Korea has

attempted to operate design-oriented creative convergence courses in their under-

graduate program. This indicates that creative convergence education should be pro-

actively executed in the early stage, and suggests the extended possibility of the

curriculum to be established within undergraduate courses.

Analyzing CHEESE program in open innovation

The CHEESE Program is a volitional program that specializes in engineering manpower

training for advanced undergraduate design-engineering students. This program started

in 2013 and is still being run in 2016. The CHEESE program is based on the engineer-

ing and design amalgamated creative education process model, where experience and

Fig. 2 The relationship in each fields
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Table 2 Case study of creative convergence education program

(Nation) University
and Major

Target and Semester Major Configuration Operation

1 (USA)
Massachusetts
Institute of
Technology

(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

Media Lab
(master of
science degree
in media arts
and sciences)

2 (USA)
Stanford University

(Postgraduate course)
Master
4 times a year of open
admission system

- Comprehensive design
studio and creative
innovation based major

- Boot camp, pop-up
class, among others

- Design, engineering,
education, society,
management, biology,
industry based
convergence education

- Debate, performance
based class

- Design and industry-
university project

d. school

3 (UK)
Royal college
of art

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

Innovation Design
Engineering, IDE

4 (Germany)
Technische
Universität
München

(Postgraduate course)
industrial design
curriculum has been
provided to variety of
majors such as
architecture, machinery,
information, business
engineering Administration

- Design theory &
multidisciplinary
related field

- Project: Design-utilized
product, service and
brand development

- Personal research
and thesis at
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

Master of
Industrial Design

5 (South Korea)
Seoul National
University

(Undergraduate)
40 students a year,
More than 3 semesters
registered to students
who are assigned to
selected undergraduate
major, obtaining certain
grade

- Compulsory program
of integrated creative
design (selected
undergraduate:
recommend students
who are assigned to
Design, Management,
Mechanical and
Aerospace Engineering,
Industrial Computer
Engineering, Architecture,
Electrical Engineering,
Consumer Pedology,
Psychology, Clothing
department chooses
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

Integrated Creative
Design
Interdisciplinary
program

6 (South Korea)
UNIST

(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

Postgraduate
School of Design
Convergence
specialty
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the learning of integrated creativity are linked with patents, open exhibition, and

commercialization with results that were gained through the design engineering con-

vergence process from research, idea, design, prototyping, and evaluation. This open

innovation concept based model has a goal of providing an entrepreneurial spirit and

giving students an opportunity to try commercialization by having students to share

their ideas and link them with internal and external supports. This program has rea-

ligned the student-centered process and related systems to utilize various systems,

which have been supported from the university’s internal and external support as part

of training the creative manpower to have an entrepreneurial spirit, which is suitable

for the creative economy era. Furthermore, this program was created to supply material

and environmental support, short-term outcomes and rewards, and various experiences

that consider the students’ specialty and circumstances (Table 3).

On the left hand side of Fig. 3, we can see the previous situation before the CHEESE

program was executed, where each project was operated independently and the stu-

dents received support from enterprises of different purposes such as manpower train-

ing, industry-university cooperation, and authentication business. We defined this as a

closed innovation system. Since this system was not systemically linked between the

supporting systems in one flow, temporary performance was derived as an outcome,

yet it was difficult to consolidate the outcomes efficiently and effectively. In contrast, in

an open innovation system, which is used in the CHEESE program, the relocated con-

figuration based on existing support projects focuses on student-centered activities with

consistency and persistency, where the quality and educational effectiveness of out-

comes can be improved. For the students, it is important to perceive the feasibility of

the idea at every step of practice throughout the entire innovation process to fill the

gaps between research and development that are caused by the different goals (Fig. 4).

According to Oganisjana (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 the university (entrepreneurs,

students, university education) have been extracted from the students’ position and, ap-

parently, these requisites are worthwhile for an open innovation environment and inter-

generational collaboration. As indicated in the diagram below, these requisites can be

reclassified to the necessary requisites for the CHEESE program. These requisites also

Table 3 Definition of CHEESE program in Open innovation

Concept in Open innovation - Open innovation-based CHEESE program has a goal of development
design in product, service, and system through ideation, visualization,
prototype manufacturing, evaluation, and commercialization.

Features in Open innovation - Process that aims for design and technology convergence.
- Progress based on process participants’ curiosity, open mind,

and volition.
- Learn some necessary requisites for capability, such as attitude,

skills, and knowledge
- Internal/External supporting in open innovation

Implications from Open innovation - Includes applying for patent/intellectual property rights and
registration process in early stage of process.

- Considers commercialization with practical results such as awards
and applying for patents and foundation.

- Short-term compensation in connection with internal and external
support programs for results at each stage

Kim et al. Journal of Open Innovation: Technology, Market, and Complexity  (2017) 3:6 Page 8 of 19



122

share the same context of students’ needs and valuable elements that the program tries to

offer (Table 4).

Internally, typical projects supported inside the university include the ACE and LINK

projects, which is Advancement of College Education and Leaders in Industry-

University Cooperation. ACE is a government supported project that is trying to create

“good teaching universities”. The project selects universities that have distinct features

and competitiveness in order to create an outstanding model, which is diverse and

pacesetting in undergraduate education, which realizes an ideology in establishing the

university’s vision and ideal “man of ability”. The project also supports the development

and management of the universities’ voluntary educational process so that the educa-

tion support system can be improved in general. In addition, ACE creates an educa-

tional program and system to meet the demand of an industrial society, as it reinforces

undergraduate students’ employability and foundation ability by aiming to train

Fig. 3 Closed innovation system vs. open innovation system

Fig. 4 CHEESE program conceptual diagram (produced by author’s team)
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manpower in order to support the country’s competitiveness through advancing under-

graduate education for tech+ manpower cultivation (Table 5).

The LINC project pursues the realization of a creative economy ecosystem, which en-

ables universities and companies to grow together. It aims to create and diffuse various

industrial cooperation leading models through supporting the industrial cooperation

family company, achieving a 60% employment rate of local universities, and choosing

industrial cooperation leading universities. For this, the model reinforces the support of

breaking away from the engineering universities’ center of industrial cooperation and

foundation, and supports the creation of various leading models by giving modularized

and dimensionalized support through local industry-based characterization. In addition,

the LINC project enhances the possibility of maintaining industrial cooperation and re-

inforcing the role of industrial cooperation through restructuring the industrial

cooperation-friendly system and phased business management. In other words, the pro-

ject wants to create a business where companies put the universities’ technology and

human resources to use, and where universities reinforce the education and research

capability that satisfy the industrial setting demand and forming characterization. These

support projects were created to support students in gaining capability by linking

internal and external activities. These projects include environmental support such as

studios, idea competitive exhibition entry support, and prototype manufacturing

support (Table 5).

Externally, there is a project supported by the Korean government for business and

foundations related to creative manpower cultivation and creative economy vitalization.

It consists of an integrated support system that links mentor connection, exhibition,

prototype manufacturing support, and route to market in each step to the idea of

commercialization from supporting an active environment such as studios. In addition,

Table 4 Activities and necessary requisites for each step of CHEESE program

Steps of CHEESE
Program

Activities Necessary requisites for
convergence exchange
based on Oganisjana (2015)

1 Inspiration & Motivation Getting inspiration and obtaining motivation
through acquiring overall knowledge and
information.
(Research of life style, trends, users, technology)

Knowledge, other views on
life, inspiration & motivation

2 Experience Find the needs and gain specific cognition
through direct experience.
(Field trip, town watching, seminars, workshops)

Experience,
intergenerational awareness

3 Ideation & Visualization Define discovered problem and needs, and
actualize the concept and visualize it by
coming up with new ideas.
(Sketching, modeling, rendering, presentations)

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 agrees
with the intention of the idea, through various
evaluations such as utility of manufactured
prototype, satisfaction level, purchase intention,
and capacity.
(Test of usability/emotion/satisfaction, exhibition)

Advice, critical thinking,
support

6 Commercialization Commercialize verified ideas by linking with
externals based on marketability
(Technology licensing, business linkage, foundation)

New opportunities
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there are various design awards and competitions for acknowledging differentiation and

the standard of idea and possibility of realization. This project helps students to get to

know the marketability. Occasionally, external companies affiliate themselves with

commercialization when good ideas are discovered through those announcements and

exhibitions. In terms of humans and material, the external support has larger expand-

ability than university support systems. The external support is effective when univer-

sity supported ideas are actualized. In the next section, we will examine what kind of

activity and supports have been taken to perform the entire process through the follow-

ing 2 cases, which were real outcomes of the proposed “CHEESE program” (Table 5).

Case 1: student A

Outline

– Product name: Cleanse (Clens)

– Product description: “Clens” is a new concept of a 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 uses the structure of small

cymbals. When users push the bottom side to upwards, the feature stretches while

embracing the finger, which enables users to wear the lens without the need for lens

tweezers or touching the lens with fingers. As a result, users feel less bothered because

there is no external touch and concerns of bacterial infection decreases. This product is

ideal for those who highly regard sanitation and eyeball health.

– Project period: 2014.3.3~2015.05.18

– Major Performances: K-design Award prize; Reddot Winner award; creative intel-

lectual property [design] commercialization support in 2014; acquired 4 design pat-

ents; submitted to Creative Economy Expo 2015; signed contract on linkage

commercialization (Innovartis and MOU) (Fig. 5).

Phased activity Caused by Proposed Model (CHEESE program)

Student A developed this idea from a club activity to solve the inconvenience she felt in

her daily life. She actualized and developed the idea by utilizing the “CHEESE program”

Fig. 5 Product image of Clens
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step-by-step and having a support system. The ideas realized in each step became a re-

source and basis for the project to be developed. A long and difficult process of develop-

ing new products could have been experienced due to the short-term outcome such as

patent applications, awards, and exhibitions, and continuous stimulation with rewards

was gained in every step.

① Inspiration & Motivation

The (internal) study of making ideas was done in the “laboratory resident” activity,

which was supported by the ACE project. The laboratory activities created an

environment for coming up with ideas, so participants were able to discuss the

direction of the product’s development. Through a regularly conducted idea

verification time, the item for “hygienic lens container” was discovered (Table 6).

② Experience

(Internal open innovation) discovering problems by progressing research about

development items and defining was processed through the “Start-up Club” activity,

which was supported by the LINC project. Indirect experience in product

development was obtained by gaining support to attend idea expositions, various

exhibitions, or do market research (Table 6).

③ Ideation & Visualization

When an organized idea concept comes out, it is visualized to features such as

modeling and rendering. The concept becomes ready to be applied to a claim and

presented to others (Table 6).

(Internal open innovation) Attending global events can happen through the support

of the LINK project in patent and intellectual property applications about idea (a)

and international travel expenses for (b) design award attendance fees and awards.

This linking between external and internal support systems helps makes students’

ideas become more valuable (Table 6).

(External open innovation) The German “Reddot” Design Award, which is one of

the world’s three major design awards, is an opportunity to make ideas be verified

at a world-wide level (only 5.1% of a total of 4761 attendants from 60 countries are

selected as winners) and the ideas were submitted through the support of the

university, and selected as a winner (2014.9.6) (Table 6).

④ Prototyping

The prototype becomes supported by being selected as a creative idea that is most likely

to be commercialized. This process occurs by having the students apply for the “Creative

Table 6 Open innovation activities in CHEESE program

Classification Inspiration &
Motivation

Experience Ideation &
Visualization

Prototyping Evaluation Commercialization

Internal open
innovation

ACE ●

LINC ● ●

External open
innovation

Design
Awards

●

Creative
IP

●

Exposition ● ●
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Intellectual Property [Design] Commercialization Support Program (2014)”, which is

supported by the Small Business Administration and patent office.

Prototyping is a stage where the idea is actualized from the concept, and

production costs are directly invested into it. This makes this step important for

students to go through (Table 6).

⑤ Evaluation

(External open innovation) Students had an opportunity to verify the possibility of

idea commercialization through market research and evaluation by exhibiting in a

creative economy exposition in 2015 at Seoul Coex, which was held by the support

of several Korean government institutions and organizations, where creative

economic activities mainly occur. By targeting people who participate in the

exposition, the product’s acceptance and attraction, results after evaluating the

required improvements, design suitability, functional interest, and facilities of use

were evaluated intensely. Participating in this exposition became an opportunity to

examine the future progress of “commercialization”, as the purchase intention and

marketability was shown to be above average (Table 6).

⑥Commercialization

(External open innovation) The German company “Innovartis”, a leading idea

commercialization specialist, visited the creative economy exposition in 2015. They

signed an MOU as they considered the product “Clens” highly. In addition, they

promised to cooperate and help serve actively commercialization enterprises or

with the technology licensing that may occur in the future (Table 6).

Case 2: student B

Outline

– Product name: The changing face tissue case

– Product description: This cute shape tissue case not only acts as a case, but is also

aware whenever the tissue pops up by utilizing Arduino and PIR sensors (Passive

Infrared Sensor). The shape of the tissue case’s eyes, which was designed with LED,

changes according to the frequency of tissues popping up. This case intends to make

users pay attention to the environment by inducing users to economize tissues.

– Progress period: 2014.9~2015.5

– Major Performances: Recipient of Gumi University’s Eighth Invention and Founding

Idea Competition Award (Creative Korea) and the World’s Woman Invention

Competition Award (KIWIE); acquired design patent; made a contract with GDP

Design Company and MOU, as well as technology licensing (Fig. 6).

Phased activity caused by proposed model (CHEESE Program)

Student B also developed and actualized the idea by utilizing the step-by-step activity

of the “CHEESE program” and support system. In this case, the prototyping stage was

supposed to be the main consideration, but the product was a developed working

mock-up that considers both hardware and software through the design and technology

convergence educational program. This experience shows that by going through the

process of making an actual real activation and improving it in creative education, the
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commercialization of ideas is very important. The students experience a practical way

of adding more value into creative ideas by utilizing technological ideas that only exist

in imagination. In this case, short-term achievement was also gained in every stage

(patents, awards, exhibitions), and outcomes were achieved by following technology

licensing for commercialization.

① Inspiration & Motivation

(External) The students get stimulus and are inspired by continuously discovering

ideas through various seminars and exhibitions that are was held by district design

promotion institutions DGDC (Daegu Gyeong-Buk Design Center). The students

also do idea excavating and project activities by acting as a KDM member (Korea

Design Membership: system which selects design-related students who have com-

petitiveness), which links school activities with international activities (Table 7).

② Experience

(Internal) Many students worked together as a team through the “Start-up club”

activity, which was supported by the LINK project. The students worked together

on a theme of idea excavating utilizing 3D printing. One of the individual ideas, the

tissue case, was selected, which was then quickly prototyped. The idea was

actualized through numerous 3D printing experiments. This process became an

opportunity and experience to verify ideas freely through utilizing 3D printing

support, not just in the laboratory, but also in the university (Table 7).

③ Ideation & Visualization

(Internal) Design rights were applied through patent and intellectual property

applications. This was supported by the LINK project. (2015/2/5) (Table 7).

④ Prototyping

Fig. 6 Product image

Table 7 Open innovation activities in CHEESE program

Classification Inspiration &
Motivation

Experience Ideation &
Visualization

Prototyping Evaluation Commercialization

Internal
open
innovation

ACE ●

LINC ● ● ● ● ●

External
open
innovation

Design
Awards

●

Creative
Korea

●

KIWIE ●
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(Internal) prototype production was supported by the Foundation Club activity,

which was supported by the LINK project. Flaws were reformed after a number of

test productions for continuous operations from the idea stage (Table 7).

⑤ Evaluation

(Internal open innovation) In the university, the KIT Engineering Fair is held once a

year. The KIT Engineering Fair is an exhibition which enables students to present

their research outcomes. Through this exhibition, the companies and individuals have

an opportunity such as cooperating together and presenting awards to projects that

had outstanding results. The participants also can look at valuable ideas or technology.

The developed tissue case was selected as an outstanding product and was selected for

a competitive exhibition. In addition, the expenses associated with applying for the

competitive exhibition was supported through the ACE project (Table 7).

(External open innovation) The project obtained a participation award from

Creative Korea in 2014, and a Silver Award and Dongguk University Chancellor

Award from ‘KIWIE (Korea International Women’s Invention Exposition) in 2015,

which was sponsored by the Korean Invention Institute (Table 7).

⑥Commercialization

(Internal/External) A stake contract was completed with the GDP Design Company,

which is a family company that made an agreement with Kumoh National Institute

of Technology through the KIT Engineering Fair in 2015. A technology licensing

fee was given after technology licensing in order to commercialize the product in

2015. The project was also paid according to the idea’s share ratio (Table 7).

Results and discussion: academic contribution & implication
The suggested CHEESE program model was conducted, targeting upper level undergraduate

students who are studying in industrial engineering design from 2013 to 2015. Every year, the

activity result has obtained better outcomes, as it is shown in the graph below (Fig. 7). This

means that the program, which was systematically built for supporting the activity in each

step for developing one’s own ideas, helped students to become stimulated for creative activ-

ities. In particular, the increased number in competition is highly significant in terms of pre-

paring the opportunity, as students refine their ideas and receive objective verification on

their ideas through external showcases. When a new program based on open innovation has

applied, it was confirmed that students’ creative talents and their ability in actualizing their

ideas have improved. This is an academic contribution of open Innovation as a new model of

educational program.

Fig. 7 Trend of results of student customized creative education model from 2013 to 2015
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The graph was created in order to observe each category. It shows that a total of 31

patents were applied in 3 years (10 cases of patents and 14 cases of design rights were

registered). This created a 77.42% productivity achievement ratio of application con-

trast. The number of ideas that was applied to competition was 165 with 75 cases

among them awarded. This forms a success rate of 45.45%, an industrial competitive

exhibition rate of 72.09%, and a design award rate of 36.07%. In the case of design

awards, 5 cases among the 44 cases were international awards, which achieved in

drawing global level ideas in the short-term. In addition, the engineering based indus-

trial design convergence program performance result showed outstanding performance

in engineering competitive exhibitions. This shows that it is more effective when design

thinking or technology is used in projects. The projects that were supported for making

prototypes were able to bring linking results such as presenting in exhibitions and con-

ferences or awards in competitive exhibitions and technology licensing. Unlike the

existing convergence program, which consists of a postgraduate course, it is shown that

there is a possibility of continuous development in the proposed model, in terms of

having a self-regulation undergraduate program. However, even though there were nu-

merous challenges in the extent of arranging idea concepts, considering the characteris-

tics of a creative educational model in undergraduate studies, it has been proven that

there is a limitation in the actual business associated activities such as foundation or

commercialization. There is an obvious difference from the result of standardizing dif-

ferentiated ideas to making products that consider the actual development and market-

ability. It is shown that there is need for designing an advanced program to support it.

If an improved model is developed that links undergraduate programs and postgradu-

ate programs, good results could be obtained (Table 8).

In summary, the three related fields through the proposed model are interconnected

to form a virtuous cycle structure. Open Innovation, in which the demand for industry

and students is composed of internal/external systems, is embodied as a customized

education program. Eventually, students who experience these programs improve their

adaptability to the industry. It becomes the basis for building relations between indus-

try, government, and schools (Fig. 8).

Table 8 Performances of CHEESE program in 3 years

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
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Limit & conclusion
This study had a test operation after the CHEESE program was designed. There are

limits to generalization and standardization due to insufficient cases as it is conducted

for specific volunteered students. Also it has not been able to apply the needs of indus-

try in depth as it is made in the undergraduate course.

The CHEESE program is a creative convergence education based on open innovation

where new systems and management methods are prepared to cultivate talented people

that are needed in a 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 their intellectual added value and recreate knowledge needed in a creative

economy (intellectual based) era.

2. This model will cultivate convergence ability, which gives solutions based on overall

knowledge that considers the market, technology, and users in a balanced way, in

order to solve complicated problems that occur in the field.

3. The model will allow students to obtain experience and encourage confidence

through a series of practice processes that plan, design, produce, and evaluate in a

self-directed way based on acquired knowledge.

4. The model will encourage leadership that constructs opportunities while linking the

internal and external parts of university supporting projects, as well as effective and

efficient communication and management of team work in each stage.

For students, the most meaningful aspect of this proposed model is actualizing and

developing their own ideas, as well as being able to realize the professional process that

is more than just the level of thinking ideas. In addition, the project helps students

overcome various challenges and provides other opportunities by having students ob-

tain long-term outcomes, while receiving short-term stimulus, encouragement, and re-

wards from the overall supporting system.
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�T�w�o� �U�n�u�s�u�a�l� �D�e�c�i�s�i�o�n�s� 

 The 1st Decision 
 

�A�t� �4�t�h�-�y�e�a�r� �P�h�.�D� �c�o�u�r�s�e� �i�n� �S�N�U� �o�n� �J�u�n�e�,� �1�9�9�2� � 
�D�e�c�i�s�i�o�n� �t�o� �m�a�k�e� �a� �m�e�d�i�c�a�l� �I�T� �V�e�n�t�u�r�e� �w�i�t�h� �M�E�D�I�S�O�N� �i�n�s�t�e�a�d� 

�o�f� �P�h�.�D� �a�n�d� �U�n�i�v�e�r�s�i�t�y� �P�r�o�f�e�s�s�o�r�.� 
 

 The company  UBcare in KOSDAQ  
  Market share No. 1 in EMR ( Hospital13,000 / Pharmacy 7,000) 
  Revenue 70M$, Profit  5M$, Market Cap. 150M$ 
 
 
 

 The 2nd Decision 
 

�O�n� �N�o�v�e�m�b�e�r�,� �2�0�0�9� 
�D�e�c�i�s�i�o�n� �t�o� �m�a�k�e� �a� �H�e�a�l�t�h�c�a�r�e� �I�T�/�B�T� �V�e�n�t�u�r�e� �w�i�t�h� �s�e�v�e�r�a�l� �s�t�a�f�f�s� 

�i�n� �U�B�c�a�r�e� �i�n�s�t�e�a�d� �o�f� �s�t�a�y�i�n�g� �a� �e�x�e�c�u�t�i�v�e� �d�i�r�e�c�t�o�r� �o�f� �S�K� �g�r�o�u�p� 
� 

 The company   U2Bio in KONEX 
  Healthcare IT/BT convergence company 
  Revenue 24M$, Profit 1M$, Market Cap. 33M 

2 
For 25 years, I made two Unusual decisions with two ventures. 

JT Kim 
CEO of U2Bio 
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 Failure in MS officer exams in 1989 

◦ A Turning event in my life 
 

 Ph.D - Post Doc - Professor 
◦ No other options ! 

 

 For Army obligation,  
◦ I need to enter a R&D center of a company 

 

A failure gave me a new life as an entrepreneur.  

�C�o�m�p�a�n�y� �:� �S�t�a�r�t�u�p� � � �B�i�g� �C�o�m�p�a�n�y� 
� 

�R�o�l�e�s� � �:� �E�m�p�l�o�y�e�e� � �C�E�O� 
� 

�A�r�e�a� � �:� �I�T� � � � �B�T� 
� 

�A�s�s�e�t� � �:� �(�-�)�1�.�2�M�$� � �2�0�M�$� 
� 

�W�o�r�k� � �:� �R�&�D� � � �S�a�l�e�s� 
� 

�P�h�.�D� � � �:� �D�r�o�p� �o�u�t� � � �G�r�a�d�u�a�t�i�o�n� 

� � � � � � � � � � �a�f�t�e�r� �1�9� �y�e�a�r�s� 
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 My Project ( Mini-PACS – MIDAS ) 
◦ Project Show 
◦ Differences between University and Company 
 

 Proposal  
◦ Making a medical IT venture with MEDISON 

 MEDISON provides Capital, Brand and Networks. 
◦ Finalize and Commercialization Experiences as an engineer 
◦ CEO as a R&D engineer ( age 27 years old ) 

 

 Some worries 
◦ Ph.D license / Capital / Experience / Family … 
◦ We agreed to “ Let’s Do it “ 
 

Challenging is Action, not Thinking ! 

 Why MEDISON instead of Big Company ? 
◦ My majors and interests ( Biomedical Engineering ) 
◦ My roles and experiences 
◦ Company Culture & Philosophy 

 
 Key Questions ( Company Philosophies ) 

◦ Who are Owners in a company ? 
◦ Who gives your salary to you ? 
◦ Are you a employee or a partner ? 
◦ What for companies exist ? 

 

 Why MEDISON instead of Big Company ?

Very important where to start to work and experience ! 
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 Review of our product (MIDAS - Mini PACS) 
◦ Not enough, Decide to remake 
◦ Just 3 months for renewal 
 

 But, Commercialization Failure 
◦ Changes 

 “We made”  “What Need ?” 
◦ Two market concerns 

 Medical Record Papers 
 Medical Insurance Proclaiming Works 

 Markets need “ EMR “ 
 

 Vision of EMR 

We learned “ Listening Customer’s need is so important “. 

University Company 
Pursuit Principles Solutions 

Results Paper ( Ideal ) Product ( Reality ) 

Feedback Reputation Numbers 

End of reports Conclusion Action Plan 

Success Possibility Perfection 

Failure Generous Responsible 

R&D Narrow & Deep 
Research (Idea) 
- Uniqueness 

Wide & Speed 
Development  
- Implementation 
- Timing 

Capital From Government 
( Infinity ) 

From Market  
( Circulation ) 

Working Place Desk & Paper Field & Market 

University
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 Our EMR Marketing Strategy 
◦ US Instruments sales and EMR solutions are different 
◦ Sales forces  vs Service Networks 

 
 Not visiting, But inviting 

◦ Seminar Marketing Strategy 
◦ Lecture / Demonstration / Q&A  Partnership Contract !!! 
 

 Realizing “Customer Values” 
◦ Market = Customer’s Needs 
◦ Customers are 

 Evaluating and Completing “ Product Values “ 
 Feedback “ Profits “ to us 
 Best Sales Forces 

Marketing Strategy is from market understanding, not from books. 

 Importance of “Human” 
◦ They are Employees or Partners ?  
◦ Trust and Teamwork can make “ Histories and Miracles “ 
◦ Trust comes from “Transparency of the firm” 

 
 Importance of “ Company Culture “ 

◦ We spend many our lives in working place. 
◦ How to make an Excite and Happy Working Place ? 
◦ “ Company Culture “ is so important 

 Challenge / Creative / Communication / Dynamic / Flexible … 
 

 Importance of Vision and Mission 
◦ Vision  - Where we are going ?  
◦ Mission  - Why we are doing ?  
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 Differences  
◦ Salary man  vs  Entrepreneurs  
◦ System oriented  vs  Human oriented 
◦ Risk managements vs  Challenges 

 
 Roles of Big Companies 

◦ Capital / Man power/ Brand / Marketing / M&A … 
◦ So, important… 
 

 Another turning points 
◦ My duties are over 
◦ Change my thoughts and Stay ? 
◦ Or New Challenge with my thoughts 

 
I understood the importance of the Roles of Big Companies  

  Internet Bubble / KOSDAQ collapse 
◦ Moral Hazard / Basics of Business 

 

 
  Default of MEDISON 

◦ Restructuring pain 
◦ Cold of Capitalism  
 

  Hostile M&A 
◦ Rights and Responsibility of Managements 

 

Overcoming Crises from Human Trust and Teamwork  
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Salary-man Ship VS Entrepreneur Ship 

Salary-man Entrepreneur 
Self Employee Partner 

Wish Promotion Opportunity 

Salary Rights and Reward Feedback and Sharing 

Keyword Stability Challenge 

Owner Boss Partner 

Attitude Passive (Follower) Active (Pioneer) 

To-Do Top-Down Bottom-Up 

Compensation Salary and Bonus Incentive & Stock Option 

Company Temporary Staying Making Dream 

Working Time 9 to 5 24 hours 

Loyal to Organization & Boss Customer & Principle 

 Self-Examination 
 

1. Pioneer or Follower ? 
 

2. Salaryman or Entrepreneur ? 
 

3. Safety or Challenge ? 
  

 My dreams for a company  
◦ Philosophy - Human Oriented & VIP sharing 
◦ Company Culture - Excite and Happy company 
◦ New Challenge - Venture Ecosystem and Opportunities  
 Making a Great Company ( Peoples / Thoughts / Actions ) 

 

 
My decision is to make the 2nd venture company. 
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 When “ EMR ver 1.0 “ came out in 1993, My Dream was … 
◦ If all hospitals are using the EMR,,,, 

 New Big Medical Network and U-Healthcare Infra structure 
  Today, UBcare become the largest medical network company  

 13,000 clinics / 7,000 drugstores / market share 70% 
 

 

 
 New Dreams in 2009 

 

◦ If IT meets BT ? 
◦ PHR & Personalized Healthcare 
◦ Global Market challenge, too. 

U2Bio began with the dreams. 
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�H�e�a�l�t�h�c�a�r�e� �3�.�0� 

Long Life Quality of Life 

“ How long live ? “ “ How long and healthy live ? “ 

Category Healthcare 1.0 
(Era of Public Health) 

Healthcare 2.0 
(Era of Disease Treatment) 

Healthcare 3.0 
(Era of Healthy Long Life) 

Period  18 ~ 19th century 20th century 21st century 
Technological 
Innovation 

Variolation(1721) Penicillin(1928) Human Genome(2001) 

Main Object Pandemic Prevention Disease Treatment Healthy life through 
Prevention and 
management 

Industrial 
Change 

- Popularization of 
Vaccinations 

- Invention of 
Stethoscope and X-
ray 

- Pharmaceuticals, 
Medical equipment 

- Medical Service and 
Insurance industry 

- Convergence of 
Pharmaceuticals, 
Diagnosis, Service 
and IT 

 
Healthcare 
Index 

Mortality of infectious 
diseases 

Life Expectancy Healthy Life 
Expectancy 

Healthcare 3.0
(Era of Healthy Long Life)

21st century
Human Genome(2001)

Healthy life through
Prevention and
management
- Convergence of

Pharmaceuticals,
Diagnosis, Service
and IT

Healthy Life
Expectancy

(By Samsung Economy Institute report) 

�H�e�a�l�t�h�c�a�r�e� �M�a�r�k�e�t� �C�h�a�n�g�e� 

Company Confidential 2012 

Lab. Markets Increase 

Cure 
“ Diagnosis & Treatment“ 

Care 
“Exam. & Prevention “ 

“ Fast & Accurate Diagnosis 
   and Fast Treatment“ 

“ Early Checkup and 
Maintain Health“ 

• Medical Equipment 
• Pharmaceutical 
• Medical IT  

• Molecular Diagnosis 
• Vaccine 
• U-Health 
• Personalized    
  Healthcare 

In Hospital Out of Hospital 
Doctors Personals 

Medical Market Healthcare Market 
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�H�e�a�l�t�h� �C�h�e�c�k�u�p� �M�a�r�k�e�t� �I�n�c�r�e�a�s�e� 

Korean Nations Health Checkup Market increase rapidly 

0.80% 0.95% 1.08% 1.14% 1.28% 1.67% 1.74% 2.15% 2.42% 2.38% 2.45% 2.57% 2.51% 
100% 123% 155% 178% 
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910% 930% 
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Portion Checkup

�K�e�y�w�o�r�d�s� �o�f� �H�e�a�l�t�h�c�a�r�e� �3�.�0� 

IT Convergence 
 

- Digital image processing 
- Diagnostic Software 
- Digitization of medical 

information 

Bio-engineering 
Technologies 

 
- Genome decoding 
- Stem cells 
- Gene Therapy 

Disease 
Management 

Customization 

Precision of Dx 
and Treatment 

Orientation 
toward Patients 

Extension of 
Healthy Life 
Expectancy 

 

Lower Medical 
Costs 

 

Technological Seeds 
Keywords for  
Healthcare 3.0 Market Needs 

(By Samsung Economy Institute report) 
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1 step  Laboratory Service Biz for Hospitals 

2 step   IT Solutions for Health Checkup and  
 Making Health Checkup Network 

3 step   PHR (Personal Healthcare Records)  
  Database & Mobile IT Solutions 

4 step   Personalized Healthcare on PHR DB, Life logs   
  and Gene Analysis   

“Cure era” : Medical Network 
“Premier Medical Service Partner” 

“Care era” : Healthcare Network 
“Premier Personalized Healthcare” 

BT 
Bio Service 

IT 
Solution 

Samples 

Results 
�H�o�s�p�i�t�a�l� 

�H�e�a�l�t�h� 
�C�h�e�c�k�u�p� 
�C�e�n�t�e�r� 

Smart 
Check 

Health 
Wallet 

Health 
Intranet 

�C�o�m�p�a�n�y� 
U2Bio is a unique  

Healthcare IT/BT convergence company 
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 Two Unusual decisions 
◦ Now two meaningful and healthcare promising venture companies 
 The Beginning was from “MEDISON Culture” 

 

 Many Experiences and Learnings from “Fields” 
◦ Importance of Human, Customers, Company Culture, Vision & Mission of 

Company 
◦ Entrepreneur ships. 
 Trust and Teamwork overcome all kinds of crises.  
 

 U2Bio is doing 
◦ Continuous Growth for 8 years 
◦ Continuous Challenging for Dreams about Healthcare IT/BT convergence 

solution and service 
 

Two Unusual decisions

Please, support and expect U2Bio’s challenges and futures. 
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U2Bio has been a listed company on KONEX since May of 2015. 

U2Bio Partnership For 8 years,  

19 Service 
Agencies 

Global Networks Pharmaceutical 

Medical IT Sales and Services 
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Customer, User, Engineer and Social 
Open Innovation-Based Business Model 

Developing Practice & Training of enterprise 
personnel for an innovative economy

Lecturer: Professor JinHyo Joseph Yun (DGIST, Korea), 
Professor XIAOFEI ZHAO(DGIST, Korea)

2017-12-06(Wednesday) 10:00~12:00 a.m

Programme of Open Innovation Academy of SOItmC
 International Lecture 
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Open Innovation in the Early Development 
of Chaebol Conglomerates in Korea: 

Implications at the Intersection of Business 
& Culture

Lecturer: Professor Ogan Gurel
(DGIST, Korea)

2017-12-06(Wednesday) 14:00~16:00 p.m

Programme of Open Innovation Academy of SOItmC
 International Lecture 
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Professors of Open Innovation Academy of SOItmC

Name Position Affiliation Photo

JinHyo Joseph Yun Professor DGIST, Korea

KyungBae Park Professor Sangji University, Korea

Tan Yigitcanlar Professor Queensland University of Technology, 
Australia

Jeonghwan Jeon Professor Gyeongsang National University, Korea

Junghee Han Professor Hongik University, Korea

Sunah Kim Professor Kumoh National Institute of Technology, 
Korea

Jin-Tae Kim President U2Bio Co., Ltd, Korea

Ogan Gurel Professor DGIST, Korea

XIAOFEI ZHAO Professor DGIST, Korea

*More information about professors could be checked at SOItmC hompage http://openinnovation-tmc.org/


