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Preface

Knowledge science is a problem-oriented interdisciplinary field that takes
as its subject modeling of the knowledge creation process and its applica-
tion and carries out research in disciplines such as knowledge management;
management of technology; support for the discovery, synthesis, and cre-
ation of knowledge; and innovation theory with the aim of constructing a
better knowledge-based society.

Knowledge science develops methodologies and techniques for the man-
agement of knowledge and technology; for the discovery, creation, and
structuring of knowledge; and for solving organizational and systemic prob-
lems. It coordinates various forms of knowledge such as opinions, values or
information, science, technology, and diverse standpoints such as industry,
academic, government or private sectors. Knowledge science could be estab-
lished by integrating information science, management science, and systems
science.

On the education side, knowledge science produces talented graduates who
are capable of comprehensively examining a variety of social issues such as
developments in technology, economic-commercial activities, depopulation—
aging of society, global warming—depletion of resources, or the stagnation of
regional economies, and taking the lead in solving them.

Knowledge engineering (a branch of information science) is mainstream
in the world of knowledge science. But knowledge science should aim for
integration with knowledge management (for example, human manage-
ment), the importance of which is recently garnering worldwide attention.
However, it will theoretically take some time to integrate the aforementioned
three fields and to establish a new academic system. One of the reasonable
ways is to attempt their integration in practical use (problem-solving proj-
ects), to accumulate actual results, and then to establish them as a discipline
in a new field.

Prospective readers of this book are researchers, practitioners, and espe-
cially graduate students in the fields of knowledge management, informa-
tion science, management science, and sociological systems science. The
authors of this book are experienced researchers in knowledge science with
backgrounds in systems science. Young researchers will find in this book
new research themes as well as the importance of knowledge science.

This book introduces six important concepts in knowledge science: (1)
knowledge technology, (2) knowledge management, (3) knowledge discov-
ery, (4) knowledge synthesis, (5) knowledge justification, and (6) knowledge
construction. Knowledge technology is an umbrella term that includes the
previously mentioned concepts as well as knowledge classification, represen-
tation and modeling, knowledge identification and acquisition, knowledge
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viii Preface

searching, knowledge organization, knowledge storage, knowledge conver-
sion, and knowledge dissemination.

Knowledge management are the keywords in knowledge science research.
This book introduces the theories and practices of knowledge-oriented man-
agement in organizations and covers three different yet related areas: knowl-
edge assets, knowing processes, and knower relations. Knowledge discovery
and data mining emerged as a rapidly growing interdisciplinary field that
merges databases, statistics, machine learning, and related areas to discover
and extract valuable knowledge in large volumes of data.

Knowledge synthesis, knowledge justification, and knowledge construc-
tion are quite important when solving real-life problems. This book includes
original ideas, such as Oriental systems philosophy, a new episteme in the
knowledge-based society and a theory of knowledge construction.

Yoshiteru Nakamori, Editor
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Yoshiteru Nakamori
Japan Advanced Institute of Science and Technology, Japan
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1.3 Contents of the Book

1.1 School of Knowledge Science

The School of Knowledge Science at Japan Advanced Institute of Science and
Technology (JAIST*) started in April 1998 and is the first of its kind estab-
lished in the world to take knowledge as a target of science. The school was
started after the work of Ikujiro Nonaka, first dean of the school and world
renowned for his organizational knowledge creation model (Nonaka and
Takeuchi, 1995), in which new knowledge is created between explicit and tacit
knowledge through a socialization, externalization, combination, and inter-
nalization (SECI) spiral:

1. Socialization is a process of sharing experiences and thereby creating
tacit knowledge such as shared mental models and technical skills.

2. Externalization is a process of articulating tacit knowledge into
explicit concepts, taking the shape of metaphors, analogies, con-
cepts, hypotheses, or models.

3. Combination is a process of linking explicit knowledge to obtain a
knowledge system.

4. Internalization is a process of embodying explicit knowledge into
tacit knowledge. It is closely related to learning by doing.

" JAIST was founded on October 1, 1990, as the first national institute in Japan that consists
of graduate schools without undergraduate programs and possesses its own campus and
organization for research and education.
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This theory is revolutionary because it stresses steps leading to knowl-
edge increase definitely, based on the collaboration of a group in knowledge
creation and on the rational use of irrational mind capabilities, namely, tacit
knowledge, which includes emotions and intuition.

When establishing this school, the founders had to distinguish knowl-
edge from information, which is necessary to explain the structure of the
school. Information is knowledge transmitted by, for example, character,
sign, or voice or by data arranged to be useful for decision making. Thus,
the meaning of information can vary from other persons’ knowledge to sim-
ply collected data. On the other hand, knowledge is recognition memorized
personally or socially or judgment or a system of judgment that has objective
validity. Using the latter definition, people transform data into information
and information into knowledge.

The energy that brings about such transformation is called intelligence.
Intelligence has several meanings, but here we consider computers’ ability
to judge things automatically or people’s ability to understand and learn
things. The structure of the school, which includes the following, was con-
structed in this light:

® Information science to develop computers’ ability to judge things
automatically

* Management science to enhance people’s ability to understand and
learn things

However, knowledge treated in information science is mainly explicit
because we have to convey knowledge through computer codes, whereas
important knowledge in management science is tacit; it is quite difficult to
transfer people’s knowledge to others with words. This is the reason we
require the third discipline

* Systems science to strengthen system’s ability by integrating a diver-
sity of knowledge .

In the management field, the School of Knowledge Science at JAIST is
proud to have pioneered research into knowledge creation theory. Regarding
information technology, it has been developing knowledge creation support
systems. Systems theory research regarding knowledge integration and cre-
ation offers tools and techniques in consultation to business and society. The
school integrates these fields at the interdisciplinary project level and facili-
tates innovation in a variety of fields.

However, at the present stage, knowledge science is more a problem-
oriented interdisciplinary academic field than a single discipline. Its mis-
sion is to organize and process both objective and subjective information
and to create new value, new knowledge. Knowledge science mainly deals
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with the research areas involving social innovation such as regeneration of
organizations, systems, and the mind. However, society’s progress is under-
pinned by technology, and the joint progress of society (needs) and technol-
ogy (seeds) is essential. Therefore, knowledge science also has the mission
to act as a coordinator in extensive technological and social innovations.

To fulfill these missions, the School of Knowledge Science focuses its
research and education on observing and modeling the actual process of
carrying out the mission, as described in the organizational knowledge cre-
ation theory by Nonaka and Takeuchi (1995) or the creative space theory by
Wierzbicki and Nakamori (2006), as well as developing methods to carry out
the mission. The methods are mainly being developed through the follow-
ing three areas in the school:

¢ The application of business science/organizational theories (practical
use of tacit knowledge, management of technology, innovation theory)

* The application of information technology/artistic methods (knowl-
edge discovery methods, ways to support creation, knowledge engi-
neering, cognitive science)

* The application of (mathematical) systems theory (systems thinking,
the emergence principle, epistemology)

1.2 Approaches to Knowledge Science

We could count several research fields related to knowledge science (Figure 1.1):

* Knowledge engineering: Symbolizing (approximating) experts’ knowl-
edge to develop artificial intelligence

* Knowledge discovery: Mining a large-scale data set to extract partial
rules and adding their meanings based on domain knowledge

* Knowledge construction: Simulating complex phenomena based on
some hypothesis and adding the meanings to emerged properties
based on domain knowledge

* Knowledge management: Converting distributed (or tacit) knowledge
into shared (or explicit) knowledge and using it effectively

The feature of these fields is the use of computers, expanding traditional
information science, which means that these fields use subjective knowledge,
indicated by italic letters in Figure 1.1.

Organizational knowledge creation is the key academic factor to establish
the School of Knowledge Science; after the SECI spiral, some different spirals
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I Knowledg; engineerin;
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FIGURE 1.1
Existing research fields related to knowledge science.

were proposed. While the SECI spiral is a bottom-up type, Gasson (2004)
proposed a top-down type model by analyzing possible transitions among
the same four nodes (here group knowledge is called shared knowledge and
individual knowledge is called distributed knowledge) in the organizational
culture of a Western company. Wierzbicki, Zhu, and Nakamori (2006) pro-
posed personal knowledge creation models that correspond to disciplinary
knowledge creation. The feature of these models is to use persons directly,
beyond information science (Figure 1.2).

However, to solve complex real-life problems we need knowledge syn-
thesis, collecting, and interpreting different types of knowledge from the
cognitive-mental front, scientific-actual front, and social-relational front
(Figure 1.3).

Nonaka, Toyama, and Konno (2000) called the dynamic context that is
shared and redefined in the knowledge creation process ba, which refers not
just to a physical space but also includes virtual spaces based on the Internet,
for instance, and more mental spaces that involve sharing experiences and
ideas. They stated that knowledge is not something that can exist indepen-
dently; it can exist only in a form embedded in ba, which acts as a context
that is constantly shared by people.

From the hypothesis that knowledge science will be established at the ba
where several disciplines are integrated, we should expand our research
into social and technological innovation to foster revitalization projects and
collaborative projects with enterprises. For example, suppose that a student
participates in a regional environmental project of a certain city. If the main
theme is the extent of reductions in the concentration of carbon dioxide and
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| Organizational knowledge creation
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FIGURE 1.2

Organizational or personal knowledge creation models.
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FIGURE 1.3

Knowledge synthesis to solve complex real-life problems.

the analysis of economic effects and the secondary theme is converting food
residue into ethanol, the student would receive guidance from the School
of Materials Science for the secondary theme. In addition, the qualities of
a coordinator should be required such as in requesting assistance from the
public to further the project, mediating between the parties concerned, and
collating and providing data and opinions. In such a case we will request the
municipal representative to act as a mentor and to contribute to the student’s
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growth. Moreover, if for example the technology to turn Malaysian palm oil
to ethanol is provided and ethanol is successfully imported and marketed,
this will contribute to both the vitalization of the regional economy and the
student’s growth in international activities.

Our tasks in a knowledge-based society could be classified into the fol-
lowing three areas. The first is to use information technology and systems
science and the management of technology and knowledge to support the
creation of knowledge and technology (to create technological innovation).
The second is to reform social systems and people’s minds to make effective
use of advances in knowledge and technology (to create social innovation).
The third is to nurture leaders who can accomplish the first and second tasks
and construct a better knowledge-based society (to nurture innovators).

Such leaders require the abilities of knowledge workers and innovators
in wide-ranging areas (called “knowledge creators”). However, they cannot
achieve satisfactory results unless they possess the ability to coordinate the
opinions and values of diverse people (called “knowledge coordinators”).
Accordingly, we should aim to promote cutting-edge research and education
into the theory and practices of social and technological innovation.

Consider the following questions while reading this book:

1. Are you treating knowledge in your research?
a. If yes, what kind of knowledge are you treating?
b. (Note) You might treat just information, not knowledge.

c. (Note) There is a critique that one can manage information but
cannot manage knowledge.

2. Try to understand what ba is (ba = creative environment).
a. What kind of ba are you involved in?

b. (Note) It is said that knowledge can exist only in a form embed-
ded in ba.

¢. (Note) This definition of knowledge is significant when consider-
ing its difference from information.

3. Do you think that you are creating knowledge?
a. If yes, explain your spiral in creating knowledge.

b. (Note) You can either consider your individual study or your
research in your group.

c. (Note) Remember the definition of knowledge, which is not just
information or data.

4. Do you have a confidence that you will become an innovator or a
knowledge coordinator?

a. If yes, explain your style of study to become an innovator or ‘a
coordinator.



