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EXECUTIVE SUMMARY

It is widely recognized that many of the problems which today's society faces, including
problems which are related to science and technology, are difficult to solve within the scope of
conventional, existing scientific disciplines. The “integration of disciplines” for problem
resolution is necessary in order to achieve the following goals: to sustain a rich global
environment, maintain a peaceful and safe society, expand the frontiers of science and
technology, strength Japan's international competitiveness.

The importance of emerging and interdisciplinary research fields has been known for a long
time. However, these fields have not been vigorously promoted for various reasons, including:
these fields are only vaguely defined and the specific content of these fields has not been
clearly defined; society’s need for these fields has not been clearly identified; these fields have
not been organized into systematic categories; the researchers and the policy makers have little
interest in these new fields.

Considering this situation, we conducted an investigation with the aim of identifying specific
emerging and interdisciplinary research fields which are needed to solve major problems in
society. We then recommended measures to promote these fields. In order to achieve these
goals, the group took the following approach. Firstly, we listed some of the complex problems
(challenges) which modern society faces. Secondly, we studied, from scratch, what kinds of
science and technology fields are necessary to solve these problems. Thirdly, we identified
emerging and interdisciplinary research fields.

As a result, several emerging and interdisciplinary fields were identified. They can be
categorized into two types.

1. Emerging and interdisciplinary fields which will serve as the foundation for solving multiple
problems or will provide tools for solving

2. Emerging and interdisciplinary fields which provide solutions to individual problems

The following are examples of science and technology which are classified into the first
category.

* Handling of huge amounts of data

* Understanding human psychology and behavior

* Accommodation to evolution, mutations and degeneration
* Overcoming system complexity

* User-oriented services design and evaluation

* Risk governance
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The following are examples of science and technology fields which have been classified into the
second category.

* Controlling and making predictions about living organisms, society, etc. based on medical
knowledge

* Environmentally friendly cutting-edge material science and ultra-long life material
engineering

* Science for studying changes in shapes and structures

* Science for the interactions between the global environment and society

In order to promote research in these emerging and interdisciplinary fields which will help to
solve various problems, universities need to reconsider the relationship between humans and
science/technology, and the relationship between society and science/technology. The
universities should then conduct bold reforms in order to create a research system and a
university system which will enable the “integration of disciplines” which transcend traditional
disciplines and existing organizational frameworks. It is also necessary to develop systems
which will provide further incentives to young researchers conducting research which is
designed to solve problems, as well as educating top management to ensure the creation and
implementation of such systems. Industry should invest in research by fully recognizing that
the results of problem-solving interdisciplinary research shall be returned to society in the form
of the creation of new industries and improvements in the capabilities of industries, etc.
Members of society should recognize the value of research which is designed to solve problems,
in addition to research which is conducted with autonomously-decided themes, and they should
show their support for such research. Funding agencies should vigorously provide research
funds in order to foster and promote interdisciplinary research fields which are necessary to
solve major problems in society. The government should re-examine its traditional approach,
i.e. individual discipline-based research which is conducted with autonomously-decided themes.
The government should then change its science and technology administration by creating a
system where interdisciplinary research which is designed to solve problems can be promoted
along with the conventional types of research.
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1. Introduction

The importance of emerging fields and interdisciplinary fields in science and technology has
been pointed out in the Second Science and Technology Basic Plan and in the Third Science
and Technology Basic Plan which is currently being implemented. However, these fields have
not been vigorously promoted for various reasons, including: these fields are only roughly
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defined and the specific content of these fields has not been clearly defined; society’s need for §'§§§
these fields has not clearly been identified; these fields have not been organized into systematic ‘§ § %i_q-.f
categories; the researchers and the officials responsible for policy in conventional fields have a § ggﬁ
little interest in these new fields. <3 % §

However, many of the problems which the modern world faces, including problems which are = § g 4

related to science and technology, are difficult to solve within the scope of conventional
individual subject areas. This is an internationally recognized concept. These problems

include: unprecedented economic crisis in the past 100 years; climate change which affects the '%g gﬁ
future of human beings and the environment; new infectious diseases which could spread éggf‘:
worldwide; cyberterrorism which threatens national security; system malfunctions which have 85,8@
catastrophic effects on social infrastructures; and energy, resource, food and water security. ?g% §
In order to solve these complex and difficult problems which society faces, it is essential to work L%"” E

on emerging research fields, the research fields which lie on the borders between different
disciplines, and interdisciplinary research fields, which have not been covered by conventional
science and technology disciplines.

When looking into the history of science, one can see that new discoveries, etc. which
overturned fundamental paradigms were derived from research fields which were on the
“borders” of different disciplines or from heretical ideas at the time. The frontiers of science
and technology expanded every time such a discovery was made. The integration of
disciplines played an extremely important role in this process. The integration of disciplines
was achieved by researchers meeting other researchers from different disciplines and being
inspired by each other, or through friendly rivalry between researchers from different disciplines.
For example, molecular biology, which now constitutes a basic part of life science research,
made a breakthrough when the double helix structure of a DNA was discovered using X-ray
analysis, which is one type of physical measurement technique. Quantum mechanics is a
discipline which started from unorthodox ideas such as the photoelectric effect.

In order to solve the complex and difficult problems that the world faces in the 21st Century
and to expand the frontiers of science and technology by gaining knowledge, it is widely
considered that there will be an increasing need to freely combine the knowledge of various
researchers from different existing disciplines. Therefore, it is necessary to make vigorous
efforts in encouraging intellectual interactions and integration between different disciplines, as
part of the national strategy. The study group considered that the first thing that needed to be
done was to identify specific emerging and interdisciplinary research fields and to clarify the
current problems. Based on this idea, the group conducted the investigation discussed in this
report.

Discussion on Promotion methods of
Emerging and Interdisciplinary Research
Fields

Conclusion

Appendices
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2. The Necessity of Promoting Emerging and Interdisciplinary

Research Fields

There are many problems in modern society which need to be solved promptly in order to
maintain a rich global environment and a peaceful safe society into the future. Most of these
problems are derived from complex phenomena and systems, which are difficult to solve within
the scope of conventional individual disciplines. This is an internationally recognized concept.
In order to solve these difficult social problems, Japan as a nation committed to science and
technology needs to develop, foster and promote emerging research fields and interdisciplinary
research fields (where existing multiple disciplines are integrated), which have not been covered
by conventional disciplines.

The development of science and technologies which will solve global problems, ensure
dependability, ensure a safe society and improve human health and welfare can strengthen the
competitiveness of Japanese industry and improve the quality of life, which in turn will
strengthen Japanese leadership in international politics and diplomacy. Japan should take the
lead in developing and promoting emerging and interdisciplinary research fields, in order to
strengthen Japan’s international competitiveness.

The existing research fields have been developed as part of a system that has been
autonomously created based on the academic interests and technical ideas of researchers.
Therefore, they have not necessarily been created with the aim of solving the problems that
modern society faces. Each discipline, which is a result of subdivided academic fields, is only
one scientific or technical element which is needed to solve the complex problems in society.
With the current academic arrangements, it is impossible to find effective methodologies or
incentives to comprehensively solve the problems of society, because the research, the
personnel evaluation and the education are all confined within each discipline. For science
and technology to contribute in solving the problems of society, which will become increasingly
complex in the future, it will be necessary to “integrate disciplines” in order to solve these
problems.

In order to open up new academic fields, it is again necessary to promote emerging and
interdisciplinary research fields wherever possible. There are many examples in the history of
science where new disciplines were developed through interactions between researchers from
different disciplines.

Center for Research and Development Strategy Japan Science and Technology Agency CRDS-FY2008-XR-02
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3. Examples of Major Emerging and Interdisciplinary Research

Fields

Introduction

The importance of emerging fields and interdisciplinary fields was pointed out in the Second
Science and Technology Basic Plan (fiscal year 2001 - 2005) and in the 7hird Science and
Technology Basic Plan (fiscal year 2006 - 2010). However, these fields have not been
vigorously promoted for various reasons, including:

Research Fields
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1)  These fields are only roughly defined and the specific content of these fields has not been
clearly defined;

2) ltis not clear whether these fields can meet the society’s needs;

3) These fields have not been organized into systematic categories, when compared to the
other four priority subject areas (life science; information and communications; the
environment; and nanotechnology and materials);

4)  The researchers in already-established fields have little interest in these new fields;

5)  The officials responsible for policy also tend to be more engaged in the other four priority
subject areas.

23
£
=
.6_8
.Qa
©

(]
59
Ey

—
o
© O
=G
S o

C
n .=
9D
QO
gE
><I.IJ
L

As a way to comprehensively and specifically investigate and discuss measures for
promoting research in emerging and interdisciplinary fields, the group identified specific
problems which must be solved by modern society. Then, the group held a forum which aimed
to find answers to the following questions through free discussions between researchers from
diverse disciplines (see Appendix 1-2 for the details of the forum).

Fields

1)  What kinds of emerging fields are necessary, or what kinds of existing fields should be
integrated, in order to solve the above-mentioned problems?

2)  What kinds of systems are necessary to promote research and the development in these
fields?

Discussion on Promotion methods of
Emerging and Interdisciplinary Research

The areas of expertise of the 15 researchers who participated in the forum included:
mathematics, physics, chemistry, biology, information science, engineering, psychology,
economics and sociology.

Based on the hypothesis that “most challenges faced by modern society are derived from
complex systems,” the forum first illustrated 10 challenges. “Complex systems” are defined
as systems for which modeling is difficult because of their complexity, or systems where there
are multiple cause-and-effect relationships between components (many-to-many relationship).
The criteria for the 10 challenges was that they should be challenges which must be resolved in
order to maintain the global environment, ensure a stable society and ensure human health.

The following 10 Challenges were chosen only as a tool to identify specific emerging and
interdisciplinary research fields. Therefore, the levels of complexity and the severity of the
problems are not uniform, nor are they comprehensive.

Conclusion

Appendices
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“10 Challenges”

* Predicting changes in the global environment, assessing the impact of the changes and
creating prevention strategies

* Predicting natural disasters, forecasting damage and creating rehabilitation strategies

* Identifying pathogens which cause epidemics and routes of infections, and creating
wide-area treatment strategies

* Clarifying life phenomena and the prevention and treatment of serious diseases

* Clarifying mental phenomena and the prevention and treatment of mental disorders

* Global security for energy, food and water

* Ensuring sustainability and risk management of critical infrastructures

* Credit control and risk management for the economy, and creating market stabilization
strategies

* Ensuring public security for networks, and guaranteeing the security and dependability of
services and information

* Synthesizing materials with new functions and the utilization of the materials for health, the
environment and information

Based on the discussions at the above-mentioned forum, CRDS fellows conducted follow-ups.
The fellows divided the 10 Challenges into multiple Sub-Challenges. They then identified
emerging and interdisciplinary fields by looking at what kinds of academic areas are needed to
resolve each of the Sub-Challenges. Care was taken not to define the names of the identified
emerging and interdisciplinary fields at this stage. Instead, each field was defined using
sentences. Figure 1 shows the outline of the discussions.

10 Challenges (Complex Systems)

ChzrEEs iz Epidemic Mental Services and

anionment” > el Cipmmrs>
Natural h it Eneggy, f‘ood Economic Materials with
disasters phenomenal andiwaiel phenomena new functions

= The group divided these problems into sub-challenges or into further clusters.

* The group listed the necessary research and development themes by considering
cases which are as relevant as possible to our daily lives.

* The group identified academic fields which are not covered by the traditional
academic system (however, the names of these fields were not defined at this stage).

“ Emerging and
interdisciplinary fields’
which provide solutions to ;
individual problems XX Studies

XX Engineering XX Science

. X (The name can be (The name can be (The name can be
" Emerging and ., longer if necessary) longer if necessary) longer if necessary)
interdisciplinary fields
which help to solve multiple
problems

nderstanding
human

psychology

and behavior,

Accommodation to
evolution,

Handling huge
amounts of
data

Overcoming
system
complexity

User-oriented
services design
and evaluation

mutations and
degeneration

Existing
disciplines

Information
science

Figure 1 Outline of the Discussions for Identifying Emerging and Interdisciplinary Fields
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As a result of discussions about the 10 Challenges and their Sub-Challenges, the group
identified several emerging and interdisciplinary fields which are needed to resolve these
challenges. These fields can be classified into two categories, namely: (A) emerging and
interdisciplinary fields which help to solve multiple problems; and (B) emerging and
interdisciplinary fields which provide solutions to individual problems. The following sections
explain the emerging and interdisciplinary fields in each category. Table 1 also shows a list of
these fields.

Introduction

A.  Emerging and Interdisciplinary Fields which Help to Solve Multiple Problems

The Necessity of
Promoting Emerging
and Interdisciplinary

Research Fields

1)  Handling huge amounts of Data

This is a research field which is related to the handling of mega data. The content of this
field includes: measuring massive amounts of data which are continuously produced by
numerous and diverse components of complex systems (nature, life, mind, society, economy,
information and engineering); editing and structuring data into formats which can be processed;
analyzing data and integrating the analysis results; conducting the modeling of systems and
verifying the models; calculating the massive amounts of data based on system models and
visualizing the calculation results; guaranteeing the reliability of data; discovering useful
knowledge from mega data; controlling the subject based on data and predicting future
phenomena.

This field can be developed through the integration of mathematical science and information
science (these two disciplines will play a major role), as well as physics, chemistry, biology,
medicine, engineering, sociology, economics, the humanities, etc. which are related to the
subject system.

Emerging and
Interdisciplinary

Research Fields
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Fields

2) Understanding Human Psychology and Behavior

This is a research field which is related to the understanding of human psychology and
behavior, and the utilization of this knowledge in systems. The content of this field includes:
measuring the psychology and behavior of humans, which is a component of systems which
contain variables (information, economy, society, politics and education); clarifying the
mechanism and the dynamics of psychology and behavior; conducting modeling of the systems
which contain humans as one of the components; conducting simulations and verifications;
controlling systems which contain humans as one of the components and predicting the
behavior of the systems; providing education and encouraging creative activities; creating
methods to evaluate systems.

This field can be developed through integrating mathematical science, information science,
cognitive science, neuroscience, biology, sociology, economics, the humanities, engineering,
etc.

Discussion on Promotion methods of
Emerging and Interdisciplinary Research

Conclusion

Appendices

3) Accommodation to Evolution, Mutations and Degeneration

This is a research field which is related to the understanding and control of evolution,
mutations and degeneration of systems. The content of this field includes: measuring the
processes of evolution, mutations and degeneration of nature, humans, society, man-made
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objects and information, which occur as time passes; analyzing the causes of these changes;
conducting the modeling of evolution, mutation and degeneration processes and verifying the
models; adapting the systems to changes in order to keep the systems at optimum
performance; conducting optimum system designing which takes into consideration changes in
conditions throughout the system’s lifetime; predicting future phenomena; recovering systems
from a mutated condition; and rejuvenating systems.

This field can be developed through integrating mathematical science, information science,
biology, physics, chemistry, medicine, engineering, sociology, economics, the humanities, etc.

4)  Overcoming System Complexity

This is a research field related to designing systems which overcome the complexity of
systems. The content of this field includes: understanding and describing the behavior of
multilayered systems which contain components of various sizes from macro-components to
micro-components which also contain interdependency and variables (such as information,
economy, society, organisms and nature); dividing the systems into modules and conducting
the modeling of the systems, through abstracting and stratifying the components; conducting
multilayer-integrated simulations for systems and conducting formal verifications for systems;
designing, creating and evaluating multilayer-integrated architectures and systems as well as
conducting risk management for the architectures and systems; maintaining systems;
guaranteeing the dependability of the systems.

This field can be developed through integrating information science, mathematical science,
engineering, sociology, economics, the humanities, biology, physics, etc.

5)  User-oriented Services Design and Evaluation

This is a research field which is related to the techniques/technologies of measuring,
visualizing and quantitatively evaluating the quality and the effects of services (information,
convenience and opportunities) which are provided in response to requests from users (humans,
organizations, information systems and man-made objects). The content of this field also
includes: techniques/technologies which analyze services from the users’ standpoint, conduct
the modeling of services, optimize systems and realize optimum systems; the
techniques/technologies which effectively create, disseminate and establish services; and the
meta-studies which evaluate and optimize services which are provided as a product of science
and technology research that will solve major problems in society.

This field can be developed through integrating mathematical science, information science,
economics, sociology, cognitive science, the humanities, engineering, medicine, etc.

6) Risk Governance

This research field aims to comprehensively review the risk factors which become obstacles
to the realization of the future goals of society or to the fulfillment of society’s needs, as well as
comprehensively reviewing the countermeasures to these risk factors. This research then
aims to design, introduce, operate and maintain social systems and social infrastructures which
will minimize potential risks, while considering the time factor, and considering limitations in the
procurement and allocation of resources such as personnel, knowledge, technology and
budget.

This research field can be developed through the integration of mathematical science,

Center for Research and Development Strategy Japan Science and Technology Agency CRDS-FY2008-XR-02
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information science, engineering, sociology, economics, the humanities, etc.
B. Emerging and Interdisciplinary Fields which Provide Solutions to Individual Problems

1)  Controlling and Making Predictions about Living Organisms, Society, etc. Based on
Medical Knowledge

This research field aims to utilize medical knowledge (medication, disease prevention, etc.) in
social infrastructures and to ensure human health efficiently. This research field will promote
the following activities: risk analysis which aims to establish systems which can handle unknown
pathogens and pandemics; engineering for controlling virus transmission (proliferation); service
engineering which will utilize this knowledge in society (the optimization of evacuation systems
and the optimization of medicine deployment); etc.
(Disciplines to be integrated)

Life science, information science, mathematical science, ecology, clinical medicine,
microbiology, immunology, public health studies, demography, epidemiology, the study of
infectious diseases, engineering, physics, chemistry, sociology, economics and ethics.

2) Environmentally Friendly Cutting-edge Material Science and Ultra-long Life Material
Engineering

As part of the next generation of environmental science, this research field looks into energy
conversion, energy conservation, the invention of materials which have a low environmental
impact, the invention of ultra-long life materials, etc. As seen in green chemistry, this field will
identify and propose themes through which science and technology can contribute to
environmental conservation, in the existing engineering fields or interdisciplinary fields.
Research will then be conducted with the aim of achieving specific goals.

(Disciplines to be integrated)

Environmental science, mathematical science, chemistry, material engineering, material
nanotechnology, chemical engineering, mechanical engineering, electrical engineering, biology,
physics, chemistry, energy engineering, economics, and international political science and
economics

3) Science for Studying Changes in Shapes and Structures

New discoveries about materials, living organisms, construction, etc. are often made from
changes in the structure or data. In many cases, complex problems occur because changes in
shapes and structures cannot be understood using existing numerical simulations, due to the
complexity of these changes. In this field, various difficult problems will be looked at in terms
of “changes in shapes and structures,” mathematical models will be developed and these
changes will be expressed as (mathematical) formulations, through cooperation between
mathematics and various other study areas. In addition, nonlinear and nonequilibrium
phenomena will be analyzed. These results will then be fed back to each study area.
(Disciplines to be integrated)

Mathematical science, biology, physics, chemistry, electronic and electrical engineering,
medicine, information science, mechanical engineering and economics

4)  Science for the Interactions between the Global Environment and Society

CRDS-FY2008-XR-02 Center for Research and Development Strategy Japan Science and Technology Agency
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This field explores the dynamics of interactions between the global environment and society.
The basic mechanisms of the interactions have hardly been clarified, nor have the complex
structures of the interfaces between the global environment and society. This research field
will build a platform for a new area of study which the existing disciplines have failed to cover, i.e.
the science for the interactions between the global environment and society. This research
field will then work to develop specific methods to clarify these interactions quantitatively and
qualitatively, using science and technology.

(Disciplines to be integrated)

Meteorology, ecology, agriculture, environmental sciences which are related to water (civil
engineering and hydrology), resource engineering, energy engineering, mathematical science,
economics, social science and psychology

Table 1. List of Identified Research Fields

Emerging and interdisciplinary fields which help to

solve multiple problems Disciplines to be integrated

Mathematical science, information science (these two disciplines will play a
major role in this interdisciplinary field), physics, chemistry, biology,
medicine, engineering, sociology, economics, the humanities, etc.

Mathematical science, information science, cognitive science,

1 [Handling huge amounts of data

Understanding human psychology and behavior

neuroscience, biology, sociology, economics, the humanities, engineering,
etc.

Accommodation to evolution, mutations and
degeneration

Mathematical science, information science, biology, physics, chemistry,
medicine, engineering, sociology, economics, the humanities, etc.

Overcoming system complexity

Information science, mathematical science, engineering, sociology,
economics, the humanities, biology, physics, etc.

User-oriented services design and evaluation

Mathematical science, information science, sociology, economics,
cognitive science, the humanities, engineering, medicine, etc.

Risk governance

Mathematical science, information science, engineering, sociology,
economics, the humanities, etc.

Emerging and interdisciplinary fields which provide
solutions to individual problems

Disciplines to be integrated

Controlling and making predictions about living
organisms, society, etc. based on medical
knowledge

Life science, information science, mathematical science, ecology, clinical
medicine, microbiology, immunology, public health studies, demography,
epidemiology, the study of infectious diseases, engineering, physics,
chemistry, sociology, economics, ethics, etc.

Environmentally friendly cutting-edge material
science and ultra-long life material engineering

Environmental science, mathematical science, chemistry, material
engineering, material nanotechnology, chemical engineering, mechanical
engineering, electrical engineering, biology, physics, chemistry, energy
engineering, economics, international political science and economics, etc.

Science for studying changes in shapes and
structures

Mathematical science, biology, physics, chemistry, electronic and electrical
engineering, medicine, information science, mechanical engineering,
economics, etc.

Science for studying changes in shapes and
structures

Meteorology, ecology, agriculture, environmental sciences which are
related to water (civil engineering and hydrology), resource engineering,
energy engineering, mathematical science, economics, social science
psychology, etc.

Center for Research and Development Strategy Japan Science and Technology Agency
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4. Discussion on Promotion methods of Emerging and

Interdisciplinary Research Fields

1)  Reform of Research Systems

Science and technology are driving forces in society’s continuous development and are major
factors which define the future of the country and the direction of industry. Science and
technology also help in the understanding of human beings and form a foundation on which a
safe and comfortable living space can be built. However, research fields for science and
technology are becoming increasingly subdivided and the academic system is becoming
increasingly complex, due to the immense growth in the amount of information and due to the
increasing complexity of systems in modern society. Therefore, the development of science
and technology and the rapid changes in society are creating various new challenges
associated with humans and society, on a global scale.

Research institutes such as universities are responsible for research and development in
science and technology. In order to play their roles in solving the problems of modern society
through their contributions to science and technology, research institutes need to reconsider the
relationship between humans and science/technology, and the relationship between society and
science/technology. They should then conduct bold reforms in order to create a research
system and a university system which will enable the “integration of disciplines” which will
transcend the traditional disciplines and existing organizational frameworks.

More specifically, the reforms should aim to eliminate vertically-divided structures in the
systems, the attitudes and the customs (that are known as school/department autonomy) which
have been controlling university operation, research, education and human resource
management for lecturers. These vertically-divided structures were designed to protect
academic freedom and tradition by avoiding interference from outside the school/department.
These structures still exist even after the national universities became incorporated and the
presidents became responsible for the operation of the institutions. These structures are

causing the further subdivision of academic fields and maintain closed systems within each field.

This prevents universities from promptly responding to progress in science and technology or to
changes in society. Therefore, these structures are a major factor in preventing the
universities from flexibly tackling the complex problems that society faces. Despite the
increasing global competition between universities, the universities should not put too much
energy into temporary interdisciplinary projects in order to obtain competitive funding. There is
a need for committed system reform and the groundwork which can create momentum for the
“integration of disciplines,” through vigorous interactions between researchers in different
research fields who are committed to solving important problems in society.

2)  Mechanisms to Increase Incentives for Researchers

In order to promote research in emerging and interdisciplinary fields which solve maijor
problems in society, there should be strong incentives for researchers. The most important
incentive for researchers is the existence of people who understand and support the research
and people who evaluate the research. There is no incentive for researchers to leave the

CRDS-FY2008-XR-02 Center for Research and Development Strategy Japan Science and Technology Agency
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established academic fields and to tackle emerging and interdisciplinary fields, unless research
institutes offer systems to evaluate and support the researchers (young researchers in
particular) as well as presenting a clear career path to researchers who conduct research in
emerging and interdisciplinary fields.

More specifically, there is a need for systems which enable evaluation and support for young
researchers, such as an appropriate lecturer recruitment system and an appropriate human
resource management system. For example, when interdisciplinary research between
mathematics and biology is needed to solve a socially important problem, there is no criterion or
chance for the researchers who have produced results in this field to be evaluated, in the
current university system or custom. Therefore, it is unlikely that these researchers will be
selected to become lecturers in an existing mathematics department or biology department. In
order to attract young researchers to emerging and interdisciplinary fields and to produce
excellent results, research institutes need to have the systems, the attitude and the commitment
to ensure long-term support for the young researchers who will engage in these new fields.
These efforts may include the establishment of a graduate school faculty or a research
organization which has a new ideology that can flexibly respond to the “integration of
disciplines.”

3)  Setting Attractive Research Themes

Even if a new research environment and systems are developed, these frameworks alone will
not be useful unless there are attractive research themes which researchers can
enthusiastically and voluntarily tackle. It is necessary to set research themes which can
stimulate the researchers’ enthusiasm, as well as meeting society's needs and vision. The
research themes should also aim to produce significant and effective results in solving problems.
In order to set appropriate research themes, it is important to propose problems which modern
society faces and give specific examples for the emerging and interdisciplinary research fields
which are needed to solve these problems. The research fields which were presented in this
report can provide the starting point for such efforts.

In the research and development in the established academic fields, it was researchers who
decided on their research themes based on their own interests. In emerging and
interdisciplinary research fields which are designed to solve problems, it is necessary to develop
a system which determines who sets the goals for research and who conducts the evaluation of
the research results.

These “emerging and interdisciplinary fields” should be given specific names in a long run, so
that future researchers can establish their position and feel that these fields are their “home
ground.”

4)  Management of Research which is Designed to Solve Problems

In order to promote research in emerging and interdisciplinary fields, financially-backed
top-down management is necessary. The basic system which will allow such management is in
place since the national universities have already been incorporated. Therefore, such
management should be possible if the president of the university shows strong leadership and
the staff members share the university’s vision.

As specific opportunities for research, two forms of research should be allowed to happen:
research conducted in an interdisciplinary research organization where researchers from
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different disciplines work together physically in the same place, based on the theme provided;
and research conducted in a virtual research organization where each researcher participates in
a joint project while staying in his/her own organization.

These two organizational frameworks are not only suitable for research in interdisciplinary
fields, but also for research in other disciplines at universities, where all research activities will
rely on networking in an information society. Signs of the arrival of such a future can already
be seen in the rapid popularization of various electronic devices such as: electronic lectures
which are not restricted by the locations of lecturers; electronic conferences which are not
restricted by the locations of participants; electronic minutes which do not require paper media;
and electronically-published academic papers.

5) Measures Related to Education at Universities and Postgraduate Schools

In order to foster the next-generation of researchers in emerging and interdisciplinary fields
which solve problems, two types of education are needed: one is a type of education where
postgraduate students learn about a special field in depth and they also learn about related
subjects broadly (“T-type” education); and the other is a type of education where students learn
about two different special fields in depth (“n-type” education). In either type of education, it is
clear from past experience that gaining a general knowledge of related disciplines is insufficient
and inappropriate. If existing disciplines are to be restructured, the resulting interdisciplinary
disciplines should provide high levels of expertise. It is also worth considering the
development of basic subjects which are related to “emerging and interdisciplinary fields which
help to solve multiple problems” (these have been proposed in this report), namely: handling of
mega data; understanding human psychology and behavior; response to evolution, mutations
and degeneration; overcoming the complexity of systems; user-oriented services; and risk
governance. These basic subjects can then constitute the core curriculum for interdisciplinary
courses.

As for undergraduate education, it is necessary to set a curriculum through which students
can receive an education which integrates the humanities and sciences from the early stages of
their undergraduate education.

Current academic societies and other academic bodies have been established based on
existing academic fields. Therefore, there is no place to publish research results for emerging
and interdisciplinary fields which are designed to solve problems, nor is there a system to
evaluate these results. In addition, in spite of the widely-shared recognition that the integration
of different disciplines is necessary, current academic societies and international conference
organizations are going in the opposite direction, i.e. further subdivision of disciplines.

In order for problem-solving research in emerging and interdisciplinary fields to be able to
receive appropriate and legitimate evaluation in academic societies, etc., it is necessary to
establish a new system based on a universal education principle which transcends the divisions
between diverse academic organizations that have different histories and cultures. For
example, the current methods for the operation of academic societies, the publication of
academic papers and peer review of academic papers should be revised, in order to create a
system which will fully enable the development and the promotion of problem-solving research
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in emerging and interdisciplinary fields.

1)  Recognizing the Value of Research in Science and Technology which is Designed to
Solve Problems

Due to their historical backgrounds, existing academic fields have developed based on the
researchers’ own interests and their independent intellectual curiosity. The past progress of
civilization has come about thanks to the contributions of researchers, based on their interests
and their autonomous work. Current developments in information networks, etc. can also be
seen as the result of researchers’ autonomous work. However, many of the studies in
emerging and interdisciplinary fields which have not been covered by established disciplines are
derived from attempts to solve specific problems that modern society faces. Society should
clearly recognize the fact that society needs research which is designed to solve problems even
more than traditional research which is conducted with autonomously-decided themes, although
the traditional type of research also continues to have an important role to play in society.
Society should then clearly show their support for problem-solving research.

In order to promote research in emerging and interdisciplinary fields, it is essential for society
to appreciate the problem-solving type of research in science and technology. This will require
the reform of systems and changes in attitude which will enable increased academic
interactions and increased human resource exchanges between academic, industrial and
government research institutes, and within society in general.

2) Coordination between Research in Science and Technology, Government Policies and
Industry

In order to solve problems in society, it is necessary to implement social systems such as
legal systems, in addition to producing research results in science and technology. Both
industry and research institutes should invest in research while fully recognizing that one
important way to feed back the results of problem-solving research in emerging and
interdisciplinary fields is to create new industries or to improve the capabilities of industry. ltis
also necessary to discuss, from a long-term perspective, the process through which a
consensus should be built while considering that society's vision and needs change as society
and the environment change, and as technology progresses.

3) Internationalization of Research Institutes

The notion that emerging and interdisciplinary research fields should be developed is shared
by Western countries. In order to enter into the international academic market, the
internationalization of research institutes and researchers is essential.

Many global problems which require interdisciplinary research are impossible to solve by one
country alone. Aligned with the internationalization of research institutes, public research
funding schemes should also be internationalized and should cooperate with Western funding
agencies. Research in emerging and interdisciplinary fields will require the collective abilities
of many researchers from various disciplines. Therefore, it might be difficult to find all the
necessary researchers in Japan, considering the current Japanese university system. In such
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cases, attractive research environments and treatment should be provided so that excellent
researchers from different parts of the world can be recruited.

4) Elementary Education, Secondary Education and Education for Society

Elementary and secondary education should provide opportunities for students to learn about
the relationships between science/technology and nature, society and human beings. Itis also
necessary for high schools and universities to create and implement an educational curriculum
which does not divide subjects into the sciences and the humanities. Science and technology
education for society is also important for creating a society which can appropriately evaluate
the research in emerging and interdisciplinary fields.

Funding agencies, which mediate between researchers and the government officials
responsible for policy, have an important role to play in the promotion of emerging and
interdisciplinary research fields.

Firstly, funding agencies should keep sending the message (through their policy proposal
activities, which is one of their most important missions) to both the research community and the
officials responsible for policy, that future science and technology funding should emphasize the
“integration of disciplines” for solving important problems in society. Funding agencies should
also send the message that this idea is becoming a shared notion in the international
community.

Secondly, through their research funding activities, funding agencies should develop specific
emerging and interdisciplinary research fields and should strategically support the development
of the research community in these fields. For example, funding agencies could introduce a
“high risk” research system in order to promote problem-solving interdisciplinary research. In
this case, a system to evaluate the research results should be designed in a different way from
the evaluation system for research results in traditional research fields, in order to foster
researchers in these fields.

When deciding on specific interdisciplinary research fields, it is important to consult with a
wide range of experts. However, it is important to note that existing experts are in many cases
representing already-established academic fields and are not necessarily interested in
emerging and interdisciplinary fields. Funding agencies themselves should also constantly
improve their organizations and their process for the creation of proposals, so that they will not
be affected by the vertically-divided structures of existing disciplines.

Funding agencies should not forget the fact that part of their role is to develop research fields
which have not been established, as well as guiding and supporting the research community to
work on these new fields, in order to meet society’s needs and to realize society's vision.
Funding agencies should vigorously provide research funds in order to foster and promote the
interdisciplinary research fields which are necessary to solve major problems in society, without
being distracted by the small number of applicants when inviting applications for funding in
these new research fields.
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Japanese society has traditionally taken it for granted that universities and academic groups
are the collective organizations of established disciplines. Universities have also followed the
tradition of “autonomy of faculties” and “academic freedom,” and have not created any
foundation on which academic interactions can occur between different faculties, research
departments or disciplines. Therefore, universities have barely responded to the problems in
modern society that need interdisciplinary countermeasures. The science and technology
administration has also taken for granted the vertically-divided discipline-based organizations.
Therefore, although the importance of emerging and interdisciplinary research fields was
pointed out in the Science and Technology Basic Plans for the Second Term and for the Third
Term, the officials responsible for policy (as well as the researchers in established disciplines, of
course) have focused on the four priority subject areas or the “four plus four” subject areas
(energy manufacturing techniques/technology, social infrastructures and frontiers, in addition to
the four priority areas). It is an undeniable fact that emerging and interdisciplinary research
fields have not been vigorously promoted.

When promoting emerging and interdisciplinary research fields, it is necessary for the
government to present a new scheme which includes a budgetary plan. However, the scheme
should not simply add a new subject area to the existing “four plus four” subject areas. The
government should re-examine its traditional approach, i.e. individual discipline-based research
which is conducted with autonomously-decided themes. The government should then change
its science and technology administration by creating a system where interdisciplinary research
which is designed to solve problems can be promoted along with the conventional types of
research.

Examples of measures which are needed for such a change include: conducting the reform of
government organizations; providing support for the reform of the systems in the research
institutes such as universities; ensuring the transparency of the consensus-building process for
society’s need/vision; producing clear statements on social problems and research goals;
developing systems for supporting, evaluating and fostering problem-solving research;
providing support for the foundation of academic societies and journals; and implementing
academy-industry-government cooperation for conducting problem-solving research.

The government should vigorously devise measures which promote the “integration of
disciplines” for solving problems in society, including stating specific ideas such as the
above-mentioned measures in the next Science and Technology Basic Plan for the Fourth
Term.
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5. Conclusion

Introduction

Many countries share the notion that the promotion of research in emerging and
interdisciplinary fields is important. However, the development of new research fields and the
integration of different disciplines are not easy, although each country is implementing related
measures and continuing their attempts. The promotion of emerging and interdisciplinary
research fields is also included in the 7hird Science and Technology Basic Plan. However, the
traditional vertically-divided structures of different disciplines cannot be overcome overnight.
With these structures still in place, the direction for research tends to be entrenched and this is
preventing substantial development in new research fields or the integration of different
disciplines.

Disciplines and studies typically develop based on researchers’ deeply-considered ideas and
in-depth discussions with researchers from different academic areas. There are no academic
boundaries in natural phenomena or problems in society. Therefore, it will not be possible to
solve problems if researchers limit their academic activities to the existing disciplines,
particularly in modern societies which are expected to advance further and become more
globalized.

In this discussion, the investigation group selected 10 Challenges and considered from
scratch how the academic world can tackle these challenges. Through this approach, we
identified several specific emerging and interdisciplinary research fields. We also presented
issues which should be resolved in order to promote research in these fields, as well as
presenting the recommendations for handling these issues.

This investigation is not necessarily sufficient to promote emerging and interdisciplinary
research fields and therefore continuous discussions are needed to identify further detailed
measures. The study group is hoping to continuously deepen discussions and to produce
strategic proposals in cooperation with other involved parties.
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6. Appendices

I. Investigation Process
Il. List of Members in the Study Group for Emerging and
Interdisciplinary Research Fields
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The following events were conducted in order to enable the comprehensive and specific
investigation of measures to promote research in emerging and interdisciplinary fields.
1.  Forum on Emerging and Interdisciplinary Research Fields (August, 2008)
2. Identification of emerging and interdisciplinary research fields by CRDS fellows
(November, 2008)

I-1. Forum on Emerging and Interdisciplinary Research Fields

The forum invited 15 experts from academic fields related to the 10 Challenges.

The forum

was held at the Center for Research and Development Strategy (CRDS), the Japan Science
and Technology Agency (JST), on August 4, 2008.

Names of the participants who were invited to attend the Forum on Emerging and
Interdisciplinary Research Fields are as follows (in random order).

Shinichi Ichikawa
Atsushi Iriki
Kazuo Iwano

Norio Okada
Yoshikazu Giga

Genshiro Kitagawa
Kazue Kurihara

Kazuki Koketsu
Akimasa Sumi
Hideki Takayasu
Reiko Tanaka
Miwao Matsumoto

Masayasu Mimura
Ikue Mori
Noriyuki Yanagawa

Professor, Graduate School of Education, the University of Tokyo

Team Leader, the RIKEN Brain Science Institute

Vice President, Software Development Laboratory, Software Group,
IBM Corporation, IBM Japan, Ltd.

Professor, Disaster Prevention Research Institute, Kyoto University
Professor, Graduate School of Mathematical Sciences, the University of
Tokyo

Director-General, the Institute of Statistical Mathematics

Professor, Institute of Multidisciplinary Research for Advanced
Materials, Tohoku University

Professor, Earthquake Research Institute, the University of Tokyo
Professor, Center for Climate System Research, the University of Tokyo
Senior Researcher, Sony Computer Science Laboratories, Inc.
Researcher, Bio-Mimetic Control Research Center, RIKEN

Professor, Graduate School of Humanities and Sociology, the
University of Tokyo

Director, Meiji Institute for Advanced Study of Mathematical Sciences
Graduate School of Science, Nagoya University

Associate Professor, the Graduate School of Economics, the University
of Tokyo

Other participants included the members of the Study Group for Emerging and Interdisciplinary
Research, JST staff and officials of the Ministry of Education, Culture, Sports, Science and

Technology.
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I-2 ldentification of Emerging and Interdisciplinary Research Fields by

CRDS Fellows

1-1-1 Predicting Changes in the Global Environment, Assessing the Impact of the Changes

and Creating Prevention Strategies

Society’s Vision/Need |
10 Challenges (Complex Systems)

Epidemic Mental Services and
infection en information
phenomena
» Llfe Energy, food E ) Materials with
T N @Nd water conore new functions
R phenomena

A society which can realize both climate change Impacts that climate change has on various parts of
control measures and economic development the earth and countermeasures to the impacts

/ o~
Predictions for the increase

in natural disasters caused
by climate change

Predicting Changes in the
Global Environment,
Assessing the Impact of the
Changes and Creating
Prevention Strategies

Natural
disasters

Clarification of the rise in
sea levels caused by
climate change (Will the ice
in Greenland melt?)

Correlation between
economic growth and
birth rates

Development scenarios
which take into account
resource depletion and
global warming

Predictions for changes in
water resources caused by
climate change

Optimum framework for
technology transfer to
developing countries

Reliable climate change
forecasts which include
clarification of the fluctuations
in the earth’s conditions

Science for the Interactions between the Global Environment and Society: These studies
includes the creation of economy-environment models, natural disaster models, ecosystem prediction
models, food supply models, resource supply models and energy supply models. Part of the challenge
is to find what kinds of research systems are necessary to create these models.

nderstanding

User-oriented

Accommodation to . )
evolution, Handling huge human Overcoming
mutations and amounts of psychology system services design
complexity and evaluation

and behavior

degeneration

humanities
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1-1-2 Predicting Natural Disasters, Forecasting Damage and Creating Rehabilitation
Strategies

Introduction

[ Society’s Vision/Need

10 Challenges (Complex Systems)

Changes in
_the Epidemic Mental Services and
environment infection phel%r:naena information
Predicting natural disasters,
Energy, food E . Materials with
and water phgg?nn;'ﬁa new functions

forecasting damage and
Assessmer{t‘ Ef the impact of

Life
phenomena

creating rehabilitation
strategies

Controlling

The Necessity of
Promoting Emerging

and Interdisciplinary
Research Fields

Assessment of the impact of ; Technology to Strategies for Monitoring, i

environmental change on gﬂ\a”r:ggrgﬁgtgking forecast damage rehabilitation after measurement and {:ﬁggs;g'fﬂ?:j;ggmre

ecosystems, nature, health, preventive caused by natural disasters and plans to disaster prevention 05 nctions. industr’y
disasters continue operations for natural disasters i H

food, industry and the
economy

ecosystems, nature and the
economy
N\

measures

For each activity and for
each area

orecasting earthquakes
and methods for

communicating the

forecast

Establishment of global

Impact on each sector
cooperation frameworks

and in each area

What kinds of preventive
measures should be
taken?

The optimum model for

each area Models for developed

countries and models for
developing countries

Studies for countermeasures Political science and Risk communication studies
to sudden events economics for international
cooperation

Interdisciplinary
Research Fields

Examples of Major
Emerging and

nderstanding

Accommodation to

evolution, Handling huge human Overcoming User-oriented Risk
mutations and amounts of psychology system services design overnance
degeneration and behavior complexity and evaluation g

| The
humanities

Information
science

Mathematical
science
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Emerging and Interdisciplinary Research
Fields

Conclusion

B
L
°
c
[}
o
(o)
<

CRDS-FY2008-XR-02 Center for Research and Development Strategy Japan Science and Technology Agency



20 Report on Emerging and Interdisciplinary Research Fields

1-1-3 Identifying Pathogens which Cause Epidemics and Routes of Infection, and Creating

Wide-area Treatment and Rehabilitation Strategies

[ Society’s Vision/Need ]

Identifying pathogens which cause

and creating wide-area treatment
and rehabilitation strategies

Mental
phenomena

Economic
.phenomena

epidemics and routes of infection, 10 Cha”enges (Comp|eX SyStemS)
information

Identifying pathogens which cause epidemics and Identifying routes of infection and isolation strategies
measures to eliminate the pathogens

onduct measurement
and quantitative
evaluation of treatments
which prevent epidemics
from spreading.

Develop and advance
mathematical models which
will be used for studies on
epidemic prediction and
preventive intervention.,

Conduct research and
development for medicines or
therapies which are cheap, safe
and effective (clinical research).

Treatment and rehabi lati;:;h strategies for infectious
diseases which have spread to a wide area
Develop methodologies for
estimating the necessary
stockpile of medicines and their

deployment.

into the pathological

Improve and share Narrow the parameters which are essential or

Develop jes for organizing and izing e
“information gathering process and methodologies for

sharing in

have a crucial impact on the development of
models or the identification of infection routes,

information/knowledge which conditions of various
D rocdei st

and

are involved in Igngblic health, animal health and the

to the
pathogens and the development of
medicines, such as the creation of
a genome database.

conduct research and understand these parameters.
into the ecology of
a Identify routes of infection by considering sociological factors
(human distribution, traveling patterns, risk of infection in
each area, etc.), geographical factors such as topography

Develop methodologies for organizing and
and other environmental factors.

centralizing the information gathering process
and methodologies for information sharing in
government organizations which are involved
in public health, animal health and the
environment. Disseminate these
methodologies.

How do large-scale environmental changes (such as environmental pollution,
climate change, destruction of habitat and invasion by exotic species) affect the
risk of outbreaks and the spread of viral diseases, parasitic diseases and
bacterial diseases?

Measure the effect of
countermeasures which prevent
epidemics from spreading.

* Develop methods for quantitative

evaluation and risk assessmen

Sociological factors, geographical factors and other environmental factors which are
related to the routes of infection
Impact of global-scale or regional-scale environmental change on the routes of infection
Technology and methodologies which enable prevention or early countermeasures
(action plans, information sharing, advance preparation, etc.)

Scientific knowledge about various
epidemics and carriers

Development of medicines or therapies

Advanced utilization of information

Technology, methodologies,
etc. which enable prompt
responses (action plans,

information sharing, advance

preparation, etc.)

risk analysis of epidemics control engineering and countermeasures

nderstanding

Accommodation to

evolution, Handling huge human Overcoming User-oriented
mutations and amounts of psychology system services design
degeneration and behavior complexity and evaluation

Studies for a comprehensive Carrier (proliferation)  Studies for pandemic prediction’ Risk communication studies

Social science

Risk
governance

‘ humanities
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1-1-4 Clarifying Life Phenomena and the Prevention and Treatment of Serious Diseases
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1-1-5 Clarifying Mental Phenomena and the Prevention and Treatment of Mental Disorders

[ Society's Vision/Need ]
10 Challenges (Complex Systems)

Changes in
the
environment

Epidemic
infection

Services and

Clarifying mental phenomena > k
information

and the prevention and
treatment of mental disorders

Natural
disasters

Materials with
new functions

ptiénomena Economic

Clarification of the mechanisms and dynamics of mental *Cjarification of the causes of developmental Measurement and prediction of human Control of mental phenomena and

phenomena (psychology, behavior, reason and emotion)  gjsapilities and mental disorders, prevention behavior and crowd behavior social acceptance
and treatment of the disabilities and

disorders

Clarify the correlation and the
cause-and-effect between brain
activity and mental phenomena
through calculation.

Expression of genes in

A EEnE e Select appropriate model

animals or model animal
groups in order to study
mental phenomena.

Verification of the effectiveness of brain-
machine interfaces

Explanation of mental

e WA Select appropriate model

animals in order to study

Evaluation technology and

Epidemiological evaluation and

biochemical methods mEm e = e oarc ioy Modeling of economic safety evaluation of deep-brain
medicines behavior, reproductive stimulation
Manipulation of somebody’s behavior and feeding
mental phenomena through behavior

Clarify the degeneration of nerve
cells and glial cells which
accompany diseases.

medication, physical stimulation
and activities

Introduction of cultural
anthropology and cultural
psychology

Neuroethical investigation

Examine the scientific validity of explaining
mental phenomena using brain function
images.

Cooperation between
experts in education
studies and school
education practjtioners

Research into robotics

1 T 1

T 1
Neuroeconomics and robot New anthropology and
sociology philosophy

Constructive neuroscience Neuro-pedagogy

Accommodation to Understanding

evolution, Handling huge human Overcoming User-oriented
mutations and amounts of psychology system services design
degeneration and behavior complexity and evaluation

The
humanities

Information
science

Social science

Engineering science
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1-1-6 Global Security for Energy, Food and Water

[ Society’s Vision/Need ]

T~ 10 Challenges (Complex Systems)

the Epidemic Mental Services and
environment infection pheneonmaena information

Introduction

" (@)

Global security for w— C P
Natural p ] ; o= © W
disasters o Life energy, food and Economic Matefrlalstyvnh Sco
phenomena water Shenana new functions -0? o ?_).@
— - 2 Eol
Global grand desiéﬁ"forthe Utilization of non-fossil energy Technical development, rural area ~ Technical develbbment, 8 % %
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1-1-7 Ensuring Sustainability and Risk Management of Critical Infrastructure

| Society's Vision/Need ]
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1-1-8 Credit Control and Risk Management of the Economy, and Creating Market Stabilization
Strategies

[ Society’s Vision/Need ]

10 Challenges (Complex Systems)
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1-1-9 Ensuring Public Security for Networks, and Guaranteeing the Security and
Dependability of Services and Information

Society’s Vision/Need
10 Challenges (Complex Systems)

—
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safety and dependability of
services and information
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1-1-10 Synthesizing Materials with New Functions and the Utilization of the Materials for Health,
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