NISTEP REPORT No. 110

Science Map 2006

-Study on Hot Research Areas (2001-2006) by Bibliometric Method-

English Ver.

June 2008

Research Unit for Science and Technology Analysis and Indicators
National Institute of Science and Technology Policy (NISTEP)

Ayaka SAKA, Masatsura IGAMI,

Terutaka KUWAHARA



This material is the English translation of the main points extracted from the “Science Map
2006 (original version, Japanese) ' issued by NISTEP in June 2008.

Science Map 2006
Study on Hot Research Areas (2001-2006) by Bibliometric Method
English Ver.

Ayaka SAKA, Masatsura IGAMI, Terutaka KUWAHARA

June 2008
Research Unit for Science and Technology Analysis and Indicators,
National Institute of Science and Technology Policy (NISTEP)
Ministry of Education, Culture, Sports, Science and Technology (MEXT)

Reproduction, copying, quotation, etc., is not permitted without the consent of the National
Institute of Science and Technology Palicy




Contents

SCIENCE MAP 2006 HIGHLIGHTS ...ttt ssssess e i

PART | SCIENCE MAP 2006

LI LT (T 1V (o] o OO U TSSOSO ST 1
R /1= (g ToTo To oo 1Y U SO RO SORTRRRRR 2
2-1 Construction of research areas by clustering scientific papers ........c.ccooveereerercerecenerneninns 2
2-2 Visualization through Mapping...........cccceiuiiiieiiecierieeeerce et e e s 4
2-3 Content analysis Of FESEArCH @reas .............cccocuvieuiiiiiieeie et sen e e 5
2-4 Points to bear in mind regarding research areas obtained with the Science Map................. 6
3. The snapshot of the current status of scientific research..............coceeeieecimiccceicceeee e 7

4. Changes in scientific research, a comparison of Science Map 2004 and Science Map 2006 ..15

4-1 The dynamics Of SCIENtIfiIC FESEANCN .............ii i et e e e e 15

4-2 Newly-derived reSEarch @reas ... e eeeeeana e 29

4-3 Exploring candidates for hot research areas.............ccceoiceeeeeeeeecce e e 30

5. Observation of inter-/multi-disciplinary research on the Science Map ..........cccoevceeieirieninnenen. 33

5-1 Analysis using the Academic Disciplines Relation Map...........c...ccoviiniennccnciiniinines 33
5-2 The form of inter-/multi-disciplinary research as seen with the Research Area Correlation

Y =T o R PPV 37

6. The breadth and intensity of research activities in Japan, the USA, and China....................... 41

6-1 The status of activities in Japan as seen in the Science Map .........cccocoveriiieenireenieccneene 41

6-2 The status of activities in the USA and China as seen in the Science Map .......c...ccccccceeee 46

7. Conclusion and future developmENtS .........ccovrvieie e e 49

T=1 CONCIUSION ..ottt e e et e et e e et ee e eaeae e e b e e e ssee e easeeeeseeeanneeesasreennneeesbansaneneas 49

7-2 FULUFE deVEIOPMENES .....cooiiiieeiceee ettt ene e nan e sananas 53

PART Il CONTENT ANALYSIS OF HOT RESEARCH AREAS

1. Details of survey methodology: Content analysis of hot research areas ............c..cccooeeeeinennen. 55
2. Results of content analysis of hot research area...........cccooevviriiniicicniei e, 57
3. Questionnaire survey 0N hot reSEarch areas.............cecverrveeeeerieeeiie e 123
4. Field distribution of core papers making up hot research areas ..............ccccovvveeninne s 127
ACKNOWIEAGMENTES ...oveiiiiiiiiii e e e 134

List of research members concerning this analysis .............cccciiiiniiinnncinies 135






Science Map 2006
Highlights



[Terminology used in this report]

* Most-cited research papers
The top 1 percent most-cited research papers during each year in each of 22 fields (including clinical
medicine, plant and animal science, chemistry, and physics). For this report, the most-cited research
papers among those published from 2001 through 2006 were used.
* Co-citation
Indicates two important research papers that are both cited by another research paper. Frequently
co-cited research papers are likely to have a certain amount of commonality of content. Groups of
research papers with commonality of research content can therefore be obtained by grouping research
papers with strong co-citation relationships.
+ Core paper
One of the most-cited research papers that form a research front
« Citing paper
A research paper that cites a core paper
* Research front
A set of most-cited research papers obtained when the most-cited research papers for the survey's
target years are grouped (first stage) using co-citation relationships
* Research area
A set of most-cited research papers obtained when research fronts are re-grouped (second stage).
* Hot research area
A research area comprising six or more research fronts
* Quasi-hot research area
A research area comprising five or fewer research fronts
* Research group
A group of research areas: research on heart and blood vessels, research on infectious
diseases/immunology, cancer research, study of obesity, brain research, post-genomics, plant science
research, environment, chemical synthesis, nanoscience, condensed matter physics, and particle
physics/cosmology.
* Individual Research Area Map
A map showing what kinds of research themes make up hot research areas. The unit of visualization is
research fronts. The greater the degree of co-citation, the closer the research fronts that form a hot
research area appear on the map.
+ Academic Disciplines Relation Map
A map showing the relationship between hot research areas and existing academic disciplines. The
unit of visualization is hot research areas. Hot research areas made up of similar fields (22 fields,
including clinical medicine, plant and animal science, chemistry, physics) appear closer together on the
map.
* Research Area Correlation Map
A map showing relatedness among research areas. The unit of visualization is research areas. The
greater the degree of co-citation, the closer the research areas appear on the map.
* Vertical projection and horizontal projection
Diagrams obtained by applying orthographic projection along the vertical and horizontal axes of the
Research Area Correlation Map. Orthographic projection on the vertical axis is the vertical projection,
and orthographic projection on the horizontal axis is the horizontal projection.



Science Map 2006 Highlights

1. What is the Science Map?

There is a long history of attempts to describe the structure and development of science and technology
from a bibliometric perspective. The dramatic development of information processing technology and
enhancement of databases of scientific papers and patents in recent years have brought innovation to research
in this field. The mapping of knowledge is a growing area of research, and a variety of studies are being
conducted, mainly in the USA and Europe. The targets of mapping are diverse. They include analysis of
relationships between fields of science through examination of journal citations and analysis of co-authorships
by country, organization, and researcher.

The National Institute of Science and Technology Policy's Science Map project aims to periodically observe
dynamic change in natural science.! The unit of the mapping is research areas.

Analysis of scientific research using Science Map is carried out through 1) structuring of research areas
through the clustering of research papers, 2) visualization of research areas by mapping, and 3) content analysis

of hot research areas.

Science Map 2006 used the top 1 percent highly-cited research papers (approximately 50,000) during each
year in each of 22 fields (including Clinical medicine, Plant and Animal Science, Chemistry, Physics, etc.)
among research papers published during the six years 2001 through 2006. These highly-cited research papers
were clustered in two stages (research papers — research fronts — research areas) by using "co-citation." Six
hundred eighty-seven research areas were obtained. Of these, detailed content analysis was performed on 124

hot research areas above a certain size.

These highlights summarize the results of the following analyses using the Science Map.
The snapshot of the current status of scientific research
Changes in scientific research, a compatrison of Science Map 2004 and Science Map 2006
Observation of inter-/multi-disciplinary research on the Science Map

OO0O0O0

The breadth and intensity of research activities in Japan, the USA, and China

How to read the Science Map

In the main part of this report, three Science Maps (the Individual Research Area Map, the Academic
Disciplines Relation Map, and the Research Area Correlation Map) are used to visualize and analyze scientific
research. In this summary, only analysis using the Research Area Correlation Map is described, so the Research
Area Correlation Map will be referred to as "the Science Map."

Figure 1 and Figure 2 depict the Science Map. The unit of visualization is research areas. Research areas with
a high degree of co-citation are located near one another.

In the Science Map 2006, all 687 research areas obtained by clustering research papers were mapped. By
showing the positions of 124 hot research areas for which content analysis was performed, the roles of the hot
research areas within scientific research as a whole become evident. In Figure 1, the white dots represent the
positions of research areas, and the red dots the positions of hot research areas. The Science Map can be
regarded as a two-dimensional aerial map showing the accumulations of core papers and the formation of
mountains of science on the land. The hot research areas are mountains that exceed a certain elevation.

Because showing all 687 research areas on the Science Map makes it overly complex, hot research areas alone
are shown in these Highlights. (See Figure 2.)

! This is the third report. The first report is NISTEP REPORT No. 95, Study on Rapidly-developing Research Area (May 2005); the second
report is NISTEP REPORT No. 100, Science Map 2004 (March 2007).




Figure 1: Science Map 2006 (showing the positions of all research areas)
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Note 1: Because a gravitational model was used to create this map, up-down and left-right have no meaning; relative position carries meaning, In
these Highlights, life science happens to be positioned at the upper left and particle physics/cosmological research at the lower right.

Note 2: White dots indicate the positions of research areas, and red dots the positions of hot research areas. Some research areas with few
co-citations with other areas are so far from the center of the map that they are not included above.

Note 3: This map was created through a four-step process. 1) Determine the location of each research area according to the strength of
co-citation relationships with the other research areas. 2) Express the position of each research area with a dot, and establish hypothetical spreads
for research areas. 3) Divide that map into a grid with squares of a given area, calculating core-paper density (number of core papers divided by
mesh area) for each square of the grid. 4) Based on these values, assign colors.

Data: Tabulated from Thomson Reuters’

sential Science Indicators" by the National Institute of Science and Technology Policy



Figure 2: Science Map 2006 (showing the positions only of hot research areas)

ch on heart and blood vessels RN

4 '_.'3_' 0.800r more

-

of obesity

5
O

Note 1: The yellow circles indicate the center locations of hot research areas. The numbers next to the yellow circles are the hot research areas' ID
numbers. Gradations in the map correspond to the density of core papers. Warm colors represent greater concentrations of core papers, with
colors becoming cooler as the density of core papers decreases. The standard for colors in the Science Map is "Observational cosmology and an
clementary model for it (ID 69)," which has the highest density of core papers. Places with a maximum density of about (.8 are red; higher
densities are represented as white,

Note 2: Some research areas with few co-citations with other areas are so far from the center of the map that they are not included above.

Data: Tabulared from Thomson Reuters’ "Essential Science Indicators” by the National Institute of Science and Technology Policy

ifi



2. The snapshot of the current status of scientific research

(1) Relationships among research areas

Scientific research develops through mutual relationships. The Science Map shows that

research areas can be divided into several groups, and that these groups of research areas are

interrelated.

The research areas at the lower right of the Science Map are related to particle physics/cosmology. The
group of research areas related to condensed matter physics spreads out above them. There are two groups of
research areas at the center of the Science Map. The group of research areas related to nanoscience is at the
center-right, and the group of research areas related to chemical synthesis at the center left. To the left and
below chemical synthesis is the group of research areas related to environmental research, Unlike the group of
research areas related to chemical synthesis that concentrate close together, this group is spread out on the
map.

Groups of research areas related to life science are at the upper left of the Science Map. The lowest of these
groups and the closest to the group of chemical synthesis is plant science research. Above it spreads
post-genomics, with linkage to research on infectious diseases/immunology, cancer research, study of obesity,

and brain research. Above them is the group of research areas related to research on heart and blood vessels.

(2) What does core-paper density indicate?

science Map, both particle physics/cosmology and life science have high

per  density. The characteristics of each group, however, are different. Particle
physics/cosmology has a limited relationship to other groups of research areas, so its position is
unlikely to change significantly, and its core papers are likely to remain concentrated. In life
science, on the other hand, the evolution of science has brought about links among research

s that developed separately, creating new research areas. This makes it likely that the locations

of core papers will shift on the map.

The Science Map shown in Figure 2 can be regarded as depicting a two-dimensional aerial map with
accumulations of core papers forming mountains of science on the land. On the Science Map, grids with red
gradation are those with high core-paper density. Core-paper density is high in research areas and groups of
research areas in which many highly-cited research papers are published and frequently co-cited. This is
characteristic of all parts of the map with high densities.

The processes, by which regions with high core-paper density form, however, are not uniform. Figure 3
shows the orthographic projection of the Science Map 2006 on vertical and horizontal axes. Orthographic
projection on the vertical axis is the vertical projection, and orthographic projection on the horizontal axis is

the horizontal projection.

Looking at the breadth of research areas in these vertical and horizontal projections, the group of research
areas related to life science has the broadest breadth. The breadths of other groups vary somewhat in their
vertical and horizontal projections. The particle ph_vsics/cosmt)logy group of research areas is separate from
other research areas and has a narrow skirt.

The isolated location of the particle physics/cosmology group on the map is attributable to a limited
knowledge transfer between this group and other groups. Particle physics/cosmology has ultimate goals such

as the unification of force fields and understanding of the origin of the universe, and experimental and



theoretical research are co-evolved over time in deep entanglement. There is thus a tendency towards
co-citation among specific research papers and research areas, resulting in a relatively narrow distribution for
the group of research areas on the map. Because co-citation with research areas other than particle
physics/cosmology is limited, even in time series, the peaks of particle physics/cosmology will probably
change little, and core papers will remain concentrated.

The situation is different for the group of research areas related to life science. The subjects of life science
research are diverse (plants, animals, fungi, etc.), as are its approaches (ie., the molecular, cell, organ, and
individual level). Thus, widely diverse themes can be set and joined in complex combinations to advance
understanding of nature. This makes it possible for research areas fuse, separate, move, nucleate, and disappear

on the map. There is therefore no need for the core papets to concentrate in a single region the way those of
particle physics/cosmology do.

Furthermore, citation of life science related research papers begins sooner after publication than with other
fields. In other words, the process of research area formation is more volatile. A snapshot of a given time such
as the Science Map should therefore enable one to view research areas in various phases of development. In
fact, on the Science map that plots 687 research areas (Figure 1), the majority of research areas are observed in
the life science related region.

Figure 3: Science Map 2006 in horizontal and vertical projection
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Note 1: Orthographic projection on the vertical axis is the vertical projection, and orthographic projection on the horizontal axis is the horizontal
projection.

Note 2: The height of the mountains indicates core-paper density. The higher the mountain, the greater the concentration of core papers.

Data: Tabulated from Thomson Reuters” "Essential Science Indicators” by the National Institute of Science and Technology Policy



3. Changes in scientific research, a comparison of Science Map 2004 and
Science Map 2006

Comparison of Science Map 2004 (covering the years 1999-2004) and Science Map 2006 (2001-2006) and
interviews with experts confirmed steady, ongoing change over two years. The important points were as
follows.

(1) Life science

In life science related research areas, post-genomics is about to bridge 1) plant science rese
that focuses mainly on studying plants and fungi and 2) heart and blood vessels research, brain

research, study of obesity, ¢ : arch, and research on infectious diseases/immunology that

focus mainly on studying animals and fungi.

Two factors contribute to this phenomenon. First, there is the trend in life science research to attempt to
understand broader and more complex regulatory mechanisms of life phenomena. Research on life phenomena
in animals and plants, long focused on elucidating the regulatory mechanisms for transcription from DNA to
RNA. Beginning in 2000, however, much research on RNAi and other regulatory mechanisms at the RNA level,
regulatory mechanisms after protein translation, and 7z vive protein localization regulation has also been
published. On the Science Map, this trend can be observed in the fusion of "Research on epigenetic
transcriptional regulation (2004, ID 130)" and "Analysis of mechanism of regulation of plant growth (2004, ID
33)" to form "Mult-hierarchical regulatory mechanism of life phenomena (2006, 1D 111" (movement
indicated by the blue arrow in Figure 4).

Figure 4: Changes in life science related research

Science Map 2004 Science Map 2006
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Note: Yellow arrows indicate hot research areas in which concentrations of core papers continued without division. Red arrows indicate hot
research areas in which concentrations of core papers divided into multiple groups. Blue arrows indicate hot research areas that fused on the
Science Map 2006. This indicates a correspondence relationship in which there were at least 80 core papers, with at least 20 overlapping between
different hot research areas. Hot research areas with at least 80 core papers are depicted as yellow dots, while the locations of those with less than
80 core papers are indicated with red dots,

Data: Tabulated from Thomson Reuters’ "Essential Science Indicators” by the National Institute of Science and Technology Policy
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Second, the position of protein research changed. In the Science Map 2004, "Research on proteome (2004,
ID 105)" had a somewhat isolated position between chemical synthesis and life science. In the Science Map
2006, however, its successor tesearch area, "Isotope labeling/quantitative mass spectrometry/protein analysis
(2006, ID 119)," moved to the center of the post-genomics group of research areas. This kind of research has
a very strong "chemistry" element to it, which can be taken as a scientific trend. In mass spectrographic analysis
of proteins, Koichi Tanaka of Shimadzu Corp. developed a "desorption ionization" method for mass
spectrographic analysis of macromolecules, which earned him a Nobel Prize in chemistry. As genome
sequencing using model organisms advances, comprehensive research on proteins is drawing attention. Mass
spectrography is being aggressively incorporated into life science related research and has taken root as a
post-genomics method.

<Plant science research>

Links between post-genomics and plant science research have grown stronger, changing the characters of
some research areas and dividing others. "Stress response in plants (2004, ID 34)" in the Science Map 2004
divided into "Environmental stress response/metabolic profiling/cellular structure and phospholipid
metabolism in plant (2006, ID 33)" and "Plant defense against infection/plant immunity" in the Science Map
2006. In the 2000s, research on gene identification, intergenetic networks, transcriptome analysis, and
metabolome in model plants has grown active. More detailed research has progressed, and various research
communities have formed. Experts indicated that henceforth the relationship between such research and
environmental and food-related issues will likely become important. As in the Science Map 2004, Japan is
making a strong effort in plant science. China's presence in the field, however, is growing, so that trend bears
watching,

<Clinical medicine>

Clinical medicine is one of the more rapidly changing fields in science. Since the Science Map 2004, research
areas directly related to or linked to clinical medicine have continued at a larger size or grown so large that they
have split. In the Science Map 20006, it was found that many research areas expected to grow further in the
future were scattered around the group of research areas relate to life science. The seeds for the next hot
research areas have already been planted.

vii



(2) Chemical synthesis and nanoscience

In life science and nanoscience, as research at the molecular level progresses, the territory of

"chemistry” is broadening. Nanoscience is steadily developing. As can be seen in the Science Map

the volume of research linking chemical synthesis and nanoscience is increasing,

<Chemical synthesis> Figure 5: Increase in research areas
Research on asymmetric synthesis using organic catalysts between  chemical  synthesis and
showed a rapid increase. Understanding nature at the level of nanoscience

chemical structural formulas is fundamental to chemistry. With

life science and nanoscience research at the molecular level SCiB;;& Map Scia;ggﬁh-‘lap

progressing, the territory covered by chemistry is expanding. On

o

the Science Map, chemistry is located between life science and

physics, reflecting this situation.

<Nanoscience>

Nanoscience is steadily progressing, In the Science Map 2004, o

"Development of nanostructure and its application to molecular

suaded jo uonnquisip Ajsuag]

devices (2004, ID 106)" is observed as a single research area. It
has since expanded to three independent research areas, "Study

on supramolecular nanodevice by molecular machine and

single-molecule conductor (2006, ID 86)," "DNA-nanomaterial
and nanodevice (2006, ID 87)," and "Study on synthesis and  [Sciencemap]

optical  applicaion of metal and metal oxide

nanoparticle/nanostrucrure (2006, ID116)." As can be seen in

Data: Tabulated by the National Institute of Science and
Technology Policy based on  Thomson Reuters’
chemical synthesis and nanoscience is increasing, "Essential Science Indicators”

the Science Map (See Figure 5), the volume of research linking

(3) Condensed matter physics and particle physics/cosmology

In condensed matter physics, quantum computing and superconductivity were extracted as hot
research areas. Launch of the European Orga tion for Nuclear Research's (CERN) Large

Hadron Collider (LHC) will be a large step for particle physics/cosmology. Discoveries of new

phenomena and verification and testing of theories will take place.

<Condensed matter physics>

Condensed matter physics includes hot research areas related to quantum computing and superconductivity.
Comparing the Science Map 2004 with the Science Map 2006, the number of research papers in
"Ferromagnetic semiconductor spintronics (2006, 1D 55)" and "Electrical control of spin in
semiconductors/quantum computer using solid state components (2006, ID 57)" increased. Experts suggested
that while the location of condensed matter physics in between chemical synthesis and particle
physics/cosmology on the map will probably not change, the hot research areas are likely to change with the
times.

<Particle physics/cosmology>

Comparing the Science Map 2004 with the Science Map 2006, the hot research areas from 2004 generally
continued, although some merged. This is because particle physics/cosmology has ultimate goals such as the
unification of force fields and understanding of the origin of the universe, and research continues to evolve in

those directions. Relationships between particle physics/cosmology and other groups of research areas were

viii



not expected to change significantly, and indeed observation of changes in the Science Map over time found no
change in the group's position on the map, even though research content changed.

Particle physics/cosmology is a field that progresses as experimentation and theory mutually stimulate one
another. Theory has led the way, but with the launch of the European Organization for Nuclear Research's
(CERN) Large Hadron Collider (LHC), discoveties of new phenomena and verification and testing of theories
will take place.

4. Observation of inter-/multi-disciplinary research on the Science Map

It was found that the mapping is helpful to distinguish multidisciplinary research, e.g

environmental research, from interdisciplinary research, e.g., nanoscience.

Figure 6 shows the field distribution of core papers in the Science Map, and plots inter-/multi-disciplinary
hot research areas by analysis of field category.

The differences in the distribution of hot research areas in nanoscience and environment were distinctive. In
the map, the group of research areas related to nanoscience stakes out a clear domain between chemical
synthesis and physics, but the group of research areas related to environment spreads out spatially. This
indicates that mapping is helpful to distinguish multidisciplinary research from interdisciplinary research.

Interdisciplinary research that relies on shared knowledge is generated when separate fields such as physics
and chemistry interact. Nanoscience typifies this phenomenon. In interdisciplinary research that relies on
shared knowledge, the important thing is that research development stages (research methods and research
targets) should be the same in multiple fields. If development stages differ, generation of interdisciplinary
research is extremely unlikely. For example, interdisciplinary research in nanoscience was realized during the
early 1990s because both chemistry and physics were targeting nanoscale phenomena and matter, the former at
the molecular level and the latter at the bulk level. The accumulation of knowledge is a precondition that sets
the stage for interdisciplinary research that relies on shared knowledge. Observation of such research can
therefore be expected in the Science Map where existing research interacts. In fact, nanoscience appears on the
Science Map where differing fields such as physics and chemistry intersect.

In multidisciplinary research, various disciplines address scientific and social challenges independently rather
than in collaboration. Thus it shares goals of research. Environmental research typifies this phenomenon. For
example, in environmental research, study of biodiversity requires approaches from plant and animal science,
while research on the environmental impacts of chemicals requires approaches from chemistry. These research
areas stand on the foundation of knowledge in existing fields, and goal-oriented approaches are common. This
means that in the Science Map, environmental research is likely to come from the vicinity of existing fields. In
fact, the environment group of research areas appears on the Science Map with ongoing links to existing fields,

and a broad spread with sometimes weak ties to environmental research.

It thus becomes clear that interdisciplinary research that relies on shared knowledge (nanoscience) and
multidisciplinary research that relies on shared goals (environment) are observed in differing forms in the

Science Map.

The points to bear in mind differ when promoting interdisciplinary type research or multidisciplinary type
research. To promote interdisciplinary research that relies on shared knowledge, an arena for interdisciplinary
research must be constructed when the research development stages (research methods and targets) of multiple
fields match. On the other hand, to promote multidisciplinary research that relies on shared goals, clear goals
must be set, and an arena for researchers who have the knowledge to meet those goals to gather must be

constructed.



Figure 6: Locations of inter-/multi-disciplinary research areas in the Science Map
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Note: Locations where at least 60 percent of core papers in a given field are distributed have that field's color. Locations where less than 60
percent of a given field's core papers are distributed are considered inter-/multi-disciplinary and not given a field color.
Data: Tabulated from Thomson Reuters’ "Essential Science Indicators” by the National Institute of Science and Technology Policy



5. The breadth and intensity of research activities in Japan, the USA, and
China

Adding information such as the ratios of each country's research papers to the Science Map

enables visualization of activity in the countries. In the Science Map 2006, it became ¢ that
the breadth and intensity of China's scientific research are expanding,

Japan's average share of research papers in the 124 hot research areas derived for the Science Map 2006 is
9.6%, an increase from the Science Map 2004 (9.1%). Furthermore, the percentage of the 124 hot research
areas for which Japan has a 0-percent share decreased. Within the 124 hot research areas, Japan's presence is

relatively large in hot research areas in physics, chemistry, and plant and animal science.

The hot research area where Japan's share of core papers is highest is "Construction of artificial
photosynthesis model mimicking antenna system and charge separation system (ID 80)," with an 80-percent
share. Japan's next highest shares are in "High-temperature superconductivity spectroscopy/new electron phase
(ID 58)," "Innate immunity (ID 108)," "Brane cosmology from the perspective of duality of anti de sitter space
and conformal field theory (ID 65)," and "Ghrelin/function and pathophysiological significance (ID 15)."

Looking at other countries, even though many nations around the world are increasing their production of
research papers, the USA remains an important source of knowledge for science as a whole. The USA's
activities as illustrated in the Science Map show lower shares of research papers in the chemical synthesis and

nanoscience groups of research areas than in life science.

In the Science Map 2004, China's scientific research was limited to nanoscience. Over the following two
years, China increased both the breadth and intensity of its activities. (See Figure 7.) China increased its share
of research papers in nanoscience, with an increase in the neighboring area of physics as well. Furthermore, in
the Science Map 2006, China's share of research papers in plant science research also increased. The breadth

of scientific research in China has thus extended to life science.

Figure 7: China's share of research papers as shown in Science Map 2004 and Science Map 2006

Note: Research paper shares of at least 5 percent are shown in light blue, and shares of at least 30 percent in red. Research paper shares were
calculated by whole number count.
Data: Tabulated from Thomson Reuters’ "Essential Science Indicators" by the National Institute of Science and Technology Policy
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6. Future developments

Use of the Science Map has established methodology for observation of dynamic change in

natural science, analysis of the forms of inter-/multi-disciplinary research areas, and analysis of

the status of ntific activity in various countries. The following are four possible devel

for the future developments.

<Periodic observation of science>

Comparison of the Science Map 2004 and the Science Map 2006 and interviews with experts confirmed that
scientific research gradually changes over a two-year period. Even as the Science Map 2006 was being created,
science continued its development with accomplishments such as the production of iPS cells. By carrying out
periodic observation of science and taking panoramic snapshots of science over time with the Science Map, we
can describe dynamic change in natural science, such as the way one scientific innovation influences other

research areas.

Furthermore, considering the application of the Science Map to science and technology policy, finding
emerging research areas that will develop in the future is an important theme. This research experimented with
attempting to find research areas likely to develop in the future. Beginning with the next Science Map, trends in
these research areas will be tracked. This should deepen knowledge of methods for using science mapping to

find emerging research areas.

<Linkage of the Science Map with other data>

Adding statistical data to the Science Map, such as the ratios of research papers from various countries, is
effective. The Science Map 2006 clearly showed that China is expanding the breadth and intensity of its
scientific research activity. In addition to the ratios of research papers for various countries, linkage to the
distribution of research funding or the distribution of universities and government research institutions, for
example, is possible. Analysis of the relationship between the development of scientific research and such
information over time could obtain data on the influence of research funding on the development of scientific
research or the role of universities and government research institutions in the generation of knowledge.
Moreover, detailed investigation of co-authorship within research areas could clarify dependence on interaction

among researchers and organizations in the process of forming scientific knowledge.

<Linkage of science and technology>

Considered from the perspective of science and technology, the breadth of observation using the Science
Map is limited to science, in terms of results published in research papers. In order to take a broader view of
science and technology, it is necessary to create technology maps as well, using data such as patents. Using the
research papers cited in patent documents, Science Maps and technology maps could be linked. The knowledge
transfer from science to technology and from technology to science and field dependence could be observed.

<The Science Map as an arena for discussion>

During interviews, we were struck by the usefulness of the Science map as a basis for discussion. In most
interviews with experts, they express their opinions based on their own backgrounds. With shared data such as
the Science Map, researchers from different fields can engage in more meaningful discussion of the
development of scientific research. By sharing the same "arena," researchers can mutually adjust their sense of
distance, facilitating discussion among researchers or among researchers and policy makers. In the future, we
would like to pursue this idea of the Science Map as an arena for discussion.
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1. Introduction

The Third Science and Technology Basic Plan advocates the securing of a certain amount of resources
for basic research that brings about diverse knowledge and innovation and the steady advancement of such
research. As basic research, the Plan lists research based on the free ideas of researchers and research based
on policies that aims for future applications. In the promotion of basic research, although the former is
eliminated by principles of theme selection and resource concentration, it is necessary to monitor the status
of field balance and inter/multi-disciplinary areas and to confirm that the national government is steadily
promoting them. In other words, it is necessary to regularly monitor the status of basic science and to
perform effective benchmarking of long-term basic science policy.

Based on awareness of these issues, the National Institute of Science and Technology Policy began
monitoring the status of scientific research by using databases of scientific papers in FY 2003°. This
research has the following two purposes.

(i) Creation of "Science Maps" that provide a panoramic view of recent trends in science, especially basic
research
(if) Extraction of hot research areas that are garnering the attention of researchers and producing many

scientific papers and observation of those research areas over time

There is a long history of attempts to describe the structure and development of science and technology
knowledge from a bibliometric perspective. The dramatic development of information processing
technology and enhancement of databases of scientific papers and patents in recent years have brought
innovation to research in this field. The mapping of knowledge is drawing attention as a new type of
research, and a variety of studies are being conducted, mainly in the USA and Europes. The targets of
mapping are diverse. They include analysis of relationships between fields of science through examination
of journal citations and analysis of co-authorships by country, organization, and researcher. The National
Institute of Science and Technology Policy's Science Maps are distinctive in that the target of their mapping
is research areas.

This report uses scientific papers published from 2001 through 2006 to create Science Maps. It reports
the results of analysis of "The snapshot of the current status of scientific research" (Chapter 3), "Changes in
scientific research, a comparison of Science Map 2004 and Science Map 2006" (Chapter 4), "Observation
of inter-/multi-disciplinary research on the Science Map" (Chapter 5), and "The breadth and intensity of
research activities in Japan, the USA, and China" (Chapter 6). In addition, along with performing this
research on an ongoing basis, survey methods were adjusted and analysis methods were improved. These
changes are discussed in Chapter 2.

? This is the third report. The first report is "NISTEP REPORT No. 95: Study on Rapidly-developing Research Areas (May
2005)"; the second report is "NISTEP REPORT No. 100: Science Map 2004 (March 2007)."

? Fora comprehensive review, see Borner, K., Chen, C., and Boyack, K. W. (2003), "Visualizing Knowledge Domains,"
Annual Review of Information Science and Technology, 37, 179-255.



2. Methodology

Analysis of scientific research using the Science Maps can be performed in three steps: 1) construction
of research areas by clustering scientific papers, 2) visualization of research areas through mapping, and 3)
content analysis of hot research areas. Below, an overview of the survey method is given, and
methodological improvements in Science Map 2006 are discussed.

2-1 Construction of research areas by clustering scientific papers

The method for clustering scientific papers is the same as that in the previous study ("NISTEP REPORT
No. 100: Science Map 2004"). Clustering of scientific papers obtained 687 research areas. Of these, 124 hot
research areas of at least a certain size were analyzed in detail.

For clustering of scientific papers, the top 1 percent of highly-cited papers (approximately 50,000)
during each year in each of 22 fields (including clinical medicine, plant and animal science, chemistry,
physics, etc.) among scientific papers published during the six years 2001 through 2006 were used. These
highly-cited papers were grouped in two stages (scientific papers — research fronts — research areas) by
using "co-citation."

[Co-citation]

Co-citation occurs when two notable scientific papers are both cited by another scientific paper. Frequently
co-citied scientific papers are likely to have a certain amount of commonality of content. Groups of scientific
papers with commonality of research content can therefore be obtained by clustering scientific papers with strong
co-citation relationships.

In this study, the groups of scientific papers that comprise the core of a research area are called "core papers,"
and scientific papers that cite core papers are called "citing papers." The 5,538 research fronts compiled in
Thomson Scientific's Essential Science Indicators (ESI) were used as clusters of scientific papers in the first-stage
clustering. These research fronts were grouped again to obtain 687 research areas.

Details of the clustering are summarized in the table below. Targets of clustering for Science Map 2004 were
highly-cited papers (the top | percent most-cited papers) from the years 1999 through 2004; for Science Map
2006, they were highly-cited papers from the years 2001 through 2006,

About 200 more research fronts were obtained during first-stage clustering for Science Map 2006 than for
Science Map 2004. The number of core papers included in the research fronts was roughly the same in both
studies. The number of research areas obtained during second-stage clustering for Science Map 2006 was 687, a
10-percent increase over Science Map 2004.

Compared with Science Map 2004, the number of research fronts per research area obtained decreased in
Science Map 2006. The figures were 5.6 for Science Map 2004, and 5.2 for Science Map 2006. The number of hot
research areas (areas including at least 6 research fronts) subjected to content analysis for Science Map 2006 was
therefore 124, 9 fewer than in Science Map 2004.

References on co-citation analysis:

Small, H. and Sweeney, E. (1985a), "Clustering the Science Citation Index using Co-citations. I. A Comparison of
Methods," Scientometrics, 7, 3-6, 391-409,

Small, H., Sweeney, E., and Greenlee, E. (1985b), "Clustering the Science Citation Index using Co-citations. II.
Mapping Science," Scientometrics, 8, 5-6, 321-340.



Image of the clustering of scientific papers using co-citation relationships

Research area

Second-stage clustering
Research front
First-stag tering

Highly~Cited
papers

Details of clustering (comparison of Science Map 2004 and Science Map 2006)

Science Map 2004  Science Map 2006

Research Period 1999-2004 2001-2006
subject y = y

Highly-cited research papers About 47,000 About 51,000
First-stage No. of research fronts 5350 5538
clustering No. of core papers included 21,411 21,428

No. of research areas 626 §E_§':'

No. of research fronts included 3502 3551

Second-stage No. of core papers included 15,531 15,165
clustering —

No. of hot research areas 133 124

No. of quasi-hot research areas 493 563

Note 1: Hot research area: research area made up of at least six research fronts
Note 2: Quasi-hot research area: research area made up of five or fewer research fronts



2-2 Visualization through mapping

In order to analyze the interrelationships among research fronts and the interfaces between research areas,
the following three types of maps were created. For Science Map 2006, improvements were added to the
Research Area Correlation Map. Part I of this report describes the results of a panoramic analysis of science
as a whole using the Academic Disciplines Relation Map and the Research Area Correlation Map. Part I1

describes the results of analysis of individual research areas using the Individual Research Area Map.

(1) Individual Research Area Map (see Part 1)

This map shows what kinds of research themes comprise each hot research area. The unit of visualization
is research fronts. The greater the degree of co-citation in the research fronts that comprise a hot research
area, the closer they are located on the map.

(2) Academic Disciplines Relation Map (see Chapter 5)

This map shows the relationships between hot research areas and existing academic fields. The unit of
visualization is the 124 hot research areas. Hot research areas with similar field compositions (22 fields,
including clinical medicine, plant and animal science, chemistry, and physics, etc.) are located near one
another on the map.

(3) Research Area Correlation Map (see Chapters 3, 4, 5, and 6)
This map shows correlations between research areas. The unit of visualization is the 687 research areas.
Research areas with a high degree of co-citation are located near one another.

<Improvements of the Research Area Correlation Map>

In Science Map 2006, all 687 research areas obtained by clustering scientific papers are mapped in the
Research Area Correlation Map. By mapping all 687 research areas and showing the 124 hot research areas
for which content analysis was performed, the aim was to make clearer the position and function of the hot
research areas in scientific research as a whole.

This change took a hint from topographical maps. The hot research areas in the Science Map are those
that reach a certain volume in terms of their number of scientific papers. If we liken the Science Map to a
topographical map, these areas would be like mountains that surpass a certain elevation. For a mountain
climber who wishes to travel from mountain to mountain, the information only about peaks of mountain
would be incomplete. This is because information on how the mountains are connected (whether there are
peaks or valleys between the high mountains, how deep the valleys are, and so on) would not be included.

Returning to the Science Map, this is similar to the question of how the hot research areas are connected
(whether there is interconnected research). In order to cover this information, it is necessary to add the
between-mountain data to the map. This was the intention behind creating the Research Area Correlation
Map using all 687 research areas.

In addition to the subjects of mapping, the visualization method for the Research Area Correlation Map
was also changed. Instead of the past method of showing research areas as circles, they are now mapped to
show gradations depending on the density of core papers in research areas. This is an attempt to make the
visualization easier to understand in analogy with the contour lines of topographical maps.



Furthermore. a method to connect Science Maps from different periods (in this case, Science Map 2004
and Science Map 2006) was developed. A model that considers virtual attraction forces between research
areas with shared core papers in Science Map 2004 and Science Map 2006 was considered, and a computer
program to calculate optimal research area position on a two time period map was cle'\r'elc-pcd4 ,

2-3 Content analysis of research areas

Names and overviews of the hot research areas obtained by clustering scientific papers were determined
through content analysis by experts. Changes were added to the method of content analysis of hot research
areas in Science Map 2006. In addition, a questionnaire and an interview survey from the perspective of a
panoramic view of the research areas were carried out regarding the developmental status of hot research
areas in an attempt to capture the dynamism of scientific research.

(1) Changes to the method used for content analysis of hot research areas

For Science Map 2006, a list of Japanese experts was created from the authors of core papers that make
up hot research areas. Core paper authors and experts recommended by core paper authors were asked to
carry out content analysis. When there were no Japanese among the authors of core papers that make up a
hot research area, researchers whose work is seen as close according to information gathered over the
internet and so on were asked to perform that task.

Through Science Map 2004, the National Institute of Science and Technology Policy's Science and
Technology Foresight Center first carried out the content analysis of hot research areas. After that, experts
in the hot research areas were asked to verify the validity of the content analysis.

(2) Implementation of the questionnaire on the development status of hot research areas

A questionnaire regarding the development status of hot research areas since the latter half of the 1990s
and during the coming five years was given to those who carried out the content analysis of the hot research
areas. They were asked about the following two points, (See Part II.)

Content of questionnaire
(i)  In the hot research area, what changes do you think took place from the latter half of the 1990s to 20012006
(the survey's subject period)? Please fill in the appropriate number(s). (Multiple answers are acceptable.)
1. During the latter half of the 1990s, it was part of a somewhat larger research area, and as research subsequently advanced,
it became an independent research area.
2. During the latter half of the 1990s, research was carried out separately, but as research subsequently advanced, it tended to
fuse and form a research area.
3. During the latter half of the 1990s, this kind of research area was not recognized, but as subsequently advanced, a research
area formed.
4. During the latter half of the 1990s, a precursor research area existed, and as research subsequently advanced, the amount of
related research increased rapidly,
5. During the latter half of the 1990s, a precursor research area existed, but as research subsequently advanced, the quality of
the research changed.

6. During the latter half of the 1990s, a precursor research area existed, was considered important, and many papers were

* Details of the methodology are to be published in a future paper (now being prepared for submission by Igami and Saka).



published in the area, so research has not changed quantitatively or qualitatively.

(i) What changes do you think will occur in this hot research area during the years 2006-2010? Please fill in the
appropriate number(s). (Multiple answers are acceptable.)
1. It will probably divide into multiple research areas.
It will probably fuse with another research area.

2.

3. Aquantitative expansion of research will probably occur.
4. A qualitative change in research will probably occur.

Sl

There will probably be no noteworthy quantitative expansion of or qualitative change in research.

(3) Implementation of interview survey from the perspective of a panoramic view of the research
areas
For Science Map 2006, analysis of the Science Map as a whole was added to analysis of individual hot
research areas. Ten experts were asked the following four questions in an interview survey.

Interview content

(i)  Does the Science Map express the status of scientific research today?

(ii) Ifthere were a past Science Map (from 10-15 years before), what changes would have occurred?
(iii) If'there is a future Science Map (5-10 years from now), what changes will occur?

(iv) Other

2-4 Points to bear in mind regarding research areas obtained with the Science Map

The research areas in the Science Map were obtained through a process that includes the extraction and
clustering of highly-cited papers. The results therefore depend on what kind of scientific papers were
compiled in the database and on the threshold value used for clustering. Thus, when using the results
reported here, the following two points should be borne in mind.

(1) Some fields are very active in terms of publishing research results in the form of scientific papers, but
other research areas focus on applied development and publish few papers. The maps obtained
through this study therefore cannot provide a comprehensive overview of science as a whole.

(2) This study examined trends over the past few years for research areas that have reached a certain
number of published scientific papers. Research areas in which change is very rapid or that are small
in scale therefore may not have been captured by this study.



3. The snapshot of the current status of scientific research

individual hot research areas is shown in Part I1.

For Science Map 2006, the 124 hot research areas shown in Figure 1 were derived. The content of

Figure 1: List of hot research areas

D Research Area ID Research Area
1 Drug-eluting stent 32 | Inducible defense mechanism in plant
Stage classification, treafment algorith d out Envi tal stress response / metabolic profiling /
- preﬁictiun ull %epalocam}m}m T i 33 célmﬁpgﬁ?cmrsc &l?é ;;hgsshol{p% metafaoﬁsm !n ant
3 ﬁjf;}g“c’;"i;}ji’,f;;g‘;m"? on antitumor effect of histone deacetylase 34 | Plant defense against infection / plant immunity
: ; i ion § f i nt
4 Biodefense by blood coagulation regulatory system 35 E‘;‘é‘é" n‘,‘;‘,‘ﬁ yta(l!p g‘gﬂ?&i‘fﬁ%é’ dP[:li.ﬁgzy E‘t g;nse{ﬁ% s)
- istive technology for detection, prediction and countermeasure of
5 | Deepmycosis 36 | amvimal and plant sghivity change cised by climate change
6 Study on highly pathogenic avian influenza subtype H5N1 37 | Biodiversity
7 Bone metabolism control by drug and its clinical application 38 | Climatic effect of air pollutant and mineral dust
8 hlilcsl}gg t}]f[ﬁlﬁct and adverse effect of hormone replacement 39 | Earth history
9 Thromboembolism study 40 8 agrl:}’nr%gg nbursl and relative celestial explosion
10 dcig::gional infectious diseases / resistant bacterial infectious 41 | Formation and evolution of the galaxy
11 g{:—}gg‘[’ﬂyoﬁ‘]gg ;_1%%13‘:%%%"3““8 organ dysfunction by 42 | Solid macromolecule type fuel cell / mass and heat transfer
Stud risk assessment, th tic effect, and di ti itride semiconductor transistor / high-voltage and
12 | met 03 l}or carg;szfc C{?seeral}ses e ki 43 mgﬁ-ﬁtscfuency app]icalf‘:?:-ﬂ 8 i
13 | Drug therapy of diabetes / thiazolidine derivatives 44 | Integrated comprehension of brain function by neuron-glia
interaction
14 | fonsetotsce :Q'L- i ;ny;:%”m :;,'.3 ;gg:ﬁco'?y Fr g i A g b 45 :;;sc:m\lfsensaliun and neural mechanism of emotion and
15 | Ghrelin / function and pathophysiological significance 46 | Decision-making neuroscience
16 | Hormone therapy / breast cancer prevention 47 gr?:;l)lt% gratgmﬁ;\ receptor and spine morphology in
17 | Molecular targeting therapy / type [1I tyrosine kinase-related 48 | Cause analysis and therapy development for psychiatric and
tumor nerve disedse
Basic and clinical stud tibody th HER2 (h Functional analysis of human brain and drug therapy of
18 cpi!algr?rrn'al Fgrl(l:.:\].:.:'?h ts‘::gtg;'?'lclcac*;lltyr 2 po:irl?eg t';%ast camc{:n!'l i 49 pélgch'iglr?c d‘;lsc;sse ® bx
19 | Obesity and diabetes s | Stpstal Mstyas S Gl prodicng Rt S T
20 ﬁﬁﬁgg;glﬁg‘(ﬁ'ﬁgﬁn molecular therapy targeting EGFR 51 | Economic environment surrounding businesses
Study on regulation of tissue st 1l by extracel]ul :
21 env?r)z}nmn and cgamcter?sti%?gf%%nc%‘g?c:l&'ll%eehu o 52 | Metamaterials
22 | Cancer / gene expression profiling analysis 53 gggﬁ{:g?ﬁ’crl]umwe properties of magnesium diboride and its
23 Egg},‘;gjgggj‘g’g“gg‘ tigr.and clinical applicatian of damaged 54 | Attosecond quantum dynamics
24 Fn!g]ceigualtéon of behavior principle of ion/water channel 55 | Ferromagnetic semiconductor spintronics
Genome-wide gene e i lysis and expressio i i i idi ional phot
25 regu?ato Ty e gene m"‘g{;;’isslﬂ“ analysis a pression 56 | Quantum information control with multidimensional photon
. . . . . i 3 1 JII l
26 | Histone diversity and life phenomena 57 Ec],fﬁg‘zf;! gg{;@ﬂj&g&;’gﬁ?ﬁﬁ;’&ﬁ“““ guamtu
i i igh-temperature superconductivity spectroscopy / new
27 | Plant functional genomics study 58 g‘l:% B o pe Y sp Py
28 | Plant cell proteome analysis 59 | High energy density science
29 | Plant-microorganism interaction 60 | Complex networks
30 Ligl“ environment response control / flower bud formation 61 | Quantum information/communication, optical nanoscience
mechanism in plant
31 | Redox regulation 62 | Hadron spectroscopy

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”



List of hot research areas (continued)

ID Research Area D Research Area
t densed phase wh bst Epidemiological study about the effect of air polluti iall
& | R e e where substasesstrongly il N o e A e e e
64 | Search for quark matter through high-energy nuclear collision 95 | Study on HCV and HIV
Brane cosmolg om the perspective of duality of anti d idati in-vi i i
65 i spgce e d%nff’onnal % ‘ﬁﬁ lgml_y"e of duality of anti de 96 | Elucidation of in-vivo function of drug transporter in human
Explore physics beyond, the standard model from flavoy physics of B S sion of i e reaction centered on foxp3-positive,
£ L‘Iﬁ%ﬁzmlg neutrifo, dark matier and muon anomalois- magnene 97 | BB o o ey el o
67 | Field theory on noncommutative space 98 Apoptosis (cell death) and inflammation
68 | Verification and integrability of AdS/CFT correspondence 99 | Embryonic stem cell / neural induction
69 | Observational cosmology and an elementary model for it 100 gégggs?grgﬁhg&cﬁ“g&%%atmosphere and continental
70 | High-dimensional black holes 101 | Proteinous infectious agent / new paradigm for genetic
material
Nanofiber. t 1 ith the elect inni d iologi i
71| an pes gringgrt%]r‘i{é oY anay the electro-spinning process an 102 | Physiological function of TRP channel
tudy of solar cells using inorganic oxides, organic-i i Activation of hypoxia-inducible factor | and formation of
s ybr¥ds or organ?c pglym%rs B CHRERDANIREIG 103 tumor m?croen\;(ggnment
i i Solid macromolecule type fuel cell / macromolecular
73 | Ultra fine crystal grain / macrostrain process 104 electrolyte film yp
se-time ¢ tification of water vapor, clouds, aerosol and albedo
74 || Spasc-timecods 105 anL;% on satellite anA mu?‘lfg-'basetf nbservat}un
75 | Multifunctional signature / multifunctional coding 106 | Water environment
76 | Interactome analysis 107 | Aerosol
77 | Molecule-based nano-quantum magnet 108 | Innate immunity
78 | Macromolecule nanocomposite 109 | Microbiodiversity
79 | Living radical polymerization 110 | Study on ubiquitination and sumoylation of protein
Construction of artificial photosynthesi del mimicki i-hi i i i
80 | sunst) System an s o s%pgr%st?ronn 5‘;35';5&"1;“‘3 imicking 111 | Multi-hierarchical regulatory mechanism of life phenomena
81 | Porous coordination polymer 112 | Molecular, eg:harlism and physiological role of endogenous
cannabinoid signa
Retrieval of binding specificity of sugar chain recogniti Photosynthetic light reaction apparatus / structure, function
82 prote?n by ncog| ycg’hsgl?sugaycha?n%gcro?rray i 1 ang regyu ation " i
83 | Activation of oxygen molecule by metalloenzyme 114 | Study of laminated film and capsule
84 | Protein folding 115 | Carbon nanotube synthesis and device evaluation
ic liqui Study on synthesis and optical application of metal and
£5! | lomeliguia Mg mcta¥ OXl 2 nanopmr]lcle?nanost?&ture
Study on supramolecul device b lecul hi icro-bio s i i
86 e, gingle-rﬁulecullekgo%mg?gr evice by molecular machine 117 | Micro-bio system and micro chemical system
87 DNA-nanomaterial and nanodevice 118 | Mesoporous material / silica organic-inorganic hybrid material /
organic supramolecular complex
88 | Catalytic asymmetric addition reaction of carbon nucleophile 119 ill%ﬂalg}’sfslabe“ﬂg / quantitative mass spectrometry / protein
89 | Bioimaging probe 120 B;g&lgé% transistor / improvement in performance and
90 | Synthetic polymer-immobilized catalyst technology 121 | Polymer organic led and phosphorescent organic LED
91 | Catalytic asymmetric synthesis 122 | Bioinformatics / transcriptome
92 | Molecular conversion reaction using transition metal catalyst 123 | Pathogenesis and paﬁtoicsg of parkinson's discase and intracellular
quality control mechanism by autophagy
93 | Pathogenic mechanism and grevent‘gixféhse)r apeutic method of 124 | Molecular pathology and therapy of alzheimer's disease

severe acute respiratory syndrome (

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators"



(1) Research Area Correlation Map
Figure 2 and Figure3 are Research Area Correlation Maps. The unit of visualization is research areas.
The stronger the degree of co-citation, the closer together the research areas are on the map.

Figure 2: Research Area Correlation Map (showing the positions of all research areas)

Maximum density

0.80
or more

Note 1: Because a gravitational model was used to create this map, up-down and left-right have no meaning; relative position carries
meaning. In the map, life science happens to be positioned at the upper left and particle physics/cosmological research at the lower right.
Note 2: White dots indicate the positions of research areas, and red dots the center positions of hot research areas. Some research areas with
few co-citations with other areas are so far from the center of the map that they are not included above.

Note 3: This map was created through a four-step process. 1) Determine the location of each research area according to the strength of
co-citation relationships with the other research areas. 2) Express the position of each research area with a dot, and establish hypothetical
spreads for research areas. 3) Divide that map into a grid with squares of a given area, calculating core-paper density (number of core papers
divided by mesh area) for each square of the grid. 4) Based on these values, assign colors. See p.13 for detail.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”



Figure 3: Research Area Correlation Map (showing the positions of hot research areas only)

Research on heart and blood Unit (Max density)
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Research gn
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- 1;__ ondensed matter physic
Environment -

Particle physics and cosmology,

Note 1: The yellow circles indicate the center locations of hot research areas. The numbers next to the yellow circles are the hot rese
areas' ID numbers,

Note 2: Some research areas with few co-citations with other research areas are so far from the center of the map that they are not included
above.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”
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In Science Map 2006, Research Area Correlation Map, all 687 research areas derived from clustering
scientific papers are mapped. The aim of showing the 124 hot research areas for which content analysis was
performed is to clarify the position of the hot research areas within scientific research as a whole. The white
circles in Figure 2 indicate the positions of research areas, while the red circles indicate the center position
of hot research areas.

Because showing all 687 research areas on the Science Map would make it overly complex, in this report,
only the positions of hot research areas are shown on maps, as in Figure 3. Gradations in the map
correspond to the density of core papers. Warm colors represent greater concentrations of core papers, with
colors becoming cooler as the density of core papers decreases. The standard for colors in the Science Map
is "Observational cosmology and an elementary model for it (ID 69)," which has the highest density of core
papers. Places with a maximum density of about 0.8 are red; higher densities are represented as white.

From the Correlation Map, one can see that the 124 research areas divide into groups of research areas,
and that groups are interrelated.

The research areas at the lower right of the Correlation Map are related to particle physics/cosmology.
The group of research areas related to condensed matter physics spreads out above them. There are two
groups of research areas at the center of the Correlation Map. The group of research areas related to
nanoscience is at the center-right, and the group of research areas related to chemical synthesis at the center
left. To the left and below chemical synthesis is the group of research areas related to environmental
research. Unlike the group of research areas related to chemical synthesis that concentrate close together,
this group is spread out on the map.

Groups of research areas related to life science are at the upper left of the Correlation Map. The lowest of
these groups and the closest to the group of chemical synthesis is plant science research. Above it spreads
post-genomics, with linkage to research on infectious diseases/immunology, cancer research, study of
obesity, and brain research. At the top is the group of research areas related to research on heart and blood
vessels. Post-genomics forms a bridge between plant science research, where the research subject is plants,

and cancer research, study of obesity, and so on, where it is animals.

(2) The characteristic of areas on the Research Area Correlation Map with high core-paper
density

The Research Area Correlation Map shown in Figure 2 can be regarded as depicting an aerial map with
accumulations of core papers forming mountains of science on the land. On the Research Area Correlation
Map, areas with red gradation are those with high core-paper density. Core-paper density is high in research
areas and groups of research areas in which many hot (highly-cited) scientific papers are published and
frequently co-cited. This is characteristic of all parts of the map with high densities.

The processes by which regions with high core-paper density form, however, are not uniform. Here we
will consider the characteristic of high core-paper density on the Research Area Correlation Map by
contrasting the life science research area group with the particle physics/cosmology research area group.
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Figure 4 shows an orthographic projection of the Science Map 2006 Research Area Correlation Map on
vertical and horizontal axes. Orthographic projection on the vertical axis is the vertical projection, and
orthographic projection on the horizontal axis is the horizontal projection.

Looking at the breadth of research areas in these vertical and horizontal projections, the group of
research areas related to life science is the broadest. The breadths of other groups vary somewhat in their
vertical and horizontal projections. Calculated from the range covered by the vertical and horizontal axes,
however, life science has the widest distribution of any research area group. The particle
physics/cosmology group of research areas is separate from other research areas and has a narrow skirt.

The isolated location of the particle physics/cosmology group on the map is attributable to its core papers
being cited only by citing papers in a limited number of fields. Particle physics/cosmology has ultimate
goals such as structuring a unified field theory and understanding the origin of the universe, and
experimental and theoretical research have co-evolved over time in deep entanglement. There is thus a
tendency towards co-citation among specific scientific papers and research areas, resulting in a relatively
narrow distribution for the group of research areas on the map. Because co-citation with research areas
other than particle physics/cosmology is limited, even in time series, the peaks of particle
physics/cosmology will probably change little, and core papers will remain concentrated

The situation is different for the group of research areas related to life science. The subjects of life
science research are diverse (plants, animals, fungi, etc.), as are its approaches (i.e., the molecular, cellular,
organ, and individual level). Thus, widely diverse themes can be set and joined in complex combinations to
advance understanding of nature.

This makes it possible for research areas that have developed separately to link, for research areas to
shift, and for new research areas to appear as science advances. There is therefore no need for the core
papers to concentrate in a specific region the way those of particle physics/cosmology do.

Furthermore, citation of life science related scientific papers begins sooner after publication than with
other fields. In other words, the process of research area formation is more volatile. A snapshot of a given
time such as the Science Map should therefore enable one to view research areas in various phases of
development. In fact, on the Research Area Correlation Map that plots 687 research areas (Figure 2), the
majority of research areas are observed in the life science related region, indicating the variety of its
research themes.

Thus, although high core-paper density shown in red is seen for both life science and particle
physics/cosmology on the Research Area Correlation Map, the characteristic of their peaks differs.

Figure 5 depicts horizontal and vertical projections for Science Map 2004. Looking at changes over time
from Science Map 2004 to Science Map 2006, the positions of the mountains of particle physics/cosmology
did not change, while those of life science shifted. This confirms the characteristics discussed above. The
following chapter discusses time-series analysis in detail, including this data.
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The visualization method for the Research Area Correlation Map

Ordinarily, mapping obtains only the center positions of research areas. There is therefore some freedom in how to
depict the breadth of individual research areas on the map. On the Individual Research Area Maps, the breadth of
research areas is expressed using the radiuses of circles.

This time, research area breadth on the Research Area Correlation Map is expressed using a Gaussian function. This
has two factors. The first factor is the design-based decision to analogize the map with topographical maps as described
in the text. The second factor is a technical issue involving the use of circles. Because the maximum number of core
papers in a research area divided by the minimum number is on the order of 10, it is difficult to use circles to express
size on a map.

In concrete terms, research areas' core papers were distributed in terms of a Gaussian function, centered on positions
found with a mapping program. Core paper distribution in the Science Map is expressed by superposing the Gaussian
function obtained for each research area p(x, y)(the 687 research areas in Science Map 2006). The value of p(x, y)
integrated for all surfaces is the total the number of core papers.

For actual visualization, in order to express the distribution of core papers on a two-dimensional plane by using
computers, the Science Map was divided into a mesh of area dxxdy. Next, the number of core papers included in the
mesh were counted, and core paper density (number of core papers/(dx=dy)) was calculated to approximate p(x, y). For

the Research Area Correlation Map, colors were determined in accordance with the core-paper density in each mesh.

Figure 4: Science Map 2006 in horizontal and vertical projection

[Horizontal projection]

g
&
i
&
F
g
¥
&

o rattor phislcs

[uonoalfoud eareA]

Ermviranment

Note 1: Orthographic projection on the vertical axis is the vertical projection, and orthographic projection on the horizontal axis is the
horizontal projection.
Note 2: The height of the mountains indicates core-paper density. The higher the mountain, the greater the concentration of core papers.
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Figure 5: Science Map 2004 in horizontal and vertical projection

[Horizontal projection]
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Note 1: Orthographic projection on the vertical axis is the vertical projection, and orthographic projection on the horizontal axis is the
horizontal projection.

Note 2: The height of the mountains indicates core-paper density. The higher the mountain, the greater the concentration of core papers.

14




4. Changes in scientific research, a comparison of Science Map 2004 and
Science Map 2006

4-1 The dynamics of scientific research

This chapter addresses the dynamics of scientific research as glimpsed through the Science Map.
Changes between 2004 and 2006 will be discussed through the results of the interview survey and
comparison of the two Research Area Correlation Maps.

Figure 6 shows the Research Area Correlation Map in Science Map 2004, while Figure 7 shows the same
map for Science Map 2006. The ways in which hot research areas are developing can be grasped by using
core papers included in both Science Map 2004 and Science Map 2006 as markers. The number of core
papers found in both Science Map 2004 and Science Map 2006 shows their correspondence relationship.
Yellow arrows indicate hot research areas in which concentrations of core papers continued without
division. Red arrows indicate hot research areas in which concentrations of core papers divided into
multiple groups. Blue arrows indicate hot research areas that fused on the Science Map 2006. This indicates
a correspondence relationship in which there were at least 80 core papers, with at least 20 overlapping
between different hot research areas.

Areas with high core-paper density accordingly include many core papers held over from Science Map
2004. This may seem obvious, but conversely it may indicate that in order for a research area to grow large,
a core of ongoing scientific knowledge is necessary.

Below, this report discusses the dynamics of scientific research in various research areas.



Figure 6: Science Map 2004
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Figure 7: Science Map 2006
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(1) Life science

Here we will discuss heart and blood vessels research, brain research, study of obesity, cancer research,
research on infectious diseases/immunology, post-genomics, and plant science research, which can be
grouped together as life science related.

Looking at life science as a whole in Science Map 2004 and Science Map 2006, in Science Map 2006, its
research areas are laid out vertically like a backbone. This is because post-genomics is in a position
bridging plant science research that focuses mainly on plants and fungi and heart and blood vessels
research, brain research, study of obesity, cancer research, and research on infectious diseases/immunology
that focus mainly on studying animals and fungi. The changing role of post-genomics as a bridge between
research areas matched the opinion of experts in the interview survey as well.

We examined hot research areas considered likely to have made a major contribution to this positional
change. For Science Map 2004, "Research on epigenetic transcriptional regulation (2004, ID 130)" and
"Analysis of mechanism of regulation of plant growth (2004, ID 33)" were derived as separate hot research
areas, but for Science Map 2006, they fused to form "Multi-hierarchical regulatory mechanism of life
phenomena (2006, ID 111)." Research on life phenomena in animals and plants long focused on elucidating
the regulatory mechanisms for transcription from DNA to RNA. Beginning in 2000, however, much
research on RNAi and other regulatory mechanisms at the RNA level, regulatory mechanisms after protein
translation, and in vivo protein localization regulation has also been published. A trend towards research
that attempts to understand more complex and broad based regulatory mechanisms of life phenomena is
apparent.

Furthermore, "Research on proteome (2004, ID 105)" remained in Science Map 2006 as "Isotope
labeling/quantitative mass spectrometry/protein analysis (2006, ID 119)," but its position on the map
changed. In Science Map 2004, it had a somewhat isolated position between chemical synthesis and life
science. In Science Map 2006, however, it moved to the center of the post-genomics group of research
areas. In mass spectrographic analysis of proteins, Koichi Tanaka of Shimadzu Corp. developed a
desorption ionization method for mass spectrographic analysis of polymers, which earned him a Nobel
Prize in chemistry. This kind of research has a very strong "chemistry" element to it. As genome
sequencing using model organisms advances, comprehensive research on proteins is drawing attention.
Mass spectrography is being aggressively incorporated into life science related research and has taken root
as a post-genomics method. One can take this as a scientific trend.

Today, the advancement of genomics is accelerating. DNA has been sequenced, but there are more types
of proteins, and their spatial positions, amounts, and timing of expression vary. As these become clearer in
the future, the distance between understanding of life phenomena and molecular biology and clinical
medicine will become shorter. As clinical medicine related research areas grow more intimately connected
with post-genomics, disease will be understood at the molecular level. Research will deepen, with more
advanced treatments becoming available.

The progress of post-genomics, however, has been accompanied by another noteworthy change. In the
interview survey, it was pointed out that "In the past, life science research did not require large amounts of
research funding. The rise of genomics has brought about a sort of research style in the USA that requires
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the investment of large amounts of funds, and other countries are following suit." Unless research funding
is maintained at a certain level, countries can fall behind in global competition.

In addition, as post-genomics has advanced, research at the molecular level has flourished. Research
themes have thus fragmented. and some fear that few people have a grasp of the overall picture. There are
some Science Map 2004 research areas such as "Stem cell therapy on nervous, hematopoietic, and
cardiovascular system (2004, ID 27)" that have divided for Science Map 2006, and research communities
addressing more detailed research are forming within such research areas. The fragmenting of research
communities to obtain more detailed research results is a positive outcome, but research and systems that
share the results among communities are necessary. Researchers who look at the entire picture, such as
physiologists, are needed.
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Figure 8: Science Map 2006 (enlarged view of life science research areas and list of research areas)

ID | Research Area ID | Research Area 1D Research Area
] |)mg-i:|lllll!}_‘_ stent 21 Study on regulution of tissue siem cell by extmeellular 82 Retrieval of binding speaificity of sugar cham recognition
. - environment and characteristics of cancer stem cell protein by neoglycolipid sugar chain microarray
5 Stage classification, treatment algorithm and a9 s N e Activation of oxygen molecule by
2 : - 8 22 Cancer / gene expression profilmg analysis #3
outcome prediction of hepatocarcinoma Ol o ) metalloenzyme
3 Basic and clinical study on antitumor effect of 1 Biological elucidation and clinical application of 93 Pathogenic und preventr ¥ method
histone deacetylase (HDAC) inhibitors = damaged tissue repair mechanism x of severe actte resplmiory syndrome (SARS)
4 Efoﬂt‘lﬁﬂﬁt‘ by hlood coagulation regulatory 24 Elucidation of behavior principle of ion/water 95 Study on HCV and HIV
system channel molecule
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. neuron-glia interaction endogenous cannabinoid signal
17 Malecular targeting therapy / type 111 tyrosine 47 Kinetics of AMPA receptor and spine 119 Isotope Inbeling / quantitative mass
kinase-related tumor morphology in synaptic plasticity spectrometry / protein analysis
Basic and clinical study on antibody therapy for Cause analysi - ’
1% e e ok i o8 i) a8 ause analysis and therapy development for 2 . <] .
!1|_i. ih_\lnull:»n.plflm_n‘.ll growth factor receptor sychiatric and nerve disease 122 Bionformatics / tramscriptome
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Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators"”
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(2) Plant science research

Next, let us turn our attention to plant science research, which addresses mainly plants and fungi. "Stress
response in plants (2004, ID 34)" in Science Map 2004 divided into "Environmental stress
response/metabolic profiling/cellular structure and phospholipid metabolism in plant (2006, ID 33)" and
"Plant defense against infection/plant immunity" in Science Map 2006. The strengthening ties between
post-genomics and plant science research likely influenced this division. In the 2000s, research on geﬁe
identification, intergenetic networks, transcriptome analysis, and metabolome analysis in model plants has
grown active. More detailed research has progressed, and various research communities have formed.

Regarding "Plant defense against infection/plant immunity (2006, ID 34)," Kiyotaka Okada
(Director-General, National Institute for Basic Biology) pointed out, "Through research on model plants of
the thale cress (drabidopsis thaliana), isolation of strains vulnerable to infection has progressed, leading to
further advances in research. Isolation of receptors related to infection with mold or bacteria (toll-like
receptors) in particular is flourishing. This type of research was handled by agricultural science
departments as "plant physiology," and few researchers adopted methods from molecular biology. Research
was stymied. At that point, base sequencing of thale cress model plants and an influx of young researchers
activated the plant science research and transformed the research area into one of Japan's stronger ones."
The young researchers who appeared on the scene in 1985 and 1986 include Okada, Yoshiro Shimura (now
President of the National Institutes of Natural Science), Kazuo Shinozaki (now Director of the Riken Plant
Science Center), and Yoshibumi Komeda (now a Professor at the University of Tokyo). The four men
entered the field of plant physiology from other research areas. They are examples of the importance of
interaction among researchers from different fields. On the other hand, it was pointed out that the
accumulation of research from a plant physiology perspective is a major reason that the importance of
Japan's presence in molecular biology research on plants grew so rapidly. In addition to molecular-level
approaches such as genes and proteins, it is important to have physiological perspectives on plant bodies.

Henceforth the relationship between such research and the environment will likely grow stronger. Japan
is making a strong effort in plant science research, but in the interview survey it was pointed out that there
is no road map showing how to leverage the knowledge obtains in the plant science research to social
issues such as environment and food issues. As for China's activities in plant science research, an increase
in the percentage of papers from China in hot research areas has been observed. (See 6-2 below.)

(3) Clinical medicine
Heart and blood vessels research, brain research, study of obesity, cancer research, and research on
infectious diseases/immunology are directly or indirectly related to Clinical medicine.

First, comparing Science Map 2004 and Science Map 2006, the number of hot research areas decreased
slightly. In Science Map 2004, clinical medicine had many hot research areas with a small number of core
papers. Core papers in these hot research areas remained in Science Map 2006 as well, so the hot research
areas either grew and continued or grew and divided.

Looking at examples of hot research areas that continued, "Clinical trial of therapeutic agent for
cardiovascular disease (2004, ID 15)" was succeeded by "Study on risk assessment, therapeutic effect, and
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diagnostic method for cardiac diseases (2006, ID 12)." "Research on cancer therapy (2004, ID 14)"
continued as "New development in molecular therapy targeting EGFR mutations and others (2006, ID 20)."
"Research on infection mechanism and therapy of HCV and HIV (2004, ID 110)" continued as "Study on
HCV and HIV (2006, ID 95)."

On the other hand, some hot research areas divided between Science Map 2004 and Science Map 2006.
"Signal transducing molecules associated with lifestyle-related diseases (2004, ID 26)," which was a single
area in Science Map 2004, divided into three areas, "Thromboembolism study (2006, ID 9),"
"Arteriosclerosis, abnormal lipid metabolism and abnormal carbohydrate metabolism affecting the onset of
acute coronary syndrome, and inhibitory effect of hypolipidemic agents and proglycemic agents on the
onset of acute coronary syndrome (2006, ID 14)," and "Elucidation of in-vivo function of drug transporter
in human (2006, ID 96)." Looking at the Individual Area Map for "Signal transducing molecules associated
with lifestyle-related diseases (2004, ID 26)" in Science Map 2004, research fronts related to signal
transduction paths associated with specific diseases such as myocardial infarction and malignancies had a
structure of loose connections within a framework of research on signal transduction. Subsequently,
research on different kinds of signal transduction advanced, and their ties with specific disease research
such as heart and blood vessels research and cancer research strengthened, resulting in division into
multiple areas. In addition, "Stem cell therapy on nervous, hematopoietic, and cardiovascular system (2004,
ID 27)" divided into "Biological elucidation and clinical application of damaged tissue repair mechanism
(2006, ID 23)" and "Cause analysis and therapy development for psychiatric and nerve disease (2006, ID
48)."

Furthermore, "Research on immune system (2004, ID 116)" split into "Suppression of immune reaction
centered on foxp3-positive, CD25-positive and CD4-positive regulatory T cells (2006, ID 97)" and "Innate
immunity (2006, ID 108)." Immune system research targets two types of immunity, acquired ("Suppression
of immune reaction centered on foxp3-positive, CD25-positive and CD4-positive regulatory T cells (ID
97)") and natural ("Study on HCV and HIV [ID 95]" and "Innate immunity [ID 108].") Formerly, only
acquired immunity was understood. Subsequent research showed in molecular biology terms that acquired
immunity works after natural immunity happens. Today, research on natural immunity is drawing attention,
and a research community has formed, leading to the split.

As is the case with "Innate immunity (ID 108)," 10 years ago research on "Ghrelin/function and
pathophysiological significance (ID 15)" did not exist. Ghrelin research is advancing along with research
on aging (growth promotion and senescence inhibition) and obesity. In the interview survey, an opinion was
given stating that circulatory system disease, the subject of heart and blood vessels research, is chronic and
requires long treatment periods, and the prognosis changes depending on how acute episodes are handled.
In order to maintain quality of life in an aging society, systems for treating this kind of disease need to
improve. In the past, embryonic stem cell research could only be performed at a limited number of research
institutions, but Yamanaka et al. at Kyoto University changed this situation by establishing iPS cells. A
respondent in the interview survey pointed out that now any research institution can participate, so
competition will increase. The relationship between "Embryonic stem cell/neural induction (ID 99)" and
cancer research is noteworthy. In addition, because infectious disease research is influenced by global
warming and other environmental changes, research on diseases such as malaria may become important in
Japan in the future.
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(4) Chemical synthesis

Two hot research areas, "Catalytic asymmetric synthesis (2006, ID 91)" and "Molecular conversion
reaction using transition metal catalyst (2006, ID 92)," are at the core of chemical synthesis in Science Map
2006. Ryoji Noyori, a 2001 Nobel Laureate for chemistry, is a pioneer in the latter research area. This
asymmetric synthesis using transition metals as catalysts is characterized by high catalytic activity, with
minute amounts of platinum or iridium producing large quantities of salvaged materials.

Comparing Science Map 2004 and Science Map 2006, the number of core papers in "Catalytic
asymmetric synthesis (ID 91, 2006)" increased. This hot research area comprises research fronts that use
organic catalysts for asymmetric synthesis. Asymmetric synthesis using organic catalysts is relatively
environmentally friendly because it does not require metal catalysts.

In the interview survey, a respondent pointed out the following about chemistry in general. "Subjects
such as structural analysis of protein and DNA polymerase can now be research in university chemistry
departments, so the territory of chemistry has expanded. The fundamental point of chemistry is
understanding matter at the level of chemical structural formulas. Genome data such as proteins and DNA
can now be studied at the molecular structural level, as a consequence, the gap between life science and
chemistry has become smaller. In condensed matter physics as well, research at the molecular level
(chemical structural formula level) is advancing." On the Research Area Correlation Map as well,
chemistry is located between life science and nanoscience, matching the opinion of that expert.

(5) Nanoscience

The core hot research areas for nanoscience are "Carbon nanotube synthesis and device evaluation (2006,
ID 115)" and "Study on synthesis and optical application of metal and metal oxide
nanoparticle/nanostructure (2006, ID 116)." These research areas have developed rapidly over the past 10
years. Experts pointed out that 10 years ago they were much smaller on the map.

As can be seen in Science Map 2006, nanoscience is steadily progressing. For example, topics
comprising the single hot research area "Development of nanostructure and its application to molecular
devices (2004, ID 106)" in Science Map 2004 have grown and divided into three independent areas. They
are "Study on supramolecular nanodevice by molecular machine and single-molecule conductor (2006, ID
86)," "DNA-nanomaterial and nanodevice (2006, ID 87)," and "Study on synthesis and optical application
of metal and metal oxide nanoparticle/nanostructure (2006, ID 116)."

In the interview survey, a respondent pointed out that "Physics has approached from bulk and chemistry
from molecules to nanoscience. The boundaries between physics and chemistry seem to be gradually
getting vaguer." For example, research on carbon nanotubes during the 1990s was carried out mainly by
physicists, but in about 2000, chemical modification of nanotubes became possible. This has led recently to
participation by chemists in this research. Looking at changes between Science Map 2004 and Science Map

2006 (Figure 10), research linking chemical synthesis and nanoscience has increased.
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Figure 9: Science Map 2006 (expanded view of chemical synthesis/nanoscience and list of research areas)

D Research Area ID Research Area

24 Elucidation of behavior principle of ion/water channel molecule 86 2:#; cfr'rr;ositgﬁll? éﬁéﬁ%ﬁl}:[rol:anndcvicc by molecalar mischine ond

39 Earth history 87 DNA-nanomaterial and nanodevice

42 Solid macromolecule type fuel cell / mass and heat transfer 88 Catalytic asymmetric addition reaction of carbon nucleophile

52 Metamaterials 89 Bioimaging probe

54 Attosecond guantum dynamics 90 Synthetic polymer-immobilized catalyst technology

56 Quantum information control with multidimensional photon 91 Catalytic asymmetric synthesis

61 Cuantum information/communication, optical nanoscience 92 Molecular conversion reaction using transition metal catalyst

63 Eft\l:, :‘q‘;.lcaﬂﬂﬂic:‘ondunsed phase where substances strongly interact 101 | Proteinous infectious agent / new paradigm for genetic material

71 E{Eﬁ?ﬁ’ﬁ,ﬁgt‘!ﬂ;‘;ﬁﬁ" ity the Elscto-gpinaing prcess and tisae 104 | Solid macromolecule type fuel cell / macromolecular electrolyte film
7 g:u‘;irgé fﬁ}ﬁ”ﬂﬁ?;ﬁ'&"ﬁj"g inorganic oxides, organic-inorganic hybrids 106 | Water environment

77 Molecule-based nano-quantum magnet 13 Fcl?:ﬁimtthclic light reaction apparatus / structure, function and

79 Living radical polymerization 114 | Study of laminated film and capsule

80 E;;?:;:;u;ﬁg’gh(::g: I::E:rlgllu[:':l;):rgtbdn h meds) ieking; sident 115 | Carbon nanotube synthesis and device evaluation

81 Porous coordination polymer 116 E;l:]%:ﬁ ;gigrghgﬁ:itnmnslﬁ?ctical application of metal and metal oxide
82 ﬁgﬁgf&%ﬁ;‘,};’ l?,‘ég}ﬁﬁgfg irlgf‘i:%uu:_{a;ugar chain:recognition protein by 117 | Micro-bio system and micro chemical system

83 | Activation of oxygen molecule by metalloenzyme 118 RﬁgﬁFf;z;?aﬁ;gé%‘l;rsiﬁﬁ:;iﬁﬂmc'inor&‘mi‘? hybrid material

84 Protein folding 120 | Organic transistor / improvement in performance and function

85 lonic liquid 121

Polymer organic led and phosphorescent organic LED

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators"
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Figure 10: Increase in research areas between chemical synthesis and nanoscience

Science Map 2004 Science Map 2006

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”

An increase in research areas linking chemical synthesis and nanoscience
Research Area Correlation Maps for chemical synthesis and nanoscience, with their horizontal projections. The two
peaks for nanoscience in Science Map 2004 have resolved into one. In addition, the valley between chemical synthesis

and nanoscience became higher, indicating an increase in research areas linking the two researches.
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(6) Condensed matter physics

Condensed matter physics mainly includes hot research areas related to quantum computing and
superconductivity. (See Figure 11.) Comparing Science Map 2004 and Science Map 2006, the number of
scientific papers in "Ferromagnetic semiconductor spintronics (2006, ID 55)" and "Electrical control of
spin in semiconductors/quantum computer using solid state components (2006, ID 57)" increased. The
interview survey found that these research areas did not exist 10 years ago. In condensed matter physics,
researchers seems to cluster in areas where breakthroughs have been achieved, such as high-temperature
superconductivity 20 years ago and laser cooling 10 years ago, and then carry out steady research once the
boom has quieted somewhat.

"Quantum electronics and its application to quantum information processing (2004, ID 70)" in Science
Map 2004 divided into two hot research areas, "Quantum information/communication, optical nanoscience
(2006, ID 61)" and "New quantum condensed phase where substances strongly interact with each other
(2006, ID 63)," in Science Map 2006.

The latter area includes three research themes loosely linked by the perspective of the physics of strongly
correlated systems (research on Bose-Einstein condensation through laser cooling, research on
high-temperature superconductivity, research on high-energy fields). This indicates a loose relationship
between particle physics/cosmology and condensed matter physics. Particle physics/cosmology researchers
indicated that although links with condensed matter physics are weak, they are ongoing. The positional
relationship of the fields on the Research Area Correlation Map matches the sense of the experts.

The opinion of the experts in the interview survey was that the position of condensed matter physics
between chemical synthesis and particle physics/cosmology will not change, but the hot research areas
derived will vary over time. They further indicated that "Ferromagnetic semiconductor spintronics (2006,
ID 55)," "Electrical control of spin in semiconductors/quantum computer using solid state components
(2006, ID 57)," and "Quantum information/communication, optical nanoscience (2006, ID 61)" would
probably enter the application phase, while research on "New quantum condensed phase where substances
strongly interact with each other (2006, ID 63)" in the condensed matter physics field would likely
continue.

(7) Particle physics/cosmology
Experts pointed out that the relationship between research on elementary particles and space research has
grown stronger along with greater precision and improved observation parameters in space observation.

This agrees with the positions of hot research areas on the map. (See Figure 11.)

Comparing the Science Map 2004 with the Science Map 2006, the hot research areas from 2004
generally continued, although some merged. In the projections shown in

Figure 4 and Figure 5, although the core-paper density of particle physics/cosmology becomes lower
slightly, in the aerial view of science, its mountains are conspicuously high and narrow. These
characteristics did not change between the two Science Maps, indicating that the pattern of research activity
itself did not change. This is because particle physics/cosmology has ultimate goals such as construction of
a unified field theory and understanding of the origin of the universe, and research continues to evolve in
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those directions.

Relationships between particle physics/cosmology and other groups of research areas are not expected to
change significantly, and indeed observation of changes in the Science Map over time found no change in

the group's position on the map, even though research content changed.

Particle physics/cosmology is a field that advances as experiments and theories stimulate each other.
Theory has led the way, but the launch of the European Organization for Nuclear Research's (CERN) Large
Hadron Collider (LHC) is expected to lead to the development of research. Discoveries of new phenomena
through the verification and testing of theories will take place.
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Figure 11: Science Map 2006 (Expanded view of condensed matter physics/particle physics/cosmology and list

of research areas)

ID Research Area ID Research Area
40 % i i Titlire & il e i : - 5 Brane cosmology from the perspective of duality of anti de sitter
Gamma-ray burst and relative celestial explosion phenomenon 63 space and conformal field theory
41 Formation and e i Fthe galas Explore physics beyond the standard model from flavor physics of B meson and
Formation and evolution of the galaxy 66 neutrine, dark matter and muon anomalous magnetic efficiency
52 Metamaterials 67 Field theory on noncommutative space
53 Superconductive properties of magnesium diboride and its application 68 Verification and integrability of AdS/CFT correspondence
54 Attosecond guantum dynamics 69 Observational cosmology and an elementary model for it
55 Ferromagnetic semiconductor spintronics 70 High-dimensional black holes
56 Quantum information control with multidimensional photon 77 Molecule-based nano-gquantum magnet
57 Elgetrical control ol's{gm in semiconductors / quantum computer using 20 Construction of artificial photosynthesis model mimicking antenna
- solid state components system and charge separation system
58 High-temperature superconductivity spectroscopy / new electron phase 81 Parous coordination polymer
59 High energy density science 85 lonic liguid
61 | Quantum information/communication, optical nanoscience 86 Study on supramolecular nanodevice by molecular machine and
single-molecule conductor
62 Hadron spectroscopy 90 Synthetic polymer-immobilized catalyst technology
] r . s I e r| | <t e I o v 5 s 3 fes
63 '\}i‘ﬁ g:‘c‘}]“{::“::;“"d““"’cd phase where substances strongly interact 92 Molecular conversion reaction using transition metal catalyst
64 Search for quark matter through high-energy nuclear collision

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators"



4-2 Newly-derived research areas

Figure 12 shows 19 hot research areas whose core papers have no overlap with the core papers of the
133 hot research areas derived for Science Map 2004. In other words, these are "newly-derived hot
research areas" in Science Map 2006. The average number of core papers comprising these research areas
is low at 32.4, about half the 77.0 average of the 124 hot research areas. Average year of publication
should roughly indicate the period within which a research area formed. The average year of publication in
these research areas was 2003.7, while for all 124 hot research areas it was 2003.4.

These newly-derived hot research areas can be divided into three patterns (A. B, and C).

<Pattern A (Figure 12, red IDs)>

There is no overlap between the relevant research area's core papers and core papers comprising
research fronts in Science Map 2004. In other words, connections with precursor research had not yet
formed, but they surfaced as research areas after Science Map 2004. Example: Visceral sensation and
neural mechanism of emotion and empathy (ID 45)

<Pattern B (Figure 12, blue IDs)>

There is overlap between the research area's core papers and core papers in Science Map 2004, and the
average year of publication is old (before 2003.4). In most cases, there was somewhat mature precursor
research, and part of that area split off and was derived as a new area. Example: Protein folding (ID 84)

<Pattern C (Figure 12, white IDs)>

There is overlap between the research area's core papers and core papers in Science Map 2004, and the
average year of publication is recent (after 2003.4). There was a link with precursor research, but newly
published scientific papers formed strong co-citation relationships, and a new field was derived for
Science Map 2006. Example: Metamaterials (ID 52)

Figure 12: Newly-derived hot research areas

Number of | Average | No. of cluded
D Research Area ks P me among papmzﬁs RF
2 sificati catment aloori s dicti i 14 2002.6 [
5 Deep mycosis 45 2004.0 16
10 Conventional infectious diseases / resistant bacterial infectious diseases 59 2003.2 26
28 Plant cell proteome analysis 25 2003.2 13
36 Assistive lﬂ:hmlnEv fur detection, prediction and of animal and E]anl sctivity change caused by climate change 38 200‘4. I I 0
40 Gamma-ray burst and relative celestial explosion phenomenon 66 2004.9 12
43 Nitride semiconductor transistor / high-voltage and high-frequency application 19 2003.1 10
44 Integrated comprehension of brain function by neuron-glia interaction 19 2004.7 3
—V_EIE.I'BM sensation and neural mechanism of emotion and empathy 17 2003.7 0
46 Decision-making neuroscience 13 2003.3 4
52 Metamaterials 66 2003.8 15
59 High energy density science 28 2004.2 6
71 Nanofiber technology with the clectro-spinning process and tissue engineering rescarch 49 2003.5 16
77 Molecule- - agnet 32 2003.6 3
83 Activation of oxygen molecule by metalloenzyme 29 2003.6 8
84 Protein folding 45 2003.1 16
04 Epidemiological study about the effeet of air pollution (especially particle-like substances) on cardiovascular disease 13 2004.1 2
105 Quantification of water vapor, clouds, acrosol and albedo based on satellite and ground-based observation 18 2004.3 8
113 |Photosynthetic light reaction apparatus / structure, function and regulation 26 2003.7 7

Note: Pattern A 1Ds are highlighted in red and Pattern B [Ds in blue.
Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators"
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4-3 Exploring candidates for hot research areas

Figure 13 shows the composition of research areas for Science Map 2004 and Science Map 2006. As
noted in the "Survey method" chapter above, the number of research fronts per research area is smaller in
Science Map 2006 than in Science Map 2004. Hot research areas in Science Map 2006 therefore total 124,
9 fewer than in Science Map 2004.

Looking at quasi-hot research areas (research areas with five or fewer research fronts), on the other
hand, there were 493 in Science Map 2004, and 563 in Science Map 2006, so Science Map 2006 had more.
Of these, areas in which the average year of publication of core papers was new (2002 or later for Science
Map 2004 and 2004 or later for Science Map 2006) numbered 131 in Science Map 2004 and 171 in
Science Map 2006. Thus, more than half the larger amount of quasi-hot research areas in Science Map
2006 can be accounted for by areas whose average year of core-paper publication was 2004 or later.

In addition, as seen in the previous section, almost all newly-derived hot research areas in Science Map
2006 (Figure 12) include some core papers that were part of research fronts in Science Map 2004.

The fact that the research areas of Science Map 2006 include more quasi-hot research areas and that
more of quasi-hot areas include core papers published more recently suggests that Science Map 2006
contains many areas with the seeds to become hot research areas in accordance with Pattern C as described

in the previous section.

Figure 13: Comparison of Science Map 2004 and Science Map 2006

Avg. year of publication Avg. year of publication

2002 or later 2004 or later
362 302 (5 or fewer research fronis)
133 124 | [(6orfewerresearch fonis)
1999 2001
| |
2004 2006

We also looked at the positions on Science Map 2006 of the quasi—hot research areas whose core papers
had an average year of publication of 2004 or later. In previous time series analyses, it was found that
research areas comprising a small number of research fronts are unstable, and some of them will disappear
over the course of a time series analysis. The following analysis therefore addresses only quasi—hot
research areas with at least 10 core papers. Of the 186 quasi—hot research areas with an average year of
core-paper publication of 2004 or later, 49 had at least 10 core papers. Below, these quasi—hot research
areas are called "hot research area candidates."



Figure 14 shows hot research area candidates plotted on the Research Area Correlation Map. The yellow
dots are hot research area candidates. They are shown with the average year of publication of their core
papers.

About half the hot research area candidates are found in the upper left portion of the Research Area
Correlation Map (the life science region). Several areas are in the environment region, which has few hot
research areas in Science Map 2006. Because the environment field has fewer scientific papers than other
fields, not many areas have been derived as hot research areas in the Science Maps. In light of growing
worldwide interest in global warming and other environmental issues, a distinct group of environment
research areas may form on future Science Maps.

Below, we focus attention on hot research area candidates with distinctive positions on the Research
Area Correlation Map, such as a location between life science and nanoscience..

First, there is one hot research area candidate ("A" on the map) located between life science and
nanoscience. This is an area related to "Development of microfluid devices for analysis of single cells." To
date, experiments on cells have targeted multiple cells in test tubes and Petri dishes for collection of data.
This means that the data integrated the conditions of individual cells. The aim of this research is to be able
to take just a few cells, apply appropriate stimuli, and observe changes in real time. If this method
becomes established, various chemistry operations such as mixing of reaction solutions, reactions,
isolation, purification, detection, and so on can be micro-miniaturized. This would reduce the space
required for research, lessen environmental impact, save time, and lower costs.

The hot research area candidate between life science and environment, shown as "B" on the map, is
"Research on the threat of frog extinction from chytridiomycosis." Today, amphibian species and
population worldwide are declining. Pollution of the growth environment, environment destruction,
climate change, and the impact of exotic species have been listed as major causes, but in recent years
chytridiomycosis, an infectious fungal disease has attracted attention and research. It is an infectious
disease caused by a chytrid fungus that is parasitic on the epidermises of frogs. Research has found that
when global warming increases rainfall, the body temperatures of coldblooded frogs make it easy for the
chytrid to proliferate and for the infection to spread. This area is characterized by its integration of
perspectives from ecology (protecting the ecosystems of amphibians, including frogs), environmental
science (global warming), immunology and infectious disease research, plant and animal science, and
clinical medicine in its research.

In between nanoscience and condensed matter physics is "The physics of graphene," shown as "C" on
the map. In 2004, measurement of the physical properties of graphene, a substance made of a single layer
of graphite, became possible. Both theoretical and experimental research on its electrical conductivity
characteristics, quantum Hall effect, and so on are progressing. The average year of publication for this
area's core papers is very new at 2005.6.

"D" on the map is the hot research area candidate "Bio fuel cells." The area includes the sequencing and
analysis of the genome of the iron-reducing bacterium Geobacter sulfurreducens, which is attracting
attention for its potential as a bio fuel cell material for its ability to bioremediate radioactive metal and
generate electricity. The area is expected to develop among the life science (post-genomics), chemical
synthesis, and environment groups.
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The hot research area candidate "E," "Various NMR measurement methods such as pulsed field gradient

spin echo," is located between chemical synthesis and environment.

The hot research area candidate "F" between condensed matter physics and particle physics/cosmology
on the map is “Research on the Casimir effect”. The Casimir effect is a peculiar attraction force that takes
place when two uncharged metallic plates are placed parallel to each other. The reason the phenomenon
was mapped between condensed matter physics and particle physics/cosmology is that it is sometimes
brought up in discussions of wormholes in cosmology.

Figure 14: The positions of research areas expected to develop in the future

Maximum density

0.80
or more

®004 1

Note: Yellow dots are hot research area candidates. They are shown with the average year of publication of their core papers.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators"
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5. Observation of inter-/multi-disciplinary research on the Science Map

This chapter discusses the results of analysis of inter-/multi-disciplinary areas using the Academic
Disciplines Relation Map and the Research Area Correlation Map.

5-1 Analysis using the Academic Disciplines Relation Map

(1) How to read the Academic Disciplines Relation Map

First, the relatedness of existing academic fields and the 124 hot research areas was examined. Figure
15 shows the Academic Disciplines Relation Map. It compares the distribution across 22 fields® of the
core papers comprising hot research areas and uses a model in which hot research areas with similar field
distribution ratios are attracted to each other (a gravity model) to move each hot research area to the most
stable position for the map as a whole. Hot research areas with similar field distributions of their core
papers therefore tend to cluster together.

The relative position relationships of hot research areas on the map are important; location in terms of
up, down, left, or right is not significant. Data on the distribution across the 22 fields of the core papers
comprising hot research areas is found in Part II "4. Field distribution of core papers making up hot
research areas." The numbers in the Academic Disciplines Relation Map are the research area IDs assigned
to each hot research area in the database. The names of the hot research areas corresponding to the ID

numbers are listed on the Academic Disciplines Relation Map.

Hot research areas outside the roughly circular dotted line in the center of the Academic Disciplines
Relation Map are those with at least 60 percent of core papers fall into one of the 22 fields. Hot research
areas inside the dotted line are those with less than 60 percent of core papers fall into a single field, and
are thus inter-/multi-disciplinary areas.

On the Academic Disciplines Relation Map, research area IDs shaded in red are hot research areas
where Japanese scientific papers account for at least 15 percent of the papers. Those shaded in orange are
greater than 9 percent but less than 15 percent. Those shaded in yellow are greater than 4 percent but less
than 9 percent. Those shaded in blue are greater than 0 percent but less than 4 percent. Those that are
unshaded are 0 percent Japanese papers.

* The 22 fields are the following: agricultural sciences, biology and biochemistry; chemistry; clinical medicine; computer
science; economics and business; engineering; environment/ecology; geosciences; immunology; materials science;
mathematics; microbiology; molecular biology and genetics; multidisciplinary; neuroscience and behavior;
pharmacology/toxicology; physics; plant and animal science; psychiatry/psychology; social sciences/general; and space
sciences.
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(4) Characteristics of the 124 research areas as seen from the Academic Disciplines Relation
Map

Of the 124 hot research areas, 40 are in the life science related fields of clinical medicine or plant and
animal science. Of those 40, more than half (23) are in clinical medicine. Chemistry, physics, engineering,
and materials science account for another 40 hot research areas, with 5 derived in environment/ecology
and geosciences. In addition, space sciences and social sciences, general have a few hot research areas.
The inter-/multi-disciplinary field accounts for 32 of the 124 hot research areas, about 25 percent of the
total.

Comparing Science Map 2004 and Science Map 2006, the number of inter-/multi-disciplinary areas fell
from about 30 percent to 25 percent. Six hot research areas that were inter-/multi-disciplinary areas in
Science Map 2004, including "Ghrelin; its mechanism of action (2004, ID 113)" and "High-efficiency
dye-sensitised solar cell (2004, ID 103)," shifted into specific fields in Science Map 2006. The process by
which inter-/multi-disciplinary areas shift into specific fields is probably related to the process by which
researcher communities form. The following is a hypothesis.

When research is emerging and its researcher community is not yet clearly defined, each researcher
publishes in his or her own specialty field. Scientific papers thus appear in various fields. Theses research
areas are classified as inter-/multi-disciplinary areas, because research areas are judged to be “inter-/multi-
disciplinary areas” based on field distribution of core papers in this analysis. Subsequently, however, as
time passes and the researcher community determines the most important venues for presenting results,
opportunities to publish scientific papers in journals in a specific field increase. This results in
inter-/multi-disciplinary areas shifting into specific fields.

From this hypothesis, we can surmise that because the content of inter-/multi-disciplinary areas is
constantly changing, there is no reason that the number of inter-/multi-disciplinary areas derived for the
Science Map should remain fixed. It will be necessary to look at the next Science Map in order to judge
the meaning of the decrease in the number of inter-/multi-disciplinary areas observed in Science Map
2006.

None of the 124 hot research areas is located in the fields of agricultural sciences, immunology,
pharmacology/toxicology, microbiology, or mathematics. Because this study derives research areas with at
least a certain number of core papers, research areas in fields with few core papers, such as mathematics,
are not observed. In this case, the roles of mathematics and so on can be measured through the distribution
of core mathematics papers in the hot research areas. This analysis found that scientific papers belonging
to such existing academic fields were included in the core papers of the 124 hot research areas. The
existing academic fields of agricultural sciences, immunology, pharmacology/toxicology, microbiology,
and mathematics therefore have fundamental characteristics and are elements that help make up the hot
research areas.
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Figure 15: Academic Disciplines Relation Map

=  This map compares the distribution across 22 fields of the core papers that make up hot research areas. It was created using a model in which hot research areas with similar field distributions are attracted to each other (a gravity model)
=  About one-fourth (32) of the hot research areas are inter-/multi-disciplinary areas whose core papers do not tend to belong to a specific field.

The Japanese presence is relatively strong in hot research areas with core papers that tend towards physics, chemistry, and plant and animal science.
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5-2 Observation of inter-/multi-disciplinary research on the Research Area Correlation Map

This section discusses observations of inter-/multi-disciplinary areas on the Research Area Correlation
Map.

Figure 17 shows the field distribution of core papers on the Research Area Correlation Map, with
inter-/multi-disciplinary hot research areas plotted according to analysis of the field classification of
Journals. The 22 field classifications were compressed into 8 field classifications on the map. Figure 16
shows the relationships between the 22 fields and the 8 fields. On the map, regions with core-paper
distribution of at least 60 percent in a specific field are shown with the field's corresponding color. Regions
where core-paper distribution in a specific field is less than 60 percent are considered to have a high degree
of interdisciplinary/multidisciplinary nature and are assigned no colors.

Looking at the positions of inter-/multi-disciplinary hot research areas as plotted on the Research Area
Correlation Map, most are found in the nanoscience, environment, and life science (especially in
post-genomics and between post-genomics and clinical medicine) fields.

The differences in the distribution of hot research areas in nanoscience and environment were distinctive.
In the map, the group of research areas related to nanoscience stakes out a clear domain between chemical
synthesis and physics, but the group of research areas related to environment spreads out spatially. This
indicates that mapping is helpful to distinguish multidisciplinary research from interdisciplinary research.
The following is a hypothesis.

Figure 16: The relationship between the 22 fields and the 8 fields
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Figure 17: The positioning of inter-/multi-disciplinary areas on the Research Area Correlation Map
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Note: Regions with core-paper distribution of at least 60 percent in a specific field are shown with the field's corresponding color. Regions
where core-paper distribution in a specific field is less than 60 percent are considered to have a high degree of
interdisciplinary/multidisciplinary nature and are assigned no colors.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”
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Interdisciplinary research that relies on shared knowledge is generated when separate fields such as
physics and chemistry interact. Nanoscience typifies this phenomenon. In interdisciplinary research that
relies on shared knowledge, the important thing is that research development stages (research methods and
research targets) should be the same in multiple fields. For example, interdisciplinary research in
nanoscience was realized during the early 1990s because both chemistry and physics were targeting
nanoscale phenomena and matter, the former at the molecular level and the latter at the bulk level. In
research that relies on shared knowledge, if development stages differ, generation of interdisciplinary
research is extremely unlikely. In other words, the accumulation of knowledge is a precondition that sets
the stage for interdisciplinary research that relies on shared knowledge. Observation of such research can
therefore be expected in the Research Area Correlation Map where existing research interacts. In fact,
nanoscience appears on the map where differing fields such as physics and chemistry intersect.

In multidisciplinary research, various disciplines address scientific and social challenges independently
rather than in collaboration. Thus it shares goals of research. Environmental research typifies this
phenomenon. For example, study of biodiversity requires approaches from plant and animal science, while
research on the environmental impacts of chemicals requires approaches from chemistry. These research
areas stand on the foundation of knowledge in existing fields, and goal-oriented approaches are common.
This means that in the Research Area correlation map, environmental research is likely to come from the
vicinity of existing fields. In fact, the environment group of research areas appears on the Research Area
correlation map with ongoing links to existing fields, and a broad spread with sometimes weak ties to
environmental research. If information exchange within the environment group of research areas deepens,
in the future it may come to comprise a distinct research area like chemical synthesis.

Research in life science includes both interdisciplinary and multidisciplinary aspects. In proteome
research, for example, development of the desorption ionization method for mass spectrometry of
biopolymers in chemistry and increased interest in comprehensive investigation of proteins in life science
occurred at the same time, so life science research aggressively adopted mass spectrometry, and it took root
as a post-genomics method. That is an example of interdisciplinary research relying on shared knowledge.
On the other hand, defeating cancer is a shared goal of researchers using various approaches in a variety of
fields, namely clinical medicine, immunology, and molecular biology. Therefore research in life science is
expected to have a mixture of the inter- and multi-disciplinary characteristics.

In order to promote the success of interdisciplinary research that relies on shared knowledge, the
development status of scientific research must be carefully tracked. In addition to ascertaining that the
development stages of multiple fields match as scientific research develops over the medium and long
terms, breakthroughs that can accelerate integration of fields need to be observed at an early point. Based
on such observation, arenas for inter-disciplinary research must be created at the appropriate time. If a
shared arena were created for physicists from 30 years ago and chemists today, the difference in their
accumulations of knowledge would prevent nanoscience from being created.

In order to promote multidisciplinary research that relies on shared goals, clear goals must be set, and an
arena for researchers who have the knowledge to meet those goals to gather must be constructed. In the
USA, for example, an initiative called Cyber-enabled Discovery and Innovation (CDI) began during FY
2008. The goal of this initiative is to explore new knowledge management and visualization tools to extract
useful information from the various kinds of data that have grown exponentially in recent years. This issue
is recognized in numerous fields, including analysis of scientific papers, patent analysis, genetic data
analysis, and web analysis. In order to grapple with this shared issue, CDI is to gather experts in
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information science, science policy research, bioinformatics, and so on to advance research. This is a good
example of how to promote multidisciplinary research that relies on shared goals.
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6. The breadth and intensity of research activities in Japan, the USA, and
China

6-1 The status of activities in Japan

(1) The strength of Japan's presence in the 124 hot research areas

In order to compare the relative strength of Japan's presence in the hot research areas, average shares of
major countries in the 124 hot research areas in Science Map 2006 and 133 hot research areas in science
Map 2004 were calculated. (See Figure 18.)

Figure 18: Changes in national shares in the hot research areas

I USA [ Germany [ UK Japan ( France South Korea China

Avg. share (%)
Science Map 2004 62.8 12.9 12.0 _ 9.1 7.3 1.8 2.0
Science Map 2006 60.2 13.9 12.6 9.6 8.1 2.3 3.7

Note: Research paper shares were calculated using integer counting.
Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”

Compared with Science Map 2004, the USA's share fell, while the shares of Germany, the UK, Japan
France, South Korea, and China increased.

(2) Hot research areas in which Japan's presence is relatively strong

Among the 124 hot research areas, Japan's presence in physics, chemistry, and plant and animal science
was relatively large. Hot research areas in which Japanese scientific papers accounted for more than 9
percent are shown in Figure 19.

Japanese scientific papers had a share of more than 9 percent in 14 out of the 19 hot research areas in
physics. In 10 of these, Japanese papers accounted for more than 15 percent. The physics-related hot
research areas with the highest ratio of Japanese scientific papers was "High-temperature superconductivity
spectroscopy/new electron phase," at 44 percent.

Japanese scientific papers had a share of more than 9 percent in 8 out of the 16 hot research areas in
chemistry. Japanese papers accounted for more than 15 percent in "Construction of artificial photosynthesis
model mimicking antenna system and charge separation system" (80 percent), "Macromolecule
nanocomposite” (33 percent), and "Catalytic asymmetric synthesis" (18 percent).

In life science, Japanese scientific papers had a share of more than 9 percent in 6 out of 8 hot research
areas in plant and animal science. The highest ratio of Japanese papers was in "Plant-microorganism
interaction," at 22 percent. In "Ghrelin/function and pathophysiological significance" (clinical medicine),
the ratio of Japanese papers was high, at 34 percent.
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Figure 19: Hot research areas where Japan's share of core papers is at least 9 percent
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Note: Research paper shares were calculated using integer counting.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”
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(3) Hot research areas where Japan's presence is relatively weak

Japan's presence was small in psychiatry/psychology, environment/ecology, and computer science, with
few hot research areas in which Japanese scientific papers accounted for 9 percent or more. In social
sciences, general, and economics, Japan had no presence at all.

Of the 32 inter-/multi-disciplinary areas, the ratio of Japanese scientific papers was more than 9 percent
in 8 areas. In the previous study, Japanese papers accounted for more than 9 percent of papers in 19 out of

39 inter-/multi-disciplinary areas, suggesting something of a Japanese presence in these areas, but that
declined somewhat in the current study.

Figure 20 shows distribution by country of scientific papers across the 124 hot research areas. Compared
with the previous study (Science Map 2004), hot research areas where Japan had no scientific papers
declined from above 20 percent to 20 percent. France, South Korea, and China exhibited the same trend.

Figure 20: Distribution of various countries shares of scientific papers across the hot research areas
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Note 1: Research paper shares were calculated using integer counting.
Note 2: In the Figure, "2004" refers to Science Map 2004 (the previous study) and "2006" to Science Map 2006 (the current study).
Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific’s "Essential Science Indicators"
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(4) Japan's presence on the Research Area Correlation Map

Figure 21 shows the ratio of Japanese scientific papers on Science Map 2006. On the maps, regions
where the ratio of Japanese scientific papers is 5 percent are light blue, and regions where the ratio is at
least 30 percent are red. There are two maps, one showing shares of core papers that are Japanese, and the
other depicting shares of citing papers that are Japanese. The former is the Japanese percentage of core
papers that comprises a research area, while the latter is the Japanese percentage of scientific papers that

cite those core papers.

The hot research area with the highest ratio of Japanese core papers is "Construction of artificial
photosynthesis model mimicking antenna system and charge separation system (ID 80)," at 80 percent.
This is followed by "High-temperature superconductivity spectroscopy/new electron phase (ID 58),"
"Innate immunity (ID 108)," "Brane cosmology from the perspective of duality of anti de sitter space and
conformal field theory (ID 65)," and "Ghrelin/function and pathophysiological significance (ID 15)," all of
which have high ratios of Japanese papers.

With the exception of ID 65, the vicinities of these hot research areas are red, indicating that Japanese
research forms the core of the areas. As for ID 65, while Japanese scientific papers have a high share, on
the map it is yellow. This is because the core papers that comprise ID 65 are few in number relative to all
papers in particle physics/cosmology research areas, and therefore the Japanese share of core papers in the
vicinity of ID 65 is relatively low. As this case illustrates, one must consider the size of the hot research
area and its relationships with nearby research areas in order to interpret the percentages for Japanese
scientific papers shown in Figure 19,

Figure 21: Japanese shares of scientific papers in Science Map 2006 [a] core papers and [b] citing papers
[b]

hare within mash hare within mesh
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Note: Research paper shares of 5 percent are depicted in light blue, and shares of 30 percent or more in red. Research paper shares were
calculated using integer counting.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific’s "Essential Science Indicators”
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When illustrating Japanese shares of scientific papers on the Research Area Correlation Map, even if
one says that Japanese shares are high, this does not necessarily mean that the research areas will have the
same meaning on the map. Looking at

Figure 3, for example, core-paper density around "Research on infectious diseases/immuology" is high,
and that field accounts for a very large number of the world's scientific papers. One may therefore say that
in "Innate immunity (ID 108)," Japan has a strong presence in a hot research area that is fiercely
competitive internationally. In order to retain this vigor into the future, Japan may need to invest resources
equivalent to its international competitors.

On the other hand, core-paper density around "Construction of artificial photosynthesis model
mimicking antenna system and charge separation system (ID 80)" is not so high. This hot research area is
located where nanoscience and chemical synthesis overlap. It is therefore possible that ID 80 is a hot
research area on the border between nanoscience and chemical synthesis, where Japan uniquely leads the
way in research.

"High-temperature superconductivity spectroscopy/new electron phase (ID 58)" and "Superconductive
properties of magnesium diboride and its application (ID 53)" form an isolated island on the map, and the
Japanese share of scientific papers is high. Superconductivity has a long history in research and
development. The high share of Japanese core papers reflects the country's accumulations of knowledge
and human resources in superconductivity research.

Looking at nearby regions on the map, the number of core papers comprising superconductivity research
is lower than in quantum computing and so on. Furthermore, interaction with other research areas is not
particularly common. Looking at the world situation therefore, the extent of superconductivity research's
overlap with scientific research as a whole is likely to remain small. Considering dynamic change in
scientific research as a whole, in addition to advancing superconductivity research itself, how to connect its
accumulated knowledge and human resources with the development of other research areas is a long-term
issue.

45



6-2 The status of activities in the USA and China in the Science Map

Here we will demonstrate how to read the status of other countries on the Science Map by using the USA
and China as examples. On the map, differences between the leading country in scientific research (the
USA) and one that is rapidly growing in vigor (China) are clearly visible. Below, we discuss this in more
detail.

(1) The USA

In terms of core papers, the USA has a high share in every hot research area (at least 50 percent in 90 of
them). Looking at the overall balance of the Research Area Correlation Map, however, there are gradations
in that country's shares of core papers, as illustrated in Figure 22. Compared with the life science group of
research areas, the US share of scientific papers in the chemical synthesis and nanoscience groups of

research areas is smaller.

Comparing US shares of core papers and citing papers, the USA has a smaller share of citing papers.
This corresponds with the increased production of scientific papers in China, and the concomitant decrease
in the percentage of scientific papers that are American”. Although the USA's share of total research paper
production declined, its share of core papers remained high. This indicates that even though research paper
production in many countries is increasing, the USA will remain a major source of knowledge for science
as a whole.

Figure 22: US shares of scientific papers in Science Map 2006 [a] core papers and [b] citing papers
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Note: Research paper shares of 5 percent are depicted in light blue, and shares of 80 percent or more in red. Research paper shares were
calculated using integer counting.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”
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Microanalysis of research papers found the same situation.
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(5) China
China's shares of scientific papers contrast those of the USA. Compared to core papers, the Chinese

share of citing papers is higher. This indicates that China is in a catching-up phase in terms of scientific
research.

Looking at core papers (Figure 23 [a]), the Chinese share is particularly high in "Study on highly
pathogenic avian influenza subtype H5N1 (ID 6)," "Hadron spectroscopy (ID 62)," and "Pathogenic
mechanism and preventive/therapeutic method of severe acute respiratory syndrome (SARS) (ID 93)." The
Chinese share of scientific papers in each case is more than 25 percent.

Comparing Science Map 2004 and Science Map 2006, both the breadth and intensity of China's scientific
research increased.

Focusing on citing papers (Figure 23 [b]), in Science Map 2004, China's share of scientific papers in
nanoscience was 10-15 percent (yellow region). In Science Map 2006, China's share in nanoscience was
even larger, reaching 33 percent in "Study on synthesis and optical application of metal and metal oxide
nanoparticle/nanostructure (ID 116)," the red region on the map. Furthermore, the breadth of China's
activities broadened, with areas in which the Chinese share of scientific papers was 10-15 percent (yellow
regions) spreading to condensed matter physics.

Of particular note are research areas related to plant science research. In Science Map 2004, the Chinese
share of scientific papers was very small in terms of both citing papers and core papers. In Science Map
2006, however, the Chinese share in citing papers in particular increased. The span of Chinese scientific
research activities is thus widening to include life science. Currently the increase in the Chinese share of
core papers is not especially pronounced. In the future, however, increased quality is expected along with
the growing quantity.
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Figure 23: Chinese shares of scientific papers in Science Map 2006 [a] core papers and [b] citing papers
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Note: Research paper shares of 5 percent are depicted in light blue, and shares of 30 percent or more in red. Research paper shares were
calculated using integer counting.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators"

Figure 24: Chinese shares of scientific papers in Science Map 2004 [a] core papers and [b] citing papers
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Note: Research paper shares of 5 percent are depicted in light blue, and shares of 30 percent or more in red. Research paper shares were
calculated using integer counting.

Data: Tabulated by the National Institute of Science and Technology Policy based on Thomson Scientific's "Essential Science Indicators”
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7. Conclusions and future developments

There is a long history of attempts to describe the structure and development of science and technology
from a bibliometric perspective. The dramatic development of information processing technology and
enhancement of databases of scientific papers and patents in recent years have brought innovation to
research in this field. The mapping of knowledge is attracting attention as a new area of research, and a
variety of studies are being conducted, mainly in the USA and Europe’. The targets of mapping are diverse.
They include analysis of relationships between fields of science through examination of journal citations
and analysis of co-authorships by country, organization, and researcher.

The National Institute of Science and Technology Policy's Science Map project aims to periodically
observe dynamic change in scientific research. The unit of mapping is research areas.

The methodology to create the science map based on clustering of highly-cited papers was established
through the former two studies. Science Map 2006 followed the same methodology. Science Map 2006 also
added changes to the survey methods that will continue in future studies, as well as improvements to the
analytical methods.

First, NISTEP commissioned outside experts to carry out content analysis of research areas, mapping
which had previously been performed at NISTEP. Obtaining the cooperation of a broad community of
experts is intended to enable more accurate analysis. Furthermore, the Research Area Correlation Map was
used to take a broad view of science as a whole, and an interview survey was carried out regarding whether
the positions of research areas on the map were appropriate and whether new research areas have appeared
over the past 10 years.

In addition, the mapping methods were improved. An improved visualization method made the Research
Area Correlation Map easier to understand, and a method was developed to connect Science Maps created
at different times (in this case, Science Map 2004 and Science Map 2006).

Below we discuss Science Map 2006's conclusions and future developments.

7-1 Conclusion

(1) Changes in scientific research, a comparison of Science Map 2004 and Science Map 2006

Comparison of Science Map 2004 (covering the years 1999-2004) and Science Map 2006 (2001-2006)
and interviews with experts confirmed steady, ongoing change even over two years. The important points
were as follows.

Life science

In life science related research areas, post-genomics is in a position bridging plant science research that
focuses mainly on plants and fungi and heart and blood vessels research, brain research, study of obesity,
cancer research, and research on infectious diseases/immunology that focus mainly on studying animals
and fungi.

Two factors contribute to this phenomenon. First is a trend towards research that attempts to understand
more complex and broad based regulatory mechanisms of life phenomena. Research on life phenomena in

7 Fora comprehensive review, see Bomner, K., Chen, C., and Boyack, K. W. (2003), "Visualizing Knowledge Domains,"
Annual Review of Information Science and Technology, 37, 179-255.
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animals and plants long focused on elucidating the regulatory mechanisms for transcription from DNA to
RNA. Beginning in 2000, however, much research on RNAi and other regulatory mechanisms at the RNA
level, regulatory mechanisms after protein translation, and in vivo protein localization regulation has also
been published. In the Science Map, an example of this trend is the fusion of "Research on epigenetic
transcriptional regulation (2004, ID 130)" and "Analysis of mechanism of regulation of plant growth (2004,
ID 33)" to form "Multi-hierarchical regulatory mechanism of life phenomena (2006, ID 111)."

Second is a change in the position of protein research. In Science Map 2004, "Research on proteome
(2004, ID 105)" had a somewhat isolated position between chemical synthesis and life science. In Science
Map 2006, however, its successor, "Isotope labeling/quantitative mass spectrometry/protein analysis (2006,
ID 119)," is located in the center of the post-genomics research area. In mass spectrographic analysis of
proteins, Koichi Tanaka of Shimadzu Corp. developed a desorption ionization method for mass
spectrographic analysis of polymers, which earned him a Nobel Prize in chemistry. This kind of research
has a very strong "chemistry" element to it. As genome sequencing using model organisms advances,
comprehensive research on proteins is drawing attention. Mass spectrography is being aggressively
incorporated into life science related research and has taken root as a post-genomics method. Science Map
2006 shows this trend clearly.

Plant science research

As the ties between post-genomics and plant science research grow stronger, the nature of research areas
changed, and some research areas divided. In the 2000s, research on gene identification, intergenetic
networks, transcriptome analysis, and metabolome analysis using model plants has grown active. More
detailed research has progressed, and various research communities have formed. Experts pointed out that
in the future there will be an emphasis on the relationship between environmental issues and food issues.
As in Science Map 2004, Japan is making a strong effort in plant science, but China's presence is
strengthening, so this trend bears watching.

Clinical medicine

Clinical medicine is one of the faster-changing fields in science. Research areas directly or indirectly
related to clinical medicine have maintained or increased their size, or increased in size and divided, since
Science Map 2004. Research areas that are expected to develop in the future are scattered in the vicinity of
life science in Science Map 2006, so the seeds of coming hot research areas in the field are already
emerging.

Chemical synthesis

Research on asymmetric synthesis using organic catalysts showed rapid growth. The fundamental point
of chemistry is understanding matter at the level of chemical structural formulas. As research at the
molecular level has advanced in life science and nanoscience, chemistry has expanded its bounds compared
with the past. On the Research Area Correlation Map as well, chemistry is located between life science and
physics, reflecting that situation.

Nanoscience

Nanoscience is steadily progressing. In the Science Map 2004, "Development of nanostructure and its
application to molecular devices (2004, ID 106)" is observed as a single research area. It has since
expanded to three independent research areas, "Study on supramolecular nanodevice by molecular machine
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and single-molecule conductor (2006, ID 86)," "DNA-nanomaterial and nanodevice (2006, ID 87)," and
"Study on synthesis and optical application of metal and metal oxide nanoparticle/nanostructure (2006,
ID116)." As can be seen in the Science Map, the volume of research linking chemical synthesis and
nanoscience is increasing.

Condensed matter physics

Condensed matter physics includes the hot research areas of quantum computing and superconductivity.
Comparing Science Map 2004 and Science Map 2006, the number of scientific papers in "Ferromagnetic
semiconductor spintronics (2006, ID 55)" and "Electrical control of spin in semiconductors/quantum
computer using solid state components (2006, ID 57)" increased. According to experts, the position of
condensed matter physics between chemical synthesis and particle physics/cosmology will probably not
change, but the hot research areas derived will likely vary over time.

Particle physics/cosmology
Comparing the Science Map 2004 with the Science Map 2006, the hot research areas observed in 2004
generally continued, although some merged.

This is because particle physics/cosmology has ultimate goals such as construction of a unified field
theory and understanding of the origin of the universe, and research will continue to evolve in those
directions. Relationships between the particle physics/cosmology group of research areas and other groups
of research areas are not expected to change significantly. Observation of changes in the Science Map over
time will likely find no change in the group's position on the map, even though research content changes.

Particle physics/cosmology is a field that advances as experiments and theories stimulate each other.
Theory has led the way, but the launch of the European Organization for Nuclear Research's (CERN) Large
Hadron Collider (LHC) is expected to lead to the development of research in which discoveries of new
phenomena through the verification and testing of theories will take place.

(2) The observation of inter-/multi-disciplinary research on the Science Map

Interdisciplinary research that relies on shared knowledge (nanoscience) and multidisciplinary research
that relies on shared goals (environment) are observed in differing forms in the Science Map.

Interdisciplinary research that relies on shared knowledge is generated when separate fields such as
physics and chemistry interact. Nanoscience typifies this phenomenon. In interdisciplinary research that
relies on shared knowledge, the important thing is that research development stages (research methods and
research targets) should be the same in multiple fields. If development stages differ, generation of
interdisciplinary research is extremely unlikely. For example, interdisciplinary research in nanoscience was
realized during the early 1990s because both chemistry and physics were targeting nanoscale phenomena
and matter, the former at the molecular level and the latter at the bulk level. The accumulation of
knowledge is a precondition that sets the stage for interdisciplinary research that relies on shared
knowledge. Observation of such research can therefore be expected in the Science Map where existing
research interacts. In fact, nanoscience appears on the Science Map where differing fields such as physics
and chemistry intersect.

In multidisciplinary research, various disciplines address scientific and social challenges independently
rather than in collaboration. Thus it shares goals of research. Environmental research typifies this

51



phenomenon. For example, in environmental research, study of biodiversity requires approaches from plant
and animal science, while research on the environmental impacts of chemicals requires approaches from
chemistry. These research areas stand on the foundation of knowledge in existing fields, and goal-oriented
approaches are common. This means that in the Science Map, environmental research is likely to come
from the vicinity of existing fields. In fact, the environment group of research areas appears on the Science
Map with ongoing links to existing fields, and a broad spread with sometimes weak ties to environmental
research.

The points to bear in mind differ when promoting interdisciplinary type research or multidisciplinary
type research. To promote interdisciplinary research that relies on shared knowledge, an arena for
interdisciplinary research must be constructed when the research development stages (research methods
and targets) of multiple fields match. On the other hand, to promote multidisciplinary research that relies on
shared goals, clear goals must be set, and an arena for researchers who have the knowledge to meet those
goals to gather must be constructed.

(3) Japan's strength of presence in scientific research

Japan's average share of scientific papers in the 124 hot research areas derived for Science Map 2006 is
9.6%, an increase from Science Map 2004 (9.1%). Furthermore, the percentage of the 124 hot research
areas for which Japan has a 0-percent share decreased. Within the 124 hot research areas, Japan's presence
is relatively large in hot research areas in physics, chemistry, and plant and animal science.

The hot research area where Japan's share of core papers is highest is "Construction of artificial
photosynthesis model mimicking antenna system and charge separation system (ID 80)," with an
80-percent share. Japan's next highest shares are in "High-temperature superconductivity spectroscopy/new
electron phase (ID 58)," "Innate immunity (ID 108)," "Brane cosmology from the perspective of duality of
anti de sitter space and conformal field theory (ID 65)," and "Ghrelin/function and pathophysiological
significance (ID 15)."

Looking at other countries, even though many nations around the world are increasing their production
of scientific papers, the USA remains an important source of knowledge for science as a whole. The USA's
activities as illustrated in the Science Map show lower shares of scientific papers in the chemical synthesis
and nanoscience groups of research areas than in life science.

In Science Map 2004, China's scientific research was limited to nanoscience. Over the following two
years, China increased both the breadth and intensity of its activities. China increased its share of scientific
papers in nanoscience, with an increase in the neighboring area of physics as well. Furthermore, in Science
Map 2006, China's share of scientific papers in plant science research also increased. The breadth of
scientific research in China has thus extended to life science.
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7-2 Future developments
Based on our experience with this study, the following are four developments we will add to future
research.

Periodic observation of science

Comparison of Science Map 2004 and Science Map 2006 and interviews with experts confirmed that
scientific research gradually changes even over a two-year period. Even as Science Map 2006 was being
created, science continued its development with accomplishments such as the production of iPS cells. By
carrying out periodic observation of science and taking panoramic snapshots of science over time with the
Science Map, we can describe dynamic change in science, such as the way one scientific innovation
influences other research areas. Furthermore, considering the application of the Science Map to science and
technology policy, finding emerging research areas that will develop in the future is an important theme.
This research experimented with attempting to find research areas likely to develop in the future. Beginning
with the next Science Map, trends in these research areas will be tracked. This should deepen knowledge of
methods for using science mapping to find emerging research areas.

Linkage of the Science Map with other data

Adding statistical data to the Science Map, such as the ratios of scientific papers from various countries,
is effective. Science Map 2006 clearly showed that China is expanding the breadth and intensity of its
scientific research activity. In addition to the ratios of scientific papers for various countries, linkage to the
distribution of research funding or the distribution of universities and government research institutions, for
example, is possible. Analysis of the relationship between the development of scientific research and
related information over time could obtain data on the influence of research funding on the development of
scientific research or the role of universities and government research institutions in the generation of
knowledge. Moreover, detailed investigation of co-authorship within research areas could clarify
dependence on interaction among researchers and organizations in the process of forming scientific
knowledge.

Linkage of science and technology

Considered from the perspective of science and technology, the breadth of observation using the Science
Map is limited to science. In order to take a broader view of science and technology, it is necessary to
create technology maps as well, using data such as patents. Using the scientific papers cited in patent
documents, Science Maps and technology maps could be linked. Knowledge transfer from science to
technology and from technology to science and field dependence could be observed.

The Science Map as an arena for discussion

During the interview survey, we were struck by the usefulness of the Science map as a basis for
discussion. In most interviews with experts, they express their opinions based on their own backgrounds.
With shared data such as the Science Map, researchers from different fields can engage in more meaningful
discussion of the development of scientific research. By sharing the same "arena," researchers can mutually
adjust their sense of distance, facilitating discussion among researchers or among researchers and
policymakers. In the future, we would like to pursue this idea of the Science Map as an arena for
discussion.
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1. Details of survey methodology: Content analysis of hot research areas

Results of content analysis of the 124 hot research areas established through database analysis are shown
beginning on page 61. Content analysis of the hot research areas consisted of the following matters.

(@)

(ii)

(iii)

Hot research areas and hot research area IDs
Hot research areas were assigned names expressing their content by experts in Japan. The hot research
area ID numbers are consecutive numbers.

Statistical information on hot research areas

The number of research fronts that comprise hot research areas, those in which the number citations
rapidly increased, the number of core papers comprising a research front and the number of Japanese
core papers, the number of cited papers, the number of times cited, and the average year of core paper
publication were addressed.

Individual Research Area Map
Individual Research Area Maps were shown in order to express visually the relatedness of research
fronts within hot research areas. The following is an explanation of the map of individual research

areas.

e Circles in the Individual Research Area Maps correspond to research fronts.

e The number next to a circle is the ID number of that research front.

e The area of a given circle is proportional to the number of citations of core papers in that research
front.

e Deep colors indicate research fronts whose citations of core papers increased markedly (rapidly
developing research fronts).

e Diagonal lines within a circle indicate a research front that is new in 2006.

o The stronger the co-citation relationship between research fronts, the closer the location of their
circles. The weaker the relationship, the more distant their circles.

e Research fronts with a certain degree of co-citation relationship are connected by lines.
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(iv)

In addition, the content of research fronts is indicated in Individual Research Area Maps in accordance

with (1) and (2) below.

(1) When a group of research fronts with similar content can be depicted in an Individual Research
Area Map, that group of research fronts is surrounded by a line and its content is written on the
map.

(2) When it is difficult to depict a group of research fronts on an Individual Research Area Map,
important research fronts in the research area (i.e., those with links to many other research fronts
or whose number of citations is increasing rapidly, etc.) are depicted on the map and their content
is written.

Description of Hot Research Area

An "Area overview and research front content" is provided to describe each hot research area. To the

extent possible, this section is linked to the interpretations of Individual Research Area Map. A general

description of the hot research area and the content of its constituent research fronts are provided. The

content of research fronts is described in accordance with (1) and (2) below.

(1) When a group of research fronts with similar content can be depicted, the content is itemized.

(2) When it is difficult to depict a group of research fronts, the content of important research fronts in
the research area (i.e., those with links to many other research fronts or whose number of
citations is increasing rapidly, etc.) is itemized.

The content analysis results for hot research areas were rechecked and confirmed by those responsible

for the analyses.
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2. Results of content analysis of hot research area

Following are the table of contents and results for the 124 hot research areas.

ID No. Name of Research area Page
1 |Drug-eluting stent 61
2 [Stage classification, treatment algorithm and outcome prediction of hepatocarcinoma 61
3 [Basic and clinical study on antitumor effect of histone deacetylase (HDAC) inhibitors 62
4  |Biodefense by blood coagulation regulatory system 62
5 |Deep mycosis 63
6 |Study on highly pathogenic avian influenza subtype H5N1 63
7  |Bone metabolism control by drug and its clinical application 64
8 [History of effect and adverse effect of hormone replacement therapy (HRT) 64
9 |Thromboembolism study 65

10  |Conventional infectious diseases / resistant bacterial infectious diseases 65
11 |Control of lymphocyte-activating organ dysfunction by antibody therapy and others 66
12 |Study on risk assessment, therapeutic effect, and diagnostic method for cardiac diseases 66
13 |Drug therapy of diabetes / thiazolidine derivatives 67

Arteriosclerosis, abnormal lipid metabolism and abnormal carbohydrate metabolism 67
14 [affecting the onset of acute coronary syndrome, and inhibitory effect of hypolipidemic

agents and proglycemic agents on the onset of acute coronary syndrome
15 |Ghrelin / function and pathophysiological significance 68
16 |Hormone therapy / breast cancer prevention 68
17 |Molecular targeting therapy / type III tyrosine kinase-related tumor 69
18 E:?:?;ti?g )cgg;;:ghztﬁggagtncznntégfdy therapy for HER2 (human epidermal growth factor 69
19 |Obesity and diabetes 70
20 |New development in molecular therapy targeting EGFR mutations and others 70
21 Study on regulation of tissue stem cell by extracellular environment and characteristics of | 71

cancer stem cell
22 |Cancer / gene expression profiling analysis 71
23 |Biological elucidation and clinical application of damaged tissue repair mechanism 72
24  |Elucidation of behavior principle of ion/water channel molecule 72
25 |Genome-wide gene expression analysis and expression regulatory function analysis 73
26 |Histone diversity and life phenomena 73
27 |Plant functional genomics study 74
28 |Plant cell proteome analysis 74
29 |Plant-microorganism interaction 75
30 |Light environment response control / flower bud formation mechanism in plant 75
31 |[Redox regulation 76
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ID No. Name of Research area Page
32 |Inducible defense mechanism in plant 76
33 Environmental stress response / metabolic profiling / cellular structure and phospholipid 77

metabolism in plant
34 |Plant defense against infection / plant immunity 77
35 Environmental pollution study of bromine flame retardant made mainly of 78
polybrominated diphenylethers (PBDEs)
36 Assistive technology for detection, prediction and countermeasure of animal and plant 78
activity change caused by climate change
37 [Biodiversity 79
38 |Climatic effect of air pollutant and mineral dust 79
39 |Earth history 80
40 |Gamma-ray burst and relative celestial explosion phenomenon 80
41 |Formation and evolution of the galaxy 81
42 [Solid macromolecule type fuel cell / mass and heat transfer 81
43 |Nitride semiconductor transistor / high-voltage and high-frequency application 82
44 |Integrated comprehension of brain function by neuron-glia interaction 82
45 |Visceral sensation and neural mechanism of emotion and empathy 83
46 |Decision-making neuroscience 83
47 [Kinetics of AMPA receptor and spine morphology in synaptic plasticity 84
48 |Cause analysis and therapy development for psychiatric and nerve disease 84
49  |Functional analysis of human brain and drug therapy of psychiatric disease 85
50 |Structural analysis of the production process from the perspective of a network 85
51 |Economic environment surrounding businesses 86
52 |Metamaterials 86
53 [Superconductive properties of magnesium diboride and its application 87
54 |Attosecond quantum dynamics 87
55 |Ferromagnetic semiconductor spintronics 88
56 |Quantum information control with multidimensional photon 88
57 Electrical control of spin in semiconductors / quantum computer using solid state 89
components
58 |High-temperature superconductivity spectroscopy / new electron phase 89
59 |[High energy density science 90
60 |Complex networks 90
61 |Quantum information/communication, optical nanoscience 91
62 |Hadron spectroscopy 91
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ID No. Name of Research area Page
63 |New quantum condensed phase where substances strongly interact with each other 92
64 |Search for quark matter through high-energy nuclear collision 92
65 lg;irin:}f:osrr;lology from the perspective of duality of anti de sitter space and conformal 93
66 [Explore physics beyond the standard model from flavor physics of B meson and neutrino, | 93

dark matter and muon anomalous magnetic efficiency
67 |Field theory on noncommutative space 94
68 |Verification and integrability of AdS/CFT correspondence 94
69 |Observational cosmology and an elementary model for it 95
70 |High-dimensional black holes 95
71 [Nanofiber technology with the electro-spinning process and tissue engineering research 96
72 |Study of solar cells using inorganic oxides, organic-inorganic hybrids or organic polymers| 96
73 |Ultra fine crystal grain / macrostrain process 97
74 |Space-time code 97
75 |Multifunctional signature / multifunctional coding 98
76 |Interactome analysis 98
77 |Molecule-based nano-quantum magnet 99
78 |[Macromolecule nanocomposite 9
79 |Living radical polymerization 100
20 gi(;;srggggosl;stg l;:lrtlﬁcmll photosynthesis model mimicking antenna system and charge 100
81 |Porous coordination polymer 101
) cR}fmevmﬁngﬂzging specificity of sugar chain recognition protein by neoglycolipid sugar | 101
83 |Activation of oxygen molecule by metalloenzyme 102
84 |Protein folding 102
85 [lonic liquid 103
86 Eg:}ii gt?) ;.;upramolecular nanodevice by molecular machine and single-molecule 103
87 |DNA-nanomaterial and nanodevice 104
88 |Catalytic asymmetric addition reaction of carbon nucleophile 104
89 |[Bioimaging probe 105
90 |Synthetic polymer-immobilized catalyst technology 105
91 |Catalytic asymmetric synthesis 106
92 |Molecular conversion reaction using transition metal catalyst 106
93 Pathogenic mechanism and preventive/therapeutic method of severe acute respiratory| 17

syndrome (SARS)
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ID No.

Name of Research area

Page

Epidemiological study about the effect of air pollution (especially particle-like substances)

94 on cardiovascular disease 7
95 |Study on HCV and HIV 108
96 |Elucidation of in-vivo function of drug transporter in human 108
97 Suppression of immune reaction centered on foxp3-positive, CD25-positive and 109
CD4-positive regulatory t cells
98 |Apoptosis (cell death) and inflammation 109
99 |[Embryonic stem cell / neural induction 110
100 [Study on exchange between atmosphere and continental ecosystem of CO, and others 110
101 |Proteinous infectious agent / new paradigm for genetic material 111
102 |Physiological function of TRP channel 111
103 |Activation of hypoxia-inducible factor 1 and formation of tumor microenvironment 112
104 |Solid macromolecule type fuel cell / macromolecular electrolyte film 112
105 Quantification of water vapor, clouds, aerosol and albedo based on satellite and 113
ground-based observation
106 |Water environment 113
107 |Aerosol 114
108 (Innate immunity 114
109 |[Microbiodiversity 115
110 |Study on ubiquitination and sumoylation of protein 115
111 |[Multi-hierarchical regulatory mechanism of life phenomena 116
112 |Molecular mechanism and physiological role of endogenous cannabinoid signal 116
113 |Photosynthetic light reaction apparatus / structure, function and regulation 117
114 |Study of laminated film and capsule 117
115 |Carbon nanotube synthesis and device evaluation 118
116 E;un(g) :r?izgtrg%s{l)z 3—35 tﬁfélcal application of metal and metal oxide 118
117 |Micro-bio system and micro chemical system 119
118 [Mesoporous material / silica organic-inorganic hybrid material / organic supramolecular 119
complex
119 |[Isotope labeling / quantitative mass spectrometry / protein analysis 120
120 |Organic transistor / improvement in performance and function 120
121 [Polymer organic led and phosphorescent organic LED 121
122 |Bioinformatics / transcriptome 121
123 Ei{ct(}:ll?ag:ir:lilf) ;r:i t[:)ar\)tlillgglggy of parkinson's disease and intracellular quality control 122
124 |Molecular pathology and therapy of alzheimer's disease 122
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Name of .
- Drug-eluting stent RAID 1
# of RF
(# m?Hot RFSs} # of core papers Unique citations Citations Mean publication year
10 (1) 48(0) 2198 5933 2004.0

i’Treatmeni: effectiveness of |
DES by site of mvolvement

'DES complicationé
(stent thrombosis,
etc.)

|
/

Foundations, animal

testing, clinical results,

etc., of SES and PES

./

Research on intracoronary L)Q/

irradiation

Name of | Stage classification, treatment algorithm and 5
RA outcome prediction of hepatocarcinoma R
[f n?Ifi‘oII{ll;FSs) # of core papers Unique citations Citations Mean publication year
6(0) 14(1) 1155 2030 2002.6

Effectiveness and
complications of radio
wave treatment

Stages and
treatment
algorithms of
hepatocellular
carcinoma

\ / ,JComparatlver new treatment
‘methods for hepatocellular

icarcmoma
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Name of | Bagic and clinical study on antitumor effect of o
RA histone deacetylase (HDAC) inhibitors

{f o(f)lt;oltuk:;s) # of core papers Unique citations Citations Mean publication year
6(0) 16(1) 917 1702 20033
Research on
HDAC inhibi : :
ar?d _?R;:Eibltors \|_ Relationship between
_ | ‘anticonvulsants and

'HDAC inhibitors

Fe;}ﬁh o TDAG | \ ACIinical testing of
inhibitors and ROS | — - [HDAG inhibitors |
Name of . ’
RA Biodefense by blood coagulation regulatory system RAID |4
(f 0?}501:\51:55) # of core papers Unique citations Citations Mean publication year

13(3) 36(2) 3925 7139 2003.2

Ectivated .;;rotein C
. |signal systems

A
NG
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Name of

- Deep mycosis RAID |5
[f o?}tioft{lli:Fss) # of core papers Unique citations Citations Mean publication year
9(1) 45(2) 1630 3848 2004.0

Development of
research fields
related to fungal

infections and their

treatment

Name of | Study on highly pathogenic avian influenza subtype

6
(f O?Et{}?s] # of core papers Unique citations Citations Mean publication year
10(4) 35(1) 851 1863 2004.8

Research on

pandemics

countermeasures
against influenza

Research on vaccine

influenza

development for HON1 avian

P

’_Research on“H5N1 avian _
———_|influenza pathogenicity
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Name of | Bone metabolism control by drug and its clinical ri |7
RA application
{f 0?}%}({[?5} # of core papers Unique citations Citations Mean publication year
17(1) 64(0) 3185 6470 2003.4

Multifaceted effects of
bisphosphonate drugs

Clinical
significa

)

FGIlmcaI application of new 1
'drug treatments for
osteoporosis that aim for
|mproved bone metabohsm

nce of ‘

‘male hormones |

Name of | History of effect and adverse effect of hormone RAID g
RA replacement therapy (HRT)
{f 0?{{ (Eglf‘s) # of core papers Unique citations Citations Mean publication year
9(1) 34(0) 4991 10040 2002.5

| effects and side
‘effects of HRT

_ﬁiésearch on the \

\\\ Research on the effects of |
|antidepressants on menopausal \
‘hot flashes

Research on increasing the effectiveness of |
‘tamoxifen in breast cancer treatment J

-
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Name of .
- Thromboembolism study RAID |9
[f u?goft{lfFi) # of core papers Unique citations ‘Citations Mean publication year
26(2) 146(2) 7534 19491 2003.3
Gl |
Research on inhibitors |
of the blood coagulation ‘
system
Gt
Research on inhibitors
of platelet activation
R
Research on
thrombolytic drugs
Name of | Conventional infectious diseases / resistant bacterial
. . : RAID 10
RA infectious diseases
(f o(fjl?lnlt{ll:;s] # of core papers Unique citations Citations Mean publication year
18(0) 59(9) 3438 7247 2003.2

Clinical aspects of infection with
registant bacteria

~ | Hospital infections/resistant

®“® infections

N !:Community—acquired
infections |




Name of | Control of lymphocyte-activating organ dysfunction
. RAID 11
RA by antibody therapy and others
7 OLKES # of core papers Unique citations Citations Mean publication year
(# of Hot RFs) pap q
37(7) 222(1) 9497 22745 2003.6

Research on clinical application of B—cell
suppression

Research on new
treatment methods for
leucocytes, hematopoietic
cells, and tumors

Research on the
pathology and
‘treatment of

i post—transplant
rejection

Research on autoimmune
disease where improved
clinical condition through
TNF alpha control can be |
expected

I

Research on new
[treatment methods
\using lymphocyte

[mobility control

“_‘"\._._\_ .\'._ )
Gl
Name of | Study on risk assessment, therapeutic effect, and RADD | 12
RA diagnostic method for cardiac diseases
{: o?lflolt{ Plf}fs} # of core papers Unique citations Citations Mean publication year
40(10) 114(2) 11166 23693 2002.9
EPRe.séarch on the relationship A |—|-;\;esearch on the f.t-)r;g-—term impact of _]

'between kidney function and :! ,r’f"\h;- anti-hypertensive therapy and drugs on
cardiovascular event risk I / | |cognitive impairment

e —

Research on the therapeutic
(effectiveness of anti—hypertensive
'therapy and drugs on hypertension,

heart failure, and other heart disease | "\

Research on the [
|treatment, prognosis, |

- R \ |and risk of heart failure |
. \ _
/ » 1
.-"/ G k I: x"fll
i o . II- Fi
[ &l N
| %= " !Eesearch on diagnostic |
\ b *  'methods and risk assessment ‘
\ S for heart failure |
- Bt " o
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Name of
- Drug therapy of diabetes / thiazolidine derivatives RAID 13
(f Oggﬁ) # of core papers Unique citations Citations Mean publication year
72) 16(0) 639 1142 2003.6

o ;
Research on thiazolidine |
derivatives in general

Research on pioglitazone

R

Research on
metabolic syndrome

Name of

RA syndrome, and inhibito:

Arteriosclerosis, abnormal lipid metabolism and abnormal
carbohydrate metabolism affecting the onset of acute coronary
i effect of hypolipidemic agents and
proglycemic agents on the onset of acute coronary syndrome

RAID 14

# of RFs
(# of Hot RFs)

# of core papers

Unique citations

Citations

34(5)

130(6)

13583

30097

2002.9

Research area
concerning the
\reverse
cholesterol
transport system,
including removal
of cholesterol
from
microphages
regarding

Research area concerning metabolic
syndrome, diabetes, and insulin

[resistance

cholesterol absorption
‘i_nhibi‘tors

[ .
|Research area concerning

Research area

concerning the
inhibiting effect of
statins on acute
coronary syndrome

Mean publication year

Research area
concerning acute
|coronary syndrome
and arteriosclerosis

—= prote

Research area concerning the
relationship between C-reactive

in and arteriosclerosis
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Name of | Ghrelin / function and pathophysiological
v RAID 15
RA significance
(:{ o(f)}t{‘(}t{ll:FSs) # of core papers Unique citations Citations Mean publication year
7(1) 58(20) 2320 10427 2002.5

Research on the
functions and
pathophysiological

significance of ghrelin |

Research o-n pep-t_ig(;Y_Y
(3—-36) appetite
suppression

Research on gastrié bypéss surgery

1and appetite suppression

Name of )
RA Hormone therapy / breast cancer prevention RAID 16
(i? o{f)lflolr{{g] # of core papers Unique citations Citations Mean publication year
o(1) 40(0) 2492 6171 2002.9

\ Research on high—

i-r_ls_k cases

Research on the effects of
hormonal agents
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Name of | Molecular targeting therapy / type III tyrosine "
RA kinase-related tumor RAID
(,f o?fgngs) # of core papers Unique citations Citations Mean publication year
8(2) 79(1) 4811 15029 2003.0
um |’
Research on
gastrointestinal
stromal tumors
Research on the
A molecular—targeted
Elucidation of the agent imatinib
mechanisms of drug
resistance
_ ,
Research on chronic myeloid
leukemia hematologic cancer
Name of | Basic and clinical study on antibody therapy for HER2 (human RAID 18
RA epidermal growth factor receptor 2) positive breast cancer
{f O?IEOI[{;{FFS;) # of core papers Unique citations Citations Mean publication year
7(2) 19(1) 2202 3814 2002.9

Evaluation of clinical testing of
therapies targeting HER2

HER2 l
examination

methods and |
stan dardizati_pn

Structural and functional analysis and '
\refractoriness of HER2 protein '

]
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Name of . L
Rk Obesity and diabetes RAID 19
{; o{f)}t{‘nl?:]{}z} # of core papers Unique citations Citations Mean publication year
37(11) 173(37) 8234 25791 2003.0
@ Cytokine signals
|
|

G?“ | |Signal transmission

: ‘ and cell proliferation
(AMPK) related to

energy metabolism

Central appetite
control

@m 'Non-alcoholic
B steatohepatitis (NASH)

Name of | New development in molecular therapy targeting RADD | 20
RA EGFR mutations and others
{f o{fJIquEt{FRI?s} # of core papers Unique citations Citations Mean publication year
19(9) 93(13) 5474 16420 2004.0

EGFR mutations in
|non—lung cancers,
|especially head and
neck cancers

EGFR mutations in
lung cancer

Lung cancer, i'
especially nhon—small J

cell lung cancer, and

its treatment
- o ® Colon cancer and its l
\ 'treatment |
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Name of | Study on regulation of tissue stem cell by extracellular RAID 21
RA environment and characteristics of cancer stem cell
(: o?gc}t{FRPss} # of core papers Unique citations Citations Mean publication year
8(4) 27(3) 2090 4356 2003.9

]
|Research on stem cell
S |maintenance and

.| | .
Research on other ‘extracellular environments
tissue stem cells @

‘that stipulate inhibition of
differentiation

. !
Research on methods to
identify cancer stem cells
and on the molecular
bases of their
characteristics

Research on extracellular and
intracellular factors that inhibit

Name of ) . o
RA Cancer / gene expression profiling analysis RAID 22
(f o?li{.(m) # of core papers Unique citations Citations Mean publication year
10(5) 31(0) 4415 8817 2002.8

'Profile analysis of |
\breast cancer onset

Profile analysis of
'pulmonary
‘adenocarcinoma
‘onset

. Profile analysis of
\ ; lymphoma onset
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Name of | Biological elucidation and clinical application of
: . - RAID 23
RA damaged tissue repair mechanism
ToLRLS # of core pa Uni itations Citations Mean publication year
(# of Hot RFs) core papers ique ci
27(7) 96(7) 5776 18389 2003.1

;IThe multifaceted effects of i
physiologically active substances in
tissue repair

!Differentiation and |
|cell function of stem
cells originating in
jorgans other than
|bone marrow

In depth study of the kinetics |
and cell function of
:circu[atory system precursor
|cells originating in bone
\Earrow

Cell therapy in non—
cardiovascular organs
(digestive systems/nervous

7/

7 G

system)
Name of | Elucidation of behavior principle of ion/water channel sAm | 24
RA molecule
(f 0?§uft{ll{:Fss) # of core papers Unique citations Citations Mean publication year
8(2) 49(5) 2900 6218 2003.3

‘Research on operatln
|prm0|ples of voltage "
‘@:‘\J sensors J

R M‘T
permeation '| \ | |

Research on proton

"' Reéearch dn
nanotube water
‘permeability

Research on mechamsms of |
Later permeablllty

72




Name of

Genome-wide gene expression analysis and

RA expression regulatory function analysis Rall %
# of L
(# o?Hjt{ll:Fss) # of core papers Unique citations Citations Mean publication year
10(1) 26(3) 2783 4710 2003.3

jﬁ_w y

Research to describe genome—wide%

gene expression

Research to eluéidate
the mechanisms of gene

expression

Name of . ) ) )
- Histone diversity and life phenomena RAID 26
(f n(f)gt}t{l’{sts) # of core papers Unique citations Citations Mean publication year
7(1) 35(2) 2347 5138 2003.6

injury

Research on cell-cycle arrest and |
histone modification after DNA

Research on DNA
lesion repair and
histone modification

'transcription

Research on chromatin
remodeling and histone
variants after DNA
replication or gene
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Name of

i Plant functional genomics study RAID |27
(f o(f)}flol&}:i’ss] # of core papers Unique citations Citations Mean publication year
7(0) 35(5) 2034 4382 2002.9

‘Gene function analysis
through systematic gene
disruption

centromere reglons

?”\

|r\nalysis of plant

Complete base sequencing
of rice plants

Comparative genomic analysis

of poaceous crops
|

Name of ;
- Plant cell proteome analysis RAID |28
(f O?ﬁ‘ﬁ} # of core papers Unique citations Citations Mean publication year
8(3) 25(3) 724 1390 2003.2

Comprehensive analysis of |
proteins comprising plant cell
bic_)__membrane proteins

Comprehensive analysis, Py [ .
composition, and o f
partitioning mechanisms of
proteins comprising

{ mitochondria

'Research on proteases mcluded in

'Comprehensive analysis of
and variation accompanying
physiological processes the
protems comprising seeds

/ \ Comprehenswe analysis,
. f/composmon and partitioning
mechanisms of proteins

comprising chloroplasts ‘

[chloroplasts
| I
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Name of ) . ) .
RA Plant-microorganism interaction RAID 29
(f o{f)ﬁoltul:]?s} # of core papers Unique citations Citations Mean publication year
7(1) 50(11) 1524 3586 2003.4

Genome sequencing of and
comparative genome research on
symbiotic and pathogenic microbes

Elucidation of signal
transmission routes
related to the

establishment of Seeking factors related to
symbiosis symbiosis through analysis of
gene expression
Name of | Light environment response control / flower bud
. S : RAID 30
RA formation mechanism in plant
(f o(f)ﬁoltukslfs) # of core papers Unique citations Citations Mean publication ygar
16(4) 102(18) 2392 6984 2002.9
‘Photoreceptor research
; Optical signaling research
[Dﬂﬁrepalr enzymes Photoperiodic bud induction
] research
e _]I
mutation/genome ‘
| diversity
Lo

Vernalization bud
induction research

'Flower bud induction
research
—___Flower bud formation

[research
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Name of .
Redox regulation RAID 31
RA
[#f o(f)lflolt{ lflfs} # of core papers Unique citations Citations Mean publication year
11(2) 38(5) 1202 2275 2003.5
é;\ Redox control networks
@Ifur metabolism
'system
I Antioxidant ‘
< stress systems
‘Redox signals ‘ @
Name of . L
RA Inducible defense mechanism in plant RAID |32
(f n?lfl‘(ft{lsts} # of core papers Unique citations Citations Mean publication year
6(1) 34(0) 720 1388 2003.8

Induced defense

mechanisms in trees

Chemical
communication

between plants

Induced defense

mechanisms in plants

Induced defense
mechanisms in
herbaceous plants

Volatile terpene
synthase and its
induction
mechanisms
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Name of | Environmental stress response / metabolic profiling / 13
RA cellular structure and phospholipid metabolism in plant RiID
# of RF
# m?Hol RFsS) # of core papers Unique citations Citations Mean publication year
45(12) 221(22) 5058 11750 2003.5

Research on pIz;mt

JResearch on environmental stress

cytoskeletons and
phospholipid

C}msignal transmission by pl_ar_lf;_s

metabolism

Analysis of gene expression
and function during

transmission by plants

]

Metabolome analysis research
related to metabolic profiles with
necessary technological
development

-
Name of | Environmental stress response / metabolic profiling / rADD | 34
RA cellular structure and phospholipid metabolism in plant
{f 0?5013{;5} # of core papers Unique citations Citations Mean publication year
24(4) 124(5) 2973 8117 2003.3

-
|Research on the role of
plant hormones against
bacterial infection

@, |Research on gene networks related to plant cell
___ defense systems and signal transmission routes
|against bacterial infections
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Name of | Environmental pollution study of bromine flame retardant RAID 35
RA made mainly of polybrominated diphenylethers (PBDEs)
(E o?lflolt{}l?:-}fs) # of core papers Unique citations Citations Mean publication year
6(2) 40(1) 796 2389 2003.5

Research on metabolic and
ecological effects

Research on
contamination of the
environment, food, and
the human body

Name of | Assistive technology for detection, prediction and
countermeasure of animal and plant activity change caused by RAID 36
RA climate change
jf Jrirs # of Unique citati Citations Mean publication year
(# of Hot RFs) of core papers nique citations p y
6(1) 38(0) 1572 3059 2004.1

iPredicting changes in plant and
|animal ranges accompanying
\ciimate change

7 .

/
|

|

Detecting the impact of |
climate change on plants
and animals

®

!_Development of support
'technologies to protect
lvulnerable species J

| EN—
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Name of

- Biodiversity RAID |37
# of RFs 4 of . _ o _—
(# of Hot RFs) of core papers Unique citations Citations Mean publication year
8(0) 27(0) 1030 1887 2003.3
Relationship between
geographical
!characteristics and
/&; 2.|species diversity
Geographical
diversity
The origins of diversity
o /
- The origins and maintenance of
diversity
Name of ) ) ) )
RA Climatic effect of air pollutant and mineral dust RAID |38
{f 0?}5(}311:;’5) # of core papers Unique citations Citations Mean publication year
16(3) 75(12) 1863 3637 2003.9

On a local scale, the"g'eneration
and transport of air pollution
phenomena and mineral dust

On a global scale, the
|distribution and climatic
linfluence of atmospheric trace
‘constituents, aerosols, and

imineral dust

balance

{j}arbon dioxide
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Name of )
Rk Earth history RAID |39
(f 0?; ;} ;Fi) # of core papers Unique citations Citations Mean publication year
14(3) 79(1D) 1892 4059 2003.3
—— | Late protrusion era J
Chronology f
\ (D)
W/ | |Stable isotope
gqoche_m___i_stry
Earth formation |
history J
Name of | Gamma-ray burst and relative celestial explosion RADD | 40
RA phenomenon
{f o?IfI(}t{ll{:Fss} # of core papers Unique citations Citations Mean publication year
8(2) 66(13) 1052 3290 2004.9

/%
‘Gamma ray bursts_
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Name of . .
- Formation and evolution of the galaxy RAID |41
# of RFs 4 of ’ " o _—
(# of Hot RFs) of core papers Unique citations Citations Mean publication year
28(4) 167(25) 6062 19423 2003.4
Shag 'Black holes and
Q)w galaxy formatlon
:!History of star 'Simulations based on
generation in cold dark matter i
space ~ |models !
|
)
Large—scale 3
surveys
Name of | Solid macromolecule type fuel cell / mass and heat 4
RA transfer RAID
# of RFs #of ! i o -
(# of Hot RFs) of core papers Unique citations Citations Mean publication year
6(4) 35(4) 434 1068 2004.1

Research that examines in detall reactlon
mechanisms in catalytic layers and the
structure of diffusion layers

Research mainly on electrical
generation when condensate
water on diffusion Iayers and

'Research emphasizing the
'structures and surface textures of’
leFusmn layers

Research emphasizing interior
temperature distribution

Research that takes into account condensate water on
catalytic layers and diffusion layers and develops integrated
thermal hydraulics analysis and performance prediction

81




Name of | Nitride semiconductor transistor / high-voltage and
hi s s RAID 43
RA 1gh-frequency application
(;f o?ﬁ 0}1{11:131} # of core papers Unique citations Citations Mean publication year
6(2) 193) 531 924 2003.1
Research on enhanced—
mode operation

'Research on higher voltages |

?using field plates

/

841

J

J

.
\ @&
NS |

!Research on operation at
‘milliwave and higher |

ifrequencies

[

Y
\Derivation of reports on basic |
\characteristics and of problems |
at the initial development stage i

Name of | Integrated comprehension of brain function by a4
RA neuron-glia interaction R&ID
(f o?gt}}{FSs} # of core papers Unique citations Citations Mean publication year
6(2) 19(0) 566 975 2004.7

function

ATP/ purint;)mceptor—
mediated neuron/glia
interaction and brain

'Neuron/glia interactions

mediated by other
transmitters and brain

function

Glutamate—mediated :
neuron/glia interaction and

!btta!_in functiqn
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Name of Visce;ral sensation and neural mechanism of
RA emotion and empathy RAID 45
# of RFs ¢ ] O - =
(# of Hot RFs) # of core papers Unique citations Citations Mean publication year
7(1) 17(0) 934 1409 2003.7

Perceptual/emotional
neural circuits that are
_:altered by others

/

Peripheral and central neural
circuits that generate emotions
and physical states through
visceral/internal sensation

Name of . . )
RA Decision-making neuroscience RAID |46
# of RF . . o o
(¥ o(f)Hm R;s} # of core papers Unique citations Citations Mean publication year
6(0) 13(0) 637 1076 20033

’Eehavioral testing and neurophysiological |
'experiments on animal subjects/behavioral |5
analysis based on matching rules and |
__research on related neural mechanisms '

Research on brain l

/ \
\ [ ™ ) mechanisms of expected
S g e, |reward based on

—
/’ L Y “reinforcement learning
/ / \ Etheary
1 wa T ) iy / \\
- " \ it \ / \
Imaging research (/MRI) | =/ . ./
| i Wi .
lonhumansdbests . | /NS N
\\ I". Im...‘ ..'l — e
\ N ” /Research on the ‘
\brain's qualitative
\.______

Lt ;and quantitative
'reward detection
|processes




Name of | Kinetics of AMPA receptor and spine morphology RAID | 47
RA in synaptic plasticity
(f o?golt{g’s} # of core papers Unique citations Citations Mean publication year
7(2) 22(5) 1424 2628 2003.5

Synaptic plasticity and \
morphological change in
'the spine

‘The postsynaptic ‘
/membrane
‘mechanism of
‘synaptic plasticity

|Developmental stage ,
plasticity and long-term |
'in vivo observation

Name of | Cause analysis and therapy development for
Lo ; RAID |48
RA psychiatric and nerve disease
(f 0?5013 II;IZ) # of core papers Unique citations Citations Mean publication year
20(8) 86(9) 5409 12102 2003.1

|Elucidation of the causes of
mental illness and neurological
disorders and development of |
]new treatment methods

84



Name of | Functional analysis of human brain and drug 49
RA therapy of psychiatric disease RID
# of RF
(# a(f)Hot RFSs) # of core papers Unique citations Citations Mean publication year
32(10) 130(3) 4599 9952 2003.5

Q)

Q.

e

Research on human neural
activity and relevant areas of

\
D .H'{
}i -
/

H_:s treatment

Research on brain function in people |
with bipolar disorder, its diagnosis, and ‘

H
the brain \l
Drug therapy for
schizophrenia
Name of | Structural analysis of the production process from 50
RA the perspective of a network RAID
[f o[f)ﬁoft{fl;l?i) # of core papers Unique citations Citations Mean publication year
8(0) 28(0) 416 800 2003.2

Internationalization of
production processes

Structural analysis of the

influence of knowledge on
performance

85



Name of ) . . .
RA Economic environment surrounding businesses RAID 51
# of RFs . o o "7
(# of Hot RFs) # of core papers Unique citations Citations Mean publication year
9(1) 38(0) 787 1423 2003.0

Internal corporate
.controls

Research on the influence of
factors such as financial
information and anticipated
earnings on share prices

Research on externally—
oriented corporate
management strategies

AN

Legal origins and financial

Research on developmental

)

development

economics |
Name of .
Metamaterials RAID 52
RA
(f 0?}1;55:55) # of core papers Unique citations Citations Mean publication year
13(5) 66(2) 3004 4508 2003.8
@ Applied research that brings about new 1
functions or innovative improvements |n
performance ‘
5T Research on the physics,
@,. |phenomena, and structural
theory of metamaterials

86




Name of | Superconductive properties of magnesium diboride RAID | 53
RA and its application
{;f o?lflul:t{FR;s} # of core papers Unique citations Citations Mean publication year
12(0) 49(13) 2585 9613 2001.7

Research on induétrial
applications of MgB2
wi_r:e

Research to elucidate the
superconducting
mechanism and
characteristics of MgB2

Polycrystal and
monocrystal bulk

materials
Thin=film .
materials |
Name of )
B Attosecond quantum dynamics RAID |54
{;# U?Iflc}t{FRFss} # of core papers Unique citations Citations Mean publication year
73) 26(4) 1236 3075 2003.3

Research on n6n|inear
optics of the XUV optical
range

iResearch on the generation
'and measurement of

\ attosecond pulses and on

'attosecond electron dynamics

Research on molecular
——— dynamic imaging

87



Name of . . _ )
RA Ferromagnetic semiconductor spintronics RAID |55
({f o{f)[floft{lli:Fss} # of core papers Unique citations Citations Mean publication year
12(6) 85(22) 2428 8605 2002.8

Research on high—
temperature
|ferromagnetia-;m and its
|properties in oxide magnetic
|semiconductors

Research on
ferromagnetism and its
\properties in nitride
\magnetic semiconductors

Research on ferromagnetism
and its properties in IV
‘magnetlc semiconductors

Predlctlon of new
:substances and
\properties through
.computatlonal scnence

Research on properties and
high—temperature
ferromagnetism in Mn doped
GaAs ferromagnetic
semiconductors

Name of | Quantum information control with s
RA multidimensional photon RAID
#of —— — —
(# O?HIS{FSS} # of core papers Unique citations Citations Mean publication year
(1) 26(6) 1375 2282 2002.8

Particle capture with

toptlcal tweezers

| . .
'Quantum information
iprocessing

88



Name of | Electrical control of spin in semiconductors / 57
RA quantum computer using solid state components RS
# of RF
# O?Hﬂl RFSs] # of core papers Unique citations Citations Mean publication year
15(3) 106(19) 2547 7692 2004.2

'spin in
‘ semiconductors
oo L

Qubifs using
diamonds

Qubits using
semiconductor
quantum dots

Qubits using -
superconductivity

Name of | High-temperature superconductivity spectroscopy /

RA new electron phase RAID 58
(if uglgci{iflfs) # of core papers Unique citations Citations Mean publication year
10(0) 45(20) 2050 4259 2002.9

'Research on high—
‘temperature
ésuperconductivity using
‘advanced spectroscopy
L =

Research on
electron phases of
systems with
triangular lattices

Theoretical research
‘on exotic electron
phases that rival
superconductivity

89




Name of . . .
- High energy density science RAID 59
(f U?}f{ﬁi} # of core papers Unique citations Citations Mean publication year
6(3) 28(8) 625 1361 2004.2

Extreme high energy

density science

\

"/

High energy density

Relativistic high energy
density science

_physics
Name of
RA Complex networks RAID |60
(f o?}fi(ft{lli:}?s;) # of core papers Unique citations Citations Mean publication year
13(3) 55(1) 3206 8101 2003.1
i e,
Complex networks G
Synchronization
. phenomena
Ecological networks

<1

‘}_

G_e_n_etic netwqus

-

¥ | Social networks

The internet ‘

| iProtein netwdrks ‘

]

{Weighted networks |

90




Name of | Quantum information/communication, optical pAll | i
RA nanoscience
(,f u(f)}fi‘(i{fl{:FSs) # of core papers Unique citations Citations Mean publication year
29(7) 162(16) 4771 12680 2003.7

Development of quantum
information and communications
devices using quantum
nanostructure

iDeve{opment of quantum
Icommunications and
linformation based on optical
‘nanostructure and of new
‘optical science

Fundamentals of
quantum
information and
communications

Name of '
A Hadron spectroscopy RAID 62
[f n(f)l?ltft{l‘(fFi) # of core papers Unique citations Citations Mean publication year
10(1) 90(20) 1368 6792 2003.9
M

iResearch on mesons,
' including new types of
— h|dden charms”

Research on meson resonance
from light quarks

Research on baryon
resonance, including
pentaquarks

91




Name of | New quantum condensed phase where substances
. . RAID 63
RA strongly interact with each other
(: o?}flolt{lf;s) # of core papers Unique citations Citations Mean publication year
34(6) 241(11) 5996 22778 2003.5
'New quantum condensed | ii.
‘phases of substances that S .!
have strongly interacted /
\with one another /
5 o, /
; /
I -
\ Qo
\ o
S~ @«
Name of h ich-
Search for quark matter through high-energy RADD | 64
RA nuclear collision
{f o(f)}t;t}t{I}{:FSs) # of core papers Unique citations Citations Mean publication year
31(11) 134(14) 2280 10101 2003.5
!Eonétruction_c-)f B ‘_
/ new theories
|
o
Epn:baches tc; /
'understanding |
|qparkimaiter |
| Discovery of quark ‘

matter and

multifaceted
|observation of their ‘
phenomena |

92



Name of | Brane cosmology from the perspective of duality of anti 65
RA de sitter space and conformal field theory Sadb
# of RF . o i e
# O?H()l R};Ss) # of core papers Unique citations Citations Mean publication year
6(0) 17(6) 800 1482 2001.4

Brane cosmology models that
add advanced concepts from
superstring theory

Brane cosmology in terms of anti
de Sitter space and conformal
field theory duality

Name of | Explore physics beyond the standard model from flavor
physics of B meson and neutrino, dark matter and muon RAID 66
RA anomalous magnetic efficiency
0L RES # of Uni itati Citati Mean publication year
(# of Hot RFs) of core papers nique citations itations ean pu y
43(3) 265(46) 6302 23338 2003.4
- o 'Research on the physics of!
o _— dark matter and
/s v nucleosynthesis and I

ot

beyond standard models J

Research on
neutrino physics

|Research on B_”

,’*‘{ meson physics
e = o

LR
'Research on anomalous
magnetic moment of muons

93



Name of | . .
B Field theory on noncommutative space RAID |67
# of RFs 4 of Uni o Citati M blicat
(# of Hot RFs) of core papers nique citations itations ean publication year
8(1) 36(1) 1509 3611 2002.2

Research on
noncommutative
geometry that takes
ideas from string
theory, which is a
strong candidate for a

EThe possibility of observing
'noncommutative space as a
departure from quantum
mechanical phenomena

Research on the
possibility of
gravitational theory
in noncommutative

space &
= - |
_ Research on various !
i
i

|Establishing
|consistency with
|experiments on a
|high—energy scale

aspects of the logic of the
|space called physical
iquantum space or
inoncommutative space

Name of | Verification and integrability of AdS/CFT -
RA correspondence RAID
[f o?llf[g}:i} # of core papers Unique citations Citations Mean publication year
20(5) 78(1) 1091 5923 2003.9
Verification of PP |/ i~ AdS space-time
wave limits |/ foam and free
. fermions

i.Veriﬁcation based on the h
lintegrability of strings
Ewith spin chains

94




Name of | Observational cosmology and an elementary model 69
RA for it RAID
[f o{f)gnft{ll:l:ss) # of core papers Unique citations Citations Mean publication year
52(11) 415(40) 10189 40267 2003.3
. Models of dark energy
Observational and inflation, especially
cosmology |construction and
verification of models
related to superstring
theory
<« /4
&
Name of . . .
RA High-dimensional black holes RAID 70
(f 0?}5(}?15‘&) # of core papers Unique citations Citations Mean publication year
8(1) 79(8) 1164 3942 2004.0

:.High—dimensional black holes and

!The dynamics and verifiability of | _
'superstring theory

|high—dimensiona| black holes _—

| N
/(D _ ) ) /,., /}_ﬁ}\

! \
I \.
\ L
; \\ i /f' |
il
- \| f.-'f
/B
o /

'Precise discovery of
‘various high—dimensional
\black holes

95



Name of

Nanofiber technology with the electro-spinning process

RA and tissue engineering research RaiD 7
#
# o?lflnft{FRFss} # of core papers Unique citations Citations Mean publication year
9(3) 49(1) 1058 3318 2003.5
| Application of nanofibers
!as biofibers
NanoFbers and thelr
application as
composite materials
'Fabrication technology and
(characteristics of nanofibers using
electrospinning
Name of | Study of solar cells using inorganic oxides, 7
RA organic-inorganic hybrids or organic polymers RAID
# of RF .
@ o{fJHnt RFSs} # of core papers Unique citations Citations Mean publication year
13(5) 50(0) 1992 4066 2003.7

@» \|Research on mesoporous
; 'metal oxide films

. @ /

i T —
s !
—— | Re:sea'rch on lsolar cellls
'using inorganic/organic |
hybrids ?

—J

Research on organic
plastic polymer solar
cells

96




Name of . _
BA Ultra fine crystal grain / macrostrain process RAID 73
# of RFs 4 of : o o i
(# of Hot RFs) of core papers Unique citations Citations Mean publication year
13(1) 83(16) 1541 4253 2003.5

fResearch on creation,
|structural analysis, and
property evaluation of
ultrafine—grained materials

Developmént of high—
performance metal
materials

{Research on giant

straining processes

Name of

Rk Space-time code

RAID

74

# of RFs

(# of Hot REs) # of core papers

Unique citations

Citations

Mean publication year-

15(0)

416

660

2002.7

6(0)

Research on
methods of
decoding space-—
time codes

Research on space—time coding
for effective use of multiple
transmission antennas

Differential space—time
codes when channel data
cannot be obtained

97



Name of

Rk Multifunctional signature / multifunctional coding RAID |75
(f 0})}1{' (}t{lfl?ss) # of core papers Unique citations Citations Mean publication year

8(0)

37(2)

524

1191

2002.9

iDesignated certifier Signatures

Signcryption

cryptography/ pairing—
based cryptography

E)ertiﬁcat;fés'.'s cryptography

Name of .
RA Interactome analysis RAID |76
{f 0?{;013}55} # of core papers Unique citations Citations Mean publication year
9(4) 51(4) 3127 6036 2004.0

Experimental interactomics that
carries out exhaustive collection of
data on inter—protein interactions

—_—
|

Ilnteractome informatics
(computatlonal interactomics) that
handles data and knowledge
concerning interactions

!Bio—textmining.

98




Name of

RA Molecule-based nano-quantum magnet RAID |77
(f 0?§:§FRFSS} # of core papers Unique citations Citations Mean publication year
7(1) 32(4) 836 1892 2003.6
Transition metal single— /\| -
molecule quantum Lanthanide single—
magnets _molecule magnets
Name of )
- Macromolecule nanocomposite RAID |78
(f o?IfIOII{FR;s] # of core papers Unique citations Citations Mean publication year
8(1) 21(7) 1181 2052 2001.8

Nylon 6 systems

Polyolefin systems

99




Name of | | . o
RA Living radical polymerization RAID |79
(f G?}Eﬁ;’s} # of core papers Unique citations Citations Mean publication year
13(4) 63(7) 2550 7018 2003.2
’_Fsélymers and blon-::k ” B
copolymers of narrow R \
{molecular weight__ distribution =, .|
J’L ......... A ,

/-
!Reversible addition—
fragmentation chain

Polymer brushes via surface-
initiated polymerization B

Atom transfer radical
olymerization

polymerization } /()

I[Star—shaped- Ip_olymers

Name of | Construction of artificial photosynthesis model RADD | 80
RA mimicking antenna system and charge separation system
(f o?lt{‘;t{ffFSs) # of core papers Unique citations Citations Mean publication year
7(2) 20(16) 1046 1826 2003.0

Development of
molecular electronics

1]

Antenna system models

'Molecular
aggregate
formation with
nanostructures
from self-

organization _
u. | |'system models

100




Name of o
” Porous coordination polymer RAID |8l
{f O?}f{ﬁ} # of core papers Unique citations Citations Mean publication year
19(3) 67(4) 3629 8835 2003.5

Research on
gas adsorption |
of porous '
coordination
polymers

/ .

‘Research on synthesis

| |of porous coordination |
Research on physical \ 5_@’ : —
properties of porous I /
‘ T— -

|coordination polymers

Name of | Retrieval of binding specificity of sugar chain recognition RAID )
RA protein by neoglycolipid sugar chain microarray
{f o?ffl‘ofl{ll:f“ss) # of core papers Unique citations Citations Mean publication year
(1) 55(1) 1563 3983 2004.1

Research on
interaction between
sugar chains and

proteins

101



Name of L
RA Activation of oxygen molecule by metalloenzyme RAID 83
(;f o?ﬁcﬁ:liss) # of core papers Unique citations Citations Mean publication year
6(1) 29(0) 913 2005 2003.6
Research on
reaction
mechanisms of
oxygenase
Research on reaction
processes of nonheme
iron enzymes
Research on reaction
intermediates of oxygenase
Research on reaction processes of heme
enzymes such as cytochrome P450
Name of . )
Protein folding RAID |84
RA
{f o(f)}f;ol?ll:l?ss) # of core papers Unique citations Citations Mean publication year
15(3) 45(1) 2020 3653 2003.1
fix\“ Regeneration of :
[ ¥ T~folding-based new |
i‘ protein disorders |
: ‘New proteins w
New protein
conformation
disorders

102



Name of o
A Tonic liquid RAID |85
(tf u?]ifgpss) # of core papers Unique citations Citations Mean publication year
21(6) 103(10) 3217 9708 2003.2
e Reseafohmfhat attempts .to ﬁse |
iAppIied research on | ionic liquids to establish new '
|ana[ytical chemistry materials production, refining, and ‘
using the properties of ~1 (yoiteperstionprocesses |
ionic liquids i ,
/ =1 '- \\ 'Research that attempts to
S [ BN |synthesize nanomaterials in
Research that attempts to| \ ionic liquids
understand the basic L e RN
‘physical properties of ionic| — )
liquids
Name of | Study on supramolecular nanodevice by molecular RAID 26
RA machine and single-molecule conductor
(’f u?lggl:ss) # of core papers Unique citations Citations Mean publication year
21(9) 95(1) 4138 9254 2003.5

: : .
|Synthesis of molecular;],,--f——ﬁa_ﬁ

\machines

‘Construction of
monomolecular
conductor systems

103




Name of . .
_” DNA-nanomaterial and nanodevice RAID 87
7 DLEES # of core pa Unique citations Citations Mean publication year
(# of Hot RFs) papers q
18(3) 91(1) 3275 6940 2003.3

'DNA wire electron
transfer _ i

DNA computers \\(\': |

(&

! DNA biodevices . %

Name of | Catalytic asymmetric addition reaction of carbon
: RAID 88
RA nucleophile
(f 0?51{5}1{?}’85} # of core papers Unique citations Citations Mean publication year
9(1) 34(2) 971 2023 2003.4

Generation of metal '
acetylides through metal |
catalysts, and their

!catalytic asymmetric
|addition reactions

Catalytic asymmetric
addition reactions of |
organic zinc reagents J

‘Catalytic asymmetric addition
‘reactions with catalytic asymmetric
|cyanation silyl cyanides as

!nucleophilic agents |




Name of L .
A Bioimaging probe RAID 89
# of RFs ¢ . o N oo
(# of Hot RFs) # of core papers Unique citations Citations Mean publication year
13(4) 56(7) 3157 2004.0

Research on sensor
molecules that detect
ani_ons

'Research on fluorescent
sensor molecules that
_(_i_gt_ec_:_t metal ions

Research on organic |
materials that use
p__hogphorous atoms

Name of
RA Synthetic polymer-immobilized catalyst technology RAID |90
({f o(f)ﬁufttflt}ss) # of core papers Unique citations Citations Mean publication year
9(2) 26(11) 1951 3711 2002.3
’Soluble polymer fixed catalysts
%Polymer fixed catalyst
technology in general
| —_—
' M
.FDendrimer fixed )
\catalysts & /

Porous polymer fixed catalysts

105




Name of . . .
RA Catalytic asymmetric synthesis RAID |91
(f o(f);l‘cft{ll{:Fss} # of core papers Unique citations Citations Mean publication year
48(11) 205(37) 2988 12788 2004.1
Copper -
catalytic ‘
reactions
Organic catalysts J]
Conjugate addition \
'%Halogenati;;a ----- E,Zinc t::atalytic
|reactions
E{eactions in water | b,;t
Name of | Molecular conversion reaction using transition :
RAID 92
RA metal catalyst
(f 0?5(5{%] # of core papers Unique citations Citations Mean publication year
52(10) 244(10) 6652 17175 2003.7

Applications for design and
_ |transformation reactions of
“_\ transition-metal catalysts and
~ " ligands

|Coupling reaéﬁans usingﬂ N _
|pallsdaim oatalysts; - ""“\\!Metathesis reactions using |
., |ruthenium catalysts

e

|Molecular conversion
?;’R reactions using tr.:ansn:.lon—
metal catalysts with pi
electron configuration (A |
lu, Pt) I
transition—-metal catalysts ' |

(G
]

106



Name of | Pathogenic mechanism and preventive/therapeutic RAID | 93
RA method of severe acute respiratory syndrome (SARS)
{f c?g (}t{f}{:l?ss) # of core papers Unique citations Citations Mean publication year
20(6) 77(4) 3363 12772 2003.5
O
O
\ )
Research on the
mechanisms of
%" infection and
pathogenesis of
SARS
Name of | Epidemiological study about the effect of air pollution RAID 94
RA (especially particle-like substances) on cardiovascular disease
(f n{f)lﬁ n[t{ll{:FSs) # of core papers Unique citations Citations Mean publication year
6(2) 13(0) 444 727 2004.1
:E.pidemiological studies on human T \“

subjects of the relationship between

atmospheric pollutants and circulatory \
system disease pathogenesis, —\
hospitalization, and death '

|Study of the mechanisms by I
\ \which atmospheric pollutants |
L j' ‘are related to circulatory |
B |system disease |

T . Y,
\\\__ -
| = |
@ S,
\ | ) y
/

/ _Study of the relationship between |
/ diabetes, hypertension, obesity, etc.,

Ay o
S e
S

and atmospheric pollutants and
circulatory system disease in highly
susceptible groups
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Name of
RA Study on HCV and HIV RAID 95
{: 0?15{5{;5) # of core papers Unique citations Citations Mean publication year
44(3) 185(5) 10743 26987 2002.9
Gy
Ca P

Research on
hepatitis C virus

Research on cell-
mediated immune

(HCV) Qs |reaction
% G Research on HIV_|
'Research on |
vaccines ‘
Name of | Elucidation of in-vivo function of drug transporter 06
RA in human RAID
i
(# o(f)lf{‘(ﬁfl{:FSs) # of core papers Unique citations Citations Mean publication year
22(2) 136(18) 7416 19592 2002.9
Side effects and drug
— e A = interactions mediated by
G @ .
hgplatlc uptake transporters

7

Analysis of transporter .
genetic polymorphism

{

FAC

G

1
. . . |
|genetic expression in [
transporters Ji

. |Alimentary disease in |
which transporters are ‘
implicated

108



Name of Suppression of immune reaction centered on foxp3-positive, RAID 97
RA CD25-positive and CD4-positive regulatory t cells
[f o(f)gort{ll:Fss) # of core papers Unique citations Citations Mean publication year
56(15) 209(10) 8319 28424 2003.6

| Research on allergies

Pasmo

|Costimulatory
|molecules

Tumor immunity

Research on type |
diabetes ]

Research on |
regulatory T cells !

Name of . . .
RA Apoptosis (cell death) and inflammation RAID 98
[f O(f)gﬁl;l:ss) # of core papers Unique citations Citations Mean publication year
26 71(9) 6164 112844 2002.5

|Research on cancer cell

{_a_po_ptosis

/A

|Research on the mechanisms \
|of intracellular apoptosis i
'signal transmission

WA e molecules
Y

Research on

—/ @xﬁapoptosis—inducing
R kine~lik
/)i '.\ - cytokine—like
|/

Resear_ch on pathogenic
mechanisms of diabetes
'accompanying endoplasmic

ireticulum stress and
“inflammation

109




Name of . . )
- Embryonic stem cell / neural induction RAID 99
(f O?If{‘(}t{lsts} # of core papers Unique citations Citations Mean publication year
15(4) 72(3) 3759 9361 2003.5

Research on transplant
therapy for Parkinson’s
disease

[ e
COC
v/ \ Research on experimental
transplantation of
)L dopamine—secreting cells

\.’ derived from embryonic
. |stem cells

|Research on
iembryonic stem cell
differentiation
regulation systems

Research on cultivation and
differentiation of human
embryonic stem cells

Name of | Study on exchange between atmosphere and continental 100
RA ecosystem of CO, and others 2afd

{f O{fjlflnlt{ll{:}?s) # of core papers Unique citations Citations Mean publication year
6(1) 17(0) 771 1243 2003.1

— . . Comprehensive analysis of tower
|Comprehensive analysis of observation data from various
_pedosphere/ soil respiration Itypes of terrestrial ecosystems i
|surveys and carbon balance — around the world |
|ground observation Py )

\
Comprehensive analysis of | o~
terrestrial ecosystem model .
|carbon balance and satellite

iﬁ;_grvation da?a_ ] |

T _Comprehensive analysis of terrestrial
ecological surveys and ground observation
of carbon balance

110



Name of | Proteinous infectious agent / new paradigm for RADD | 101
RA genetic material
{;f D?IFI:}FRFSS] # of core papers Unique citations Citations Mean publication year
13(3) 34(0) 1825 3390 2003.6
Comprehensive
research on
_ proteinaceous prion _
Elucidation of infectious agents and |
proteinaceous prion disease :
genetic material
Research on
conformational diseases
& L |
=-—-—{Prote|n structural analysis
‘technology
Name of . . .
- Physiological function of TRP channel RAID 102
[f o?gtft{ll;FS;} # of core papers Unique citations Citations Mean publication year
10(2) 58(6) 2274 5883 2003.2
_F’_/’FF_P’_F_____—_______E‘H"‘
/
TRPV6 (CaT1) | [TRPVS
{Ca channels, STIM1, " S L —
land Orail f \ o TRPMZ and ‘
/ | TRPM6 |
/ fj \:\

/ !TRPVI related to \-.
'nociception {1
is_:__r]d__bladder function | ‘

= g

# . ’/,,\'

| ITRPC1, TRPCS, smooth- |
| Imuscle function, and brain

\| function
kY

|Transient receptors
|TRPA1 and TRPM8

gTRP channels and
|extracellular data sensing
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Name of | Activation of hypoxia-inducible factor 1 and
g : g RAID 103
RA formation of tumor microenvironment
i* oLREs #of Uni itati Citations Mean publication year
(# of Hot RFs) ol core papers nique citations D y
17(4) 68(6) 3738 10408 2003.0

HIF-1 activation and MEN

!Cancer microenvironment !
formation and HIF-1 /
7

\ \_2,1')..

'Mitochondrial abnormalities
‘and life phenomena

S A W

.

N ©

HIF-1 hydroxylase and hypoxia
'sensing mechanisms

S

"

Name of | Solid macromolecule type fuel cell /
RAID 104
RA macromolecular electrolyte film
(f u?fi‘ OII{I_EFSS} # of core papers Unique citations Citations Mean publication year
10(4) 22(6) 891 1486 20032

?Aromat-i.c. hydrocarbb'n
;ele_ctrolyte film for DMFC

|;0matic - -I"-__.I..‘.-I | '::I: | I|
hydrocarbon y
‘electrolyte film for P x=___\'_/

EFC
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Name of | Quantification of water vapor, clouds, aerosol and albedo RAID 105
RA based on satellite and ground-based observation
{f o(f)ﬁuItl lfFSs) # of core papers Unique citations Citations Mean publication year
6(2) 18(0) 370 611 2004.3

[Research on settmg cloudw /@

and ground surface
|parameters for MODIS :
'satellite sensors

' Quas:-realtlme
observation of water
vapor content using
satellite—borne infrared

o : | —
and microwave sensors | : Trem | |

Observation of water 2

vapor with radiosondes
and microwave

radiometry
Name of .
DA Water environment RAID 106
# of RFs 3 o s L. M blicati
(# of Hot RFs) # of core papers Unique citations Citations ean publication year
11(5) 30(0) 808 1442 2003.6
‘Research on
drinking—water @
safety \
(/_\I |
- _>\ \/ e
Behavior of trace _ nya Research on water treatment
pollutants jn rea AT \9/ technologies to prevent

‘world environments

| pollution of the water cycle

/ Om /. —

.-'

/

[

{ Qﬁ / 'Research on anaIyS|s technology
Q/ to understand the behavior of

|
\ .-;;,' trace pollutants
\/ :
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Name of
RA Aerosol RAID 107
(f ﬂ?ﬁgll:];ss) # of core papers Unique citations Citations Mean publication year
15(3) 84(1) 1565 3451 2003.9
Research on aerosols from
biomass combustion
Research on black O Rassarch on
ERiDon Eartlcles \ organic aerosols
Research on new
particle generation
Name of . )
RA Innate immunity RAID 108
#
(t 0?{1(}}{]:55} # of core papers Unique citations Citations Mean publication year
21(1) 133(51) 7323 22662 2003.2
Research on Research on TLR-

confirmation and
activation regulation
mechanisms of
pathogenic I
'components and self
‘components through

dependent and non—
dependent viral
‘infection confirmation
and activation of

. dendritic cells

TLR

ResearcH c.;m the

relationship between
TLR and di_s_e;_ase
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Name of . L .
RA Microbiodiversity RAID | 109
(f o?lfi‘oIt{lsts) # of core papers Unique citations Citations Mean publication year
12(5) 31(1) 1135 1970 2004.5
Development of methods to @’”
isolate new microorganisms and
functional and genomic analysis
of ecologically important
microorganisms
'Meta—genome
[ . - |analy3|s , \
Name of ' o ; ;
. Study on ubiquitination and sumoylation of protein RAID 110
(f o{f)lﬁ g;‘s) # of core papers Unique citations Citations Mean publication year
9(2) 44(0) 2804 6908 9(2)

Research on the role of
ubiquitinization in virus
formation and budding

Enzymological basic ‘
research on
ubiquitinization and
SUMOylation

e

Re“search on SUM =Research oﬁ DNA "

;0 ligases and - repair and SUMO |
'physiology

|Research on
'endocytosis and
'ubiquitinization of
|receptors

\
o mu' 'l

Research on vesicular
transport of ubiquitin
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Name of | Multi-hierarchical regulatory mechanism of life BAT 11
RA phenomena D
# of RF . 2 i ..
@ O?Hat les] # of core papers Unique citations Citations Mean publication year
67(12) 380(30) 13610 52771 2003.5
.I ; :(;Iene é.x.pression in cancer
'RNAi-mediated gene expression |
/./" regulation and histone H3 methylation i
lllr rd ? '. l.;l.lll_.'i. N SSRES—
? G
: “Lm .Transpor‘t and
% o morphogenesis of |
\ Gan o {5 » /’_ B auxin, a plant hormone |
\m__ o __/_// Lo

.263-Broteasor.|:|é system—-mediated. — 4 Vesicular transport in |
| plant hormone receptor systems and "'5/ ﬁm“‘I pi\ants ] J

signal transmission N L

peemmm— %)

Name of | Molecular mechanism and physiological role of RADD | 112
RA endogenous cannabinoid signal
# of RFs . o I G ot
(# of Hot RFs) # of core papers Unique citations Citations Mean publication year
8(1) 48(4) 1806 4514 2003.7

{Research on

'\ |cannabinoids as they
| |relate to appetite and

||obesity

of intrinsic
cannabinoids

o S B
—] Biochemical analysis of W
cannabinoid receptors and |

'Research on rétrograde -
|synaptic transmission
through intrinsic

lintrinsic cannabinoids !
cannabinoids
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Name of

Photosynthetic light reaction apparatus / structure,

RA function and regulation RAID | 113
(EO?}EOEI;FSS] # of core papers Unique citations Citations Mean publication year
103) 26(5) 1902 3417 2003.7

Research on regulation

of photosynthetic
electron transport

Research on mechanisms for dealing with
excessively absorbed Iigh_fg energy

Research on functions made
clear by the structure of the
photosynthetic apparatus

Name of .
A Study of laminated film and capsule RAID | 114
{f 0%013&;55) # of core papers Unique citations Citations Mean publication year
6(0) 33(0) 930 2083 2003.1

Research on lamination films and capsules
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Name of .
- Carbon nanotube synthesis and device evaluation RAID | 115
(f O?Iflﬁé] # of core papers Unique citations Citations Mean publication year
51(12) 235(20) 7109 21232 2003.3

) ~
| Transistor

| ;
.: ec.trlcal circuit 'E .--"Q” |Diameter and chirality
'devices e g _______Q“”]:control

Toxicity
evaluation

New peapod/two—layer

nanotube materials
-

Adding
reactions and
functions

[Electrochemistry

| Polymers/composites

‘Elastic characteristics
land nanomechanics

Name of | Study on synthesis and optical application of metal and ST 116
RA metal oxide nanoparticle/nanostructure
(f o?gtfl{ g‘}?s) # of core papers Unique citations Citations Mean publication year
81(24) 264(7) 10422 27102 2003.3

Research on
applications for
synthesis and
biomeasurement of
semiconductor
quantum dots

= AN
|Research on

|synthesis and laser i : . .I | _| Research on synthesis and‘!
'element/sensor S~ .. ke b cim ) i _smm | optical characteristics of
applications for : H““u&_% b | '1::.:_ i |Research on synthesis [ lgold and silver
semiconductor | T 4/ of metallic |nanoparticles
nanostructures | _~ oxide/semimetal

| *nanoparticles

’\\w
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Name of . . . )
- Micro-bio system and micro chemical system RAID | 117
(f a(f)}f{olt{ll:l?ss] # of core papers Unique citations Citations Mean publication year
22(4) 78(7) 2471 5079 2003.4
-Application of microfluid
!Research on | technology to bioanalysis
|micromixers for
|high-speed, highly
‘efficient solution
\blending
_ 'Research on basic technologies for
ngf_ !| |microﬂ.uid control
| G) e
|Electrophoretic analysis of |
capillaries and chips
Name of | Mesoporous material / silica organic-inorganic hybrid RAID 118
RA material / organic supramolecular complex
(f U?}f{(i{g}%] # of core papers Unique citations Citations Mean publication year
19(2) 76(14) 2537 5160 2002.7
_E““'“-mx_, —
el 'Research on organic
@ 'supermolecule aggregates
Il. 7 T -
’ - ' Research on
\ GG , :
‘ synthesis of
\ mesoporous
— \\f ~ ) __— materials
~ /) .-e "
r ] /I®I ' ':.-::.‘;.:
'Research on silica organic— // /_9 7\
|[inorganic hybrids /(G - G )
/ &H 'Research on synthesis of |
I' G. . |silica organic=inorganic |
} (| hybrid mesoporous }
|

/" |materials
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Name of | [sotope labeling / quantitative mass spectrometry / BATH 119
RA protein analysis
{f O?Igg}i} # of core papers Unique citations Citations Mean publication year
28(7) 84(3) 5547 12509 2002.9

'Research on mass
spectrometry development
and spectral analysis methods

Quanfiﬁcatidn of mass
“1spectrometry methods

- ._i-’l‘;llfl

!Research on disease proteome
‘analysis methods

Name of | Organic transistor / improvement in performance ram | 120
RA and function
(f o?ﬁt}t{}?s) # of core papers Unique citations Citations Mean publication year
17(4) 69(6) 1320 3139 2004.1

éResearch on organic
|transistors with new

Core research front on
device manufacturing
processes

Research on maximizing
essential characteristics of
organic semiconductors and on
transistors that use organic
single crystals to elucidate
basic electron conduction
|phenomena

Study of insulating
film materials

Core research front on exploration and

synthesis of organic semiconductor
materials
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Name of | Polymer organic led and phosphorescent organic i 121
RA LED RAID
(f ul?}f;()ft{ll{:FSs) # of core papers Unique citations Citations Mean publication year
18(3) 89(6) 2538 7364 2002.8
Organic LEDs (polymer/low—
molecular) that use |
‘phosphorescence |
\ iOrganic LEDs
{(polymer) that use
fluorescence
I”|
|
|
Name of L ) .
RA Bioinformatics / transcriptome RAID 122
(f o?gng;) # of core papers Unique citations Citations Mean publication year
9(3) 23(0) 1433 2306 2002.8

Class ‘
separation |

)}

w‘ False positive
data analysis

Dichromatic
fluorescent |
'l microarrays |
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Name of | pathogenesis and pathology of parkinson's disease and RAID 123
RA intracellular quality control mechanism by autophagy
[f o{f)ﬁoIt{ll:FSs} # of core papers Unique citations Citations Mean publication year
10(2) 71(19) 3073 7866 2003.9

I

Research on alpha-
synuclein abnormalities and
their fibril formation

@

L

Research on physiological
significance and molecular
structure of autophagy

ﬁ?esearch on causative
|genes of Parkinson's

|disease
Name of | Molecular pathology and therapy of alzheimer's RATD 124
RA disease
# of RF : o5 e % o
(@ o?Hnt Rff‘s} # of core papers Unique citations Citations Mean publication year
15(2) 68(3) 4241 9988 2002.8

Elucidation of the molecular

‘=) |therapeutic drugs for
~ J/|Alzheimer's disease
| |(treatment of

|« \underlying pathology)

Development of
‘therapeutic drugs for
|Alzheimer’s disease
 (symptomatic
Efgatment)
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3. Questionnaire Survey on hot research areas

Those who carried out content analysis of the hot research areas were surveyed regarding development in
their relevant areas since the second half of the 1990s and in the five years after the survey period. '
Before the first question, they were asked to evaluate on a scale of 1 ("I don't think so") to 5 ("I think
so") whether the Individual Research Area Map for their hot research areas appropriately visualizes the
internal structure of the research area. The results were as in Figure 1. They indicate that the visualization
- of hot research areas in this study is generally close to the frontline sense of researchers.

Figure 1: Evaluation of the visualization of hot research areas
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The first question asked what changes respondents think took place over the 10 years from the latter half
of the 1990s to 20012006 (the survey's subject period), with answers selected from the categories below.
Multiple answers were permissible. The results were as in Figure 2.

Figure 2: Past changes in the hot research areas
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During the latter half of the 1990s, it was part of a somewhat larger research area, and as research subsequently advanced, it
became an independent research area.

During the latter half of the 1990s, research was carried out separately, but as research subsequently advanced, it tended to fuse
and form a research area.

During the latter half of the 1990, this kind of research area was not recognized, but as it subsequently advanced, a research area
formed.

During the latter half of the 1990s, a precursor research area existed, and as research subsequently advanced, the amount of
related research increased rapidly.

During the latter half of the 1990s, a precursor research area existed, but as research subsequently advanced, the quality of the
research changed.

During the latter half of the 1990s, a precursor research area existed, was considered important, and many papers were published
in the area, so research has not changed quantitatively or qualitatively.

A characteristic of the 124 hot research areas handled in this study is that over the past 10 years, the

volume of research has increased, while at the same time, the quality has changed. In addition, there are hot

research areas that formed when different research communities merged, and others that formed through

research communities developed while carrying out research that had not been recognized as a research

area. In other words, our method does not address only research areas that have a high number of papers

published and are already important, it also analyzes research areas that have the ability to create scientific

dynamism and change.

The second question asked what changes respondents think will take place over the period from 2006

through 2010, with answers selected from the categories below. Multiple answers were permissible. The

results were as in Figure 3.

Figure 3: Future changes in the hot research areas

90 L e i
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No. of respondents
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It will probably divide into multiple research areas.

It will probably fuse with another research area.

A quantitative expansion of research will probably occur.
A qualitative change in research will probably occur.

There will probably be no noteworthy quantitative expansion of or qualitative change in research.
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Respondents expected most of the hot research areas to change over the coming five years. Fewer than 5
percent of them indicated they expected no noteworthy quantitative expansion or qualitative change in
research. Regarding the means of change, for both quantitative expansion and qualitative change, it is
notable that expectations for fusion are high at almost 30 percent, compared with less than 20 percent
giving that answer for the first question (on the process of past change).

Next, the study examined the relationship between responses to the first question (past changes in the
research areas) and the second question (future changes). Because multiple responses are possible for both
questions, the total values do not match the number of hot research areas.

Figure 4: Future changes expected in hot research areas judged as "1. During the latter half of the 1990s, it
was part of a somewhat larger research area, and as research subsequently advanced, it became an
independent research area"

Future 1: Divide 2

Future 2: Fuse 2

Fuure 3: Quantitative expansion 6
5
1

Future 4: Qualitative change
Future 5: No change

Figure 5: Future changes expected in hot research areas judged as "2. During the latter half of the 1990s,
research was carried out separately, but as research subsequently advanced, it tended to fuse and form a
research area"

Future 1: Divide 2
Future 2: Fuse 13|
Funire 3: Quantitative expansion 17 !
Future 4: Qualitative change. 14
Future 5: No change 1

Figure 6: Future changes expected in hot research areas judged as "3. During the latter half of the 1990s,
this kind of research area was not recognized, but as it subsequently advanced, a research area formed"

Future 1: Divide P 1,
Future 2: Fuse 5
Future 3: Quantitative expansion 15
Future 4: Qualitative 15
Future 5: No change 1

Figure 7: Future changes expected in hot research areas judged as "4. During the latter half of the 1990s, a
precursor research area existed, and as research subsequently advanced, the amount of related research
increased rapidly"

Future 1: Divide | 11
Future 2: Fuse 2
Future 3: Quantitative expansion

Future 4: Qualitative change
[Future 5: No change | 3|

Figure 8: Future changes expected in hot research areas judged as "5. During the latter half of the 1990s, a
precursor research area existed, but as research subsequently advanced, the quality of the research changed"
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Future 1: Divide | 9
Future 2: Fuse |
Future 3: Quantitative expansion
Future 4: Qualitative chan, :
Future 5: No change = 2

4,

Figure 9: Future changes expected in hot research areas judged as "6. During the latter half of the 1990s, a
precursor research area existed, was considered important, and many papers were published in the area, so
research has not changed quantitatively or qualitatively"

Future 1: Divide
Future 2: Fuse |
Future 3: Quantitative expansion .
Future 4: Qualitative change

Future 5: No change

— O oo o

For expected changes in the hot research areas as well, "quantitative expansion" and "qualitative change"
were often selected. "Quantitative expansion" and "qualitative change" reflect changes in the status of
communities related to the hot research areas (the number of people involved, the backgrounds of

participating researchers, etc.). These can be expected to create dynamic change in new sciences, and to be
reflected in frequent changes to the Science Map.
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4. Field distribution of core papers making up hot research areas

~

Academic Disciplines Relation Map is depicted using the data of field distribution of 124 hot research

areas.

The Figures below show the field distribution (by percentage) of the core papers that comprise the 124
hot research areas derived for this study. For each hot research area, the field with the highest
percentage of core papers is shaded. In the case of "Drug-eluting stents (ID1)," for example, every core
paper falls into the "clinical medicine" category, so the percentage for that field is 100 percent and it is
shaded on this figure.

ID of hot research areas that are shaded are inter/multi-disciplinary in this study.
Inter/multi-disciplinary research areas as used here are those hot research areas in which core papers do
not exceed 60 percent in any field. In the case of "Pathogenic mechanism and preventive/therapeutic
method of severe acute respiratory syndrome (SARS; ID93)," for example, the field with the highest
percentage of its core papers is clinical medicine, but it only accounts for 54.5 percent, so it is
considered an inter/multi-disciplinary area.
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Research Research area Agricultural  Biology/  Chemistry Clinical  Computer Economics/ Engineer- Environment/  Earth

area ID scignce  biochemistry _medicine__science management  ing ecology  science
1 Drug-eluting stent 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 et 00 00 00 00 00 0.0 00
R i e o 00 6.3 00 00 00 00 0.0
Biodef by blood lati 1
¥, Bledofou byl 0.0 56 0.0 00 0.0 0.0 0.0
5 Deep mycosis 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 E&%‘;HH?#},IY pathogenic avian influenza 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7  Bone metabolism control by drug and its 00 9.4 0.0 0.0 0.0 0.0 0.0
clinical application
B P e 0.0 0.0 0.0 0.0 0.0 0.0 00
9  Thromboembolism study 00 0.0 0.0 00 00 0.0 0.0
10 Eacterial infcc:?nf:?:i?:;sw ) ; ) 00 0.0 00 00 00 00 0.0
11 s by Aoty tha o ahers 00 0.5 0.0 0.0 0.0 00 00
Study on risk assessment, th ic effect, and
12 Giognosic method for cudine dieuses 0.0 0.0 0.0 0.0 0.0 0.0 00
13 gxgg&aﬁpy of diabetes / thiazolidine 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 EERETEERRR e 00 108 00 00 00 00 0.0
15 e mskaund pethapinsigel 00 34.5 00 0.0 00 0.0 00
!
16 f,{gﬁg;g;!;hfﬁw brefst e 00 00 00 0.0 00 0.0 0.0
17 e e gy Pe I 0.0 25 0.0 0.0 0.0 0.0 0.0
L I e oo i 00 105 00 00 00 0.0 00
19 Obesity and diabetes 0.0 243 0.0 00 00 0.0 00
e ‘
200 MNews Veéﬂ ment in molecular therapy 00 1.1 0.0 0.0 0.0 0.0 0.0
e e 040 37 00 00 00 0.0 0.0
22 Cancer / gene expression profiling analysis 0.0 6.5 0.0 0.0 0.0 0.0 0.0
Biclogical elucidati ind clinical applicati T
23 damaged tissue repair :mhanism ! 0.0 31 ¥ g 0.0 0.0 00 0.0 00
24 E:ﬁ%i?i"&&ﬁn"ﬂ'm‘fé principle of 00 612 10.2 0.0 0.0 00 00 0.0 0.0
I e e ™ Do 19.2 0.0 0.0 115 0.0 0.0 0.0 0.0
26 Histone diversity and life phenomena 00 114 00 86 00 00 00 00 0.0
27 Plant functional genomics study 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 Plant cell proteome analysis 0.0 120 00 00 0.0 00 0.0 0.0 0.0
29 Plant-microorganism interaction 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
ORI ey S 00 29 20 0.0 00 00 00 10 00
31 Redox regulation 0.0 18.4 0.0 0.0 0.0 00 0.0 0.0 00
32  Inducible defense mechanism in plant 0.0 0.0 29 0.0 0.0 0.0 0.0 0.0 0.0
38 SR o newsen i 05 18 6.8 18 32 00 4.1 0.0 0.0
lant defes inst infection / plan
34 FlmédgEmmapeimetinfiction/ et 00 08 00 0.0 00 00 00 00 00
Environmental pollution study of bromine flame
35 o ade nﬁg%fg-!olgpolm:me';. 25 0.0 0.0 0.0 0.0 0.0 0.0
36 Comicrieiure ol ind sy chamge 0.0 00 00 00 0.0 0.0
37 Biodiversity 0.0 0.0 0.0 0.0 0.0 0.0
3g  Climatic effect of air pollutant and 0.0 00 0.0 00 0.0 0.0
39 Earth history 0.0 0.0 0.0 0.0 00 0.0
fp efonayaEaprcacrtn  gp 0.0 00 00 00 0.0
41 Formation and evolution of the galaxy 0.0 00 0.0 0.0 00 0.0
42 olid macromolecule type fucl cell /massand g g 00 14 00 00 00
i ey e 00 00 0.0 0.0 0.0 0.0
44 Integrated comprehension of brain function by 0.0 105 0.0 53 0.0 00

neuron-glia interaction

45 Viscerlsensation and newsl mechanism of 5.9 0.0 0.0 0.0 0.0
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ey NI b Wiy o Ve e TR o P PO S S
0.0 0.0 0.0 00 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00
0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 6.3 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
22 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00
0.0 0.0 0.0 17.1 0.0 29 0.0 0.0 0.0 29 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 16 0.0 0.0 0.0 0.0 0.0
0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 14 00 0.0 0.0 0.0 0.0
0.0 0.0 0.0 373 0.0 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0
6.3 00 0.0 0.0 00 0.0 0.9 0.9 0.0 0.0 0.0 00 0.0
0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26 0.0
0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 3.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 34 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 0.0 0.0 13 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 0.0 0.0 0.0 9.2 0.0 29 0.0 00 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0
0.0 0.0 0.0 0.0 185 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 0.0 0.0 32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 3.1 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 00 286 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 00 29 00 00 Y] 0.0 0.0 00
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 16.0 20 0.0 0.0 0.0 0.0 00 0.0 0.0
0.0 0.0 0.0 00 00 0.0 0.0 0.0 00 [ 94 0.0 0.0 0.0
0.0 0.0 0.0 0.0 00 00 00 0.0 00 i 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 05 0.0 05 05 0.0 0.0 27 0.0 0.0 00 0.0
038 0.0 00 56 40 00 00 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26 0.0 0.0 00
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 37 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 13 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 30 0.0 0.0 0.0 0.0 00 18.2 0.0 0.0 0.0
00 00 0.0 0.0 0.0 0.0 0.0 0.0 056 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 00 0.0 00 0.0 53 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 00 42 0.0 00 00 00 00 0.0
0.0 0.0 0.0 0.0 0.0 00 I 0.0 0.0 0.0 235 00 0.0
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Research Agricultural  Biology/ i Clinical Computer Economics/ Engineer- Environment/ Earth
area ID Resaararse Edw biochermistry O™ odicine  science _ management ing eco science
46  Decision-making neuroscience 00 00 0.0 0.0 0.0 00 00 00 0.0
il T 0.0 45 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B R o e e v et 00 00 00 35 0.0 00 00 00 0.0
49 Grug thetapy of peychiatic iscase 0.0 00 0.0 3.1 00 00 0.0 0.0 00
5O phoects hown e pearpestive of 8 neowark 0.0 0.0 0.0 00 00 7.1 0.0 00 00
§1 Pcosamicepvironment suncunding 0.0 0.0 0.0 0.0 m 0.0 0.0 0.0
52 Metamaterials 0.0 0.0 0.0 0.0 106 00 242 0.0 0.0
B3 e ppereatigncaing 0.0 0.0 00 00 0.0 0.0 00 00 0.0
54  Attosecond quantum dynamics 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0
55  Ferromag ductor sp 0.0 00 35 00 0.0 0.0 00 0.0 0.0
56 Quintim nfortion control with 0.0 0.0 00 00 7.7 0.0 7.7 0.0 0.0
57t compute uaing songsiate -~ 00 00 00 00 00 00 00 00 0.0
B e 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00
59  High energy density science 0.0 0.0 0.0 0.0 0.0 0.0 250 0.0 0.0
60  Complex networks 0.0 0.0 0.0 0.0 18.2 0.0 36 1.8 0.0
Bl e 0.0 0.0 00 0.0 00 00 12 00 00
62  Hadron spectroscopy 0.0 0.0 0.0 0.0 0.0 00 33 0.0 0.0
B e e e e, nere Substances 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0
84, Seacch for qumc matier hrough Nigh-oncagy 0.0 0.0 0.0 0.0 0.0 0.0 22 0.0 0.0
B o P ey Y O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
66 Haber i PR P e e 0.0 00 0.0 00 00 00 19 0.0 0.0
and muon anomalous magnetic effs ¥
i cienc’
67  Field theory on noncommutative space 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
e 0.0 0.0 00 00 00 00 0.0 00 0.0
R 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00
70  High-dimensional black holes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00
h
Tl e it e iy 0.0 20 224 00 0.0 0.0 0.0 0.0 0.0
T Ry o e e aners 0.0 0.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0
T8 D e coymtdl ain ) wacretttit 0.0 0.0 0.0 0.0 1.2 0.0 0.0
74 Space-time code 0.0 0.0 0.0 0.0 13.3 0.0 0.0
75 ?ﬂ&}gfnncuonal signature / multifunctional 0.0 0.0 0.0 0.0 54 00 0.0
76 Interactome analysis 0.0 1.8 0.0 0.0 0.0 0.0 0.0
M e
77 Noleosle-based amo-quagtum 00 00 00 00 0.0 0.0
78  Macromolecule nanocomposite 0.0 0.0 0.0 0.0 0.0 9.5 0.0 0.0
79 Living radical polymerization 00 0.0 0.0 00 0.0 32 0.0 0.0
B0 S R S et 0.0 00 0.0 0.0 0.0 50 0.0 00
81  Porous coordination polymer 00 00 0.0 0.0 00 30 0.0 0.0
82 oo proien ) neogecipd it chain 0.0 12.7 00 0.0 00 00 0.0 0.0
e 0.0 20.7 | : 0.0 00 0.0 00 0.0 0.0
84  Protein folding 0.0 289 | 0.0 0.0 0.0 0.0 0.0 0.0
85  Ionic liquid 0.0 39 0.0 0.0 0.0 9.7 0.0 0.0
86 i::ghm: and s:ng]c mob:cu]e cmniunl:): 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
87  DNA-nanomaterial and nanodevice 0.0 1.1 0.0 22 0.0 0.0 0.0 0.0
88 g;;g;);;fugs,;’;;;g;m addition reaction of 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
89  Bioimaging probe 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0
90  Synthetic fvlyme'-immﬂbilim catalyst 0.0 00 | 0.0 0.0 0.0 0.0 0.0 0.0
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Immunology Materials mathematics - Microbiology Mdewlar?idogy/ Multiple Neuroscience; m Physics Plantianimal  Psychiatry/ps Social Space

science genetics areas ethology science ychology ~ science/general science
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.4 0.0 0.0
0.0 0.0 0.0 0.0 45 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 105 12 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 138 15 0.0 0.0
0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 9.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 3.8 3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 1.8 0.0 18 3.6 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 123
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.3 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 13.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 94 0.0 0.0 0.0 0.0
0.0 14.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 10.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.9 0.0 0.0 0.0 0.0
0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 8.4 0.0 00 0.0 0.0 0.0 0.0 200 0.0 0.0 0.0 0.0
0.0 15.4 0.0 1.1 0.0 1.1 0.0 0.0 6.6 0.0 0.0 ’0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 - 0.0 0.0 0.0 0.0 0.0
0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Research Research area Agricultural Bmiogy.r Chemlstry Clinical ~ Computer ~Economics/ Engineer- Environment/  Earth
area ID science  biochemistry medicine  science  management _ing ecology  science
91  Catalytic asymmetric synthesis 0.0 0.0 : 0.0 0.0 0.0 0.0 0.0 0.0
T eaction g 00 04 | 884 0.0 0.0 00 00 0.0 0.0
= 00 9.1 0.0 545 00 0.0 0.0 0.0 00

0.0 0.0 0.0 53.8 0.0 0.0 00 462 00

00 32 1.1 486 00 0.0 0.0 0.0 00

o 0.0 8.1 0.0 53.7 00 00 00 00 0.0

‘ &5; ' 00 05 00 589 0.0 00 00 00 00

sis (cell dea inflammati 0.0 26.8 0.0 42.3 0.0 0.0 0.0 00 0.0

yonic stem inducti 0.0 19.4 00 54.2 00 0.0 00 00 0.0

100 . Stay on suskangn beivsen imosphers and 412 0.0 0.0 00 0.0 0.0 0.0 412 1.8
Dl e ) 550 176 858 0.0 00 29 0.0 0.0
102 Physiological function of TRP channel 00 500 0.0 856 0.0 00 00 0.0 0.0
Bl 00 397 88 265 00 00 0.0 0.0 0.0
00 00 364 00 00 00 545 00 00

0.0 00 00 0.0 0.0 00 500 0.0 500

13.3 0.0 200 0.0 00 0.0 233 433 00

00 0.0 6.0 00 00 0.0 274 190 476

00 75 0.0 368 00 0.0 0.0 0.0 00

0.0 9.7 0.0 00 00 0.0 0.0 19.4 00

0.0 213 00 23 0.0 0.0 0.0 00 00

00 19.7 0.3 116 05 00 0.0 00 00

2.1 16.7 0.0 16.7 00 0.0 0.0 00 00

: fatacton 00 423 115 0.0 00 0.0 00 0.0 0.0
4 Study of laminated filmand capsule 0,0 30 57.6 00 0.0 0.0 30 0.0 00

5 Coasmdbempisimigaiie . g0 04 494 13 17 00 6.8 13 00

6 M“mmﬁwmﬂw 00 19 56.4 08 0.0 00 08 0.0 00
 Micro-bio system and micro chemical 0.0 64 423 00 24.4 0.0 16.7 00 0.0

| waam%1mm 0.0 00 55.3 0.0 0.0 0.0 26 0.0 0.0
18~ Lok Ml MM EeR i 00 119 417 13.1 48 0.0 13.1 0.0 00

, % ansistr Improvement 6 0.0 0.0 275 0.0 0.0 0.0 14 00 0.0
g e "““"P““‘P‘“‘mﬂ_ 00 00 371 00 00 00 11 0.0 00

; '._.-.'_mefomﬁcsf transcriptome 00 130 0.0 0.0 30.4 00 0.0 0.0 00
WM%‘G’“ 00 225 00 141 00 00 00 00 00

gy and therapy 00 221 59 1138 00 0.0 0.0 0.0 0.0
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Materials fhematcs  Microbiokogy MOearbioa  Multiple  Neuroscience. Phena- Physics Pantanimal  Psychiatrylps Social Space

science genatics areas ethology  scencefdoiony scence ychology ~ sclencelgeneral  science
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.8 0.0 0.0 0.0 0.0 0.0 04 0.0 0.0 0.0 0.0 0.0
1.3 0.0 0.0 286 1.3 0.0 0.0 0.0 0.0 5.2 0.0 00 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
17.3 0.0 0.0 28.6 05 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0
11.0 0.0 0.0 00 29 0.0 0.0 243 0.0 0.0 0.0 0.0 0.0
37.8 0.0 0.0 1.0 14 05 0.0 0.0 0.0 0.0 0.0 0.0 0.0
56 0.0 0.0 0.0 21.1 0.0 4.2 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 00 16.7 0.0 9.7 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 59 0.0 0.0 00
0.0 0.0 0.0 29 59 0.0 5.9 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 00 86 0.0 276 52 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 14.7 0.0 1.5 88 0.0 00 0.0 0.0 0.0
0.0 9.1 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
45.9 0.0 0.0 5.3 3.0 1.5 0.0 0.0 0.0 00 0.0 0.0 0.0
0.0 0.0 0.0 484 0.0 32 0.0 0.0 0.0 19.4 0.0 0.0 0.0
0.0 0.0 0.0 15.9 545 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
03 0.0 0.0 3.7 35.0 1.3 0.0 0.0 00 276 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 313 333 0.0 00 0.0 0.0 0.0
0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 46.2 . 00 0.0 0.0
0.0 36.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
0.0 15.7 0.0 0.0 0.0 0.0 0.0 1.7 21.7 0.0 0.0 0.0 0.0
0.0 30.3 0.0 0.0 00 00 00 0.0 9.8 0.0 0.0 0.0 0.0
0.0 38 00 00 0.0 1.3 0.0 0.0 5.1 0.0 0.0 0.0 0.0
0.0 42.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 10.7 48 0.0 00 0.0 0.0 0.0 0.0 00 0.0
0.0 46.4 0.0 00 0.0 0.0 00 0.0 246 0.0 0.0 00 0.0
0.0 46.1 0.0 0.0 0.0 0.0 0.0 0.0 15.7 0.0 0.0 0.0 00
0.0 0.0 418 0.0 8.7 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
0.0 00 0.0 1.4 183 1.4 423 0.0 0.0 00 0.0 0.0 0.0
0.0 0.0 0.0 0.0 44 0.0 47.1 59 0.0 00 15 15 0.0

133



Acknowledgments

Experts in Japan were asked to perform the content analysis of the 124 hot research areas. We would like
to express our sincere gratitude for their cooperation.

In addition, the following 10 experts were kind enough to cooperate with interviews covering an
overview of the research areas as a whole. We express our sincere gratitude to them as well.

Hiroshi IMAHORI Professor Kyoto University

Kiyotaka OKADA Director-General National Institute for Basic Biology
Taro KAWAI Associate Professor Osaka University

Kenji KANGAWA Director General National Cardiovascular Center
Shinichi KIKUCHI Assistant Professor Keio University

Shinichi NOJIRI Professor Nagoya University

Tamio HAYASHI Professor Kyoto University

Kiichi HIROTA Assistant Professor Kyoto University

Makoto MATSUOKA Professor Nagoya University

Yuji MATSUDA Professor Kyoto University

The Institute for Future Technology carried out selection of the researchers who performed content
analysis of the 124 research areas, communicated with the researchers, commissioned them, and collected
the results. We are grateful for their assistance.

Interviews covering an overview of the research areas as a whole research area were made possible by
science and technology research grants (18-113, Ayaka SAKA) from the Watanabe Memorial Foundation
for the Advancement of Technology. We are grateful for their assistance.

134



List of Research Members Concerning this Analysis

= Researcher
Ayaka SAKA Research Fellow, Research Unit for Science and Technology Analysis
and Indicators
(Overall coordination, content analysis, interview survey, report
preparation)

Masatsura IGAMI Senior Research Fellow, Research Unit for Science and Technology
Analysis and Indicators
(Mapping program writing, interview survey, report preparation)

Terutaka KUWAHARA  Director, Research Unit for Science and Technology Analysis and
Indicators '

(Overall supervision)

= Assistant
Mari GOTO Clerical Assistant, Science and Technology Foresight Center
Makiko OGAWA Clerical Assistant, Research Unit for Science and Technology Analysis
and Indicators
Haruna MIYATA Clerical Assistant, General Affairs Division

(As of March 31, 2008)

135






Science Map 2006
Study on Hot Research Areas (2001-2006) by Bibliometric Method

June 2008

Direct inquiries reqarding this report to:

Research Unit for Science and Technology Analysis and Indicators,
National Institute of Science and Technology Policy (NISTEP)
Ministry of Education, Culture, Sports, Science and Technology (MEXT)






