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Abstract

This dissertation is a report on data analysis methods for supporting Road
Mapping Approach (RMA) in academia. Recently Road Mapping sees its
application as a strategic planning tool for research and as a methodology for
knowledge management and supporting knowledge creation in academia. This
study first focused on relation among scientific research of technology creation in
academia, technology development in industry and policy making in government
to make clear applications of RMA in academia for research of technology
creation, in industry for technology development and in government for policy
making, then we addressed ontology and triple helix analysis for supporting Road
Mapping Approach (RMA) to help researchers (in scientific research fields such
as materials science, physics science and chemistry science) find new interests,
new research topics by answering three questions: where are you, where do you
want to go and how to get there, and also promote cooperation on technology
development among industry, government and academia. After carrying a
case-study (support RMA in a specific research field of fuel-cells technology
development) out for making sure what kinds of support researchers need and
how to support them for RMA in a specific research field based on a framework
designed, a computer-based support system was proposed on this study.

(This study was a project under the JAIST 21% COE program)

Keywords

Road Mapping Approach (RMA), scientific research, triple helix of
academia-industry-government, ontology extraction, network, similarity measure
and support system
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Chapter 1

Introduction

This dissertation is a report on a study of data analysis methods for
supporting Road Mapping Approach (RMA) in academia. This study
first focused on relation among scientific research of technology
creation in academia, technology development in industry and policy
making in government and the triple helix of
Academia-Industry-Government. Then addressed ontology and triple
helix analysis to support scientific researchers in academia who are
doing scientific research in a research fields such as material science,
information science, etc., help researchers find new interests, new
research topics by answering there questions: where are you, where do
you want to go and how to get there, and also promote cooperation on
technology development among industry, government and academia.
After doing a case-study out for making sure what kinds of support
researchers need and how to support them in a specific research field, a
computer-based RMA was proposed in this study.

(This study was a project under the JAIST 21st COE program)



1.1 What is Road Mapping Approach (RMA)

Motorola Inc. first introduced the concept of a ‘roadmap’ in the 1970s as
a kind of strategic planning tool. Today the term roadmap is used
liberally by planners in many different types of communities. It appears
to have a multiplicity of meanings, and is used in a wide variety of
contexts: by commercial organizations, industry associations,
governments, and academia, (see Kostoff and Schaller 2001). Perhaps
the most widely accepted definition of a roadmap was given by Robert
Galvin, former CEO of Motorola (see Galvin 1998):

“A roadmap is an extended look at the future of a chosen field of inquiry
composed from the collective knowledge and imagination of the
brightest drivers of change in that field”.

Road Mapping, the process of making roadmaps, is also characterized
as follow (see Bennett 2005):

“a disciplined process for identifying the activities and schedules
necessary to manage technical (and other) risks and uncertainties

associated with solving complex problems”.

This study addresses some data analysis methods for supporting Road
Mapping for scientific researchers in academia when they want to find
new interests, new research topics of technology creation which are

related what they are doing now.



1.2 What is Triple Helix

The "triple helix" is a spiral model of innovation that captures multiple
reciprocal relationships at different points in the process of knowledge
capitalization. Etzkowitz & Leydesdorff use the notion of the triple
helix of the nation state, academia and industry to explain innovation,
the development of new technology and knowledge transfer (see
Etzkowitz and Leydesdorff 2000). They argue that:

“The Triple Helix overlay provides a model at the level of social
structure as a historically emerging structure for the production of

scientific knowledge”

This study put forward the idea of triple helix for data collecting and
network constructing to help researchers make a crystal picture for

their assignments in a specific research field.

1.3 What is ontology

In both computer science and information science, an ontology is a data
model that represents a set of concepts within a domain, and the
relationships between those concepts. It is used to reason about the
objects within that domain. In philosophy, ontology is the study of being
or existence. It seeks to describe or posit the basic categories and

relationships of being or existence to define entities and types of


http://en.wikipedia.org/wiki/Computer_science
http://en.wikipedia.org/wiki/Information_science
http://en.wikipedia.org/wiki/Data_model
http://en.wikipedia.org/wiki/Data_model
http://en.wikipedia.org/wiki/Domain_of_discourse
http://en.wikipedia.org/wiki/Reasoning
http://en.wikipedia.org/wiki/Philosophy
http://en.wikipedia.org/wiki/Being
http://en.wikipedia.org/wiki/Existence
http://en.wikipedia.org/wiki/Category_of_being
http://en.wikipedia.org/wiki/Entity
http://en.wikipedia.org/wiki/Type_theory

entities within its framework. Ontology can be said to study conceptions

of reality (see Quine 1969, Kriple 1963 1980, and Guarino 1995,1998).

This study introduces four-level ontology extraction as the first step of
data analysis of data collected from industry, government and

academia.

1.4 Contribution

RMA sees its application in academia for research and as a methodology
for knowledge management and supporting knowledge creation. Also
recently more and more technology development projects are done
successfully by triple helix of Academia-Industry-Government both in
industry and government. The basic idea of this study is to introduce
the idea of ontology and triple helix analysis to support RMA for
scientific researchers’ work on technology creation in academia,
especially when they are considering about new research topics and
new interests which are related to what they are doing. The major
contributions presented in this dissertation are summarized as follows:
e Reviewing resemblance and distinction of application between RMA
in industry (government) and academia.
e Introduce a new idea for design RMA support for scientific
researchers in academia.

e Development of a computer-based RMA support and a real case for


http://en.wikipedia.org/wiki/Type_theory
http://en.wikipedia.org/wiki/Reality

evaluation

1.5 Outline

The rest of this dissertation is organized as follows:
In Chapter 2, we show RMA in industry and government for technology
development and some real cases. Then we introduce applications of

RMA in academia.

In Chapter 3, we mention applications of RMA support with the idea of
triple helix and ontology for scientific researchers in academia based on
the interview with scientific researchers from 3 universities. Then
framework of a computer-based RMA support will be presented at the

end of this chapter.

In Chapter 4, we report on a case-study for answering why, when, what
and how to support RMA for scientific researchers designed in chapter 3.
And also present some data analysis methods which are addressed in

this approach in detailed.

In Chapter 5, we present the lessons learned from a case-study and
functions design for a Road Mapping Support System including its

evaluation.



In Chapter 6, the last chapter, the contributions and achievements of
this dissertation are summarized. Conclusions and opportunities for

further search are also presented.



Chapter 2

RMA in industry and government and its

applications in academia

In this chapter we first explain the problem addressed in this study
from the present conditions of cooperation among Academia, Industry
and Government. Then we present RMA in industry and government
for technology development and some real cases. At the end of the

chapter we introduce RMA applications and supports in academia.

2.1 Introduction

2.1.1 Cooperation among Academia-Industry-Government for
technology development

Recently, more and more technology development projects have been

done successfully by cooperation among academia, industry and

government especially in information science, environmental science

and aeronautical science. For example, in recent years, increasing

concerns about energy security and environmental issues encourage the

society to look for new technologies and fuel option. But what will the



future energy system really like? Will it be a hydrogen-based system? If
it will, how long will it take for the transition from current energy
systems to the future energy system? The answers to those questions
depend on the triple helix of academia-industry-government relations,
which is thought to be a key component of any national or regional
innovation strategy (see Etzkowitz & Leydesdorff 1997). If we look at
those international programs of the UN (United Nations), the OECD
(Organization for Economic Co-operation and Development), the World
Bank and the EU (European Union), most of them rely on
academia-industry-government relations to achieve their goals (see
Gibbons et al. 1994). Figure 2.1 gives an example of a triple helix of
academia-industry-government, describing the Nordic Hydrogen
Energy Foresight- a research project involving 16 partner organizations,
including R&D institutes, energy companies and industry, from the five
Nordic countries- Denmark, Finland, Iceland, Norway and Sweden (see

Nordic H2 Energy Foresight 2005)

Society

Research
Nordic Industrial Fund

Ris@ (DK)
Nordic Energy Research

Swedish Defense Research(s)
H2-Forums DA (DK)

g c HydN\gen
7 Energy
{ Foresight ) Industry

——

UTNU/SINIEF (N)

University of Iceland (IS)

Norsk Hydro (N) Vattenfall (S)

Dansk Gasteknisk Center (DK)

Source: Nordic H2 Energy Foresight, summary report 2005

Fig 2.1 An example of a triple helix of academia-industry-government



After exploring these cases, we found some problems in this cooperation
as shown in Figure 2.2:

In government, policy makers consider about how to support technology
development based on the reports from industry and academia, then
they well give support such as subsidy to the projects which they let
academia and industry do. In industry, support from the technology
development and marketing sections will help technology developers’
work to obtain patents. Accomplishment in books and papers published
by researchers in academia can also help technology developers. But

after patents granted, it will be protected as business secrets.

Government (policy maker)

Report Report
Support Support

Industry Academia

Products developer Technology creator

Professor

Technology development
Patent Book

Marketing strategy Assistant

Student
Business secrets

Fig 2.2 Cooperation among Academia-Industry-Government



The problem we addressed in this study is for researchers in academia
who are doing scientific research about technology creation, how they
can get and analyze the data and information they want and where

they can get such support from.

2.1.2 Roadmap and Road Mapping

The roots of applying the concept of a roadmap as a strategic planning
tool can be tracked back to the late 1970s and early 1980s, when
Motorola and Corning developed systematic Road Mapping Approach
(see Probert and Radnor 2003). The Motorola approach has been more
widely recognized (see Phaal et al. 2004), leading the spread of road
mapping practice in Philips (see Groenveld 1997), Lucent Technologies
(see Albright and Kappel 2003), etc. Therefore, it is widely believed that
Motorola was the original creator and user of roadmaps (see Probert
and Radnor 2003; Willyard and McClees 1987). So the most widely
accepted definition of a roadmap was given by Robert Galvin, former

CEO of Motorola (see Galvin 1998):

A roadmap is an extended look at the future of a chosen field of
Inquiry composed from the collective knowledge and imagination

of the brightest drivers of change in that field.

The definition of road mapping was given by Bennett R. Idaho National

Engineering and Environmental Laboratory, INEEL in 2005:

10



Road mapping 1s a disciplined process for identifying the
activities and schedules necessary to manage technical (and
other) risks and uncertainties associated with solving a complex

problem

Thus, a roadmap is not only a plan, but also a vision of future research
or action. But this, in a sense, is self-evident: Every plan is a vision,
only some might have not enough vision. Thus, we might as well

understand road mapping as vision-enhanced planning.

Because the use of the roadmap concept has spread today far beyond its
original field of strategic planning for technology and development, we
often use the term technology road mapping in the field of management
of technology (MOT); those roadmaps are commonly called technology
roadmaps. Galvin (1998) pointed out that “roadmaps are working now
in industry and they are beginning to gain a stronghold in science.”
Indeed, in recent years road mapping has been increasingly used by
governments and diverse consortia to support sector-level research
collaboration and decision making as well as to plan technological and
scientific development, in both national and international contexts. The
U.S. Department of Energy initiated a National Hydrogen Vision and
Roadmap process, and published a National Hydrogen Energy

Roadmap in 2002 which explored the wide range of activities, including

11



scientific development, required to realize the potential of hydrogen
technologies in solving issues of energy security, diversity, and
environmental needs in the USA (see United States Department of
Energy 2002). NASA also utilized road mapping to develop a
technological and scientific development plan (see NASA 1998). An
example of the efforts in an international context is the International
Technology Roadmap for Semiconductors, developed and updated
jointly by the European Semiconductor Industry Association, Japan
Advanced Electrics, and Information Technology Industries Association,
Korea Semiconductor Industry Association, Taiwan Semiconductor
Industry Association, and the Semiconductor Industry Association (see
ITRS 2004). The European Union routinely uses road mapping as one of
its tools for preparing subsequent Framework Programs for

international research and development.

Today the term “roadmap” is used liberally by planners in many
different types of communities. It appears to have a multiplicity of
meanings, and is used in a wide variety of contexts: by commercial
organizations, industry associations, governments, and academia.
Therefore, the basic idea in this study is to introduce RMA into
academia to support scientific researchers’ technology creation. The
first step, we will make clear what are the similar and dissimilar points

between RMA in industry (government) and academia.

12



2.2 RMA in Industry-Government and its applications and

supports in academia

2.2.1 RMA in industry

RMA in industry is a way to identify future product or service needs,
map them onto technology alternatives, and develop plans to ensure the
required technologies will be available when needed (see Kenichi 2003).
In this context, companies must use effective tools to plan their future.
This is considered a part of technology management (MOT) in industry;
in short, RMA is a way to do forecasting and planning when
supporting technology development in industry (see Galvin 1998 and
Toshiya 1996). A road mapping process has three general steps in
industry (see Robert 1988 and Report of symposium for
industry-government-university cooperation 2003):

e Decide topics of technology development.

e Share opinions and discuss to get initial conclusions

e Feedback and discuss further to get final conclusions.

The roadmap document in industry, resulting from a technology road
mapping process, is the first step toward consensus on a number of
topics (see Salo 2003 and Saritas 2004):

e avision at a set time in the future;

e what new types of products (or services) will be required;

e the enabling technologies to create those products

e the feasibility of creating the needed technologies

13



e the technological alternatives for achieving the needed technologies;

e how to address these technology needs through R&D

The principal functions of roadmaps in industry have been

representation, communication, planning, coordination, forecasting

and selection (see Henderson 1998 and Robert 1988). The roadmap

document addresses (see Martin 2003):

e the role of an industry’s suppliers in creating the desired future

e human resources needs

e governmental and non-governmental barriers

e other topics

We collected data and information from 20 companies and we found

that they use RMA with the purpose of creating more benefit and

service from technology development. Four aspects of road mapping can

be distinguished (see Martin 2003):

e To present a concept of the needs of technology and market;

e To forecast the trend of technology;

e To provide the data and information about technology and
marketing strategy;

e To support decision makers do technology development.

Technology development in industry is a group activity. Usually, there
are several groups for one topic of technology development. First, in
each group they will decide their own sub-topic of technology

development. Then every member will recount their opinions and

14



grounds, every member will change his or her own opinion. At last they
will get a consensus conclusion (with which every member agrees).
They also invite specialists from different fields to make discussion and
workshop getting their opinions. Figure 2.3 and 2.4 shows technology
roadmap of robots development from TOYOTA and OLYMPUS in a
conference held in Tokyo university on 4thAugust 2006 (see report of

project “IRT in the future 10 years”)

SFLLr s
: Fﬂﬁﬁﬁfﬁﬁb\n;ﬁgﬁ

25N
iﬁmmﬁﬁgg
2TAV A
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Fig 2.3 Roadmap of Robot Development from TOYOTA

(from:http://robot.watch.impress.co.jp/cda/mews/2006/08/07/115.html)
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Fig 2.4 Roadmap of Robot Development from OLYMPUS
(from:http://robot.watch.impress.co.jp/cda/mnews/2006/08/07/115.html)
We can get a conclusion that in industry, RMA is used for technology

development and product innovation as a strategic planning tool.

2.2.2 RMA in government

RMA is also used in government, with slightly different goals than in
industry: that of deciding on what topics governmental support of
research should be concentrated and how to coordinate governmental
supported scientific research and technology creation. Industry and
academia give government report for what have been done, what is the
next plan, and what is the problem every year. Then government will
decide that which kind of technology they will support in which kind of

ways (See Australian department of industry, science and resources
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2001).

The roadmap document in industry, resulting from a technology road

mapping process, consensus on a number of topics (see Salo 2003 and

Saritas 2004):

e To keep the balance between new needs and seeds

e To present the roles of technology development and social change

e To get and analyze data and information of projects about
technology development and creation

e To address human resources in a specific research field

e To decide how to support technology development and creation

The principal functions of roadmaps in government have been

representation, coordination, and planning (see Henderson 1998 and

Robert 1988). A road mapping process has three general steps in

government (see Robert 1988 and Report of symposium for

industry-government-university cooperation 2003):

e Discuss about the report and research plan from industry and
academia.

e Find cooperative projects of technology development and creation.

e Decide how to support such projects to get valuable results.

Figure 2.5 shows a technology roadmap for CO2 decreasing projects. You

can find other roadmaps in different research field for different

technology development (see report of NEDO 2006)
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We can get a conclusion that in government, RMA is used for pull and

push technology development and creation projects as a planning tool.
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Fig 2.5 Example of Roadmap from Government

(http://www.nedo.go.jp/roadmap/2006/all.pdf)

2.2.3 Applications and supports of RMA in academia

Road mapping has been also adopted in academia. Some academic
institutions developed roadmaps as strategic research plans; for
example, the Berkeley Laboratory at the University of California

prepared and published a research roadmap for its High-Performance
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Data Centers (see Tschudi et al. 2002). Ma et al. have argued that
developing personal academic research roadmaps can be very helpful
for individual researchers (see Ma and Nakamori 2004). Usually, there
are many linkages between development of industrial technologies and
scientific research (see Narin et al. 1997). Moreover, the causation
between science and technology runs both ways; the causation from
technology to science is much more powerful than is generally perceived
(see Rosenberg 2004 and Wierzbicki 2005). For those reasons, we will
use the term science and technology roadmaps or S&T roadmaps in
short, introduced by Kostoff and Schaller (see Kostoff and Schaller

2001).

Roadmaps can mean different things to different people. They are
developed for diverse purposes. Phaal et al. identified eight types of
technology roadmaps in terms of the intended purpose(see Phaal 2004);
Kostoff and Schaller summarized dozens of different applications of
roadmaps presented in a technology road mapping workshop in 1998
and found that those applications covered a wide spectrum of uses
including (see Kostoff and Schaller 2001):

e Science/research roadmap

e C(Cross-industry roadmap

e Industry roadmaps

e Technology roadmaps

e Product roadmaps
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e Product-technology roadmaps

e Project or issue roadmaps

Roadmaps can have also different formats. Phaal et al. identified the
following eight types of roadmap according to their graphical formats
(see Phaal 2004):

e Multiple layers

This is the most common technology roadmap format, comprised of a
number of layers (and sub layers), such as technology, product, and
market. A Philips-type roadmap could be an example of this format (see
Groenveld 1997).

e Bars

Many roadmaps are expressed in the form of a set of bars, for each layer
or sub layer. A Motorola-type roadmap is the classic example of this
format (see Willyard and McClees 1987).

e Tables

In some cases, entire roadmaps, or layers within the roadmap, are
expressed as tables (time vs. performance or requirements). For
example, the personal academic research roadmaps introduced in Ma
and Nakamori are in this format (see Ma and Nakamori 2004).

e Graphs and plots

A roadmap can be expressed as a simple graph or a plot, typically one
for each sub layer. Often, the plots employed are called experience

curves, related to technology S-curves (see Griibler 1996).
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e Pictorial representations

Some roadmaps use more creative pictorial representations to
communicate technology integration and plans. Sometimes metaphors
are used to support the objective (e.g., a picture of a tree can
symbolically represent an environmental commitment). A Sharp-type
roadmap could be an example of this format, (see ITRI 1998).

e Flow charts

A particular type of pictorial representation is the flow chart, which is
typically used to relate objectives, actions, and outcomes. A NASA-type
roadmap could be an example of this format, (see NASA 1998).

e Single layer

This form 1s a subset of the first type, focusing on a single layer of the
multiple layer roadmap. The Motorola roadmap is an example of a
single layer roadmap, focusing on the technological evolution associated
with a product and its features (see Willyard and McClees 1987).

e Text

Some roadmaps are entirely or mostly text-based, describing the same
issues that are included in more conventional graphical roadmaps
which often have text-based reports associated with them. The National
Hydrogen Energy Roadmap (see United States Department of Energy
2002) and the International Technology Roadmap for Semiconductors

(see ITRS 2004) are examples of this format.

According to Australian Department of Industry, Science and Resources
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(see Australian department 2001), there are generally three approaches
for making technology roadmaps

e Expert-based approach

A team of experts comes together to identify the structural
relationships within the field and specify the quantitative and
qualitative attributes of the roadmap.

e Workshop-based approach

This technique is used to engage a wider group of industry, research,
academic, government, and other stakeholders, to draw on their
knowledge and experiences.

e Computer-based approach

Large databases are scanned to identify relevant research, technology,
engineering, and product areas. High-speed computers, intelligent
algorithms, and other modeling tools can assist in estimating and
quantifying the relative importance of these areas and in exploring
their relationships to other fields. This approach is still in its infancy,
as large textual databases and efficient information extracting
computational approaches have only begun to emerge.

Of course, these three approaches are not mutually exclusive and not
independent. For example, when the expert-based approach is applied
to making roadmaps, it is usual to organize some workshops (through
local or remote meetings), while computer, intelligent algorithms, etc.
can be used to provide supplemental information and knowledge to

experts. Thus, during the road mapping process, it is most likely that
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all three of these approaches are used, though one approach might be
dominant. For example, Kostoff et al. developed a road mapping process
which starts from identifying major contributory technical and
managerial disciplines by text mining (literature-based discovery),
followed by workshops in which experts participate (see Kostoff 2004).
In practice, the road mapping process should be customized according
to its objectives, the organizational culture, and other contextual

aspects.

RMA support in academia

A new approach of RMA support for making personal academic research
roadmaps by applying ideas of Interactive Planning (IP) was suggested
by Ma (Ma 2006). The approach suggests the use of a process composed
of six phases: forming groups; explanations from knowledge
coordinators; descriptions of present situation; analysis of current
status of every member and idealized design; research schedule and
study schedule; and implementation and control. Another approach was
suggested by Okutsu (Okutsu 2005), based upon the idea that students
from science and engineering laboratories should be asked to manage
their research, since they will have to do it in the future, whether in a
academia or in industries. Therefore, ATRM (Academy Technology Road
Map) was proposed to help researchers, including students, with their
research planning in academic science and engineering laboratories.

Both these two ideas aim to support students from scientific and
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engineering laboratories to develop their research proposals and
research plans.

In this study, however, we support RMA in a slightly different way,
because we concentrate the step before researchers make their
roadmaps. When, what and how to support researchers (professors and
students) in academia to make their research roadmaps? To help
answer such questions we did an interview with scientific researchers
and students from three different schools. Almost researchers have the
same opinion such as:

e It is necessary to help researchers make research plans. But it is
hard to say what future research topics will be, so it will be more useful
to obtain some support helping researchers to find more valuable
research topics and interests.

e Researchers can easily obtain a great quantity of data and
information, but sorting through that data and information to get ideas,
1s not a trivial problem.

e General roadmap can give researchers a different perspective and
an overview of the whole research field in a time dimension, but for
researchers who are doing scientific research, time dimension is not
sufficient. We need more detailed information about technologies,
research topics, patents and other information such as subsidy from
government and industry, etc. it will be an overview of whole research
field in this time.

e General roadmap can not help us to know information about what
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researchers in academia, industry and government doing now, about
relationships among research topics, researchers, technology, scenarios.
Such information would be useful for us to find potential cooperators.
They also had some good suggestions like:

e Researchers A (Knowledge Science, a project leader) who is majoring
in model structuring said that we need support to help us manage a lab
including student and their research.

e Researcher B (Information Science) whose major is related to
network said RMA should be a computer-based approach, searching
data and information what researchers want to know, networking
researchers’ relation and getting roadmap automatically.

e Researcher C (Material Science) who is working on fuel-cell
technology said if RMA can give some support when we want to get
subsidy such as what kind of research are getting subsidy now, how
many researchers are doing such research, who will be the cooperator
and who will be the competitors and so on.

So, in this study, we would like to support scientific researchers
(professors and students) for finding new interests and research topics,
the first step in RMA, as well as to push or promote cooperation among
university, industry and government on technology creation.

e Why

There are so many works for supporting students’ research plan but
only little for supporting decision making of new research topics. We

will support all students and professors when they want to start new
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research topic in this study.

e When

It is necessary that support researchers to make their scientific
research roadmap. Not only for plan, support in the step before making
plan is also necessary. Therefore we will support them when they want
to start some new projects or research topics.

e What

What kind of support

Data collecting: help researchers collect data what they want in an easy
way in a specific research field.

Data analyzing: help researchers analyze data to get good results in a
specific research field.

Searching: help researchers get information in an easy way based on
results of data analysis.

Networking: help researchers get information of researchers’ relation in
a specific research field to find potential cooperators and competitors.
Mapping: help researchers know position of their research in the whole
research field find cooperative projects.

There are lots of related work have been done, but in this study, we will
use such data analysis methods for a new application.

e How

How to support researchers

RMA support in academia should help researchers answer following

questions:
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e Where are you?

e Where do you want to go?

e How to get there?

For researchers that means:

e What is the position of research topic related what researcher is
dong.

e What is the position of research topic related what researcher wants
to do.

e What is the relation between research topics related what they are

doing and what they want to do.
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Chapter 3

Design a framework of RMA support for

sclentific researchers in academia

In this chapter, a framework of RMA support for researchers in
academia will be designed after the introduction of detailed definition

and functions of RMA support.

3.1 Definition of RMA support in academia for scientific

researchers

In this study, we give RMA support a different definition explained
from what, why, when and how to support scientific researchers in

academia.

3.1.1 Why support scientific researchers in academia
In academia, the smallest unit is a laboratory, and researchers in this
study mean all members of a laboratory. For a laboratory, usually there

is one professor, one or two assistants and many students. RMA
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designed in this study is to help professors, assistants and students.
However so many works have been done for supporting students’

research plans such as we explained in chapter 2.

A new RMA support approach for making personal academic research
roadmaps by applying ideas of Interactive Planning (IP) was suggested
by Ma (see Ma 2006). The approach suggests the use of a process
composed of six phases: forming groups; explanations from knowledge
coordinators; descriptions of present situation; analysis of current
status of every member and idealized design; research schedule and
study schedule; and implementation and control. Another approach was
suggested by Okutsu (see Okutsu 2005), based upon the idea that
students from science and engineering laboratories should be asked to
manage their research, since they will have to do it in the future,
whether in a academia or in industries. Therefore, ATRM (Academy
Technology Road Map) was proposed to help researchers, including
students, with their research planning in academic science and
engineering laboratories. Both these two ideas aim to support students
from scientific and engineering laboratories to develop their research
proposals and research plans. However, we also mentioned that
researchers (not only for students), said RMA support as a planning tool
maybe not enough. Therefore we addressed this study for supporting
scientific researchers (professors, assistants and students). It is the

same with RMA support in industry and government, a decision

29



making approach.

3.1.2 When support scientific researchers in academia

Scientific research process as Figure 3.1 shown, in a laboratory of
scientific research, there are two types of difficulties that are mutually
related. “Deep-woods” means that it is very difficult to determine the
research direction because of the information flood. “Death-valley”
means that there are a huge number of ideas which are not used in

industry (see Nakamori report 2004).
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Fig 3.1 Scientific Research Process

RMA support we design in this study is to solve the problem of “deep
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woods”: when researchers want to start a new project or new research
topic RMA support will help researchers get a clear picture for their
position to answer where you are, where you want to go and how to get
there; and “death valley”: when researchers want to start a new project
or new research topic RMA support will help researchers have a clear

understand for seeds and needs in a specific research field.

3.1.3 What kinds of support for scientific researchers in academia will

be provided

What kinds of support for scientific researchers in academia depend on

what kinds of support they need. Based on interview (mentioned in

Chapter 2), we found that the problems are:

e Researchers can easily obtain a great quantity of data and
information, but sorting through that data and information to get
1deas, is not a trivial problem. On the other hand, researchers are
very busy for scientific research and lab management. Therefore
researchers need an easy way to collect and analyze data.

e Researchers don’t really know their position in the research field
they are (especially students). Researchers usually only concern
about detailed information of technology but unconcern with
information of marketing, economy and policy. That means they
have a local overview for their position in a specific research field.
Therefore researchers mneed networking support including

technology, human resource, social influence etec.
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e Researchers have their own ways to do their scientific works, also
they are very busy. That is why it is not so many chances for
researchers to discuss with others researchers from different
universities and industries. Therefore researchers need cooperators
for doing their scientific research. One the other hand, they also
need to know who is competitor for getting subsidy or involving in

projects.

Now we have a clear picture that what kinds of support researcher need,
the next problem is what kinds of support we can provide. RMA support
for scientific researchers will be the tools:

e Support for information searching

e Support for networking

e Support for mapping

3.1.4 How to support scientific researchers in academia

We mentioned in Chapter2 roadmaps can mean different things to
different people. They are developed for diverse purposes. Phaal et al.
identified eight types of technology roadmaps in terms of the intended
purpose (see Phaal 2004); Kostoff and Schaller summarized dozens of
different applications of roadmaps presented in a technology road
mapping workshop in 1998 and found that those applications covered a
wide spectrum of uses including (see Kostoff and Schaller 2001):

e Science/research roadmap
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e C(Cross-industry roadmap

e Industry roadmaps

e Technology roadmaps

e Product roadmaps

e Product-technology roadmaps

e Project or issue roadmaps

For scientific researchers in academia, roadmap means:
e Technology maps

e Research maps

For RMA support, we will provide:
e Research topic maps
e Researcher maps

e Network maps

We also mentioned that according to Australian Department of
Industry, Science and Resources (2001), there are generally three
approaches for making technology roadmaps

e Expert-based approach

A team of experts comes together to identify the structural
relationships within the field and specify the quantitative and
qualitative attributes of the roadmap.

e Workshop-based approach
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This technique is used to engage a wider group of industry, research,
academic, government, and other stakeholders, to draw on their
knowledge and experiences.

e Computer-based approach

Large databases are scanned to identify relevant research, technology,
engineering, and product areas. High-speed computers, intelligent
algorithms, and other modeling tools can assist in estimating and
quantifying the relative importance of these areas and in exploring
their relationships to other fields. This approach is still in its infancy,
as large textual databases and efficient information extracting

computational approaches have only begun to emerge.

In this study, RAM support for scientific researchers in academia will
be a computer-based approach. Expert-based and workshop-based
approaches are widely used in industry and government. Technology
development in industry and government is a group work but scientific
research in academia is an individual work. RMA support in academia
should be a way for supporting individually motivated work. Also
researchers in academia have some dedicated funds for research
operation, but they use almost all these funds for experiment
equipment, tools and materials, it is thus difficult to invite outside
specialists to make a discussion group whenever they want. Therefore
we design a computer-based RMA support for scientific researchers in

academia.
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In Chapter 2, different formats of roadmap are also mentioned (see
Phaal 2004)

e Multiple layers

e Bars

e Tables

e Graphs and plots

e Pictorial representations

e Flow charts

e Single layer

e Text

In this study computer-based RMA support designed for scientific

researchers will use all formats.

3.2 Functions of RMA support in academia for scientific

researchers

3.2.1 Function 1---data collecting support

If researchers want to find new interests or research topic, the first step
should be data and information collecting for a domain to make clear
that which topic was, is and will be hot topic. Almost all researchers did
have such experience, when use “google” or other searching tool, it 1s
very often that after inputting keywords more than 10 thousand records

of information will be provided. Thus, researchers will have no time for
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doing their scientific research. Therefore, the first function of RMA
designed will be support for data collecting. It means to help
researchers decide a domain which they are interested in, and provide
some easy ways for data collecting such as online databases or soft
wares.

Also, for solving the problem of “death wvalley” and “deep woods”
mentioned in chapter 3.1.1. Data and information should be collected
from industry, government and academia to help researchers piece out
the situation of the domain they chose. It means that when researchers
want to find new interests and research topics, they should know a lot
about situation of the domain not only what other researchers doing but

also the seeds and needs in a specific research field.

3.2.2 Function 2 ---data analyzing support

There are too many data analysis methods, first we should make clear

the level of data analysis. Ackoff classified the content of the human

mind into five categories (see Ackoff 1989):

e Data’ symbols

e Information: data that are processed to be useful; provides answer
to “who”, “what”, “where”, and “when” questions

e Knowledge: appreciation of data and information; answers “how”
questions

e Understanding: appreciation of “why”

e Wisdom: evaluated understanding
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Ackoff indicates that the first four categories relate to the past; they
deal with what has been or what is known. Only the fifth category,
wisdom, deals with the future because it incorporates vision and design.
With wisdom, people can create the future rather than just grasp the
present and past. But achieving wisdom isn't easy; people must move
successively through the other categories. A further elaboration of
Ackoff's definitions follows (see Ackoff 1989):

e Data

Data is raw. It simply exists and has no significance beyond its
existence (in and of itself). It can exist in any form, usable or not. It does
not have meaning of itself. In computer parlance, a spreadsheet
generally starts out by holding data.

e Information

Information is data that has been given meaning by way of relational
connection. This "meaning" can be useful, but does not have to be. In
computer parlance, a relational database makes information from the
data stored within it.

e Knowledge

Knowledge is the appropriate collection of information, such that it’s
intent is to be useful. Knowledge is a deterministic process. When
someone "memorizes" information (as less-aspiring test-bound students
often do), then they have amassed knowledge. This knowledge has
useful meaning to them, but it does not provide for, in and of itself,

integration such as would infer further knowledge. For example,
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elementary school children memorize, or amass knowledge of, the
"times table". They can tell you that "2 x 2 = 4" because they have
amassed that knowledge (it being included in the times table). But
when asked what is "1267 x 300", they can not respond correctly
because that entry is not in their times table. To correctly answer such a
question requires a true cognitive and analytical ability that is only
encompassed in the next level “understanding”. In computer parlance,
most of the applications we use (modeling, simulation, etc.) exercise
some type of stored knowledge

e Understanding

Understanding is an interpolative and probabilistic process. It is
cognitive and analytical. It is the process by which I can take knowledge
and synthesize new knowledge from the previously held knowledge.
The difference between understanding and knowledge is the difference
between "learning" and "memorizing". People who have understanding
can undertake wuseful actions because they can synthesize new
knowledge, or in some cases, at least new information, from what is
previously known (and understood). That is, understanding can build
upon currently held information, knowledge and understanding itself.
In computer parlance, Al systems possess understanding in the sense
that they are able to synthesize new knowledge from previously stored
information and knowledge.

e Wisdom

Wisdom is an extrapolative and non-deterministic, non-probabilistic
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process. It calls upon all the previous levels of consciousness, and
specifically upon special types of human programming (moral, ethical
codes, etc.). It beckons to give us understanding about which there has
previously been no understanding, and in doing so, goes far beyond
understanding itself. It is the essence of philosophical probing. Unlike
the previous four levels, it asks questions to which there is no
(easily-achievable) answer, and in some cases, to which there can be no
humanly-known answer’s period. Wisdom is therefore, the process by
what we also discern, or judge, between right and wrong, good and bad.
I personally believe that computers do not have, and will never have the
ability to possess wisdom. Wisdom is a uniquely human state, or as I
see 1t, wisdom requires one to have a soul, for it resides as much in the
heart as in the mind. And a soul is something machines will never
possess (or perhaps I should reword that to say, a soul is something that,
in general, will never possess a machine).

Data analysis is to support the process from data to information. We
use qualitative analysis to analyze seeds and needs in a specific
research field, and quantitative analysis to analyze situation of

scientific research in academia, industry and government.

3.2.3 Function 3 ---searching, networking and mapping support
Searching, networking and mapping will support the process from
information to knowledge and understanding help researchers possess

wisdom.
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e Searching will give an interface to researchers helping them find
data and information they need by an easy way to answer where
they are and where they want to go.

e Networking will help researchers to understand where they are in a
specific research field.

e Mapping will help researchers integrate the results of searching

and networking to give an answer about how to get there

3.3 Framework of RMA support in academia for scientific
researchers

e Domain definition

For academic researchers, when they want to star new research topics
or new interests, they commonly consider a specific research field, for
example, biotechnology, or nanotechnology. Here we use the term
domain to denote the field that researchers are interested in. A
domain can be simply defined by one or several keywords, for example,
a domain can be defined by fuel cell and vehicle as (fuel cell, vehicle).
Researchers can specify a domain according to their preferences. They
can specify a quite wide domain, for example, nanotechnology; or
specify a relatively narrow domain, for example, compound
semiconductor crystal devices.

e Data for a domain

After a domain is specified, three kinds of data sets corresponding to

each dimension of the triple helix in the domain will be collected.
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e Data set in the academia dimension

This data set contains mainly the information about academic

publications in the domain. Such data is available in scientific

databases, both online and off line.
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e Data set in the industry dimension

This data set contains the information about the patents held or
being applied for by industry in the domain. Of course, some
academic researchers also apply for patents. For making a fuller
story, when collecting this data set, the information about the
patents held or being applied by academic researchers is also
included. This data commonly is available in some patent databases.
e Data set in the government dimension

This data set contains the information about the projects supported
by government in the domain, which is commonly available in some

government agencies’ websites.

Data analysis for a domain (detailed explanation in Chapter 4)

e Ontology extraction

After getting these three data sets, we need to build relations among
them for further analysis, and ontology is used for this purpose.
After discussion with some academic researchers, we found a
four-level ontology is appropriate. As shown in Figure 3.3, the
bottom level of the ontology will be the most detailed information.
Many system methodologies, such as KJ (see Kawakita J 1975),
AHP (see Saaty 1980), and so on, can be applied to identify elements
in other three levels by integrating researchers’ expertise. From the

bottom level of ontology to the top level of ontology, information
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becomes more general and general. The structure of the ontology is
not a tree, it 1s a network, which means that information in each
level can be related to several information in other levels, and vice

versa.

e Triple helix cooperation

For each element in the ontology, a triple helix of
academia-industry-government can be analyzed from the three data
sets, as shown in Figure 3.4. The big triple helix in Figure 3.4 means
the one (Lti) based on the top level of ontology. T31 and T3n, the two
small ones mean the triple helixes based on two (could be more)
related to Lti, and arrows denote the relations between elements in
the ontology.

e Searching is to help researchers answer the questions where is
your research is? Where are your new interests or new research
are?

e Networking is to help researchers answer the questions where
are you? Where do you want to go?

e Mapping is to help researchers answer the question how to get

there? Also help researchers find cooperators or competitors

In this chapter, we designed a framework of computer-based RMA

support scientific researchers in academia. How does it work? What are

problems? Is it useful or not? To clear up such questions, we do a case

study based on the framework designed in next chapter.
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Chapter 4

Case-study

Support transportation using fuel-cells

RMA for researchers

In this chapter, we do a case-study to make sure that if RMA support
which we designed in Chapter 3 for scientific researchers when they
want to star new research or find new interest in academia is useful or
not, what kinds of method and software can be used in this

computer-based approach.

4.1 Domain definition

Fuel-cell development can trace its roots back to the 1800s. A
Welsh-born, Oxford-educated barrister named Sir William Robert
Grove realized that if electrolysis, using electricity, could split water
into hydrogen and oxygen, then the opposite would also be true. An
appropriate method of combining hydrogen and oxygen should produce
electricity. To test his reasoning, Grove built a device that would

combine hydrogen and oxygen to produce electricity, the world’s first
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gas battery, later renamed the fuel cell. Because of characteristics such
as long durability, high efficiency and no pollution, fuel cells represent a
promising energy technology for human society (see Nakicenovic et al.

2005).

It 1s well known that, if fuel cells could be substituted for
gasoline-powered internal combustion engines, and hydrogen could be
produced from renewable resources, such as, solar, hydro, biomass, and
so on, carbon oxide and sulfur oxide emissions would be greatly
decreased. Sponsored by the JAIST COE program titled Technology
Creation Based on Knowledge Science, a project was carried from 2003
which aimed to help several researchers in Japan who were working in
the field of fuel cell technologies to develop their strategic research

topics or interests.

4.1.1 Definition of fuel-cells

In principle a fuel-cells operates like a battery. Unlike a battery a
fuel-cells does not run down or require recharging. It will produce
energy in the form of electricity and heat as long as fuel is supplied. A
fuel-cell consists of two electrodes sandwiched around an electrolyte.
Oxygen passes over one electrode and hydrogen over the other,
generating electricity, water and heat. Hydrogen fuel is fed into the
"anode" of the fuel-cells. Oxygen (or air) enters the fuel-cells through

the cathode. Encouraged by a catalyst, the hydrogen atom splits into a
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proton and an electron which take different paths to the cathode as
shown in figure 4.1. The proton passes through the electrolyte. The
electrons create a separate current that can be utilized before they
return to the cathode, to be reunited with the hydrogen and oxygen in a
molecule of water. A fuel-cells system which includes a “fuel reformer”
can utilize the hydrogen from any hydrocarbon fuel — from natural gas
to methanol, and even gasoline. Since the fuel-cells relies on chemistry
and not combustion, emissions from this type of a system would still be
much smaller than emissions from the cleanest fuel combustion
processes (see Online fuel cell information resource, National

Technology Energy Laboratory 2000, Graham 2002 and Michael)
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Fig 4.1 Fuel-cells Principle
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4.1.2 Types of fuel-cells

e Phosphoric Acid (PAFC)

This type of fuel cell is commercially available today. More than 200 fuel
cell systems have been installed all over the world - in hospitals,
nursing homes, hotels, office buildings, schools, utility power plants, an
airport terminal, landfills and waste water treatment plants. PAFCs
generate electricity at more than 40% efficiency -- and nearly 85% of the
steam this fuel cell produces is used for cogeneration -- this compares to
about 35% for the utility power grid in the United States. Operating
temperatures are in the range of 300 to 400 degrees F (150 - 200
degrees C). At lower temperatures, phosphoric acid is a poor ionic
conductor, and carbon monoxide (CO) poisoning of the Platinum (Pt)
electro-catalyst in the anode becomes severe. The electrolyte is liquid
phosphoric acid soaked in a matrix. One of the main advantages to this
type of fuel cell, besides the nearly 85% cogeneration efficiency, is that it
can use 1mpure hydrogen as fuel. PAFCs can tolerate a CO
concentration of about 1.5 percent, which broadens the choice of fuels
they can use. If gasoline is used, the sulfur must be removed.
Disadvantages of PAFCs include: it uses expensive platinum as a
catalyst, it generates low current and power comparably to other types
of fuel cells, and it generally has a large size and weight. PAFCs,

however, are the most mature fuel cell technology.

Anode: H2(g) -> 2H+(aq)+ 2e-
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Cathode: %402(g) + 2H+(aq) + 2e- -> H20(1)

e Proton Exchange Membrane (PEM)

These cells operate at relatively low temperatures (about 175 degrees F
or 80 degrees C), have high power density, can vary their output quickly
to meet shifts in power demand, and are suited for applications, -- such
as in automobiles — where quick startup is required. According to DOE,
"they are the primary candidates for light-duty vehicles, for buildings,
and potentially for much smaller applications such as replacements for
rechargeable batteries." The proton exchange membrane is a thin
plastic sheet that allows hydrogen ions to pass through it. The
membrane is coated on both sides with highly dispersed metal alloy
particles (mostly platinum) that are active catalysts. The electrolyte
used is a solid organic polymer poly-perflourosulfonic acid. The solid
electrolyte i1s an advantage because it reduces corrosion and
management problems. Hydrogen is fed to the anode side of the fuel cell
where the catalyst encourages the hydrogen atoms to release electrons
and become hydrogen ions (protons). The electrons travel in the form of
an electric current that can be utilized before it returns to the cathode
side of the fuel cell where oxygen has been fed. At the same time, the
protons diffuse through the membrane (electrolyte) to the cathode,
where the hydrogen atom is recombined and reacted with oxygen to
produce water, thus completing the overall process. This type of fuel cell
1s, however, sensitive to fuel impurities. Cell outputs generally range

from 50 to 250 kW.
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Anode: H2(g) -> 2H+(aq) + 2e-

Cathode: %402(g) + 2H+(aq) + 2e- -> H20(1)

e Molten Carbonate (MCFC)

These fuel cells use a liquid solution of lithium, sodium and/or
potassium carbonates, soaked in a matrix for an electrolyte. They
promise high fuel-to-electricity efficiencies, about 60% normally or 85%
with cogeneration, and operate at about 1,200 degrees F or 650 degrees
C. The high operating temperature is needed to achieve sufficient
conductivity of the electrolyte. Because of this high temperature, noble
metal catalysts are not required for the cell's electrochemical oxidation
and reduction processes. To date, MCFCs have been operated on
hydrogen, carbon monoxide, natural gas, propane, landfill gas, marine
diesel, and simulated coal gasification products. 10 k€W to 2 MW MCFCs
have been tested on a variety of fuels and are primarily targeted to
electric utility applications. Carbonate fuel cells for stationary
applications have been successfully demonstrated in Japan and Italy.
The high operating temperature serves as a big advantage because this
implies higher efficiency and the flexibility to use more types of fuels
and inexpensive catalysts as the reactions involving breaking of carbon
bonds in larger hydrocarbon fuels occur much faster as the temperature
is increased. A disadvantage to this, however, is that high temperatures

enhance corrosion and the breakdown of cell components.

Anode: H2(g) + CO32- -> H20(g) + CO2(g) + 2e-
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Cathode: %202(g) + CO2(g) + 2e- -> CO32-

e Solid Oxide (SOFC)

Another highly promising fuel cell, this type could be used in big,
high-power applications including industrial and large-scale central
electricity generating stations. Some developers also see SOFC use in
motor vehicles and are developing fuel cell auxiliary power units
(APUs) with SOFCs. A solid oxide system usually uses a hard ceramic
material of solid zirconium oxide and a small amount of ytrria, instead
of a liquid electrolyte, allowing operating temperatures to reach 1,800
degrees F or 1000 degrees C. Power generating efficiencies could reach
60% and 85% with cogeneration and cell output is up to 100 kW. One
type of SOFC uses an array of meter-long tubes, and other variations
include a compressed disc that resembles the top of a soup can. Tubular
SOFC designs are closer to commercialization and are being produced
by several companies around the world. Demonstrations of tubular
SOFC technology have produced as much as 220 kW. Japan has two 25

kW units online and a 100 kW plant being testing in Europe.

Anode: H2(g) + 02- -> H20(g) + 2e-

Cathode: % 02(g) + 2e- -> 02-

e Alkaline

Long used by NASA on space missions, these cells can achieve power

51



generating efficiencies of up to 70 percent. They were used on the Apollo
spacecraft to provide both electricity and drinking water. Their
operating temperature is 150 to 200 degrees C (about 300 to 400
degrees F). They use an aqueous solution of alkaline potassium
hydroxide soaked in a matrix as the electrolyte. This is advantageous
because the cathode reaction is faster in the alkaline electrolyte, which
means higher performance. Until recently they were too costly for
commercial applications, but several companies are examining ways to
reduce costs and improve operating flexibility. They typically have a cell

output from 300 watts to 5 kW.

Anode: H2(g) + 2(0H)-(ag) -> 2H20(1) + 2e-

Cathode: %.02(g) + H20() + 2e- -> 2(0H)-(aq)

4.1.3 Market of fuel-cells
e New Markets
The current market for fuel cells is about $218 million and will rise to
$2.4 billion by 2004, reaching $7 billion by 2009, according to studies by
the Business Communications Company. The studies estimate the 2004
markets for fuel cells to break down as follows:

e  $850 million - electric power generation

e $750 million - motor vehicles

e  $200 million - portable electronic equipment

e  $200 million - military/aerospace
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e  $400 million - other

e Energy Security
U.S. energy dependence is higher today than it was during the “oil
shock” of the 1970s, and o1l imports are projected to increase. Passenger
vehicles alone consume 6 million barrels of oil every single day,
equivalent to 85 percent of oil imports.

e Ifjust 20 percent of cars used fuel cells, we could cut oil imports

by 1.5 million barrels every day.

e If every new vehicle sold in the U.S. next year was equipped

with a 60-kW fuel cell, we would double the amount of the country's

available electricity supply.

e 10,000 fuel cell vehicles running on non-petroleum fuel would

reduce oil consumption by 6.98 million gallons per year.

One study forecasts that there will be millions of fuel cell vehicles on the
road by 2010. According to K. Atakan Ozbek, Allied Business
Intelligence Senior Energy Analyst, “By the second decade of this
century, mass production of automotive fuel cells will result first in a
glut in the world oil supply and then in a total rejection of oil as a
vehicle fuel”.

Fuel cell power will reach tens of thousands of vehicles by 2003 to 2004.
ABI estimates that, by 2010, automotive fuel cells will have a nearly 4
percent market share — 608,000 vehicles.

Market penetration in 2010 could rise as high as 1.2 million vehicles,
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representing 7.6 percent of the total U.S. new car market.

e (lean and Efficient

Fuel cells could dramatically reduce urban air pollution, decrease oil
imports, reduce the trade deficit and produce American jobs.

The U.S. Department of Energy projects that if a mere 10% of
automobiles nationwide were powered by fuel cells, regulated air
pollutants would be cut by one million tons per year and 60 million tons
of the greenhouse gas carbon dioxide would be eliminated. DOE projects
that the same number of fuel cell cars would cut oil imports by 800,000
barrels a day — about 13 percent of total imports. On the stationary
side, fuel cells are ideal for power generation, either connected to the
electric grid to provide supplemental power and backup assurance for
critical areas, or installed as a grid-independent generator for on-site
service in areas that are inaccessible by power lines. Since fuel cells
operate silently, they reduce noise pollution as well as air pollution and
the waste heat from a fuel cell can be used to provide hot water or space

heating. They are highly efficient and low maintenance.

4.1.4 Seeds-needs of fuel-cells

e Needs of fuel-cells

There are many uses for fuel cells — right now, all of the major
automakers are working to commercialize a fuel cell car. Fuel cells are

powering buses, boats, trains, planes, scooters, even bicycles. There are
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fuel cell-powered vending machines, vacuum cleaners and highway
road signs. Miniature fuel cells for cellular phones, laptop computers
and portable electronics are on their way to market. Hospitals, credit
card centers, police stations, and banks are all using fuel cells to
provide power to their facilities. Wastewater treatment plants and
landfills are using fuel cells to convert the methane gas they produce
into electricity. The possibilities are endless.

Based on diverse applications, fuel cells can be classified into five types
(see Online fuel cell information resource, National Energy Laboratory
2005, Graham 2002 and Michael):

e Stationary

More than 2500 fuel cell systems have been installed all over the world
— 1n hospitals, nursing homes, hotels, office buildings, schools, utility
power plants, and an airport terminal, providing primary power or
backup. In large-scale building systems, fuel cells can reduce facility
energy service costs by 20% to 40% over conventional energy service.

e Residential

Fuel cells are ideal for power generation, either connected to the electric
grid to provide supplemental power and backup assurance for critical
areas, or installed as a grid-independent generator for on-site service in
areas that are inaccessible by power lines. Since fuel cells operate
silently, they reduce noise pollution as well as air pollution and the
waste heat from a fuel cell can be used to provide hot water or space

heating for a home. Many of the prototypes being tested and
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demonstrated for residential use extract hydrogen from propane or
natural gas.

e Transportation

All the major automotive manufacturers have a fuel cell vehicle either
in development or in testing right now, and Honda and Toyota have
already begun leasing vehicles in California and Japan. Automakers
and experts speculate that the fuel cell wvehicle will not be
commercialized until at least 2010. Fuel cells are also being
incorporated into buses, locomotives, airplanes, scooters and golf carts.
e Portable Power

Miniature fuel cells, once available to the commercial market, will help
consumers talk for up to a month on a cellular phone without
recharging. Fuel cells will change the telecommuting world, powering
laptops and palm pilots hours longer than batteries. Other applications
for micro fuel cells include pagers, video recorders, portable power tools,
and low power remote devices such as hearing aids, smoke detectors,
burglar alarms, hotel locks and meter readers. These miniature fuel
cells generally run on methanol, an inexpensive wood alcohol also used
in windshield wiper fluid.

e Landfill/Wastewater Treatment

Fuel cells currently operate at landfills and wastewater treatment
plants across the country, proving themselves as a valid technology for
reducing emissions and generating power from the methane gas they

produce.
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However, for each application fuel-cells with longer span, cheaper price,
smaller size, wider variety, more application etc. will be paid more and

more attention to.

e Seeds of fuel-cells
After 291 records of data about fuel-cells products collected from all
over the world analyzed, we found that
e Fuel-cell products of transportation using are deficient as
shown in Figure 4.2, which means that fuel-cell for transportation
using still stopped at scientific research level.
e  Fuel-cell products using PEM are plentiful as shown in Figure
4.3.
e  More than half of products of transportation using fuel-cell use
PEM as shown Figure 4.4.
e Function of fuel-cell for transportation using is highest as

shown in Figure 4.5.

4.1.5 Domain definition

Base on analysis of fuel-cells products, transportation oriented fuel-cell
products constitute only 11.6%. It is well known that, if fuel-cells would
become substitute of gasoline, the emissions of carbon oxides and sulfur
oxides would be strongly decreased. Why vehicles using fuel-cell
products are so slowly developed? How to support cooperation among

academy, industry and government to promote research in this field?
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How does technology creation proceed in this field? What data and
information is needed to accelerate such technology creation? With
these questions in mind, we decide domain as tow keywords: fuel-cell

and vehicle.
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4.2 Data collection

In a domain of transportation using fuel-cells, we collected data from
industry, government and academia, got three data sets. How to
evaluate accomplishment of scientific researches in academia, products
in industry and trend of support from government? With such question

in mind, we collected data from industry, government and academaia.

4.2.1 Data collection in industry
Industry data set (51 records)

http://www.ryutu.ncipi.go.jp/PDDB/Service/PDDBService

Industry data set was obtained from the patent circulation database
(2006), Japan. Because as mentioned in Chapter 2, after technology
developer get valuable products, they try to grant patent, that means
patent is a way to evaluate products developed by technology
developers in industry.
Industry data set contains (shown in table 4.1)

e Patent owner’s name

e Patent owner’s affiliation

e Title of patent

e The date of applying or granting

e Content of patent (keywords)
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Tab 4.1 Industry data set

4.2.2 Data collection in government
Government dataset (56 records)

http://ge.nii.ac.jp/genii/jsp/index.jsp

Government dataset was obtained from NII (National Institute of
Informatics) Scholarly and Academic Information Portal, Japan.
Because projects information which was or are getting subsidy from
government should be understood as a way to read trend of supporting
from government.

Government data set contains (shown in table 4.2)

e Leader’s name of project
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e Leaders’ affiliation
e Period of project

e Title of project

e Content of project (keywords)

e Budget from government (per year)
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Tab 4.2 Government data set

4.2.3 Data collection in academia

Academia data set (47 records)

http://lwww.aist.go.]p/RRPDB/system/Koukai.Top

Academia data set was obtained from the online
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publications of achievements, National Institute of Advanced Industrial
Science and Technology, Japan. Because we also mentioned in Chapter
2 that there is only one way to evaluate research accomplishment in
academia, that is publication.
Academia data set includes (shown in table 4.3)

e Author’s name

e Author’s affiliation

e Title of paper

e Abstract of paper (keywords)

e The date of publication

e The journal in which each paper was published
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4.3 Data analysis

4.3.1 First-cut roadmap

After basic analysis of the data we got an overlook roadmap as shown in

Figure 4.6 in which provides an overview of transportation-oriented

fuel-cell technology development in the past, present, and future,

including technological, social, and marketing aspects.

e Technologies were reclassified into 10 types

hydrogen storage technology

practicability of fuel-cells

technology for capability mounting up

energy development

technology of metallic materials for fuel cells
cost reduction of fuel-cell technology
efficiency increase of fuel-cell technology
fuel-cell systems technology

small-scale and miniature fuel-cell technology

scenarios (supply chain facilities for fuel-cells...)

e Numerical data was based on averaging diverse data sets

e The estimates of carbon dioxide emission decrease were calculated

by the method used by the Ministry of Environment of Japan.
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The first-cut roadmap is a general roadmap to give an overview of

transportation-oriented fuel-cells technology, marketing and society

influences. For researchers in this research field, what are their

requests of data, information and RMA, the first-cut roadmap was

presented to researchers who are doing scientific research on

transportation oriented fuel-cell technology at three universities: Osaka

University (Osaka), Toyama University (Toyama), and JAIST

(Ishikawa). These researchers were interviewed (questions in Appendix

1) and expressed the following opinions about transportation oriented

fuel-cell technology development (similar for all three universities):

e They would be interested most in advanced technology information

e Related information on social and marketing aspects is not crucial
for them

e The development of transportation-oriented fuel-cell technology
takes such long time because costs are high and related safety
problems are difficult.

e The time from technology to actual product development will also be
long if useful implementation scenarios are not formulated.

e Most helpful would be more detailed information on plans and
actions of other researchers in academia, industry, and government

who are developing transportation-oriented fuel-cell technology.

Some examples of individual researchers’ opinions are as follows:

e Researcher A said: It is necessary to help researchers make

66



research plans, but it is hard to say what future research topics will
be; it would be useful, however, to develop some support that would
help researchers find the most valuable research topics

Researcher B said: The first-cut roadmap can give researchers a
different perspective and review of the whole research field
including technology, marketing, and social influences. However,
for researchers who are doing scientific research, the overview is
not enough. More detailed information is needed about technologies,
research topics, patents, etc., including other information such as
the availability of subsidies from government.

Researcher C said: Forecasting is a useful way to support
researchers in generating new ideas and new research topics, but
more useful would be more detailed information about what
researchers in academia, industry, and government are doing now,
what the relationships are among research topics, researchers, and

technologies.

4.3.2 Ontology extraction

Based on opinions about detailed information of technology, research

topics etc., we should process data in data sets to different levels.

“Ontology” is used for this purpose (see Quine 1969, Kriple 1963 1980,

and Guarino 1995,1998):

In both computer science and information science, an ontology is a

data model that represents a set of concepts within a domain, and
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the relationships between those concepts. It is used to reason about
the objects within that domain.

In philosophy, ontology is the study of being or existence. It seeks to
describe or posit the basic categories and relationships of being or
existence to define entities and types of entities within its
framework. Ontology can be said to study conceptions of reality.
Difference and similarity with respect between computer science
ontology and philosophy ontology

The term ontology has its origin in philosophy, where it is the name
of one fundamental branch of metaphysics, concerned with
analyzing various types or modes of existence, often with special
attention to the relations between particulars and universals,
between intrinsic and extrinsic properties, and between essence and
existence. According to Tom Gruber at Stanford University, the
meaning of ontology in the context of computer science is “a
description of the concepts and relationships that can exist for an
agent or a community of agents.” He goes on to specify that an
ontology 1s generally written, “as a set of definitions of formal
vocabulary.” What ontology has in common in both computer
science and philosophy is the representation of entities, ideas, and
events, along with their properties and relations, according to a
system of categories. In both fields, one finds considerable work on
problems of ontological relativity, and debates concerning whether a

normative ontology is viable. Differences between the two are
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largely matters of focus. Philosophers are less concerned with
establishing fixed, controlled vocabularies than are researchers in
computer science, while computer scientists are less involved in
discussions of first principles (such as debating whether there are
such things as fixed essences, or whether entities must be
ontologically more primary than processes).

During the second half of the 20th century, philosophers extensively
debated the possible methods or approaches to building ontologies,
without actually building any very elaborate ontologies themselves.
By contrast, computer scientists were building some large and
robust ontologies with comparatively little debate over how they
were built. In the early years of the 21st century, the
interdisciplinary project of cognitive science has been bringing the
two circles of scholars closer together. For example, there is talk of a
"computational turn in philosophy" which includes philosophers
analyzing the formal ontologies of computer science (sometimes even
working directly with the software), while researchers in computer
science have been making more references to those philosophers
who work on ontology (sometimes with direct consequences for their
methods). Still, many scholars in both fields are uninvolved in this
trend of cognitive science, and continue to work independently of one

another, pursuing separately their different concerns.

Elements of ontology
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e Individuals (instances): the basic, "ground level" components of
an ontology. The individuals in an ontology may include concrete
objects such as people, animals, tables, automobiles, molecules, and
planets, as well as abstract individuals such as numbers and words.
Strictly speaking, an ontology need not include any individuals, but
one of the general purposes of an ontology is to provide a means of
classifying individuals, even if those individuals are not explicitly
part of the ontology.

e Classes (concepts): abstract groups, sets, or collections of objects.
They may contain individuals, other classes, or a combination of
both.

e Attributes: objects in the ontology can be described by assigning
attributes to them. Each attribute has at least a name and a value,
and is used to store information that is specific to the object it is
attached to

e Relationships: an important use of attributes is to describe the
relationships (also known as relations) between objects in the
ontology. Typically a relation i1s an attribute whose value is another

object in the ontology.
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Figure 4.7 gives an example of an ontology. “Ford Bronco” and “Ford
Explorer” are individuals; “CAR” and “Truck” are classes; “2-wheel
drive” and “4-wheel” are one of attributes of car class; relationship of
this ontology is a tree.

In this case, we construct a four-level ontology shown as figure 4.8 by
top-down and bottom-up approaches (see Wolfe JM 2003). Top-down is a
method of organization in which a general statement is presented first,
and details presented last. Bottom-up is an approach which builds
simple low-level objects into more complex higher-level objects. For
different purpose top-down and bottom-up approaches have different
contents. Fore example, as a systemic approach, top-down and
bottom-up are strategies of information processing and knowledge
ordering, mostly involving software, and by extension other humanistic
and scientific system theories. In a top-down approach an overview of
the system is first formulated, specifying but not detailing any
first-level subsystems. Each subsystem is then refined in yet greater
detail, sometimes in many additional subsystem levels, until the entire
specification is reduced to base elements. A top-down model is often
specified with the assistance of "black boxes" that make it easier to
manipulate. However, black boxes may fail to elucidate elementary
mechanisms or be detailed enough to realistically validate the model. In
a bottom-up approach the individual base elements of the system are
first specified in great detail. These elements are then linked together

to form larger subsystems, which then in turn are linked, sometimes in
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many levels, until a complete top-level system is formed. This strategy
often resembles a "seed" model, whereby the beginnings are small, but
eventually grow in complexity and completeness. However, "organic
strategies", may result in a tangle of elements and subsystems,
developed in isolation, and subject to local optimization as opposed to
meeting a global purpose. In this case, we use these two approaches as
a similar definition with it for system design (see Wolfe JM 2003):
e Individuals (top-down)
The bottom-level in ontology will be 144 keywords (see appendix 6)
which are distilled from abstract of paper in academia dataset, content
of project subsidized by government in government dataset and
introduction of patent in industry dataset with our knowledge.
e Classes (bottom-up)
We defined three classes which are other three levels in ontology: 106
sub-topics, 25 main-topics and 10 technologies (see appendix5,4,3).
Subtopics are more general than keywords, so the number of subtopics
will be smaller than the number of keywords. Main topics are more
general than subtopics, and technologies are more general than main
topics.
e Attributes
Each element in four-level ontology has 5 attributes:
Name: Author’s name (academia)

Project leader’s name (government)

Patent owner’s name (industry)
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Time: Publication time (academia)

Subsidized project period (government)

Patent application or granted time (industry)
Subsidy: what was, 1s or will be the budget provided by the government
Patent number: number of patent applied or patent granted
Journal name: name of journal which researchers’ papers published in
e Relations
The structure of the ontology is not a tree, it is a network, which means
a keyword can be related to several subtopics, a subtopic can be related
to several main topics, a main topic can be related to several

technologies, and vice versa as shown in Figure 9,10,11.

Technology

Main-topic

Fig 4.9 Relation between Technology and Main-topic
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Fig 4.10 Relation between Main-topic and Sub-topic
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4.3.3 Triple helix cooperation
As mentioned in Chapter 3, triple helix of in this study means relations
of research for technology development among academia, industry and
government. The purpose is to help researchers make a clear picture of
their position in whole research field, find potential cooperators for a
new research or new interest, also can push cooperation among
academia, industry and government for technology development.
Based on four-level ontology, triple helix will be two levels:
e Level 1: Triple helix of each level in ontology
e Triple helix on technology level
As shown in Figure 4.12, triple helix of technology 1, technology 2,
technology 3, technology 4, technology 5, technology 7 and
technology9 are the same. There is no paper about technology 6 and

technology 8 from academia, and there is not patent about
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technology 10 from industry.

G G G G G
A A A A A
I I I I I

Fig 4.12 Triple helix on technology level

e Triple helix on main-topic level

Academia
M2,3,5,6,7,8,1
0,13,15,17,21,
22, 25

M9, 18, 20

M12, 14, 19

Governmen

Fig 4.13 Triple helix on main-topic level

As shown in Figure 4.13, there are 13 main-topics in which papers
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published by researchers in academia, patents applied or granted by
technology developers in industry and projects subsidized by
government; 4 main-topics have no related paper published by
researchers in academia; 3 main-topics have no related patent from
industry; 1 main-topic has no related projected subsidized by
government; 4 main-topics are being researched only in industry or
government, there is no main-topics only related papers published in

academia.

e Triple helix on sub-topic level

S58,17,18,24,27,
33,39,43,49,65,

Industry

Academia S3,6,9,10,11

67,71 23,26,29,30,
S19, 22, 25
34,36,40,41,
S2,32,37,48,5 61,70,82,83,
2,63,58,59,64, 85,89,95,98,
S5,7,12,20,28,3 S51,4,42,44,
76,79,81,84 1

1,35,38,47,74,7 46,54,60,7
5,80,105 7,78,91
S13,14,15,16,21,45,50,51,55,56,57,
62,63,66,68,69,72,73,86,87,88,90,9

2,93,94,96,97,99,100,102,103

Government

Fig 4.14 Triple helix on sub-topic level

As shown in Figure 4.14, 23 sub-topics are only related to patents in
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industry; 31 sub-topics are related to projects subsidized by
government; 3 sub-topics are only related to papers published by
researchers in academia; 10 main-topics have no related paper
published by researchers in academia; 10 main-topics have no
project subsidized by government; 13 main-topics have no related
patent from industry and 14 main-topics are related to papers
published by researchers in academia, patents applied or granted by
technology developers in industry and projects subsidized by

government.

e Triple helix on keyword level

Industry

K1,3,5,11,13,18,19,20,26,32,

Academia

2,50,63,85, 54,55,60,61,62,64,65,70,81,8

K29,76,109,110,120

91,98,103,1 8,93,95,114,117,121,122,126

08,115,128 ,129,134,135,140,141,142

K84,105,

8,44,52,59,67,74,106, 139 K9,10,16,

107,111,112,113,118,12 )\ 23,100

3,124,125,136 Government

K2,4,6,12,14,15,17,21,22,24,25,27,28,31,33,35,3

6,37,38,39,40,41,43,45,46,47,48,49,51,53,56,57,

58,66,68,69,71,72,73,75,77,78,79,80,82,83,86,87

,89,90,92,94,96,97,99,101,102,104,116,119,1

130,131,132,133,137,138,143,144

Fig 4.15Triple helix on keyword level
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As shown in Figure 4.15 there are 3 keywords related to papers
published by researchers in academia, patents from industry and
projects subsidized by government; 13 keywords related to both of
papers and patents; 16 keywords related to both of projects and
papers; 5 keywords related to both of projects and patents; 69
keywords only related to subjects subsidized by government; 33
keywords only related to patents from industry; 5 keywords only

related to papers published by researchers in academia.

Level 2: Triple helix from the top level to the bottom level

As shown in Figure 4.16, nodes which are in blue are technologies,

others are keywords. The different colors mean the keyword is related

to papers published by researcher from academia (in purple) or patents

from industry (in green) or projects subsidized by government (in

brown).

These tow levels triple helix will help researchers find potential

cooperative research project by answering follow questions:

How many technologies, research topics and keywords are related to
papers published by researchers in academia

How many technologies, research topics and keywords are related
to patents from industry

How many technologies, research topics and keywords are related

projects subsidized by government
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e How many technologies, research topics and keywords are

cooperated by all of or two of government, industry and academia.
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Fig 4.16 Triple helix between technology and keyword levels
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4.3.4 Dissimilarity calculation

Triple helix gives an analysis of relation in four-level ontology. For a
real roadmap, distance information which can give an idea about one
place is near or far from another also should be provided to users.
Triple helix can provide rough distances between each two nodes as
shown in Figure 4.16. For example, if two keywords are related to the
same technology, we could say the distance between them is small.
Simply speaking, the distance between two nodes could be roughly
calculated as the smallest number of connections between them. In this
study, we also calculate the distance of research situation between two
keywords, because keyword is the most detailed information in
four-level ontology with a method proposed by SiQuang Le and TuBao
Ho (see SiQuang and TuBao 2005). The basic idea of this method is to
consider the dissimilarity Dm(,j) (distance) of a given
attribute(m)-value pare(i,j) as the probability: there are how many pairs
(p,q)- 5{p,q} in all probabilities- k(k-1), of picking randomly a value
pair(p,q) that is less similar than or equally similar in terms of order
relations defined appropriately for data types (1). Disimilarities of
attribute value pairs D(@,j) are then integrated into similarities between
data objects using a statistical method (2).

s v om{p,q}
Smii,j} D 1)

D{,ji=-2 Insmg, j3 2)
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e Attributes of keyword and their data types
There are 8 attributes for each keyword as shown in Table 4.4:
e Technologies (A1)
A class of technology identifying the research topics and keywords
e Number of researchers (A2)
The total number of unique researchers in subsidized projects,
patents and papers related to a given keyword.
e Current subsidy (A3)
Whether there is at least one subsidized project related to a given
keyword running in current year (S-still running F-finished N-no
subsidized project).
e Subsidy amount (A4)
The total subsidy amount of all subsidized projects related to a given
keyword.
e Number of patents (A5)
The total number of patents related to a given keyword.
e Current patent (A6)
Whether the patent related given keywords has been granted or is
pending (P-pending G-granted N-no patent).
e Number of publications (A7)
The total number of papers related to a given keyword.
e Year of publication (A8)

The year in which paper related to a given keyword was published.
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Attribute Data type Range

Technologies (A1) categorical T1...T10
Number of researchers (A2) discrete

Number of patents (A5) discrete

Number of publications (A7) discrete

Subsidy amount (A4) continuous

Year of publication (A8) continuous

Current subsidy (A3) ordinal S,FN
Current patent (A6) ordinal P,G,N

Tab 4.4 Attributes and data types

There are 4 data types as shown in Table 4.4:
e Continuous data
Attribute values are continuous. (i.e. the height and the blood
pressure for a person).
e Discrete data
Attribute values are discrete. (i.e. the number of cities in a country
and the number of students in a class)
e Ordinal data
Attribute values are ordinal. (i.e. junior high school, high school,
college or university, graduate school).
e (Categorical data
Attribute values are categorical (i.e. the distinction of sex male

female, blood types A,B,0,AB)
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The main difference between ordinal data and categorical data is that
there is an order relation between ordinal values while none of

categorical values.

e Similarity measure for data of different types

Basic idea is to pick up randomly a value pair that is less similar than
or equally similar to a chosen pair in terms of order relations defined
appropriately for data types. Therefore, similarity measure will answer
how to pick appropriate pair up for different data types:

Pair (i, j) is a chosen pair, pair (p, @) will be pick up if pair (p, @) is less
similar than or equally similar to pair (i, j) in mth attribute (Vmp, Vmgq,
Vmi, Vmj are the values of pth , gth, ith, jth data of mth attribute)

e Continuous data
P(p,q) < P(, j) & Vmp—Vmg| > Vmi —-Vmj| (1)
Pair (p, q) is less similar or equally similar to pair @, j) if and only if

the absolute difference of the pair (p, q) is greater than or equal to the

pair @, j).

e Discrete data

Vmp nVmgq| . Vmi A Vmj|
Vmp uVmp| ~ Vmi U Vmj|

P(p,a)<P(i, j) = (2)

Pair (p, q) is less similar than or equally similar to pair @, j) if and
only if the proportion between the intersection interval and the union

interval of pair (p, @) is smaller than or equal to that of pair G, j).
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e Ordinal data

P(p.q) < P(i, j) < Vmp.Vmg| 2 Vmi.Vmj| ~ (3)

Pair (p, q) is less similar than or equally similar to pair @, j) if and

only if the interval between two values of the pair (p, q) contains that

of the pair (, j).

Categorical data

Vmp =Vmi,Vmq =Vmj

P(p,q) <P, ] . .
(P.a) ( J)@{\/mp #Vmg,Vmi =Vmj

(4)

Pair (p, g) is less similar than or equally similar to the pair (i, j) if and

only if either they are identical or values of the pair (p, q) are not

identical meanwhile those of the pair @, j).

Dissimilarity calculation

We give an example to calculate dissimilarity of K1 and K2, data as

shown in Table 4.5

Al A2 A3 A4 A5 A6 A7 A8
K1 2 2 S 5000 1 P 0 0
K2 1 1 S 3000 0 N 0 0
K3 3 2 F 5000 0 N 1 2002
K4 2 2 F 2000 0 N 2 1998
K5 4 1 N 0 1 G 0 2005

Tab 4.5 Example of data for dissimilarity calculation
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Then, we can calculate situation distance between keywords based on

this method as shown in Table 4.6 (programmed by VB)
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Tab 4.6 Research situation distance between keywords
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4.4 Applications of RMA support

4.4.1 Network
A computer network consist of multiple computers connected together
using a telecommunication system for the purpose of communicating
and sharing resources. A social network is a social structure made of
nodes (which are generally individuals or organizations) that are tied
by one or more specific types of relations, such as financial exchange,
friendship, hate, trade, web links, or airline routes.
We use a free soft-ware named net-draw to make the map of network.
Net-draw 1s a program for drawing networks. It uses several different
algorithms for laying out nodes in 2-dimensional space. Net-draw reads
UCINET system files, UCINET DL text files, and Pajek text files
(net, .clu and .vec). It can save data to Pajek and to Mage. It can save
diagrams as EMF, WMF, BMP and JPG files. It can also print directly
from the program at high resolution (much better than printing
document containing embedded graphics). The program has a number
of useful features, including:
e Multiple Relations. You can read in multiple relations on the same
nodes, and switch between them (or combine them) easily.
e Valued Relations. If you read in valued data, you can sequentially
“step” through different levels of dichotomization, effectively
selecting only strong ties, only weak ties, etc. In addition, you have

the option of letting the thickness of lines correspond to strength of
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ties.

Node Attributes. The program makes it convenient to read in
multiple node attributes for use in setting colors and sizes of nodes
(as well as rims, labels, etc.). In addition, the program makes it easy
to turn on and off groups of nodes defined by a variable, such as
males or members of a given organization. [In addition, there are
buttons for deleting isolates and pendants.

Analysis. A limited set of analytical procedures are included, such
as the identification of isolates, components, k-cores, cut-points and
bi-components (blocks).

2-mode Data. Net-draw can read 2-mode data, such as the Davis,
Gardner and Gardner data and automatically create a bipartite
representation of it.

Saving Pictures. Network diagrams can be saved as bitmaps ((bmp),
jpegs (jpg), windows metafiles (wmf) and enhanced metafiles (.emf).
In addition, the program exports to Pajek and Mage.

Printing. There is a Print button. This is very good for creating
publication-quality diagrams because the results utilize the full
resolution of the printer. (When you save an image like a bitmap to
disk and insert into a document and then print that, the image
resolution is no better than your screen’s.)

Appearance Options. A full range of options is implemented,
including the ability to change sizes and colors of nodes, node-rims,

labels, lines and background. Different node shapes are not yet
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implemented. You can also rotate, flip, shift, resize and zoom

configurations.

Layout. Two basic kinds of layouts are implemented at present: a

circle and an MDS/ spring embedding based on geodesic distance.

The MDS includes options for exaggerating clustering, biasing

toward equal-length edges, and turning on/off node-repulsion.

dl n= 20 format = edgelist1
labels embedded
data:

T1 T10 1
T1 T4 1
T10 T2 2
T10 T3 1
T10 T4 2
T10 T6 1
T10 T8 1
T10 T9 1
T2 T3 1
T2 T4 5
T2 T5 1
T2 T6 2
T2 T7 3
T2 T8 1
T2 T9 4
T3 T4 1
T3 T9 1
T4 T5 3
T4 T6 2
T4 T7 4
T4 T8 2
T4 T9 3
T5 T6 1
T5 T7 1
Technology.txt

S PP PP T |

L |

0 diud

Fig 4.17 Net-draw software

89



How to use net-draw software is shown in Figure 4.17:

Step 1: Calculate number of relations (programmed by VB)
Step 2: Save the result of stepl as a text file

Step 3: Run net-draw software, select text file saved in step2

Step 4: Map of network drawing

Therefore, the basic idea of net-draw 1s that if A and B have relation,
there will be a line between nodes A and B on the map. The basic nodes
in the network are researchers that are tied by technology (as shown in
Figure 4.18), research topics (as shown in figure 4.19 and 4.20) and
keywords (as shown in Figure 4.21) in patents, projects and papers, also
by affiliation (as shown in Figure 4.22). If we say one researcher is
related to another, that means that they are doing related work with
the same technology, topic and keyword or in the same academic area,
industry or government. Network will help researchers find potential

cooperator for a specific project.
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Fig 4.18 Network of researcher-technology Fig 4.19 Network of researcher-maintopic
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Fig 4.22 Network of researchers by affiliation

4.4.2 Map

Network is to help researchers find potential cooperators by mapping
relation among researchers. We also use the software to make map of
relations among topics and keywords as shown in Chapter 4.3.2.
(Figure 4.9, 4.10, 4.11 and 4.16) Such maps will help researchers find
potential cooperative projects, and also make a clear picture about
where they are and where they want to go. As a result of RMA for
supporting scientific researchers in academia, we also need map to help

answer how to get there which is designed as shown in Table 4.7.

Because keywords are the most detailed data on four-level ontology, as
a result of RMA in academia, we help researchers find how to get
keyword 2 from keywordl, including marketing information in a time

dimension.
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Wrhere dre you Wrere do you want to go
K1 K2
From year End year
Marketing information Marketing information
Researcher name Researcher name
Affiliation Affiliation
Academia Industry Government Academia Industry Government

How to get there

Ki1—»K5—>T3 —> Te—»K7—>K2

Tab 4.7 Roadmap from K1 to K2

4.4.3 Search

Ontology extraction, triple helix cooperation, network and map,such

analysis will help researchers answer following questions:

What projects were, are, or will be supported by governments based
on the technology, topics and keywords?

Who (persons and academia) was, is or will be in charge of the
projects?

What was, is or will be the budget provided by the government?
How many patents have been issued or are under application based
on the technology, topics and keywords?

Who holds or is applying for patents?

Who from academia is doing research related to the technologies,
topics and keywords?

What are publications of researchers in academia?
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e Which technologies/research topics are often addressed by
academia-industry-government, and which are not?

e What are the relationships among technologies, research topics and
researchers?

e Who will be potential cooperators or competitors on which
technology, topic and keyword in which project?

e How to get a technology, topic and keyword from another?

and so on. To answer more and more such questions we need to design a

searching tool. Users can search data and information in datasets or

results of analysis by inputting keywords which they are interested in.

Chapter 5 will introduce a RMA support system designed for these

purposes.
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Chapter 5

RMA Support System

This Chapter will introduce a support system with searching,
networking and mapping functions. First three functions and their
interfaces will be introduced, then how to use the system will be
explained. As evaluation of the system, users’ opinions will be

mtroduced at the end of this Chapter.

5.1 RMA support system introduction

As mentioned in Chapter 3, in the framework of computer based RMA
support, there are 3 modules:
e Domain-defining module- input (select) from users
e Data collecting module- related Ren’s work (the same lab)
e Data analyzing module
e Ontology extraction- related Ren’s work
e Triple helix cooperation analysis- related Nie’s work (the same

lab)

e Searching, networking and mapping- RMA support system
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ROADMAPPING SYSTEM FOR RESEARCHERS IN ACEDIMIA

——BY TRIPLE HELIX ANALYSIS

WHERE ARE YOU? { WHERE DO YOU WANT TO GO?

HOWTO GET THERE?
[S-archin: YN C v criino )

© 2007-04 Nakamori-Lab,JAIST- - All Rights Reserved - Contact Me

Fig 5.1 Interface of support system

Therefore, support system designed in this study based on case-study
as introduced in Chapter 4 is one part of framework mentioned in
Chapter 3, to integrate all analysis results. Users can search data and
information by inputting keyword (because keywords are most detailed
data on four-level ontology). System can help users answer where are
you? and where do you want to go? by searching and networking, and
answer how to get there? by mapping also can help researchers find
potential cooperators or competitors in a specific project related a given
keyword, research topic and technology (programmed by JAVA). Fig 5.1
gives an interface of support system designed in this study. There are
three buttons (in purple) which link to three interfaces of searching,
networking and mapping functions. If click “contact me”, a email will be

sent to yan-jie@jaist.ac.jp
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5.2 RMA support system functions

e Function 1 Searching

Figures 5.2 and 5.3 are the main interfaces for searching, and Figure
5.4 shows the results. With the window shown in Figure 5, we provide 8
links explaining ontology, including 744 keywords, 106 sub-topics, 25
main-topics, 10 technologies and their relations also including relations
between keywords and subtopics, sub and main topics, main topics and
technologies, and technology and keywords. User can search the
database with the keywords, because keywords are the most detailed
data on four-level ontology. User can select one keyword from the list,
and then push the “Search” button. 20 keywords similar (based on
results of dissimilarity calculation mentioned in Chapter 4) to the
keyword selected are shown in Figure 5.3. The most similar keyword 1s
itself, and the distance is 0. As shown in Figure 5.3, if user wants to
know more about a keyword, by pressing the blue button detailed
information will be shown, and pressing the map button network map
will be shown, as shown in Figure 7. And user can perform more
detailed analysis on the result, for example, analysis of the distribution
of funding from government along the time-dimension.

Searching function will give an overview to researchers about triple
helix of Academia-Industry-Government using each keyword in the
transportation fuel-cell research field: for each keyword, there is data

on how may researchers are doing the same work in academia, industry
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and government, how many research projects are related to each other

in academia, industry and government, etc., and this will help them get

ideas about where they are and where they want to go, also help them

find potential cooperative research projects.
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Fig.5.4 Detailed information searching

e Function 2 Networking

As mentioned in Chapter 4, the basic nodes in the network are
researchers that are tied by technology, research topics and keywords in
patents, projects and papers. The network can also provide rough
distances between each two nodes, and also those elements linked to
the basic nodes, such as publications, patents, projects, researchers,
and so on by calculating the connections between them. For example, if

two topics are related to the same technology, we could say the distance
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between them is small. Simply speaking, the distance between two
nodes could be roughly calculated as the smallest number of

connections between them.
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Fig.5.5 Network interface

Networking interface as shown in Figure 5.5, gives 5 links for network
maps of researchers and technologies, sub topics, main topics, keywords
and network of researchers by affiliation. The basic idea 1is, if we say
one researcher is related to another, that means that they are doing
related work with the same technology, topic and keyword or in the
same academic area, industry or government. Networking function will

help researchers to answer where they are and where they want to go,
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also help them find potential cooperators and competitors for a specific

research project related to a given keyword, topic or technology.

e Function 3 Mapping

Mapping function integrates search function and networking function
to help researchers to answer the question of how to get there. After
searching and networking, researchers will have a clear picture of
where they are and where they want to go. They can select the keyword
in the list and push the “how to get there” button. Result is shown in
Figure 5.6. The results also give some information of market by time

dimension, and roots common to keywords.
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The support system can give users supports as following.

o Finding potential collaborators

Those researchers in academia, industry or government who are a
relatively small distance or have strong relation to a user could be
potential collaborators with the user.

o Deciding new research topics

Researchers commonly want to do some different topics after doing a
topic for several years. Doing a totally different topic from the former
one usually is not a good idea, since it will need completely different
expertise. In this sense, providing the distance between keywords of
research topics is helpful when researchers want to start a different
topic. Although the network could not provide new topics, because all
topics in the datasets are existing ones, it can somehow inspire
researchers to put forward new topics. From the viewpoint of complex
systems, any new technologies can be looked upon as the combination of
previous existing technologies, and a new technology will serve as a
component/block for further new combinations. Although it is almost
impossible to model the genotype-phenotype structure of every
combination of technology or topics, providing distance between topics

aids researchers’ intuition in putting forward new topics.

Support system online address- http-//150.65.80.100-8888/roadmap/
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5.3 RMA support system and the idea evaluation

We provided the system to 3 labs in JAIST. We made a survey of the
uses of system (questionnaire in appendix 2) and interview with 30

users as shown in Figure 5.1:

Support system evaluation
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Fig 5.1 Evaluation of system uses

e 85% of users give “4” for question 10 “ Would you like to use such
system when you want to find new interests or new research topics”

e 100% of users give higher than “3” for question 2 “Is it useful for
find new idea” and question 4 “Is searching function useful ”

e 30% of users give “1” for question 6 “Is mapping function useful”
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and question 9 “Can you answer “how to get there” by using system”

The reasons are explained as following:

Support system is very useful for understanding “where are you” and

“where do you want to go”, but for “how to get there” it is not easy to get

conclusion only by this system.

They have the same opinions as following:

e Almost users in those labs said that what we provided to them was
very helpful in making answer to those three questions:
e  Where are you?
e  Where do you want to go?
e How to get there?

e System is very functional to use

e Searching and networking will let users have a clear picture for the
position of their research

e Maps are very easy for understanding the positions and relations

e Itisa goodidea that introduce RMA for supporting researchers’ new
interests and new research topics finding

e Different from general technology road mapping used in industry
and government as a planning tool, RMA in this study is more likely
to making a real roadmap, because it also calculates distances
between two points on the map.

e If there are 3D or dynamic maps, system will be more interesting
and results also will be easier to understand

e If datasets can be changed to research information of lab members,
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it will be very useful for lab management.
For the idea evaluation, we did interview with researchers (professors
and students) from three universities (mentioned as Chapter 4).
They have the same opinions:
The idea is very new that support researchers when they want to find
new research topics. There are so many works have been done for
supporting researchers to make research plan but only it is not enough,
researchers also need support before making research plan, to
understand:
where are you?
where do you want to go?
how to get there?
(not only in a time dimension).
e Professors
The i1dea will help to make sure our research positions and understand
relations among research topics and researchers in a specific research
field. Information of cooperative projects and cooperators, competitors
are useful.
e Students
System and the idea will help to understand what researchers
(university, industry, government) are doing now in a specific research

field. It is useful to help make decision for choosing a research topic.
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Chapter 6

Conclusion

Chapter 6, as a final chapter, reviews RMA support in academia we

designed, summarizes the results and discusses their implications.

6.1 Summary and limitation

6.1.1 Summary

In this study, we addressed a problem that how to support RMA in
academia for scientific researchers when they want to find new
Iinterests or new research topics. After compare applications of RMA in
academia with them in industry and government, we designed a
framework of a computer-based RMA support. The approach uses a
four-level ontology and triple helix analysis to analyze the data in three
datasets, namely academia dataset, industry dataset, and government
dataset in which data collected from academia, industry and
government within a specified domain. Then, we did a case-study, to
make clear real applications of RMA support for scientific researchers

in the field of transportation using fuel-cells. Based on the lessons on
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case-study a RMA support system was proposed.

6.1.2 Limitation

The computer-based approach itself does not generate research
roadmaps. Its purpose is to give support to researchers in academia. It
can be looked at as a starting point of road mapping process. It can be
integrated with other computer-based approaches, and also most likely
with expert-based approaches and workshop-based approaches, for
generating research roadmaps. During application, the approach
should be customized according to different objectives and other
contexts. For example, in the case study introduced in this study, data
were from Japanese databases, since in the project the researchers
cared most about were the triple helix of
academia-industry-government in Japan. When applying the approach
in a different country or in a different field, the data sources will be
different. When defining the four-level ontology, different methods can
be applied according to real situations. Also researchers are not limited
to use the four-level ontology, if they have found a two or three-level

ontology is more appropriate in their field.

6.2 Further study

Many problems and lessens have been revealed after this dissertation.

RMA support defined in academia for scientific researchers find new
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interests or new research topics is quite different from its definition in
industry and government. RMA support in academia is not a planning
support tool, it will support researchers find targets of their scientific
research. Therefore RMA support in academia will help researchers
answer the same three question, where are you? where do you want to
go? how to get there? but different to it in industry and government to
answer “where do you want to go”, it is not plan but relation, a physical
position like a real map. In this study, we did a case-study, a case of
supporting researchers in transportation using fuel-cells technology
research field. As further study, we will do other cases in different
research field not only in Japan. Also, we introduced an idea of triple
helix , a method for calculating dissimilarity (distance) and a support
system, as further study we will try to integrated more methods and
soft wares to improve RMA support in academia both for supporting

find new research topics or new interests and for planning.
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Appendix 1

Interview with fuel-cells researchers for first-cut roadmap (questions)
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Appendix 2

Questionnaire for evaluation of RMA support system

RMA support system evaluation questionnaire

Please answer following 10 questions by giving a number from 1 to 5,
5: perfect 4 very good 3 good 4 bad 5 very bad

If choose 1, please give reasons

Q1 Is it very easy to understand about how to use it

5

N RN

Q2 Is it functional to use

5

N RN

Q3 Is it useful for find new idea

5

N RN

Q4 Is searching function useful

5

4
3
2
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Q5 Is networking function useful
5

N S N

Q6 Is mapping function useful
5

= N W

Q7 I can answer “where are you” by using system

5

= N W

Q8 Can you answer “where do you want to go” by using system
5

= N W

Q9 Can you answer “how to get there” by using system
5

= N W
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Q10 Would you like to use system when want to find new interests or

new research topics

= N W R~ O
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Appendix 3

10 Technologies
T1 scenario (supply chain facilities for fuel—cells)
T2 practicability of fuel—cells
T3 hydrogen storage technology
T4 efficiency increase
T5 capability of fuel—cells
T6 cost reduction
T7 small-scale and miniature
T8 metallic materials
T9 fuel—cell system
T10 energy of fuel—cells
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Appendix 4

25 Main-topics

M1 AxY
M2 BB
M3 i 5
M4 =k
M5 Rt
M6 im
M7 K
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M15 g
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M17 €&
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Appendix 5

106 Sub-topics
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Appendix 6

144 keywords
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