
Preface 

 In recent years, science and technology has accomplished rapid and dynamic 
development., and the influence which technology has on economy and society is still 
larger. In the inside of such a situation, in order to grasp exactly the situation of the 
technology activity over which it goes intricately and variably, it is important to equip 
the sciecne and technology indicators systematically analyzed based on objective / 
quantitive data.  
  In this laboratory, since the systematic science and technology indicators were 
created for the first time in 1991, it had revised about in every three years and since 
the report of a version was collected in 2000 this time, it announces officially.  
  While it expects that this report is utilized not only for people engaged in science and 
technology activity but for people of broad each class, if the opinion of Gentlemen is got, 
I will think that it is happy for much more fullness and improvement of a future 
science and technology indicators. 

  Finally, gratitude is deeply expressed in creating this report to the persons concerned 
of every direction which obtained great cooperation. 

                                                                     April 2000 

   Ryou Kimura 
   Dupty Director General 
   Science and Technology indicators project team leader 
   National Institute of Science and Technology Policy 
   Science and Technology Agency 

      (This is an English version of the report published in April, 2000.) 



TABLE OF CONTENTS 

Introduction  About Science and Technology Indicators................................................................................................................ １

Chapter 1  Overview of Science and Technology Activities in Japan 

1.1 R&D Expenditure............................................................................................................................................................................................................................................................. ７
1.2 Science and Technology Human Resources and their Development...........................................................................................  12 
1.3 The Public and Science and Technology....................................................................................................................................................................................  16 

1.4 Science and Technology and Economy and Society...............................................................................................................................................  20 

1.5 Performance of Science and Technology...................................................................................................................................................................................  23 

1.6 Integrated Indicators － The Integration of Science and Technology Indicators...............................................  28 

Chapter 2  Education and Hum an Resources Developm ent for Science and Technology

2.1 International comparison of M athematics and Science Education in Junior High School......................  34 

2.2 High School................................................................................................................................................................................................................................................................................  39 
2.2.1 Trends in Number of Admissions and Enrolments................................................................................................................................................  39 
2.2.2 Routes of High School Graduates...................................................................................................................................................................................................  42 

2.3 University Faculties......................................................................................................................................................................................................................................................  44 
2.3.1 Trends in Applicant Numbers................................................................................................................................................................................................................  44 
2.3.2 Trends in the 18-year-old Population and Enrollees...........................................................................................................................................  47 
2.3.3 Career Paths of Science and Engineering Graduates..........................................................................................................................................  49 

2.4 Graduate School..................................................................................................................................................................................................................................................................  52 
2.4.1 Trends in Numbers of Graduate Students............................................................................................................................................................................  52 
2.4.2 Developments in Academic Advancement to Graduate School.........................................................................................................  54 
2.4.3 Employment of Graduates of Graduate School in M ajor Industries............................................................................................  54 

2.5 Number of Persons Obtaining Degrees.........................................................................................................................................................................................  56 
2.5.1 Trends in the Number of Doctorates Conferred.........................................................................................................................................................  56 

2.5.2 International Comparison of the Number of Degrees Conferred.....................................................................................................  57 

Chapter 3  R&D System s and the Public Sector 

3.1 International Comparison of R&D Systems.........................................................................................................................................................................  61 
3.1.1 Long-term trends in R&D ...........................................................................................................................................................................................................................  61 

3.1.2 R&D in the Industrial, Academic and Government Sectors....................................................................................................................  72 
3.2 Features and Issues of R&D in Japan..............................................................................................................................................................................................  79 

3.2.1 R&D Expenditures per Researcher...............................................................................................................................................................................................  79 
3.2.2 Breakdown of R&D Expenditures and Basic Research Expenditures by Type..........................................................  80 
3.2.3 Number of Researchers by Specialty..........................................................................................................................................................................................  81 
3.2.4 Research Assistants and Post Doctorates..............................................................................................................................................................................  82 

3.3 Government Supported R&D........................................................................................................................................................................................................................  84 

3.3.1 R&D Expenditures Supported by the Government...............................................................................................................................................  84 
3.3.2 Science and Technology Expenditures by Government.................................................................................................................................  86 

3.4 Science and Technology Foundations.............................................................................................................................................................................................  92 
3.4.1 The History of Foundations......................................................................................................................................................................................................................  92 
3.4.2 The Supported and Asset Scales of Foundations......................................................................................................................................................  93 
3.4.3 The Type of Assistance and the Targeted Fields........................................................................................................................................................  94 

3.5 R&D in the Government Sector................................................................................................................................................................................................................  96 



Chapter 4 R&D in Universities 

4.1 Universities as R&D Organizations.................................................................................................................................................................................................... 101 
4.2 Features of and Issues Facing R&D in Japan’s Universities..................................................................................................................... 106 

Chapter 5 R&D in Industry 

5.1 Comparison of Industrial Sectors of M ajor Nations................................................................................................................................................ 113 
5.2 Characteristics of R&D in Japan’s Industry.......................................................................................................................................................................... 116 

5.3 Development of R&D Strategies in Japan’s Industry............................................................................................................................................ 119 

5.3.1 R&D Intensity............................................................................................................................................................................................................................................................... 119 

5.3.2 R&D Expenditures by Product Area........................................................................................................................................................................................... 120 

Chapter 6 R&D Achievem ents 

6.1 Science papers........................................................................................................................................................................................................................................................................ 129  
6.1.1 International Comparison of Output of Papers............................................................................................................................................................ 129 
6.1.2 Number of Scientific Papers by Area of Research................................................................................................................................................. 134 

6.2 Patents.................................................................................................................................................................................................................................................................................................. 137 
6.2.1 The Internationalization of Patents................................................................................................................................................................................................ 137 
6.2.2 Comparison of Technical Strengths According to Data on U.S. Patents............................................................................... 142 

6.3 Trade in Technology..................................................................................................................................................................................................................................................... 146 

6.3.1 International Comparison of Technology Trade......................................................................................................................................................... 146 
6.3.2 Technology Trade by Industry in Japan.................................................................................................................................................................................. 149 

6.3.3 International Technology Trading Partners of Japan........................................................................................................................................... 151 

6.3.4 Number of Technology Imports by Field............................................................................................................................................................................. 154 

6.3.5 Technology Trade Statistics for Japan....................................................................................................................................................................................... 155 

Chapter 7Social Contribution of Science and Technology 

7.1 Technological Progress and Improved Productivity................................................................................................................................................ 159 

7.1.1 Raising Labor Productivity of Added Value.................................................................................................................................................................... 159 

7.1.2 Technological Progress and Changes in Total Factor Productivity............................................................................................... 162 

7.2 Innovations in New Product Development............................................................................................................................................................................. 165 
7.2.1 Objectives and M eaning of Indicators...................................................................................................................................................................................... 165 
7.2.2 Trends in Number of Products and Average Product Life.......................................................................................................................... 166 

7.3 Contribution of Telecommunications Technology to Society and Economy.................................................................. 176 

7.3.1 Progress in Telecommunications Technology............................................................................................................................................................... 176 

7.3.2 Growth in the Telecommunications Industry................................................................................................................................................................. 177 

7.3.3 Take-up of Telecommunications Technology................................................................................................................................................................ 179 

7.3.4 Expansion of the Internet............................................................................................................................................................................................................................. 179 
7.3.5 Social Aspects of Telecommunications Technology............................................................................................................................................ 181 

7.4 Contribution of Life Sciences....................................................................................................................................................................................................................... 184 
7.4.1 Trends in Life Sciences Research Expenditure........................................................................................................................................................... 185 
7.4.2 State of Patents Concerning Genetic Engineering.................................................................................................................................................. 186 

7.4.3 Applications in Agriculture, Forestry and fisheries.............................................................................................................................................. 189 
7.4.4 Technological Advances in M edical Care........................................................................................................................................................................... 192 



Chapter 8 Public Opinion on Science and Technology 

8.1 Public Interest in Science and Technology.............................................................................................................................................................................. 197 
8.1.1 Interest in Science in Technology.................................................................................................................................................................................................... 198 

8.1.2 Images Surrounding Progress in Science and Technology......................................................................................................................... 200 
8.1.3 Areas of Science and Technology in W hich Development is Anticipated.......................................................................... 201 

8.2 Biotechnology......................................................................................................................................................................................................................................................................... 204 

8.2.1 General Bio-ethical Issues.......................................................................................................................................................................................................................... 204 
8.2.2 Bio-ethical Issues Surrounding Cloning................................................................................................................................................................................ 206 

8.3 Information Technology......................................................................................................................................................................................................................................... 208 

8.4 Global Environmental Issues......................................................................................................................................................................................................................... 210 
8.5 Conclusion.................................................................................................................................................................................................................................................................................... 213 

Chapter 9 Regional Science and Technology Activities 

9.1 Education........................................................................................................................................................................................................................................................................................ 216 

9.1.1 Number of Universities and University Students..................................................................................................................................................... 216 
9.1.2 Number of Graduates......................................................................................................................................................................................................................................... 218 
9.1.3 Number of Students at Post-secondary Technical Schools........................................................................................................................ 219 
9.1.4 Community Education...................................................................................................................................................................................................................................... 220 

9.2 R&D Activities...................................................................................................................................................................................................................................................................... 222 
9.2.1 Number of Research Facilities at Private Companies....................................................................................................................................... 222 
9.2.2 Number of National Research Institutes and Researchers.......................................................................................................................... 223 
9.2.3 Number of Regional Research Institutes and Researchers......................................................................................................................... 224 

9.3. Policies for Regional Promotion of Science and Technology................................................................................................................ 226 

9.3.1 Provision of Comprehensive Regional Promotion Systems.................................................................................................................... 226 
9.3.2 Regional Expenditures on Science and Technology............................................................................................................................................ 228 

9.3.3 regional Expenditures by Each Prefectural Government for Regional Higher Education in Science 
and Engineering............................................................................................................................................................................................................................................................................... 230 

9.4 Achievements of Science and Technology Activities............................................................................................................................................ 232 
9.4.1 Number of Patent Applications........................................................................................................................................................................................................... 232 

9.5 Science and Technology Activities and Regional Economies................................................................................................................. 233 
9.5.1 Number of Venture Companies........................................................................................................................................................................................................... 233 
9.5.2 Number of Companies with New Listings and Over-the-counter Issues............................................................................. 234 
9.5.3 Gross Prefectural Product and Prefectural Income Level............................................................................................................................ 235 

9.6 Stractural Change of Regional Industries.................................................................................................................................................................................. 236 

Appendix .............................................................................................................................................................................................................................................................................. 243

Boxed item  

Integration of Indicators by M ultivariate Analysis....................................................................................................................................................................  30 

The Classifications of Organizations in the R&D Statistics in M ajor Countries.....................................................................  68 

Japan's Venture Companies............................................................................................................................................................................................................................................... 125

JAN Codes and JICFS Codes........................................................................................................................................................................................................................................ 172



Explanatory Notes 

1. All descriptions, figures, tables, etc., except for diagrams whose source has been specifically 

mentioned, are the work of the National Institute of Science and Technology Policy. 

2. Information sources for indicators listed below figures and tables in this report are defined as 

follows; 

Sources:  Original source for indicator data or original provider of data.  In this report, figures 

and tables have been prepared on the basis of data from these sources; the expressions 

“prepared from” or “compiled from” will be used when considerable processing of 

data has been carried out.  

Duplication: Figures duplicated from other publications. 

3. Commentary on the text is marked by (1) within the text, and the commentary itself is given later in 

an appropriate spot. 

4. References are given at the end of the chapter.  References are marked by [1] within the text. 

5. For yearly data, survey times and periods may differ by country or type of statistics.  Distinctions 

between calendar and fiscal years are not necessarily made in the same manner as in the original 

source but rather expressed in a way appropriate for showing the characteristics of the date and for 

international comparisons. 



Introduction  About a Science and Technology  

Indicators

 The purpose and structure of science and technology indicators creation 
 Since the National Institute of Science and Technology Policy(NISTEP) published the 
"science and technology indicators" report of the 1st edition in 1991, it was scheduled to 
publish the 4th edition in this time. The "science and technology indicators" has been 
utilized for people who hold concern in internal and external science and technology as 
data which grasp science and technology activity of our country quantity-wise and 
systematically. On the other hand, the science and technology in the world after 
entering in the 1990s is carrying out intense change which was not expected. when the 
1st edition is created. Also in our country, while recognition of the importance of a 
science and technology indicators increases ignited by formation of the science and 
technology organic act in 1995, decision of the science and technology master plan in 
1996, etc., various requests are brought near. Based on such a request, its best was 
tried to carry out the latest situation of science and technology activity for whether 
being dawn in this version. 
 By the way, only one indicator cannot express the present condition of science and 
technology activity. It is because not only the science and technology activity which is 
the object of an indicator goes over it intricately variably,but also the range of the 
object which has a base supporting it and influence is extensive and also in time, a long 
viewpoint is required. 
 namely,  if it is going to express science and technology activity with an indicator, It 
is necessary  that statistics are collected from the large range and analyze by the time 
series.  Moreover, it is indispensable also to the comparison with other industrialized 
nations in the same situation. If that is right, what statistics should be collected and by 
what statistics should compare? If it says about individual statistics, it is required that 
a definition is clear, that it is reliable, to be collected serially, for comparison (for 
example, international comparison) to be possible, etc. However, just this is 
insufficient.
It is necessary to recognize to consist of what element and it is carrying out what 
structure in that the present condition of science and technology activity of one country 
is grasped. 
The system of science and technology indicators was developed for such the purpose. 
Since signs that water flows and falls gradually from a top are resembled, it is called 



Cascade Sstructure. This structure can compare worth of an individual indicators now, 
and choice became possible. Since it has already introduced with the previous version 
about the details of this system, it omits here. 

Composition of this report  
 In accordance with a science and technology indicators system, we are collecting and 
checking the composition individual indicators of this report. However, if it gets 
poisoned by constituting a report, in consideration of the ease of reading etc., it has not 
necessarily carried out as the system. The report was made the following composition. 

Chapter 1  Overview of Science and Technology Activity in Japan 
  While main things were introduced out of the indicator shown in detail after Chapter 
2, some indicators for synthetic grasp were added and science and technology activity 
of Japan was surveyed. 

Chapter 2  Education and Human Resources Development for science and technology  
  International comparison of the present condition of the mathematics and the science 
education in a junior high school, ratios of students going on to higher schools such as a 
high school and a university, the situation of the desire and entrance seen by the 
faculty of a university, the employment situation by the industry after the graduation 
from a university, the situation of entrance into a school of higher grade to a graduate 
school, etc. were described. 

Chapter 3  R＆D Systems and the Public Sector 
R&D activities of the advanced major power centering on Japan were shown using the 
data of a R&D cost or a R&D human resources. It took up also about the science and 
technology relation foundation which has achieved the function as a semi- public sector 
for the function and activity situation of a public sector with R&D activities of the 
whole country. 

Chapter 4  R&D in Universities 
The situation was described for the activity as a R&D organization of an university 
using the indicator about a research and development cost, a R&D human resources, 
etc  and added also international comparison. 
Chapter 5  R&D in Industry 
  About the situation of R&D of an industrial sector, the international comparison 
which used the data of a research and development cost or a R&D human resources, 



and the detailed analysis by industry were described.  

Chapter 6  R&D Achievements 
  The result of R&D of Japan was quantitatively shown using the indicator about a 
science and technology paper, a patent, and technical trade including international 
comparison. 

Chapter 7  Social Contribution of Science and Technology 
  In order to consider the influence affect economy and society of Japan by science and 
technology activity, the indicator related, respectively is introduced about technical 
progress and improvement in productivity, the innovation seen from new product 
development, and development and its contribution of information communication 
technology and life science  

Chapter 8 Public Opinion on Science and Technology 
  The result of the opinion poll about technology is analyzed, and national 
consciousness about science and technology at large, and in each field of declaration, 
information, and environment. 
  .  
Chapter 9 Regional Science and Technology Activities 
  In order to grasp the many-sided science and technology activity in an area, the 
indicator about each item of  education, research and development, the technology 
promotion measure of all prefectures, the result of technology activity, technology 
activity and regional economy, a structural change of regional economy, was introduced. 

The feature of this report 
(1) The first step policy evaluation type from a present condition report type 
  In creating the "Science and Technology Indicators" of the 1st edition, the purpose of  
Science and Technology Indicators was examined and divided roughly and it was 
thought that there were three models. They are the "present condition report type" 
which reports the present condition of science and technology activity, the "judged 
type" which judges situations such as internationalization, and the "policy evaluation 
type" by which the effect of a policy is evaluated. Although devoted to the present 
condition report type at the beginning, some judged type indicators (for example, 
comprehensive science and technology indicator) were developed and added after it. 
With this version, one step is further advanced to the policy inclination type. It 
specifically examined what indicators were required for policy decision (large 



meaning), and each indicator was improved based on it. In this process, the person in 
charge of indicators development did participating in the workgroup which works on a 
policy etc., and bore the role of mediation of indicators development and policy 
decision. 
・In order to grasp many subjects for policy decision more correctly, various indicators 

are required and it is actually used. However, since the room of much more 
improvement was in the practical use method, it tried to described the point which 
it should be careful of in case data as in detail as possible, and show the indicators 
for performing a suitable argument. For example, science and mathematics 
detached building of youth, shortage of a researcher supporter, appropriateness of 
the required level of a basic research cost and a public burden rate, burden 
structure of the R&D capital of a university etc.  
・By international comparison, it turned out that the indicators which show the 

problem and weak point of science and technology of Japan were important, and 
efforts were paid to fullness of the indicators of international comparison, and the 
improvement in suitable nature. 
・In the NISTP, the trend of the science and technology policy of an overseas major 

power was investigated, the result was taken in, and the indicators used in each 
country was enriched. 

(2) Addition of a new indicators 
  The new indicators were added, taking into consideration the science and 
technology indicators system introduced previously. An aggressive trial is also in 
inside and we want to decide worth of indicators such them by accumulating research 
further from now on. 
・Chapter 9 Regional Science and technology activities was reformed extensively. The 

most is based on original investigation of the NISTP. Since there were little existing 
statistics about science and technology activity of area, we added many indicators 
by original investigation, and developed the new indicators. 
・In Chapter 7 Social Contribution Science and Technology, while the relation of the 

science and technology and improvement productivity was shown,we tried 
development of the indicators about the innovation seen from new product 
development. This indicators are completely not only new, but it is thought possible 
to compare from now on. 

(3) Fullness of the existing indicators 
  Various knowledge was acquired by accumulation of the R&D about the indicators 



after the 1st edition. Based on them, the existing indicators were improved and it was 
substantial. 
・It was made as clear about the limit of the statistics about science and technology, 

important matter, and also shortage of further statistics as possible. Although the 
recognition to the importance of science and technology statistics is increasing, 
statistical fullness has not caught up. It expects that this report is useful to these 
problems. 
・The indicators which show development of the globalization which was the 

remarkable feature of the latest science and technology was enriched. For example, 
patent international application, international comparison of technical trade, etc. 
・About the comprehensive indicators, each data was improved in detail, continuing 

the method to last time, and improvement in reliability or validity was aimed at. 
 In addition, it tried to make an interpretation of indicators exact hard. Moreover, It 
regarded so that it might become a plain description as possible. We think that we 
want to publicize also generally widely in addition to people engaged in a science and 
technology policy, and the report of Science and Technology Indicators is carried to the 
homepage of the NISTP. Moreover, since there are strong needs also internationally, 
while it translates immediately and it publishes, it is due to carry to the homepage of  
the NISTEP. Finally, in order to make it the reference at the time of improving 
Science and Technology Indicators, we want to expect the opinion which does not have 
the reserve of the broad persons concerned to this report. 

Fujio Niwa 
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Chapter 1  Overview of Science and Technology Activities in 
Japan 

1.1 R&D Expenditures 

(1) R&D Expenditures for Japan as a Whole 
The investment of funds into science and 

technology has come to take on increased 
importance in the majority of countries 
throughout the world as a driving force in 
stimulating economic growth, securing em-
ployment and overcoming social problems. 
Of this investment, R& D expenditures are an 
investment to generate new science and tech-
nology, and that data is vital in ascertaining 
trends in the world's science and technology. 
As a result, R&D expenditures will be the 
first topic dealt with. It needs to 

be stressed, however, that R&D expenditures 
are only one part of investment in science 
and technology, and are no more than an in-
dicator of one aspect of science and technol-
ogy initiatives. 

In Japan, the U.S., Germany, France and 
the U.K., in the early 1990s the rate of in-
crease in R&D expenditures stagnated 
from the 1980s. Upon entering the late 
1990s, however, R&D expenditures in 
Japan and the U.S. have increased mark-
edly once more.  
The total amount of R&D expenditures 
was 16.1399 trillion yen in FY1998, the  

Figure 1-1-1 Trends in gross dom estic R&D expenditures in selected countries Nom inal Value 

(Nom inal value: OCED Purchasing Power Parity Calculations) 

Notes: Data for each country include natural science and hum anities/social science. (this or subsquents ones section1-1 and 1-2 sam e) 

  Data for Germ any is an old federal area till 1990. About other details of each country, it is referring to the note of figure 3-1-1 and appendix 

table 3-1-1.  

Sources: Japan – The m anagem ent and Coordination Agency, Statistics Bureau, “Report on the Survey of Research and Developm ent” 

U.S. – NSF, “National Patterns of R&D Resources” (each year edition) 

 Germ any – BM BF, “Bundesbericht Forschung 1996”, “Faktenberidht 1998” 

 France – État de la recherche, et du dévelopm ent technologique, “Projet de loi de finances”, OECD, “M ain S&T Indicators 

1999/2”(from 1993 value) 

 U.K. – OECD, “M ain S&T Indicators 1999/2”, “Basic Science and Technology Statistics 1996” 

Purchasing Power Parity – OECD, “M ain S&T Indicators 1999/2”, “National Accounts, 1999” 

 (In this chapter, the above sources used the abbreviated nam e of “The R&D Statistics of each country” )  

See: figure 3-1-1 and appendix table 3-1-1 
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Chapter 1 O verview of Science and Technology Activities in Japan                          

fourth consecutive increase continuing on 
from FY1995 to FY1998. Against the back-
ground of the continuing economic recession, 
this increase can be attributed mainly to the 
sustained R&D expenditures by industry and 
the increase in the government's science and 
technology-related budgets (Figure 1-1-1). 

R&D expenditures as a percentage of 
gross domestic product (GDP) fell in the 
three European countries from the late 
1990s, while these figures increased for 
Japan and the U.S., indicating a diver-
gence of values between countries. Ja-
pan's figures have remained the highest 
of the five countries since 1989. In the 
late 1990s, R&D investment was sus-
tained despite the sluggishness of GDP, 
which meant that the percentage in-
creased. The figure of 3.26%  for FY1998 
was a new record (Figure 1-1-2). 

Figure 1-1-2 Trends in ratio of gross  

dom estic R&D expenditures in selected  

countries.

Source: The R&D statistics of each country  

See: figure 3-1-2 and appendix table 3-1-2 

W hile Germany, France and the U.K. did 
not record conspicuous increases in R&D 
expenditures, quantitative expansion is 
evident in terms of several output aspects 
of R&D. In the background to these 
changes are the advances in R&D made 

in the 1990s under the framework of the 
EU (see Chapter 1, Section 5). 

Comparing R&D expenditures by nature 
(breakdown of R&D expenditures by ba-
sic research, applied research, and devel-
opment), apart from Japan's percentage of 
basic research exceeding that of the U.S. 
in 1995, this figure has constantly re-
mained at the bottom of the four coun-
tries. Additionally, the percentage of 
R&D expenditures devoted to basic re-
search in the U.S. is lower than that of 
Germany and France. The fact that the 
percentage of R&D expenditures ac-
counted for by basic research in Japan 
and U.S. is affected by the high percent-
age of R&D expenditures of the indus-
trial sector (Figure 1-1-3). 

Figure 1-1-3 Trends in R&D expenditures 

in selected countries by characteristic of 

work 

Note: There is no difference between applied research and 

developm ent research in Germ any. (other details see figure 

3-2-3)

Source: The R&D statistics of each country 

See: figure 3-2-3 and appendix table 3-2-3
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  (2) Government Investment and Policy 
Comparing science and technology ex-
penditures as a percentage of GDP in  
the five selected countries, Japan is a low 
level within the selected countries, but 
since the late 1980s Japan is the only 
country to be increasing. The decreases  
in the U.S., Germany, France, and the 
U.K. indicate their contractions in de-
fense-related science and technology ex-
penditure and the changes in the role of 
government in R&D (Figure 1-1-4). 

Figure 1-1-4 Trends in ratio of  

governm ental S&T budget to GDP in  

selected countries  

Note: Other details of each country see figure 3-3-3 and appendix 

table 3-3-3 

Source: Science and Technology Agency Data 

See: figure 3-3-5 and appendix table 3-3-5 

Changes in the role of government in the 
R&D system are evident in the fall in the 
percentage of the government's share of 
R&D expenditures in the U.S., France, 
and the U.K. That is to say, since 1981, 
the percentage of R&D expenditures 
shouldered by the government in these 
countries has been falling, and the fall in 
the U.S. has been particularly marked. 
However, Japan is consistently at a lower 
percentage than these countries, with the 
percentage shouldered by the government 
in 1998 being 21.7% . W hile there have 
been no great changes to the percentage 

in Japan over the long term, the percent-
age in the 1990s is somewhat higher than 
that of the late 1980s (Figure 1-1-5). 

Figure 1-1-5 Trends in ratio of R&D  

expenditures sources by governm ent in  

selected countries 

Note: The R&D statistics of each country 

Source: figure 3-3-1 and appendix table 3-3-1 

Japan's “Science and Technology Basic 
Plan” (approved by the Cabinet in July 
1996) the need to have a total govern-
ment science and technology expenditure 
from FY1996 to FY2000 of approxi-
mately 17 trillion yen is clearly stated. 
Totaling up the government's actual sci-
ence and technology expenditure over 
this five-year period, a figure of 17.1763 
trillion is reached, indicating that the tar-
get is likely to be reached (Figure 1-1-6). 
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government's science and technology 
budgets (3.0026 trillion yen in the same 
year). The large part of science and tech-
nology budgets by prefectures and 
semi-autonomous cities is accounted for 
by expenditures relating to public experi-
mental and research institutions (46%  of 
the total) and expenditures relating to sci-
ence higher education institutions (35%  
of the total). (See Chapter 3, Section 3. 
For regional science and technology ac-
tivities see Chapter 9.) 

Figure 1-1-6 Trends in the S&T budget in  

the S&T basic plan in Japan 

Note: Com petitive capital showed the am ount of m oney (vertical 

axis) by the polygonal line, and displayed in the parenthesis 

the rate for which it accounts to the whole.  It is the proposal 

general invitation of a science research cost subsidy (M inistry 

of Education), technology prom otion adjustm ent expense 

(Science and Technology Agency), a welfare science research 

cost subsidy (M inistry of Health and W elfare), 

earth-environm ent research synthesis prom otion expense 

(Environm ent Agency), the new basic research prom otion 

system  (each m inistry agency) by the special public 

corporation, and reform ist technical developm ent which was 

m ade into com petitive capital here. 

Source: Science and Technology Agency Data 

See: figure 3-3-7 and appendix table 3-3-7 

(3) University R&D 
Each of the selected countries places em-
phasis on the amount of R&D expendi-
tures used by the university sector. R&D 
expenditures incurred by Japanese uni-
versities and so forth in FY1998 were 
3.2229 trillion yen, equivalent to 20%  of 
R&D expenditures incurred throughout 
Japan (Figure 1-1-7). 

Figure 1-1-7 Trends in R&D expenditures  

in universities/colleges in selected  

countries

Source: The R&D statistics of each country  

See: figure 4-1-1 and appendix table 4-1-1 

A noteworthy feature of the R&D expen-
ditures incurred by Japan's university sec-
tor compared to those of other countries 
is that the portion of expenditures shoul-
dered by the universities themselves is 
high at 90%  (FY1998). On the other hand, 
of the amount of R&D expenditures used, 
funding received from out-side the uni-
versities amounted to 339.1 billion yen 
(FY1998). The percentage of R&D ex-
penditures received from external sources 
that is provided by industry is decreasing 
in recent years (Figure 1-1-8). 

Figure 1-1-8 Trends in breakdown of R&D  

funs paid outside in Japan 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: figure 4-2-2 and appendix table 4-2-2  
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(4) Industry 
The industrial sector is the largest sector 
in terms of both incurring and funding 
R&D expenditures in the major industri-
alized countries. In Japan in particular, 
the weight occupied by the industrial 
sector is high, as is the case in the U.S. 
The R& D expenditures of Japan's in-
dustrial sector were 10.8001 trillion yen  
in FY1998, accounting for some 66.9%  
of the nation's R&D expenditures (see 
Chapter 3, Section 1). 

R&D expenditures in industry of the five 
major industrialized countries, including 
Japan, after increasing in the 1980s, stag-
nated in the early 1990s. In the subse-
quent period, Japan's R&D expenditures 
increased once more from the late 1990s. 
R&D expenditures in the U.S. have also 
increased dramatically in the late 1990s 
(Figure 1-1-9). 

Figure 1-1-9 Trends in industrial R&D  

expenditure in selected countries 

Source: The R&D statistics of each country. 

See: figure 5-1-1 and appendix table 5-1-1 

Comparing R&D expenditures in indus-
try of the selected countries for the major 
industries, in “electrical communication 
instrument and machinery” industry Ja-
pan's R&D expenditures are 60%  of those 
of the U.S. on a purchasing power parity 
basis, but there is a great difference be-
tween Japan and the U.S. in the “preci-

sion instrument” industry. In addition, 
Japan's R&D expenditures in the “aero-
space” industry are extremely low within 
the major industrialized countries. In the 
“motor vehicles” industry Japan's R&D 
expenditures are higher than those of 
Germany, France and the U.K., but are 
only 56%  of those of the U.S. In the 
“pharmaceuticals” industry the difference 
between Japan and the U.S. is great, but 
Japan's expenditures still exceed those of 
other countries (Figure 1-1-10). 

Figure 1-1-10 M ajor industrial R&D 

expenditure in selected countries 

(m ajor industries: purchasing power 

 parity) 

Notes: 1) Other industries are included in “The electrical 

com m unication instrum ents and m achinery” of Japan and the 

U.S. and “the m otor vehicles” in the U.S. . 

 2) Since the value by industry was unknown, “aerospace” of 

Japan added up the research and developm ent cost about the 

airplane in “m achine industries for transportation other than 

the m otor vehicles” 

Source: OECD, “Basic Science and Technology Statistics 1998” 

See: figure 5-1-3, appendix table 5-1-3 
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1.2 Science and Technology 
Hum an Resources and their 

Developm ent

Japan had some 733,000 R&D scientists 
and engineers in 1999, which in terms of 
population is a high level compared with 
other countries on the world stage. Over 
the past 30 years, this number has in-
creased in an almost straight line due 
mainly to an increase in the number of 
R&D scientists and engineers in industry. 
The overall of numbers of R&D scientists 
and engineers in each of the other indus-
trialized countries is also basically in-
creasing. There are differences by coun-
try in the statistical data concerning R&D 
scientists and engineers, and a variety of 
different conditions must be taken into 
account when making comparisons (Fig-
ure 1-2-1). 

Figure 1-2-1 Trends in num ber of R&D 

scientists and engineers in selected 

countries

Source: The R&D statistics of each country 

See: figure 3-1-3 and appendix table 3-1-3 

Taking a look at a breakdown of Japan's 
R&D scientists and engineers (733,000) 
by specialty and by sector, a large per-
centage of R&D scientists and engineers 
are in “electrical and communications” 
and “machinery, shipbuilding, and aero-

nautics” and other engineering sectors. 
The majority of these R&D scientists and 
engineers belong to the industrial sector. 
“M edicine and dentistry” follows these 
sectors, with the majority of R&D scien-
tists and engineers in these areas affili-
ated with universities and so forth. The 
majority of R&D scientists and engineers 
engaged in the “human, cultural and so-
cial sciences” are also affiliated with uni-
versities (Figure 1-2-2). 

Figure 1-2-2 Num ber of R&D scientists 

and engineers by specialty and sector in 

Japan (1999) 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: figure 3-2-5 and appendix table 3-2-5 
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The human resources responsible for 
R&D activities are not limited to R&D 
scientists and engineers, however. Tech-
nicians and research clerical coordinators 
also play an important role. Looking at 
these research support staff per researcher, 
Japan's figures are low on an interna-
tional basis. This percentage is also fal-
ling as the years go by (Figure 1-2-3). 

Figure 1-2-3 Num ber of Research Support 

workers per R&D scientists and engineers 

in selected countries 

Source: The R&D statistics of each country 

See: figure 3-2-6 and appendix table 3-2-6 

In Japan, in an effort to promote the de-
velopment and expansion of young R&D 
scientists and engineers, the “Plan for 
10,000-man Support for Post Doctorates” 
has been promoted since FY1995. This 
plan attempts to provide some 10,000 
post doctorate students with the op-
portunity to engage in research activities 
in national research institutions and uni-
versities by FY2000. The plan has pro-
moted an expansion in support for a vari-
ety of post doctorates by government 
ministries and agencies. In fact, FY1999 
saw support measures adopted for some 
10,231 post doctorates including those in 
the supplementary budget, increasing dra-

matically to a figure 2.6 times greater 
than that of FY1995 (Figure 1-2-4). 

Figure 1-2-4 Trends in num ber of  

researchers supported by plan for 10 

thousand post-doctoral researchers 

Note: Each fiscal year shows the budget m easure num ber, and a 

part for a supplem entary budget is included. 

Source: Science and Technology Agency data 

See: figure 3-2-8 and appendix table 3-2-8 

Carrying out an international comparison 
on the development of human resources 
responsible for advanced science and 
technology activities including R&D ac-
cording to the number of people who 
have obtained doctorates, Germany has 
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tion, followed by the U.K. (174), and the 
U.S. (170). Japan's figure of 111 is only 
approximately 40%  of that of Germany, 
and just over 60%  of that of the U.S. and 
the U.K. (Figure 1-2-5). 
Comparing the breakdown of people with 
doctorates by major, the U.S. has a high 
percentage in art and the humanities, UK 
has a high percentage in science, and 
Germany has a high percentage in medi-
cine. In Japan, the percentage of doctor-
ates in engineering and medicine in par-
ticular are higher than in other countries. 
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Looking at the development of human re-
sources responsible for science and tech-
nology activities from the number of aca-
demics entering university faculties, 
overall the figure of 333,000 in 1970 has 
increased to 590,000 in 1998, a factor of 
around 1.8. W ithin these figures, entries 
into the social sciences increased by a 
factor of around 1.7, while entries into 
engineering increased by 1.6, which were 
increases of a similar magnitude. On the 
other hand, entries into science increased 
by approximately 2.0, humanities by 
around 2.5, and health by around 4.3, 
which were relatively larger increases. 
Overall, however, large changes were not 
evident in the percentage composition by 
main faculties (see Chapter 2). 

Figure 1-2-5 International com parison of 

the num ber of doctorates conferred 

Note: Table show international com parison of num ber of 

doctorate conferred in each year. 

Source: M inistry of Education, “International Com parison of 

Education Indicators” 

See: figure 2-5-3 and appendix table 2-5-2 

The number of people hoping to be admit-
ted to university, which acts as key data 
when discussing human resources develop-
ment in universities, reflects the impact of 
the social situation. Com paring the total 
number of people hoping to be admitted to 
university (total number of applications sub-
m itted to universities by people want- 
ing to enter university) according to sci-
ence/technology and economics, in the 1970s 
and from the late 1980s to the early 1990s 
the number of science and technology appli-
cants fell or increased slightly. In contrast, 
the number of economics applicants has in-
creased, and there are fears that there will be 
a movement away from science and technol-
ogy. The late 1990s saw a marked reduction 
in economics applicants, but the percentage 
of science and technology applicants has flat-
tened out (Figure 1-2-6). 
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Figure 1-2-6 Trends in num ber of applicants for adm ission and com petitiveness 

Source: M inistry of Education, “Report on Basic Survey of Schools”  

See: figure 2-3-1 and appendix table 2-3-1 
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1.3 The Public and Science and 
Technology 

According to results of a survey making 
an international comparison of the level 
of education achieved in mathematics and 
science in elementary and junior high 
school, Japan boasts extremely high aver-
age scores, while on the other hand there 
is also a strong tendency to dislike mathe-
matics and science. 
In the scores for mathematics in 2nd grade 
of junior high school, Singapore ranked 
highest with 643 points, followed by Ko-
rea, Japan (605 points) and Hong Kong, 
which all had similar levels. 
On the other hand, making an interna-
tional comparison of the like/dislike of 
mathematics, a particularly high percent-
age of Japanese students dislike mathe-
matics. That is to say, looking at the re-

sponses about the degree of like/dislike 
of m athem atics (response from  four 
choices), the international average per-
centage of responses indicating a like a 
lot for mathematics is 19% , while 49%   
of students like mathematics (giving a 
combined total of 68% ), indicating that 
mathematics is liked in the majority of 
countries. In Japan, however, only 10%  
of students like a lot mathematics, while 
43%  of students like mathematics (giving 
a total of 53% ), which is the second low-
est result above Czech Republic (Figure 
1-3-1).
Furthermore, Japanese students do not 
find mathematics enjoyable, and they 
have a low perception that mathematics is 
important for their daily lives. There is 
also a low consciousness of people want-
ing to do work that uses mathematics. 

Figure 1-3-1 International com parison of relationship between student attitude toward  

m athem atics and sores 

Note: “Like/dislike index” m eans, it point-ized by the following weight, 

   “Like a lot” +2, “Like it” +1, “Dislike it” -1, “Dislike a lot” –2 

Source: M inistry of Education, National Institute for Educational Research, “International Com parison of M athem atics and Science Education in 

Junior High Schools”, M arch 1997 

See: figure 2-1-1 and appendix table 2-1-1 
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W ith regard to science, too, almost the 
same trend as mathematics is evident. In 
Japan, while the average score is ex-
tremely high, as is the case with mathe-
matics, a large number of students have a 
strong dislike for the subject. 
The score for science in 2nd grade junior 
high school is highest in Singapore (607 
points), followed by Czech Republic, Ja-
pan, Korea, Bulgaria, Netherlands (with 
no statistical difference within this group). 
Looking at the other selected countries, 

the U.K., the U.S. and Germany all re-
corded average scores, with France's 
score below average. 
Asking students about their like/dislike 
for science, on average some 73%  of re-
sponses indicated a like a lot or like for 
the subject, indicating that students in 
most countries like science. The same 
figure for Japan was 56% , however, plac-
ing Japan at the lowest level (Figure 
1-3-2).

Figure 1-3-2 International com parison of relationship between students attitude towards 

science and scores 

Note: Index m eans the ratio of students who “like science very m uch” or “like science” 

Source: M inistry of Education, National Institute for Educational Research, “International Com parison of M athem atics and Science Education in 

Junior High Schools”, M arch 1997 

See: figure 2-1-2 and appendix table 2-1-2 
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In response to the question whether peo-
ple are interested in news and topics of 
conversation about science and technol-
ogy, a 1998 survey indicated that some 
58.1%  of people are interested (total of 
"interested" and "moderately interested"), 
representing more than half of the popu-
lation.
Looking at the results by sex, the per-
centage of males who indicate an interest 

is higher, while for females the per-
centage who indicate not interest is 
higher. Additionally, the percentage of 
people who indicated an interest is higher 
for males aged 30 and older, while the 
percentage of people who indicated not 
interest is higher for females aged be-
tween 18 and 29, in their 30s and over 60 
(Figure 1-3-3). 

Figure 1-3-3 Interest in inform ation about science and technology 

Note: 1) Before [the investigation carried out in February 1995], it was “very interested”. 

 2) In the investigation carried out in M arch 1987, It was “not interested al all”. 

 3) In the investigation carried out in M arch 1987, “neither” and “don’t know” were “neither/don’t know” com bined 

Source: Prim e M inister’s Office, Public Relations Office, “Public Opinion Poll on the Future of Science and Technology”  

See: figure 8-1-1 and appendix table 8-1-1
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Figure 1-3-4 Public assessm ents of progress of science and technology 

Source: Prim e M inister’s Office, Public Relations Office, “Public Opinion Survey on Future of Science and Technology” (October 1998) 

See: figure 8-1-3 and appendix table 8-1-3 
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1.4 Science and Technology and 
Econom y and Society 

Science and technology activities have a 
variety of impacts on the economy and soci-
ety, and conversely, the progress of science 
and technology is affected by social and eco-
nomic conditions. Such a mutual relationship 
is both complex and wide-ranging, but here 
we will deal with the recent advances in in-
formation technology and the life sciences, 
and indicators of the impact that technologi-
cal advances have on economic growth. 

The time required for major telecommu-
nications media to achieve market pene-
tration of 10%  in Japan was 76 years for 
the telephone, but this has become shorter 
with cellular phones and car phones only 
taking 15 years, and personal computers 
taking 13 years, while the Internet only 
took 5 years. There is a clear tendency for 
the time required for market penetration 
of new technology to become shorter 
(Figure 1-4-1). 

Figure 1-4-1 Tim e required to reach 10%   

penetration rate in Japan by m edia 

Source: M inistry of Posts and Telecom m unications ed., “W hite 

Paper on Telecom m unications”(FY 1999 Edition) 

See: figure 7-3-6 and appendix table 7-3-6 

Comparing the market penetration of 
telecommunications equipment in Japan 
with that of the U.S., the household pene-
tration rate of personal computers is 
50.0% , compared to 32.6%  in Japan. 
There is also a great divergence between 
Japan and the U.S. in terms of the Inter-
net household penetration rate and the 
percentage of schools connected to the 
Internet. On the other hand, however, Ja-
pan boasts higher individual market pene-
tration rates for cellular phones and car 
phones (Figure 1-4-2). 

Figure 1-4-2 Penetration of  

Info-com m unications equipm ent and 

services in Japan and the U.S. 

Source: M inistry of Posts and Telecom m unications ed., “W hite 

Paper on Telecom m unications”(FY1999 Edition) 

See: figure 7-3-7 and appendix table 7-3-7 

The recent advances in the life sciences 
are indicated by patent data. Taking a 
look at trends in the number of patent ap-
plications concerning genetic engineering 
in Japan, the 131 applications in 1980 in-
creased dramatically in the following 
years to 1,724 applications in 1993. 
Looking at the source of these applica-
tions, the number of applications by for-
eigners has consistently exceeded the 
number made by Japanese nationals. 
Some 60%  of these applications originate 
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in the U.S., which is much higher than 
Germany (9% ) in second place and the 
other countries (Figure 1-4-3). 

Figure 1-4-3 Num ber of patent applications 

in Biogenetics by country 

(as of M ar.,1999) 

Note: The patent for which it applied by the international 

application system  based on a patent cooperation treaty has 

delay of tim e in an official announcem ent in Japan, and it has 

decreased seem ingly 1995. 

Source: Patent Office Hom epage 

See: figure 7-4-5 and appendix table 7-4-5 

In order to gain a clear picture of the im-
pact that science and technology has on 
economic growth, attempts are being 
made to measure improvements in pro-
ductivity (the production output per in-
vestment factor in production activities). 
The typical indicator of such productivity, 
total factor productivity, is the total added 
value per unit of the total production in-
vestment factors (labor and capital). This 
indicator indicates the efficiency of pro-
duction of a nation, so the rate of growth 
in such productivity is regarded as re-
flecting technological progress. 
Taking a look at trends in the total factor 
productivity index (value achieved by di-
viding the total factor productivity of 
each year by the value for FY1990) in the 

five selected countries(1), while there are 
slight fluctuations, the observation can be 
made that the index is generally moving 
upwards. This indicates that during this 
period all of the five selected countries 
have experienced sustained technological 
progress.

Figure 1-4-4 Trends in total factor  

productivity index in selected countries 

Source: OECD International Sectoral Database (FY1998) 

See: figure 7-1-3 and appendix table 7-1-3 

Looking at the changes over time by 
country, Japan recorded consistent up-
ward movement until 1999, but 1992 fig-
ures were lower than 1990 figures, and in 
subsequent years no real gains were made. 
The index in the U.K. peaked in 1988, 
and in the following years it dropped off. 
In contrast, in the U.S., France and Ger-
many, while slight fluctuations were re-
corded, they continued to record im-
provements in 1990 and beyond. France, 
in particular, improved by 7%  in 1997 
compared to 1990 figures. 
Taking a look at the average annual 
growth rate in total factor productivity, 

(1) “German's total factor productivity index” is the “W est German 
total factor productivity index.” 
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regarded as reflecting technological pro-
gress, over the whole period (1978 to 
1997), France recorded the highest 
growth rate at 1.47% , followed by Japan 
with 1.29% , then Germany (1.15% ), the 
U.K. (1.00% ) and the U.S. (0.62% ). 
Looking at the average growth rates by 
dividing the observation period into the 
1980s and the 1990s, in the 1980s Japan 
had the highest growth rate (2.00% ), fol-
lowed by France (1.89% ) and the U.K. 
(1.46% ). In the 1990s, however, average 
growth rates slowed in all countries, and 
the stagnation was particularly marked in 
Japan and the U.K.. 

In today's situation where the creation of 
new industry is an important issue faced 
by Japan, it is extremely important to 
gain a clear picture of the state of venture 
companies. Taking a look at the results of 

a questionnaire survey about Japan's ven-
ture companies carried out by the Na-
tional Institute of Science and Technol-
ogy Policy, many venture companies that 
took part in the survey were established 
in 1970 or later, but there were also a lar-
ge number which were established before 
that, giving a wide-ranging distribution. 
As a recent trend, however, there has 
been a marked increase in the number of 
new companies where management is 
striving towards a listing on the stock ex-
change, and the creation of R&D-oriented 
companies (companies where R&D ac-
counts for at least 10%  of sales) is also 
progressing gradually. W hile Japan's 
venture companies are often referred to as 
being in a slump, in this way there are 
some aspects for which expectations can 
be held (Figure1-4-5) (Reference [9]). 

Figure 1-4-5 Distribution of the year of establishm ent of the venture com panies 

Note: “IPO-oriented” m eans com panies whose m anagem ent replied that they were “striving towards Initial Public Offering (IPO)” 

Source: Science and Technology Agency, National Institute of Science and Technology Policy, “Research into Japan’s 

Venture Com panies and Founders” (NISTEP Report No.61) 

(M arch 1999) 
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1.5 Perform ance of Science and 
Technology 

Recently fears have been spreading 
about a drop in Japan's international com-
petitiveness. Although there have been sev-
eral efforts to evaluate the competitiveness 
of the countries of the world, few attempts 
have been made to make a comprehensive 
assessment of science and technology. In 
the section below, we will therefore intro-
duce the indicators appearing in this report 
that concern the performance of science 
and technology, in order to contribute to 
the review of the competitiveness of 
Japan's science and technology. 

A representative attempt to assess 
the competitiveness of countries 
throughout the world is the “W orld 
Competitiveness Report” published an-
nually by IM D (Institute for M anage-
ment Development), a Swiss business 
school and survey organization. Ac-
cording to this report, Japan's interna-
tional competitiveness was ranked 3rd in 
the world in the 1994 edition, after 
which it has fallen to a rank of 16th in 
the world in the 1999 edition. This sur-
vey is an attempt to make a comparison 
of conditions for companies and or-
ganizations to engage in activities. Al-
though it may not necessarily be de-
scribed as an indicator of the com-
petitiveness of a country on the whole, 
its assessment is that Japan's com-
petitiveness fell in the late 1990s (Fig-
ure 1-5-1). 

Figure 1-5-1 Trends in com petitiveness 

according to “The world com petitiveness 

year book” in selected country 

Source: IM D, “The W orld Com petitiveness Yearbook” (each 

year Edition) 

See: appendix table 1-1 

The report states that with regard to sci-
ence and technology alone, Japan's 
com petitiveness has continued to be 
rated highly, and in 1999 the country is 
ranked 2nd in the world after the U.S.. 
However, such a high assessment can 
be attributed largely to the high level of 
investment in science and technology. 
Such an assessment is an assessment  
of potential competitiveness, and in or-
der to assess Japan's competitiveness a 
separate assessment is required con-
cerning performance, the other aspect 
of competitiveness (Figure 1-5-2).
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Figure 1-5-2 Trends in num ber and share 

of Published scientific papers 

Source: IM D, “The W orld Com petitiveness Yearbook” (each 

year edition) 

See: appendix table 1-1 

There are several indicators of perform-
ance in R&D, and one of these is the 
number of scientific papers published in 
the fields of science and engineering. 
Taking a look by country at the number 
of scientific papers recorded in the SCI 
(Science Citation Index), a database for 
science and technology literature which 
is often used in such analyses, Japan's 
share is 2nd in the world after the U.S.. 
The share accounted for by the U.S. is 
overwhelmingly high, but due to the in-
crease in scientific papers from other 
countries and regions, its share is fal-
ling in recent years (Figure 1-5-3). 

Figure 1-5-3 Trends in num ber and share  

of Published science papers 

Note: The paper of a hum anities/social field was rem oved. 

 Duplication appropriation of international collaboration 

paper is carried out in each author’s affiliation country. 

Source: Based on Institute for Scientific Inform ation, and 

“National Science Indicators on Diskette and 1981-1998 

(Deluxe version)”, the National Institute of Science and 

Technology Policy totaled. 

See: figure 6-1-3 and appendix table 6-1-3 

It is important that the assessment of 
scientific papers in science and technol-
ogy takes into account qualitative as-
pects rather than solely counting on 
quantitative aspects. The frequency 
with which scientific papers are cited, 
which is regarded as acting as an indi-
cator of their degree of impact, is a 
useful indicator to review quantitative 
aspects.
Taking a look at the degree of impact of 
the scientific papers from each country 
according to the citation frequency (the 
number of times a country's scientific 
papers are cited per scientific papers di-
vided by the world average), an index 
of the citation frequency of these re-
corded with the SCI, the value for Ja-
pan's scientific papers is positioned 
lowly among major industrialized coun-
tries, and this ranking has been falling 
since the early 1990s. The drop in cita-
tion frequency can also be attributed to 
the increase in the number of scientific 
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papers. In other words, it does not indi-
cate a drop in power of influence, but 
the U.K., Germany and France, coun-
tries which have increased share of the 
number of scientific papers, have also 
recorded increases in the citation fre-
quency. In addition, the U.S., which has 
suffered reduced share in the number of 
scientific papers, has not recorded a 
drop in the citation frequency. Based on 
these trends evident in other countries, 
there are fears of a drop in the relative 
power of Japan's influence (Figure 
1-5-4).

Figure 1-5-4 Trends in RCI of scientific 

papers in selected countries 

Note: The Relative Citation Index (RCI) is found by calculating 

the num ber of citations per paper for each country, and 

dividing this num ber by the international average.  

Source: Based on Institute for Scientific Inform ation, “National 

Science Indicators on Diskette, 1981-1998 (Deluxe 

version)”, the National Institute of Science and Technology 

Policy calculated. 

See: figure 6-1-5 and appendix table 6-1-5 

W ith regard to the performance of 
R&D, patent data also acts an important 
indicator. Although patent systems dif-
fer from country to country, making an 
international comparison difficult, tak-
ing a look at the number of patents ob-
tained in the U.S. by the nationality of 
claimants, Japan's share has accounted 
for 20%  of the total number since the 

late 1980s, evidence that Japan is bring-
ing into full play a great performance in 
terms of quantity. In the 1990s, how-
ever, increases in the number of patents 
granted to other countries and regions 
has meant that while the number of pat-
ents granted to Japanese claimants con-
tinues to increase, the share is tending 
to fall away somewhat (Figure 1-5-5). 

Figure 1-5-5 Trends in num ber of U.S.  

patents granted by selected countries 

Note: The National Institute and Technology Policy calculated 

on the basis of CHI Research Inc., “National Technological 

indicators 1998” 

See: figure 6-2-7 and appendix table 6-2-7 

W ith regard to patents, too, review by 
citation frequency is also useful. In or-
der to indicate the nature of inventions 
as objectively as possible, patent ex-
aminers from the U.S. Patent Office 
make citations of leading patents and a 
variety of literature. Of these citations, 
it is possible to tabulate the number of 
times patents are cited in subsequent 
patents, and calculate the citation fre-
quency in the same way as scientific 
papers.
Taking a look at the citation frequency 
by nationality of the inventor, Japan's 
figures exceeded 1 in the 1980s, a simi-
lar level as the U.S., but this figure fell 
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to below 1 from 1991. 
In 1995 and 1996 a slight increase was 
evident, but patent citation data does 
not stabilize until a certain number of 
years have passed, so it is unclear 
whether it is a certain tendency or not. 
On the other hand, the values for the 
U.S. were higher in the 1990s than in 
the 1980s, and values are stable (Figure 
1-5-6).

Figure 1-5-6 Trends in relative citation 

im pact of U.S. patents 

Note: The Relative Citation Index (RCI) is found by calculating 

the num ber of citations per patent for each country, and 

dividing this num ber by the international average.  

Source: sam e as figure 1-5-3  

See: figure 6-2-8 and appendix table 6-2-8 

The “Science Linkage,” an indicator 
that shows the strength of the relation-
ship between patents and science scien-
tific papers, is the number of times sci-
entific papers are cited per patent in ex-
amination reports of the U.S. Patent Of-
fice. Looking at trends in “Science 
Linkage” values for US patents by na-
tionality of patent claimants, the overall 
values are increasing, and the rela-
tionship between patents and scientific 
papers is becoming stronger. Looking at 
the figures by country, values are the 

highest for the U.S., and the increase is 
quite significant. On the other hand, the 
value for Japan is the lowest of the five 
countries shown in the graph, and the 
gap with other countries has widened in 
the late 1990s (Figure 1-5-7). 

Figure 1-5-7 Trends in the science 

linkage of U.S. patent in selected 

countries

Source: sam e as figure 1-5-3 

See: figure 6-2-10 and appendix table 6-2-10 

W ith regard to the four sectors with 
high science linkages, looking at trends 
in figures for Japan and the U.S., it   
is clear that over the past 10 years, fig-
ures have increased for the U.S. in the 
fields of “biology and microbiology,” 
“organic chemistry,” and “medicine and 
veterinary medicine.” On the other 
hand, while figures for these fields are 
increasing for Japan, those figures are 
much smaller than those recorded by 
the U.S. The field of “basic electrical 
circuitry” recorded a slower increase 
than values in the other three fields, but 
this field has an important place within 
all fields, and is increasing gradually 
Figure 1-5-8). 
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Figure 1-5-8 Trends in science linkage  

by m ajor field in Japan and U.S. 

Source: sam e as figure 1-5-3 

See: figure 6-2-12 and appendix table 6-2-12 
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1.6 Integrated Indicators – The 
Integration of Science and 
Technology Indicators 

In order to quantitatively assess the sci-
ence and technology activities which have 
complex and diverse aspects, a large num-
ber of the indicators that appear in this re-
port are required. However, while this large 
number of indicators are suited to gaining 
an understanding of individual situations, it 
is difficult to gain a clear picture of the 
whole. Therefore, as will be discussed be-
low, by summarizing the information pos-
sessed by the large number of science and 
technology indicators using a statistical 
method called principal component analy-
sis, it is possible to gain a comprehensive 
understanding of the science and technol-
ogy activities of Japan and other major in-
dustrialized countries. 
Principal component analysis is one type 

of multivariable analysis, analysis which 
analyses multiple variables (multiple types 
of quantitative data). The summarized indi-
cators (integrated indicators) which result 
from principal component analysis are dis-
played as a small number of numbers, mak-
ing it easy to understand the whole. In ad-
dition, if necessary it is possible to return 
to individual indicators, and in that regard 
they are capable of fulfilling a supplemen-
tary role to individual indicators. 
(See column "Integration of Indicators 

by M ultivariable Analysis”) 

Integrated Science and Technology 
Indicators

The “General Indicator of Science and 
Technology (GSIT)” was developed to 
give a comprehensive indication of the 
science and technology activities of 
each country by bringing together infor-

mation with a variety of indicators. This 
indicator was synthesized by perform-
ing principal component analysis on 12 
major science and technology indica-
tors, and indicates the sum total of sci-
ence and technology activities of each 
country with a single number. It is use-
ful in making comparisons between 
countries, comparisons with other vari-
ables and looking at changes over time. 
The figures for the General Indicator of 
Science and Technology for the five se-
lected countries almost perfectly re-
flects the size of countries represented 
by population and GDP, with the value 
for the U.S. being highest, and basically 
increasing. The U.S. is followed by Ja-
pan at approximately half the amount, 
then Germany, then France and the 
U.K., which had similar values. Japan's 
figure, after increasing steadily from 
the late 1980s, leveled off in the early 
1990s, but started to increase once 
again from the late 1990s (Figure 
1-6-1).

Figure 1-6-1 Trends in the general  

Indicator of science and technology for  

the five selected countries 

See: appendix table 1-2 
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Comparing the GIST with GDP of vari-
ous countries, the resultant graph is dis-
tributed linearly on the whole, and there 
seems to be a correlation between the 
two volumes. In addition, looking at the 
trends for each country, these are gener-
ally increasing upward to the right, in-
dicating that both science and tech-
nology activities and GDP are increas-
ing (Figure 1-6-2). 

Figure 1-6-2 Trends in Integrated 

Science and Technology Indicators and 

GDP

Source: figure 1-2 and appendix table 1-2 

In order to make a comparison of sci-
ence and technology activities taking 
into account differences in the size of 
countries, taking a look at the value of 
GIST per unit of GDP, Japan is posi-
tioned in the middle of the five selected 
countries, and is moving sideways. In 
the 1990s values for the U.K. have in-
creased dramatically, with the U.S. and 

France both showing increases (Figure 
1-6-3).

Figure 1-6-3 Trends in the value of  

general Indicator of Science and 

Technology per unit of GDP in the five  

selected countries 

See: figure 1-2 and appendix table 1-3 
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Integration of Indicators by M ultivariate Analysis 

M ultivariate analysis is the collective 
name for a variety of methods to analyze a 
large number of variables (many types of 
quantitative data). Of this variety of meth-
ods, this report uses principal component 
analysis for the integration of science and 
technology indicators. Principal component 
analysis is used in the following case: 
when a particular subject is represented by 
a number of variables, principal component 
analysis summarizes their comprehensive 
characteristics into a small number of new 
variables.
In addition, although this is not dis-

cussed in the main text, structural analysis 
of science and technology activities is also 
carried out using factor analysis, thereby 
confirming the appropriateness of variables 
selected. Factor analysis is a method which 
attempts to explain information with a 
large number of variables using a small 
number of potential factors (factors which 
themselves cannot be directly observed, but 
which are regarded as being in common 
between different types of data that have 
been observed). The details of this method 
of analysis are described in detail in Refer-
ence [1]). 

Data Used 
The countries subjected to analysis are 

the five countries of Japan, the U.S., 
France, Germany and the U.K. W ith regard 
to the period surveyed, data is taken from 
the 16 years from 1981 to 1996, from 
which statistics with a high degree of reli-
ability can be obtained. 
The variables used, i.e. the individual 

indicators, are representative indicators that 
indicate the state of science and technology 
activities in a particular country. The fol-
lowing 12 indicators were used. 

[1] Number of Bachelors of Science 
(number of persons who have obtained a 
bachelor degree in the science faculty of a 
university)
[2] Number of Bachelors of Engineering 

(number of persons who have obtained a 
bachelor degree in the engineering faculty 
of a university) 
[3] Number of R& D scientists and engi-

neers (see Chapter 3, Section 1) 
[4] R&D expenditures (see Chapter 3, 

Section 1) 
[5] Value of technology imports (See 

Chapter 6, Section 3) 
[6] Number of scientific papers (number 

of scientific papers recorded with the SCI. 
See Chapter 6, Section 1) 
[7] Frequency of scientific paper cita-

tions (citation frequency of scientific pa-
pers recorded in SCI. See Chapter 6, Sec-
tion 1) 
[8] Number of domestic patent applica-

tions (number of patent applications in 
one's own country. See Chapter 6, Section 
2)
[9] Number of overseas patent applica-

tions (number of patent applications to oth-
er countries. Chapter 6, Section 2) 
[10] Value of technology exports (Chap-

ter 6, Section 3) 
[11] Added value of industrial products 

(added value of secondary industry) 
[12] Value of production of high-tech 

products (added value of high-tech indus-
try)
(See Table 1-4 for details of data) 

The conditions and survey methods for 
these data vary from country to country, 
and while there may be slight problems 
with the reliability of data, changes over 
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time have a strong impact on analysis re-
sults, so these differences are expected to 
cause few problems with the reliability of 
analysis results. 

General Indicator of Science and 
Technology (Results of Principal Component 
Analysis)
The first main component obtained from 

principal component analysis had a fixed 
value of 8.48, a ratio of 70.7% , and an ex-
plaining ability of around 70% . This first 
principal component has been adopted as 
an indicator that shows the overall state of 
science and technology activities in each 
country, and it has been named the General 
Indicator of Science and Technology 
(GIST).
Variables are affected by the size of the 

country in question, so the General Indica-
tor of Science and Technology generated 
from these variables are also affected by 
the size of the country. This GIST is well 
suited in respect of the fact that as an indi-
cator that shows the science and technol-
ogy activities of a country as one number, 
it is possible to examine the trends in that 
indicator without being affected by other 
variables. In addition, if trying to make a 
comparison without the impact of country 
size, it is possible to make a comparison by 
standardizing the general indicator by GDP 
or population, as shown in Figure 1-6-3. 
Taking a look at the changes over time in 

the GIST (Figure 1-6-1), all countries are 
increasing over the long term. A number of 
temporary reductions are evident, however. 
The reduction in the figures of the GIST 
are a phenomena that should be noted, so 
we will take a look at the factors at work. 
The drop in Japan's figures in 1993 can be 
largely attributed to the reduction in “R&D 
expenditures,” “added value of industrial 
products,” and “added value of high-tech 
products.” Japan also experienced drops in 
the “number of scientific papers,” ”number 

of domestic patent applications,” “number 
of overseas patent applications,” and “the 
value of technology imports.” This indi-
cates that in this year, Japan experienced an 
overall reduction in science and technology 
capacity. 
Germany also experienced a drop in its 

figure for the GIST in 1993, and the U.K. 
experienced a drop in its GIST in 1991. In 
the background to Germany's drop was the 
drop in “R&D expenditures,” “number of 
R&D scientists and engineers,” “number of 
scientific papers,” “value of technology ex-
ports,” “added value of industrial prod-
ucts,” and “added value of high-tech prod-
ucts” in 1993. The drop in GIST in the U.K. 
can be attributed to the fall in “R&D ex-
penditures,” “number of R&D scientists 
and engineers,” “value of technology im-
ports,” “value of production of industrial 
products,” and “value of production of 
high-tech products.” 
In this way, it is possible to clarify char-

acteristic fluctuations that spread across 
multiple variables. Not only that, but fluc-
tuations in individual indicators and overall 
changes are quantitatively related to one 
another through principal component 
analysis, which makes the complementary 
relationship between general indicators and 
individual indicators more useful. 
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Education and Hum an Resources Developm ent for Science and Technology

Chapter 2  Education and Hum an Resources Developm ent 
for Science and Technology

The development of human resources 
for science and technology is one of the 
most important foundations to promote 
science and technology. Concerning the 
development of science and technology 
human resources in school education, this 
chapter presents an international com-
parison of the state of mathematics and 
science education in junior high school, 
rates of advancement to high schools and 
universities, the state of applications and 
admission to university according to de-
partment, and employment trends after 
university graduation by industry.
Figure 2-1-0 shows an overall image of 

the number of students in school educa-
tion. According to this graph, the number 
of elementary school students is 7.663 
million, and the number of junior high
school students is 4.381 million. These 
two categories make up compulsory edu-

cation in Japan. The figure for high 
school students is 4.251 million, indicat-
ing that the rate of advancement to high 
schools is close to 100% . The percentage 
of high schools students enrolled in in-
dustrial courses is 8.8% . The rate of ad-
vancement from high school to university 
or junior college is 42.5% . The number of 
students enrolled in university depart-
ments is 2.901 million, while the same
figure for junior colleges is 407,000, with 
percentages of students enrolled in sci-
ence and technology disciplines being 
19.2%  and 4.4%  respectively. Some
175,000 students are enrolled in master's
courses, while 67,000 are enrolled in 
doctorate courses, with 36.6%  and 25.4%  
of students enrolled in science and tech-
nology courses under the respective 
course frameworks. 

Figure 2-1-0 Overall im age of the num ber of students in school education (1998)�
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Undergraduate
2,901Thousands Students
(Science and Engineering Course:
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(Science and Engineering Course:
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Notes:1)Illustrate notionally the item izes (net credit portion)of num ber,such as a student, a pupil, etc. who is on the register in

each educational facilities, and the science and engineering system  ofthose.

2)The “Science and Engineering System ” of a universityand a graduate school isthe sum  totalof a physicalscience sys-

tem  and an engineering system  departm ent. 
3)The “Science and Engineering System ” of a juniorcollege is an industrialsubject of study.

4)As forthe heightofstick graph,area expresses the num ber with which each educational facilitiesare on the register in

the pursuit-of-knowledge period of educational facilities,such as a student and a pupil.

Source: M inistry of Education,“Reporton Basic Survey of Schools”
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2.1 International Com parison 
of M athem atics and Science 
Education in Junior High 

School

The aim of the Third International
M athematics and Science Study (TIM SS)
is to make an international comparison of 
the level of educational achievement in 
mathematics and science at elementary
and junior high school level. The Interna-
tional Association for the Evaluation of 
Educational Achievement has imple-
mented this study at the end of each aca-
demic year since 1994. Some 46 coun-
tries/regions participated in this survey
(however, the international comparative
analysis applied to 41 countries/regions).
The M inistry of Education's National 

Institute for Educational Research con-
ducted the survey in Japan, and the re-
sults were made public in January 1996. 
The previous two studies refer to the 

First International M athematics Study 
(1964), the First International Science 
Study (1970), the Second International 
M athematics Study (1981) and the Sec-
ond International Science Study (1983). 
The international average score in the 

mathematics in second year high-school 
was 513 points, with Japan scoring 605 
points. Looking at these results in order 
of country/region from highest to lowest 
scoring, Singapore scored the highest 
(643 points) (statistically higher than all 
other countries), followed by a group of 
countries that included Korea, Japan and 
Hong Kong. The differences in results in 
this group of three countries were not sta-
tistically significant. This group was fol-
lowed by Belgium (Flemish) and Czech 
Republic. Looking at the remainder of the
countries, France was positioned higher 
than the international average, Germany
was average, while the England and the 
U.S. were positioned below the interna-
tional average.

Figure 2-1-1 International com parison ofrelationship between student attitude towards 

m athem atics and scores 
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In Japan's results, some 30%  of stu-
dents were placed in the top 10%  of the 
distribution of scores from all participat-
ing countries. 
Furthermore, looking at the results ac-

cording to content areas, Japan's percent-
age of correct responses was high in all 
six areas: “fractions and number sense” 
(2nd out of 41 countries in percentage of 
correct responses), “geometry” (1st), “al-
gebra” (2nd), “expression/analysis of data, 
and probability” (3rd), etc. 
Focusing on the differentials in scores

between males and females, in terms of 
international averages (2nd grade junior 
high school students), the score for males
at 519 was slightly higher than that of fe-
males at 512, but in the majority of coun-
tries/regions no significant difference was 
evident between males and females.
However, Japan, together with Iran and 
Korea, had results which were statisti-
cally higher for males than females in 
both 1st and 2nd grade of junior high 
school.
As the above observations show, while 

Japan boasts a high level of achievement
in mathematics at junior high school, the 
situation is totally different when the per-
ception of mathematics is looked at. That 
is to say, looking at responses to the 
question: "To what extent do you like 
mathematics?" in terms of international
averages, some 19%  of students re-
sponded they “like a lot” the subject, 
49%  of students “like” it (giving a com-
bined total of 68% ), indicating that most
countries have a favorable opinion of 
mathematics. In Japan, however, only 
10%  of students like a lot the subject, 
while 43%  like it, giving a total of 53% , 
ranking Japan second-lowest above
Czech Republic. 
Figure 2-1-1 shows in graphic form the

average scores in mathematics referred to
above and the "like/dislike index." Look-

ing at the graph, it is clear that while Ja-
pan has extremely high average scores, 
there are an extremely large number of 
students who dislike the subject. 
Furthermore, the survey results indi-

cate that Japanese students don’t find 
mathematics enjoyable and have a low 
perception of it being useful in their daily 
lives, and a low desire to engage in work 
that involves using mathematics.
Almost identical tendencies can be ob-

served with regard to science. 
The international average of scores in 

science in 2nd grade junior high school 
was 516 points, while Japan's average 
was 571 points. Looking at the countries 
from highest to lowest average score, 
Singapore had the highest score with 607 
points, followed by a group of countries 
that included Czech Republic, Japan, 
Korea, Slovenia, and Netherlands (with 
no statistical difference within this group). 
Looking at the remaining selected coun-
tries, scores for the England, the U.S. and 
Germany were average, while France's
score was positioned below the interna-
tional average.
In Japan, some 18%  of students were

placed in the top 10%  of the distribution
of scores of all participating nations. 
Focusing on the differences in scores 

according to sex, the international aver-
age for males (2nd grade junior high 
school) of 525 was higher than the aver-
age for females of 509, and in contrast to 
mathematics, a significant difference in 
results was observed between females
and males in 28 countries/regions. In Ja-
pan, males' results are statistically higher 
than females'.
As observed above, in the same way as 

mathematics, the level of achievement in 
science of Japan's junior high school stu-
dents is high, but the same tendency as 
mathematics was evident in the aware-
ness of science. 
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That is to say, asking students about 
their like/dislike of science, in the inter-
national average, some 73%  of responses 
were accounted for by “like a lot” and 
“like,” indicating that the subject is gen-
erally thought of favorably in most coun-
tries. In Japan, however, the same figure 
was 56% , leaving Japan at the lowest 
level in terms of these figures. In addition, 
Japan also has the characteristic of having 
the largest difference between males and 
females in terms of their degree of like 

for the subject (males are shifting to-
wards a like for geometry, while females
like this subject the least).
Figure 2-1-2 shows the average score 

of science mentioned above and the “like 
index” according to country/region. Ac-
cording to this graph, in the same way as
mathematics, while the average is ex-
tremely high, there is also an extremely
large number of students who hate the 
subject.

Figure 2-1-2 International com parison ofrelationship between students attitude towards 

science and scores
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In addition, science results in Japan are 
at a top level in terms of content areas
such as “physics” (2nd out of 41 countries 
in the order of percentage of correct re-
sponses) and “science” (4th out of 41 
countries). Looking at the results ac-
cording to the type of problem, while 
Japanese students scored quite highly in 
the average percentage of correct re-
sponses to multiple-choice questions and 
short-answer questions (4th and 2nd re-
spectively), Japan's position fell to 10th

for long-answer questions, which was 
still above the international average (Fig-
ure 2-1-3). 

Figure 2-1-3 The ranking of the average

validity according to the question type

(2nd year junior high school) 

Note: Ranking of 41 countries 

Source:M inistryof Education National Institute for Educa-

tional Research, “International Com parison of 

M athem atics and Science Education in Junior High

Schools”, April1997

See: appendix table 2-1-3 

Figure 2-1-4 shows the perception of 
science among Japanese students. Ac-
cording to this graph, some 53%  of stu-
dents in Japan “find science enjoyable” 
(compared to an international average of 
73% ), a figure which left Japan sec-
ond-lowest above Korea. Some 15%  of 
students “find science easy” (compared to 
an international average of 43% ), 48%  of 

students think, “science is important for
their daily lives” (compared to 79% ), and 
20%  of students expressed “a desire to 
perform work involving science in the 
future” (compared to 47% ). These figures 
left Japan at the lowest level of the 22 
countries between which a comparison
could be made.

Figure 2-1-4 The Ranking of the attitude 

towards science

(Ratio of the student who like science) 

(2nd year junior high-school)
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As mentioned above, although the re-
sults of Japan's junior high school stu-
dents in mathematics and science are at
an internationally top level, in terms of 
interest in the subjects (degree of 
like/dislike), they are conversely at the 
lowest level.
W ith regard to the background and fac-

tors behind these figures, while there are 
a variety of different circumstances at 
work, for example, according to the an-
swers to the question "requirements to 
make students able to do mathematics"
posed to teachers in the same survey,
60%  said "to remember formulas and 
procedures" (compared to an interna-
tional average of 39% ), while 79%  said 

 37 



Chapter 2 Education and Hum an Resources Developm ent for Science and Technology

"to be able to think creatively" (interna-
tional average 62% ), figures which were
higher than the international average. In 
contrast, 45%  of teachers said "to under-
stand the way in which mathematics is
used in the real world", which was below 
the international average of 53%  (Figure 
2-1-5).
In addition, "frequency with which 

daily life situations are used in problem
solving as part of science classes" was 
22%  (international average 42% ), leaving
Japan at the lowest level of all the coun-
tries.
In order to foster science and technol-

ogy human resources, in addition to 
maintaining the currently high level of
results, initiatives to improve the interest
in mathematics and science are vital.
In December 1999, the results (bulle-

tin) of the additional survey (2nd stage 

survey) in Japan as part of The Third In-
ternational M athematics and Science
Study presented above were made public. 
According to these results, although the 
level of achievement in science and 
mathematics of 2nd year junior high 
school students is at a similar level to that 
achieved in the same survey implemented
four years ago, with regard to the degree 
of like/dislike for mathematics and sci-
ence, the percentage of students who 
have a favorable attitude towards the
subjects has fallen even further. For ex-
ample, as presented in Section 2.1.1, the 
percentage of students who “like a lot”
and “like” mathematics according to this 
survey was 53% , second-lowest after 
Czech Republic, which has dropped even 
further to 47% , a drop of 6 percentage 
points.

Figure 2-1-5 Student skills required success in m athem atics (2nd year junior high school) 
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2.2 High Schools

2.2.1 Trends in Num ber of 
Adm issions and Enrolm ents 

(1) Trends in Percentage of Advancement
to High School and Number of Admissions
Some 1.503 million people graduated

from junior high school in Japan in 
M arch 1999, and 93%  of these, 1.399 
million went on to study at full-time high 
school. If night high school and college 
of technology are included this figure in-
creases to 1.455 million, equivalent to 
97%  of junior high school graduates. This

indicates that in Japan, after compulsory
education has been completed, almost all 
students are going on to further study in 
high schools and so forth. 
Figure 2-2-1 shows trends in the per-

centage of students going on to study at 
full-time high schools. According to this 
graph, while only around 50%  of students 
went on to high school before 1960, after 
1980 this figure came to exceed 90% , af-
ter which a high level has been main-
tained. However, the absolute numbers of 
people going on to study at high schools 
in FY1999 has fallen to 77%  of 1990 
levels, reflecting the fall in the population 
of young people. 

Figure 2-2-1 Students advancing to senior high school 
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(2) Trends in Numbers of Industrial 
Students
The num ber of students enrolled at

high schools (all subjects) in FY1955,
which was 2.572 m illion people, in-
creased to 4.223 million and 1970 and 
5.617 million in 1990 due to the increase 
in the percentage of people going on to 
further study. In contrast, the num ber
of industrial students increased from 
237,000 in 1955 to 566,000 in 1970, but 
fell back to reach 486,000 in 1990 (Fig-
ure 2-2-2). As a result, the ratio of indus-
trial students as a percentage of students
enrolled in all subjects which rose to ex-
ceed 10%  from the 1960s to the 1970s 

moved into decline, and in the 1980s 
went under the 10%  barrier.
This increase in the number of students 

enrolled in general subjects can be attrib-
uted to the desire among students and 
their parents for them to go on to further 
study at university, and the increase in the 
capacity of universities to take more stu-
dents.
From the early 1990s, reflecting the 

decreasing in younger age groups of the 
population, the absolute number of high 
school students (all subjects) has been 
decreasing, and the percentage of stu-
dents enrolled in industrial subjects has 
been moving around just under 9% . 

Figure 2-2-2 Ratio of senior high school students in industrial subjects 

0

100

200

300

400

500

600

700

800

900

60 65 70 75 80 85 90 91 92 93 94 95 96 97 98

-8

-4

0

4

8

12

16
Percent

All Subjects

Industrial
Subjects

Ratio

1955 1999 FY

10 Thousands

Source: M inistry of Education,“Reporton Basic Survey of Schools”

See: appendix table 2-2-2 



  2-2

(3) Trends in Numbers of Students 
Enrolled in Information Science Subjects 
Figure 2-2-3 looks at the state of devel-

opment of information science human re-
sources at the high school stage of educa-
tion. From FY1980 to FY1999 the num-
ber of students enrolled in industrial sub-
jects and commercial subjects fell by ap-
proximately 30%  overall, and the number 
of students enrolled in information sci-
ence subjects (information-processing
subjects in commercial high schools and 
information technology subjects in indus-
trial high schools) increased during the 
same period rose from 21,000 to 109,000, 

a dramatic increase of approximately
5.3% . As a result, the number of students 
enrolled in information science subjects
as a percentage of students enrolled in in-
dustrial subjects and commercial subjects
increased dramatically from the early
1990s. That is to say, the number of such 
students enrolled in industrial subjects in-
creased from 1%  in FY1980 to 7%  in 
FY1999, and the number enrolled in 
commercial subjects increased from 3%
to 23% , suggesting that the development
of information science human resources 
has been promoted.

 Figure 2-2-3 Trends in num bers of students in inform ation science subjects am ong 
 industrial and com m ercial subjects 
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2.2.2 Routes of High School 
Graduates

(1) Trends in Percentage of Students 
Going on to Further Study 
Some 1.363 million students graduated

from high schools (all subjects) in M arch 
1999, of which 602,000 went on to fur-
ther study at universities (universities and 
junior colleges), accounting for 44%  of 
the total. The total number of students
who went on to further study, including 
those who went on to study at higher vo-
cational schools, is 966,000, accounting 
for 71%  of all graduates. 
Looking at trends in the percentage of 

students going on to study at universities, 
while the number was only between 20%  
and 30%  in the 1960s, in the 1970s this 
figure rose to above 30% , and in the 
1990s has risen to between 40%  and 50%  
(Figure 2-2-4). 
Dividing these figures up into ordinary 

subjects and industrial subjects, enrol-
ments in ordinary subjects have con-
tinued to move in roughly the same pat-
tern, and in particular in 1998 and on-
wards, the percentage of students going 
on to study at university exceeded 50% .
In industrial subjects, the percentage of 

students going on to study at university is 
relatively low, in the 1970s reaching a
peak in excess of 10% . In subsequent 
years this figure stayed below 10% , but 
in recent years it has been increasing, ex-
ceeding 10%  once more in FY1998 and 
reaching 12.5%  in FY1999. 

Figure 2-2-4 Trends in percentage of 

students of going on further study 
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(2) Employment in Major Industries 
M eanwhile, the number of graduates 

from high school (all subjects) in M arch 
1999 who found employment was
276,000, or 20%  of the total. Looking at 
the industries that employed these stu-
dents, the manufacturing industry ac-
counted for 35%  and the service industry 
accounted for 23% . 
Looking at trends in the percentage of 

students employed by the manufacturing
industry in the late 1960s this figure re-
mained between 30%  and 40% , but at the 
start of the 1970s the impact of the two 
oil shocks meant this figure dropped to 
between 20%  and 30%  (Figure 2-2-5). In 
subsequent years, this figure rose to 
around 40%  at one time, but in the early 
1990s, after the so-called bubble econ-
omy which occurred in the late 1980s, 
this figure dropped to between 30%  and 
35% , indicating a “move away from the
manufacturing industry.” This figure has 
increased again recently, however.
Looking at students enrolled in indus-

trial subjects, the percentage of graduates 
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finding employment with the manufactur-
ing industry was at a higher level across 
the whole period than students enrolled in 
all subjects, but is showing tendencies to 
move in the same direction. In the late 
1960s this figure was in excess of 60% , 
but upon entering the 1970s this figure 
dropped greatly to between 40%  and 50% . 
In subsequent years, the figure reached a 
temporary peak of around 60%  in the 
early 1980s, but dropped to between 40%  
and 50%  in the late1980s and in follow-
ing years. W hile this figure is showing
signs of increasing again in recent years, 
in M arch 1999 the figure was 49% , a 
lower level than in the late 1960s, in con-
trast to all subjects.
Figure 2-2-6 shows trends in the per-

centage of graduates employed by the 
service industry. According to this graph, 
while being affected by the fluctuations
in the economy, the percentage of gradu-
ates finding employment in the service 
industry has continued to increase almost
consistently. This same tendency is al-
most the same for graduates from indus-
trial subjects, which had figures of less 
than 5%  for the late 1960s and has re-
cently come to exceed 10% .

Figure 2-2-5 Trends in the percentage of

graduates finding em ploym ent with the

m anufacturing industry 
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Figure 2-2-6 Trends in the percentage of

graduates em ployed by service industry 
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2.3 University Departm ents 

2.3.1 Trends in Applicant Num bers 

Applicants for admission to university
generally submit applications to multiple
university departments. Each person can 
make more than one application, and the 
total number of these applications is the
total number of applications for admis-
sion.
In FY1965 the total number of applica-

tions for university admission (all depart-
ments) was 1.203 million, and this num-
ber increased consistently through the 
1970s against a background of heighten-
ing desire for further study, reaching 
3.127 million students in FY1978. 
In FY1979 the system of admission to 

national universities changed from the 
“1st and 2nd semester admission system”
which had existed up until then, to a
“common primary examination system,”
and in response to the change from multi-
ple opportunities to a single opportunity
to sit the examination for admission to 
national universities, the total number of 

applicants for admission dropped to be-
tween 2.5 and 3 million. In the subse-
quent years, in response to the change 
from a single to multiple opportunities to
sit for national university entrance ex-
aminations with the introduction of the 
“common primary (center) examination
system” from FY1987, the number of ap-
plications increased rapidly, up to 5.063 
million in FY1992. 
Despite this, in recent times these fig-

ures are decreasing due to the decline in 
the population aged 18 or younger, which 
will be mentioned in the next section. The 
number of applications reached 3.59 mil-
lion in FY1999. 
Figure 2-3-1 looks at trends in the total 

number of applications for admission, for 
science and engineering subjects and eco-
nomics subjects. According to this table, 
science and engineering applicants de-
creased in number in the 1970s, while no 
great drop in numbers was evident for 
economics subjects. From FY1987 to the 
early 1990s there was a great rise in the 
number of economics applicants, but this 
number has in contrast fell more recently.

Figure 2-3-1 Trends in num ber of applicants for adm ission and com petitiveness 

0

20

40

60

80

100

120

140

160

180

200

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99

-10

-8

-6

-4

-2

0

2

4

6

8

10

12

14

1st and 2nd sem ester adm ission system
(m ultiple opportunities)

Com m on prim ary exam ination system
(single opportunity)

Com m on prim ary (center)
exam ination system

(m ultiple opportunities)

10 Thousands Econom ics

Science and
Engineering

Science and Engineering
departm ents

Econom ics
departm ents

(Com petitiveness)

FY

N
u
m
b
e
r 
o
f 
a
p
p
li
c
a
n
ts

Source: M inistry of Education,“ Report on Basic Survey ofSchools”  See: appendixtable 2-3-1



  2-3

Compared to economics subjects, science 
and engineering have seen little fluctua-
tion. In FY1999 the number of science 
and engineering applicants and econom-
ics applicants were around the same level 
at approximately 700,000 each. 
Figure 2-3-2 looks at trends in the per-

centage of total applicants accounted for 
by department. According to this graph, 
in the 1970s and the late 1980s, there was 
a so-called "move away from science and 
engineering" phenomenon in which the 
percentage of the total number of appli-
cants accounted for by science and engi-
neering subjects fell, and the percentage 
accounted for by economics subjects in-
creased. In the early 1980s and more re-
cently, the reverse phenomenon is in evi-
dence.
As mentioned earlier, the total number 

of applicants for university admission has 
been affected by changes in the admis-
sions system, but particularly when 
viewed by department, the economic
situation at the time seems to have had a 
great impact. 

Figure 2-3-2 Trends in the ratio of 

applicant for adm ission 

Source: M inistry of Education,“Reporton Basic Survey of 

Schools”

See: appendix table 2-3-2 

Figure 2-3-3 shows the percentage of 
the total number of applicants for admis-
sion accounted for by science and tech-
nology subjects and by economics sub-
jects, related to the economic situation of 
the time. Graph (A) shows figures from 
the 1970s to the early 1980s, and accord-
ing to this graph, a great shift from sci-
ence and engineering subjects to eco-
nomics subjects is evident, caused by the 
two oil shocks which occurred in the 
1970s. Conversely, in the 1980s, as the 
economic situation became more favor-
able, we saw a recovery in the science
and engineering subjects. However, the 
booming so-called bubble period in the 
late 1980s saw a dramatic shift towards 
economics subjects once more, and in 
FY1991 when the “bubble burst,” and in 
subsequent years, we saw a recovery of 
science and engineering subjects, indi-
cating the reverse movement from that 
which occurred in the early 1980s. 
As seen earlier, the “move away from

science and engineering subjects” in the 
1970s was caused by a reduction in the 
number of applicants for science and en-
gineering subjects that reflected the dete-
rioration in business conditions in the 
manufacturing industry in economic re-
cession. In contrast, the move away from 
science and engineering in the boom 
times of the economic bubble in the late 
1980s was caused by different factors, i.e. 
a dramatic increase in the number of ap-
plicants for economics subjects under the 
impact of changes to the admissions sys-
tem for national universities. In recent 
times, we have seen a sudden drop in the 
number of applicants for economics sub-
jects, with the result that the percentage
of applicants for science and engineering
increased, to the point where the per-
centage of applicants is approximately 
the same for both subject areas. In this 
way, care needs to be taken to gain a de-
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tailed picture of and to examine the fac-
tors behind and content of the phenome-
non described as a “move away from 
science and engineering.” 

Figure 2-3-3 Percentage of applicants

related to the econom ic situation 

         (A) 1975-1985

30

15

1970
1975

1980

1985

20

25

15 20 25 30
Science and engineering

Ec
on
om
ic
s 
an
d 
co
m
m
er
ce

         (B) 1986-1999

30

15

1985

1991

1999
20

25

15 20 25 30
Science and engineering

E
co
n
o
m
ic
s 
a
n
d
 c
o
m
m
e
rc
e

Note:The dashed line portion of a figure correspondsto

the prosperity tim e, and the solid line portion cor-

responds to the econom icalretreat tim e.

Source: Based on M inistry of Education, “Report on Basic

Survey of Schools”and Econom icPlanningAgency

data.

See: appendix table 2-3-3 



  2-3

2.3.2 Trends in the 18-year-old
Population and Enrollees 

According to estimates made by the 
M inistry of Education's National Institute
of Population and Social Security Re-
search, Japan's population of 125.57 mil-
lion people in 1995 will rise to reach a
peak of 127.78 million in 2007, after 
which it will enter a long-term decline. 
This is because since the mid-1970s the 
birth rate has been much lower than that 
required to maintain the population at a 
given size (total fertility rate of around 
2.08). The 18-year-old population has al-
ready reached its peak of 2.068 million in 
1991, and is now falling. This population

is regarded as continuing to fall in the 
future – for example falling to 1.208 mil-
lion by 2010, some 58%  of the figure at 
its peak (Figure 2-3-4). 
Against this background, the number of 
people admitted to university depart-
ments has, under a heightening desire for 
further education and increased capacity
of institutions, increased from 412,000 in 
FY1980 to 590,000 in FY1999, an in-
crease of a factor of 1.4. As a result, the 
percentage of people going on to higher 
education (the percentage of the 
18-year-old population who are admitted
to universities) rose from 26%  to 39%  
over the same period, an increase of 13 
percentage points. 

Figure 2-3-4 Trends in 18-years-old population and students advancing to 

undergraduate courses 
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Figure 2-3-5 takes a longer-term view 
of these trends in people admitted to uni-
versity, as well as looking at them ac-
cording to department. According to this 
graph, in FY1999 the department with the 
largest number of university entrants was 
social sciences, with 237,000 people, 
making up 40%  of the total, followed by 
engineering with 110,000 (19% ), and the 
arts with 99,000 (17% ). Some 21,000 stu-
dents enrolled for the first time in the sci-
ences, accounting for 3.6%  of the total. 
Next, looking at trends in the number 

of people admitted to university, overall

the figure of 333,000 in FY1970 rose to 
590,000 in FY1999, an increase of a fac-
tor of approximately 1.8. Breaking these 
figures down into departments, social sci-
ences increased by a factor of 1.7, engi-
neering by 1.6, figures which are similar
increases, but sciences increased by a fac-
tor of approximately 2.0, the arts by ap-
proximately 2.5, and health by approxi-
mately 4.3. W hile these increases are 
relatively large, no major changes were 
evident in the percentages of the total oc-
cupied by the main departments.

Figure 2-3-5 Enrollm ent in undergraduate courses by departm ents
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W hen looking at trends in the number
of people admitted to university, a feature
is the increase in the number of female
students. In FY1970 there were only 
62,000 females admitted to university.
This figure increased by a factor of ap-
proximately 3.6 to 221,000 by 1999. As a 
result, the percentage of all students ad-
mitted to university who were female has 
risen from 19%  to 38%  over the same pe-
riod (Figure 2-3-6). 

Figure 2-3-6 Fem ale enrollm ent in 

undergraduate courses by departm ents

Source: M inistry of Education,“Reporton Basic Survey of 

Schools”

See: appendix table 2-3-6 

Looking at this situation by department, 
the number of female students admitted
to science and engineering departments
has risen from 1,599 in FY1970 to 13,206 
in FY1999, a dramatic increase of ap-
proximately 8.3. As a result, the percent-
age of female students admitted to sci-
ence and engineering departments rose 
from 2.1%  to 11.5%  over the same period, 
but is still at a lower level than other de-
partments. In addition, up until the early
1990s the percentage of female students 
was increasing, but recently it seems to 
have hit the ceiling somewhat.

2.3.3 Career Paths of Science and 
Engineering Graduates 

Some 530,000 people graduated from 
universities (all departments) in M arch 
1999, but looking at the breakdown, 
some 50,000 (10% ) went on to post-
graduate school and so forth, some
320,000 (60% ) found employment, some
106,000 (20% ) were unemployed (people 
who were neither working nor engaged in 
further study - helping at home, for ex-
ample), and the remainder whose details 
were unclear was 52,000 (10% ). 
Looking at the science and engineering 

departments, some 19,000 people gradu-
ated from science departments, of which 
7,000 (36% ) went on to further study,
9,000 (47% ) found employment, the re-
mainder of 3,000 (15% ) whom were un-
employed. In addition, some 102,000 stu-
dents graduated from engineering de-
partments, of which 27,000 (26% ) went 
on to further study, 63,000 (61% ) found 
employment, and 13,000 (13% ) were 
unemployed. All of these figures had 
higher percentages of people going on to 
further study compared to the average
across all departments, and the percent-
age of unemployed graduates was lower.
One figure behind this is the differences
in gender makeup of students in these de-
partments.
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The following section gives an over-
view of the state of career paths for 
graduates from science and engineering 
departments.
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(1) Trends in AcademicAdvancement and 
Finding Employment 
Figure 2-3-7 looks at the career paths 

(percentages of total) of science depart-
ments and engineering departments.
Over the whole period, in science de-

partments the percentage of graduates 
going on to further study was relatively 
high, and in engineering departments the 
percentage of graduates finding employ-
ment was relatively high, and the changes 
show roughly the same shapes. 
Looking at the percentage of graduates 

who found employment, this figure fell 
during the 1970s with the impact of the
oil shocks. This fluctuation corresponds 
to the increased percentage of unem-
ployed graduates in the same period. In 
subsequent years, the percentage moved
sideways (slight increase in science and a 
slight decrease in engineering), but upon 
entering the 1990s, the percentage of 
graduates who found employment took a 
great step backwards. During this period, 
we saw a dramatic increase in the per-
centage of unemployed, a figure which 
had been decreasing since the 1980s. 
The percentages of graduates who find 

employment and who are unemployed
fluctuate in response to the impact of the
economic situation, as mentioned earlier.
On the other hand, however, the percent-
age of graduates going on to further study 
has almost consistently increased since 
the 1970s. This figure has leveled off
more recently, however.

Figure 2-3-7 Em ploym ent academ ic 

paths of science and engineering

graduates

(percentage of total) 
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(2) Percentage of Graduates Finding 
Employment by Industry 
Some 72,000 students graduated from 

science and engineering departments and 
found employment. Looking at the main
industries employing these graduates, 
35.8%  of graduates went to the manufac-
turing industry, 29.9%  went to the service 
industry, 15.4%  went to the construction 
industry, and 8.0%  went to the wholesale 
and retail industry. In addition, some
1.6%  of graduates were employed by the 
finance and insurance industry.
Figure 2-3-8 shows trends in the per-

centage of graduates employed by the 
respective industries. The percentage of 
graduates employed by the manufactur-
ing industry, which was 67.5%  in 1970, 
dropped to 43.2%  at one time in 1979, 
after which it ranged between 50%  and 
60%  in the 1980s. Upon entering the 
1990s, however, it dropped right back 
again, to reach in 35.4%  in 1997. The 
figure did increase slightly to 35.8%  in 
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1999, however.
M eanwhile, the percentage of gradu-

ates employed by the service industry has 
consistently increased over this period,
with a particularly marked increase being
observed in 1993 and later years. 
The percentage of graduates employed

by the finance and insurance industry,
which was 2.8%  in 1990, has dropped off
to 1.6%  in 1999. 

Figure 2-3-8 Trends in the ratio of 

graduates em ployed by the respective 

industries
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2.4 Graduate School 

2.4.1 Trends in Num bers of 
Graduate Students 

(1) Master's Courses 
In 1999, some 65,000 people were ad-

mitted to master's courses throughout the 
country. Looking at the breakdown of this 
figure according to major, engineering
was the highest of these with 28,000 
(43% ), followed by social sciences with 
9,000 (14% ), and science with 6,000 
(10% ).
Figure 2-4-1 shows the trends in the 

number of people admitted to master's
courses in graduate school. The number
of students admitted to courses was 
17,000 in 1980, which rose to 24,000 in 
1985 and then again to 31,000 in 1990, 
which were both significant increases. 
This tendency to increase strengthened 
even further from the 1990s, but is slow-

ing somewhat in more recent times.
Looking at the increase from the 1990s, 

the overall number of students admitted
to master's courses increased by a factor 
of 2.1 from 1990-1999. Breaking down 
these figures according to major, social 
sciences increased by a factor of 3.1, 
showing the greatest growth, with engi-
neering and science both increasing by 
1.9, somewhat lower than the overall rate 
of growth. 
However, looking at the rate of contri-

bution to the growth of this period, engi-
neering, with a high number of students 
admitted, is the highest, and science with 
9% , together accounting for 48%  of the
growth overall. In this way, of the dra-
matic increase in the number of students 
admitted to master's courses in the 1990s,
approximately half can be attributed to 
the increase in science and engineering 
courses.

Figure 2-4-1 Trends in num ber of students adm itted to m aster’s courses 
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(2) Doctorate Courses 
Next, taking a look at the number of 

students admitted to doctorate courses at 
universities, in 1999 the total was 16,000. 
Breaking down this figure this figure by 
major in order of size, health accounted
for 5,000 (32% ), engineering for 3,000 
(20% ), and science for 2,000 (11% ), etc. 
Figure 2-4-2 shows the trends in the 

number of people admitted to doctorate
courses. In 1980 the figure was 5,000, 
which rose to 6,000 in 1985, and 8,000 in 
1990, a great increase in the same way as 
that experienced by master's courses. This 
increase strengthened even further upon 
entering the 1990s, and although the 
growth has slowed slightly in recent 
years, it is moving in roughly the same

way as the number of people admitted to 
master's courses. 
The number of students admitted in 

1999 was some 2.1 greater than the num-
ber in 1990, which again is showing 
similar growth to that experienced by the 
number of people admitted to master's
courses. Breaking down the figures ac-
cording to major, growth in engineering 
was the greatest at a factor of 2.4, ac-
counting for 23%  of the growth rate (sci-
ence grew by a factor of 1.9 and contrib-
uted 10%  to the growth). In this way,
looking at the doctorate courses in the 
1990s, just under 40%  can be attributed 
to an increase in the number of students 
admitted to science and engineering
courses.

Figure 2-4-2 Trends in the num ber of students adm itted to doctorate course 
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2.4.2 Developm ents in Academ ic
Advancem ent to Graduate School 

As demonstrated above, it is clear that 
the number of people admitted to gradu-
ate courses in science and engineering at 
university in recent years is growing rap-
idly. Trends in the percentage of students 
going on to such study are shown in Fig-
ure 2-4-3. 

Figure 2-4-3 Trends in the percentage of

students adm itted to graduate courses
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See: appendix table 2-4-3 

Firstly, looking at the figures for sci-
ence courses, from the 1970s to the 
mid-1980s, the percentage of students 
going on to master's courses was rela-
tively constant at around 15%  to 20% . 
The percentage of students then going on 
from master's courses to doctorate 
courses dropped from a level exceeding 
50%  to approximately 30% . In the sub-
sequent years, up until around 1994 the 
percentage of master's students going on 
to doctorate courses ranged from between
30%  and 35% , and the percentage of 
graduates going on to master's courses 
increased from approximately 20%  to 
around 35% . In this way, with 1985 as a 

turning point, the figures depict a large
L-shape. In very recent times, the per-
centage of students advancing to doctor-
ate courses has dropped somewhat. On 
factor in the background to this fall is the 
increased need by companies for master's
graduates as adaptable fighting potential 
in the development of new products. 
For engineering students, the rates of 

advancement to higher levels of educa-
tion are relatively lower than for science 
students, but they show basically the 
same movement. The turning point in the 
L-shape is earlier than that for science
students, occurring at the start of the 
1980s.
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2.4.3 Em ploym ent of Graduates of 
Graduate School in M ajor 
Industries

(1) Master's Courses 
In M arch 1998 some 29,000 students 

graduated from master's courses at gradu-
ate school. Breaking down these figures, 
4,000 went on to further study (12% ), 
24,000 found employment (80% ), and 
2,000 (8% ) were unemployed.
Further, looking at the percentage of 

graduates employed in different indus-
tries, the manufacturing industry accounts 
for the majority at 64.5% , followed by IT
and other service industries with 15.4%  
and construction with 5.9% . 
Figure 2-4-4 shows trends in the per-

centage of graduates employed by indus-
try. According to this graph, the percent-
age of students employed by the manu-
facturing industry increased from be-
tween 65%  and 70%  to between 70%  and
80%  up until 1994, but in 1995 and sub-
sequent years it dropped to between 60%  
and 65% . As if making up for the ground 
lost by the manufacturing industry, the 
percentage of graduates employed by the 
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service industry has increased in recent 
years. In 1999, the percentage of gradu-
ates employed by the manufacturing in-
dustry started to increase. 
In addition, the percentage of graduates 

employed by the finance and insurance 
industry was 1.7%  in 1989, but this fell to 
0.9%  in 1999. 

Figure 2-4-4 Trends in percentage of 

graduates em ployed in different industry 
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See: appendix table 2-4-4 

(2) Doctorate Courses 
In M arch 1998 some 4,068 people 

graduated from doctorate courses in sci-
ence and engineering. Breaking that fig-
ure down, 6 graduates went on to further 
study (0.1% ), 2,440 found employment
(60% ), and 1,622 were unemployed
(40% ).
The breakdown of employment by in-

dustry is totally different to that for mas-
ter's courses, with the highest-rating sec-
tor being education and other service in-
dustries with 49.6% , followed by the 
manufacturing industries with 29.0%  and 
public service with 9.1% . 
Figure 2-4-5 looks at the trends in the 

percentage of employment to the manu-
facturing and service industry. According
to this graph, the manufacturing industry 
employed 26.4%  of graduates in 1987, 
and this figure has tended to increase 

over the subsequent years. 
Looking at the percentage of graduates 

of doctorate courses who were unem-
ployed, in the late 1970s the figure for 
science graduates was approximately
60% , and approximately 30%  for engi-
neering graduates, a temporarily high 
level for both courses, but in the subse-
quent years these figures have generally 
been in decline (Figure 2-4-6). W ith the 
deterioration in the economic situation in 
the late 1990s, however, this figure has 
been rising again. 
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Figure 2-4-5 Trends in percentage of 

graduates em ploym ent to the 

m anufacturing and service industry.
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Figure 2-4-6 Trends in the percentage of

unem ployed doctorate course graduates
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2.5 Num ber of Persons 
Obtaining Degrees 

2.5.1 Trends in the Num ber of 
Doctorates Conferred 

The number of doctorates conferred is 
regarded as an important indicator in as-
sessing the quality of science and tech-
nology human resources. 
Figure 2-5-1 shows the trends in the 

number of degrees conferred according to 
major. The number of degrees conferred
referred to here is the number of degrees 
conferred (so-called new doctorates) con-
ferred in a particular year in accordance
with degree rules. In the early 1970s the
number of degrees conferred, which had 
stopped at between 4,000 and 5,000, con-
sistently increased from the late 1970s, to 

the point where it exceeded 8,000 degrees 
in 1986. In the following years the in-
creasing tendency strengthened, reaching
13,921 degrees in 1996. 
Looking at the breakdown of the de-

grees conferred in FY1996 according to 
the major majors, there were 6,800 de-
grees in health (medicine, dentistry, phar-
macology and health studies), accounting
for 48.8%  of the total. Some 1,315 de-
grees (9.4% ) were conferred in science, 
while 3,411 degrees (24.5% ) were con-
ferred in engineering. 
Looking at the percentage of the total 

accounted for science and engineering, 
since FY1970 these percentages seem to
be decreasing somewhat. However, engi-
neering turned around to an increase from
around FY1988 and science started in-
creasing from FY1991. 

Figure 2-5-1 Trends in the num ber of doctorates conferred
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Figure 2-5-2 shows a breakdown of the 
number of course doctorates and the 
number of dissertation doctorates for the 
number of degrees conferred in science 
and in engineering, as well trends in 
those figures. The number of degrees 
conferred in science was moving side-
ways in the 1980s, but from FY1991 and 
onwards it started increasing. Looking at 
the breakdown of course doctorates and 
dissertation doctorates, over almost the 
whole period, the number of course doc-
torates exceeded the number of disserta-
tion doctorates. In recent times in par-
ticular, the increase in the number of de-
grees can be attributed almost completely
to the increase in the number of course 
doctorates. Such doctorates account for
approximately 75.7%  of the total. 
In contrast, the number of degrees 

conferred in engineering has increased
almost consistently over the whole period. 
From the late 1980s in particular, this in-
creasing tendency has become much 
stronger. Looking at the breakdown, in 
contrast to science,the number of disser-
tation doctorates exceeded the number of 
course doctorates over virtually the whole
period. M ore recently, however, the in-
crease in the number of course doctorates
has been particularly marked, as is the 
case with science, increasing to the extent
that they increased the number of disser-
tation doctorates in FY1992. In 1996 
some 62.8%  of the total number of de-
grees conferred were course doctorates. 
In the background to these trends are the 
recent increases in the number of students
going on to study at graduate school seen 
in Section 2.4.2. 

2.5.2 International Com parison of 
the Num ber of Degrees Conferred 

Figure 2-5-3 shows an attempt at an 
international comparison of the number 
of doctorates conferred per 1 million head 
of population in FY1996. Care needs to 
be taken over the fact that there are dif-
ferences in the nature of degrees from 
country to country, but according to these 
figures, Germany is the country with the 
largest number of people with doctorates, 
with 279 per 1 million head of population.
Germany is followed by the U.K. with 
174 people, the U.S. with 170 and Japan 
with 111, roughly one-quarter of Ger-
many's number, and just over 60%  of the
levels in the U.S. and the U.K.. 
Looking at the percentage of the total 

accounted for by major according to 
country, US tends to have a large number 
in arts, the U.K. has a large percentage in 
science, and Germany has a large per-
centage in medicine. Japan has the char-
acteristic that the percentages of degrees 
in engineering and medicine are high 
compared to other countries 

 57 



Chapter 2 Education and Hum an Resources Developm ent for Science and Technology

Figure 2-5-2 Trends in the num ber of doctorates coferred (course and dissertation) 
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Figure 2-5-3 International com parison of the num ber of doctorates conferred
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Chapter 3  R& D System s and the Public Sector 

From Chapter 3 to Chapter 5, we will survey the R&D activities of Japan and other major in-
dustrialized countries, using mainly data related to R&D expenditures and human resources. Al-
though this data is limited to R&D inputs, enabling us to gain an understanding of only one aspect 
of R&D activities, the relatively detailed statistics that can be captured make the information pro-
vided an important indication of the internal organization of R&D systems and activities. 
This chapter will examine the R&D of a whole country as a single system, using indicators to 

gain a clear picture of the overall appearance of the system. W e will also be paying close attention 
to the public sector, with an analysis of its R& D activities, in addition to the funds it provides to 
other sectors, and the functions responsible for overall adjustments. W e will also discuss the tech-
nology-related foundations that play a similar role to the government's support function. 

3.1 International Com parison of 
R&D System s 

3.1.1 Long-term  Trends in R&D 

To begin with, we will discuss the total 
R&D expenditures for each country in order to 
gain an overview of the scale of R&D and gen-
eral trends in selected countries, including Ja-
pan. Although every effort was made through 
the OECD and so on to ensure uniformity in 
the survey methods for R&D expenditures, 
there are some differences in the details and 
the survey methods from country to country. 
As a result, a rigorous comparison is difficult 
under the present circumstances. M oreover, 
since it is necessary to convert currencies to 
compare the R&D expenditures for each coun-
try, it is impossible to avoid the influence of 
factors unrelated to R&D. The R&D expendi-
tures for each country shown in this chapter 
are converted into yen using the OECD's GDP 
purchasing power parity.  
Figure 3-1-1 shows the total R&D expendi-

tures for each country. Because the total R&D 
expenditures are largely determined by the size 
of the economy of each country, the U.S. over-
whelms the other countries, followed by Japan, 
Germany, and then France and the U.K., which 

are roughly on a par with each other. 
Japan's R&D expenditures reached 16.1399 

trillion yen in 1998(1), a 2.5%  increase over the 
previous year (15.7415 trillion yen). After 
consistent growth in Japan's R&D expendi-
tures up until the beginning of the 1990s, a de-
cline was recorded in 1993 and 1994. From 
1995, however, the trend shifted to growth 
once again, with consecutive increases re-
corded over 4 years until 1998. Despite a slug-
gish economy, these increases occurred due to 
the government's large contribution towards 
technology-related expenditures, in addition to 
the continuation of the industrial sector's R&D 
expenditures. A more detailed analysis of this 
background will be discussed later. 
Although it is not possible to assess yearly 

trends from the graphs alone, due to the influ-
ence of currency conversion, it is clear that 
from the outset of the 1990s, there was a stag-
nation or a decrease in R&D expenditures in 
all countries except Japan. The exception is the 
U.S., where there was a remarkable increase in 
R&D expenditures during the late 1990s.

 (1) W hen totaling the R&D expenditures within the limits of the 
fiscal year, there are differences between countries. Consequently, in 
this chapter we usually use "annual" for the sake of international 
comparisons. W ith regards to individual data, "fiscal year" is used 
when it is more convenient to do so.
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         Figure 3-1-1 Trends in gross dom estic R&D expenditures in selected countries 

(A) Nom inal value (OECD Purchasing Power Parity Calculations) 

(B) Real value (Based on 1990 Data: OECD Purchasing Power Parity Calculations) 

Note: (A) (B) Sam e Data – Data for each country include natural science and hum anities/social science.  
As for Japan, software industry newly becam e the investigation object from  the FY1996.Data for Germ any is an old federal area till 1990 and it is 

Germ any in 1991 and afterwards.   

A) - The am ount of m oney in 1998, 1999 of the U.S. is reserve value. The am ount of m oney in 1998 of France is provisional value.

B) - Calculation of real value used GDP deflator by OECD. 

Source: Japan – M anagem ent and Coordination Agency, Statistics Bureau, “Report on the Survey of Research and Developm ent”
US. – NSF, “National Patterns of R&D Resources 1999 Data Update”
Germ any – BM BF, “Bundesbericht Forschung 1996”,“Faktenberidht 1998”
France –: État de la recherche, et du dévelopm ent technologique, “Projet deloi de finances”, OECD, “M ain S&T Indicators 1999/2” (from  1993

value) 

U.K. – OECD, “M ain S&T Indicators 1999/2”,“Basic Science and Technology Statistics 1996”
The Purchasing Power Parity – OECD, “M ain S&T Indicators 1999”,“National Accounts, 1999”
GDP Deflator – OECD, “National Accounts”
See: appendix table 3-1-1 
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Following is a comparison of R&D expen-
ditures with consideration to the size of the 
economy of each country. Figure 3-1-2 shows 
“a comparison of changes in R&D expen-
ditures relative to GDP.” This indicator shows 
the degree of focus received by R&D in each 
country, and since it does not require currency 
conversion, it is often used for international 
comparisons. The values themselves are also 
discussed as policy objectives.  
From a long-term perspective, the R& D ex-

penditures of each country increased as a per-
centage of GDP growth from the 1970s to the 
1980s. During most of the 1980s, the R&D 
expenditures of all 5 countries exceeded 2%  of 
GDP. However, from the late 1980s to the 
early 1990s, the growth rate slowed down or 
even fell. During the late 1990s, the rates be-
tween the countries diverged, with continual 
declines for the three European countries, but 
with Japan and the U.S. experiencing increases 
once again. 
Japan reached the highest level of the 5 

countries in 1989 due to increases after the 
1970s, and has maintained that status ever 
since. Despite a decline during the 4-year pe-
riod from 1991 to 1994, the rate began to 
climb again from 1995. The rate for FY1998 
was 3.26% , which is a 0.14%  increase over the 
previous year. The increase in 1998 was partly 
influenced by a reduction in the GDP com-
pared to the previous year, and despite moder-
ate increases in the GDP from 1995 to 1997, 
the greater influence was the increase in the 
R&D expenditures itself, relative to GDP. 
The rate for the U.S. fell significantly from 

1992 to 1994, but climbed again after that to 
2.59%  in 1998 - a relatively high level com-
pared to the past. After ranking top of the five 
countries in 1987, Germany’s rate fell to 
2.28%  in 1997. However, it is necessary to 
bear in mind that around 1991, the scope of 
data changed for Germany with the integration 
of data for East Germany in 1991. France 
shows a moderate but almost consistently ris-
ing trend from the late 1970s to the early 

1990s, peaking in 1993 and then falling to 
2.26%  in 1997. The U.K. reached a peak of 
2.42%  in 1985, and the rate has declined since 
with the exception of 1993. The increases in 
the GDP for Germany and the U.K. from 1990 
onwards are also factors behind the declining 
rates for these countries.  

Figure 3-1-2 Trends in ratio of gross dom estic  
R&D expenditures to GDP in selected  
countries

Note: sam e as figure 3-1-1 

Source: R&D expenditures - sam e as figure 3-1-1 

GDP - The Science and Technology Agency, “The Science 
and Technology W hite Paper”.  Econom ic Planning 

Agency, “The Econom ic Survey of Japan”,“Annual Report 
on National Econom y”.
OECD, “M ain S&T Indicators 1999/2”, “National Ac-
counts”

See: appendix table 3-1-2 
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Next, we discuss the number of researchers 
for each country. The difficulty with the cur-
rent statistical data concerning the number of 
researchers is the lack of uniformity in the 
definition(2) and method for measuring the 
numbers of researchers between countries. 
Nonetheless, by examining the data for 
changes in the number of researchers for the 
main countries in Figure 3-1-3, we can see that 
the number of researchers in the U.S. exceeds 
the other countries by a wide margin during 
the period shown. The country with the next 
larg-est number of researchers is Japan, with 
733,000 in 1999. 
The number of researchers in Japan has been 

increasing at an almost constant rate through-
out the period displayed. As described below, 
this increase is largely due to an increase in the 
number of researchers in the industrial sector. 
The number of researchers in the U.S. in-

creased greatly from the late 1970s. After the 
reunification of east and west, Germany ex-
perienced a slight decrease in 1993, which was 
largely influenced by the number of research-
ers in the industrial sector. Despite a decrease 
in the number of researchers in the U.K. from 
1989 to 1991, there was an upward trend in 
subsequent years. The number in France has 
consistently risen. In all of the countries, the 
number of researchers in the industrial sec-
toraccounts for 60%  to 80%  of each system, 
and fluctuations in these numbers largely 

(2) The definition of "researcher" is described below. The term 
"researcher" in this book corresponds to the term "R& D scientists and 
engineers" used in the OECD's Frascati M anual. This definition covers 
“specialists engaged in new information, products, manufacturing 
methods, processes, and system planning and creation, together with 
the management duties attached to these.” 
For Japan, the items referred to as "full-time researchers" in the 

M anagement and Coordination Agency's statistics [5], are referred to 
as "researchers" in this book. In the M anagement and Coordination 
Agency's statistics, "full-time researchers" are defined as "university 
(excluding junior college) graduates (or those possessing specialized 
knowledge at the same level or higher) with over 2 years of research 
experience, and carrying out a specific research theme" within each 
facility and those mainly carrying out research. 
In the M anagement and Coordination Agency's statistics, "research" 

is classified as basic research, applied research and development 
research, with the "full-time researchers" carrying out these activities 
being roughly equivalent to the OECD's "R&D scientists and 
engineers." 

dominate the changes in the number of re-
searchers. 

 Figure 3-1-3 Trends in num ber of R&D 
 Scientists and engineering in selected 
 countries 

Note: Data are the total of natural science and hum anities/social 

science.  Japan R&D scientists and engineers are not FTE.  

Data for Japan include software industry since 1997. Data 

for Germ any up to 1990 are old federal area and since 1991 

as of Germ any   

Source: Japan – M anagem ent and Coordination Agency, Statistics 
Bureau,“Report on the Survey of Research and Develop-
m ent”

U.S.- NSF, “National Patterns of R&D Resources 1998”.
Germ any- BM BF, “Bundesbericht Forschung 1996”,

“Faktenberidht 1998”,
France – OECD, “M ain S&T Indicators 1999/2”(“Basic Science 

and Technology Statistics” up to 1991) 
U.K.- OECD, “M ain S&T Indicators 1999/2” (“Forward look” up 

to 1992) 

See: appendix table 3-1-3 
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M oreover, the method used for measuring 
the number of researchers in Japan differs 
from the Full Time Equivalent (FTE) method 
used in most countries, which creates many 
problems for making comparisons with other 
countries. Under the Full Time Equivalent 
method of counting researchers, the details of 
researchers activities are taken into consid-
eration, excluding time which is assigned to 
activities outside of research(3). As a result, 
there appears to be an overestimation of the 
number of researchers in the current statistics 
for Japan relative to other countries. In addi-
tion, since the personnel expenditures of re-
searchers is included in R&D expenditures, it 
would appear that the statistics for Japan are 
over-reported. Full Time Equivalent estimates, 
which are based on a variety of results, are 
shown in several places in this book. However, 
the data shown here is based on statistics used 
up until now. This is because it is data that has 
become widely circulated, and to gain a clear 
picture of long-term trends, under the current 
circum- stances this data is more suitable. 
Next, we will attempt an international com-

parison that takes the scale of each country 
into account according to the number of re-
searchers relative to the population or the 
working population. Figures 3-1-4 and 3-1-5 
show the number of researchers per 10,000 
people and per 10,000 workers respectively. In 
both cases, Japan’s values are high compared 
to the other selected countries. The widening 
gap becomes particularly noticeable starting in 
the 1990s, when the numbers for the U.S. and 
Germany continually declined, while Japan’s
rose.

(3) For example, if a 60%  of a researcher's activities in a one-year 
period are spent on R& D, he is counted as 0.6 of a researcher (or more 
accurately, 0.6 per year). 
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Figure 3-1-4 Trends in num ber of R&D  
Scientists and Engineering per population 
in selected countries 

Note: Sam e as figure 3-1-3 

Source: Num ber of R&D Scientists and Engineer/Sam e as figure 

3-1-3

Population/ Japan – M anagem ent and Coordination Agency, Sta-
tistics Bureau, “Report on the Survey of Research and De-
velopm ent” “Population Estim ates Yearbook Hom e Page 
as of October 1, 1998”.
U.S. – NSF, “National Patterns of R&D Resources 1998”.
Germ any, France & U.K. – OECD, “M ain S&T Indicators”

See: appendix table 3-1-4 

Figure 3-1-5 Trends in num ber of R&D 
Scientists and Engineer per labor population 
in selected countries 

Note: Sam e as Figure 3-1-3 

Source: Num ber of R&D Scientists and Engineer/Sam e as Figure 

3-3-1.   

Labor population/ Japan – M anagem ent and Coordination 
Agency, Statistics Bureau, “Annual Report on the Labour 
Force Survey”.   
U.S., Germ any, France and U.K. - OECD, “M ain S&T Indi-
cators 

See: appendix table 3-1-5 
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However, as stated earlier, because the num-
ber of researchers in Japan is not based on Full 
Time Equivalent, these values have been over-
estimated in comparison to other countries. 
Consequently, we have estimated the Full 
Time Equivalent values for the number of re-
searchers in Japan, which are shown in Figure 
3-1-6 along with the other countries. These 
values are not actual Full Time Equivalent val-
ues, but are estimates based on data from vari-
ous surveys. Also, because the most recent 
data has been used for all countries, the survey 
years differ from country to country. However, 
since the fluctuations over time in these values 
are not large, it is possible to compare them. 
Although there is a significant reduction in 

the number of researchers per population and 
per working population from the original esti-
mate for Japan, it still exceeds the levels for 
Germany, France, the U.K. and so on. For ex-
ample, in the U.S., only researchers who have 
obtained doctorates in the U.S. are counted as 
university researchers, which, conversely to 
Japan, could be considered to be an un-
der-reporting of the real situation. As a result, 
although it is possible that the number of re-
searchers per head of population or working 
population exceeds that of Japan, a suitable 
method of estimation has not been found in the 
present circumstances. Since the university 
sector is particularly important in the estimated 
Full Time Equivalent (estimated) values for 
the number of researchers in Japan, this will be 
discussed in more detail in Chapter 4 (Figures 
4-1-3 and 4-1-5). 

Figure 3-1-6 Num ber of R&D Scientists and 
Engineering by sector in selected countries 
(per 10,000 population and per 1,000 labor 
population) 

Note: 1) Japan is in 1999, U.K. and France are in 1996, Germ any 

and U.S. are in 1995. 

2) FTE estim ation value of Japan is based on the following  

 estim ation based on the various results of an investigation 

 about activity of a researcher.  In the university section, 

the full tim e conversion equivalent value of the num ber of teachers 

was estim ated at 89,000 persons based on the data of the 

various organs concerned etc.  The graduate school doc-

toral course registered person, the m em ber of the m edical 

staff, etc. m ultiplied statistics value by one half with refer-

ence to the m ethod of m any foreign countries.  In the in-

dustrial section, statistics value was m ultiplied by 0.7 based 

on the results of an investigation of the National Institute of 

Science and Technology Policy. 

Source: It is the sam e as that of figure 3-1-1. However, FTE com -

pensation coefficient is rem oved. 

See: appendix table 3-1-6 and table 4-1-5 
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The Classifications of Organizations in the R&D Statistics in Selected 
Countries

The organizations in the R&D statistics of 
each country are generally classified into four 
sectors: governmental sector, university sector 
(or academic sector, which consists of univer-
sities and affiliated institutes), industrial sector 
and private non-profit sector. However, this 
classification somehow differs between coun-
tries due to differences in organizational 
structures and institutions. Therefore, we will 
explain the classifications in the R&D statis-
tics in each of selected countries. The charts 
below show an overview of the classifications 
of organizations in each country. They are 
drawn on the basis of the following principles: 
1) R&D funding sectors are shown in the 

upper part of diagrams while R&D performing 
sector in the lower part. 
2) The R&D funding sectors which are only 

responsible for performing R&D inside are 
omitted. For example, private universities in 
Japan perform R&D by using both extramural 
funds and their own funds, and rarely disburse 

externally. Such a sector is exhibited only as a 
R&D performing sector. 
3) The lines connecting organizations in the 

upper and lower parts show the relationships 
between the organizations, with a solid line 
representing direct control and a broken line 
representing supervision. 

(1) Japan 
In Japan, R&D funding institutions often 

provide funds on the institutional basis to 
R&D performing institutes which are directly 
controlled or supervised by them. In the “gov-
ernmental sector”, national universities and 
national R& D institutes themselves are gov-
ernmental institutes. Research institutes which 
have the status of public special corporation 
are not governmental institutes, are supervised 
by the government and are provided funds by 
the government as an institutional basis in-
cluding the form of capital investment. M u-
nicipalities have municipal universities or col- 

M ain R&D Organizations in Japan 
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leges and publicly-established testing and re-
search institutes which are provided funds as 
the institutional basis by the municipal govern-
ments. 
M inistries and agencies in Japan also dis-

tribute extramural R&D funds on the project 
basis to the organizations which are not di-
rectly controlled or supervised, although the 
amount is not so large. Such funds include the 
Grants-in-Aid for Scientific Research and the 
Special Co-ordination Funds for Promoting 
Science and Technology, which are distributed 
to R&D performing sectors through ministries, 
agencies or public special corporations for 
funding.
In addition, “private research institutes” 

mingle non-profit research institutes, such as 
public interest corporations, and organization 
established by private companies. Therefore, it 
is required to be careful that “private research 
institutes” in Japan do not mean private 
non-profit institutes. This differs from many 
other countries.  

(2) The United States 
In the U.S., the federal government owns 

not only directly-controlled research institutes, 

so-called governm ent-owned goverm ent- 
operated institutes (GOGO), but also institutes 
operations of which are com m itted to pri- 
vate sector, so-called government-owned con-
tractor-operated institutes (GOCO). The major 
example of the former type is the National In-
stitutes of Health (NIH), which is well known 
as large-scale institutions. The latter are also 
called as Federally Funded R&D Centers 
(FFRDCs), which are provided R&D funds as 
the institutional basis by the federal govern-
ment and are commissioned the administra-
tions to universities, private companies and 
private non-profit instates based on contracts.  
In this report, FFRDCs are classified according 
to the types of organizations on the operation 
sides.  For example, a FFRDC commissioned 
to a university is classified into university sec-
tor.  
The federal government also provides R&D 

performing organizations through other 
mechanisms. Institutions such as the National 
Science Foundation (NSF) and NIH distribute 
R&D funds as a project basis. Departments 
and agencies also commission R&D to univer-
sity, industry and private research organiza-
tion.
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(3) Germany 
The German R&D system has a characteris-

tic of a dual structure of federal (Bund) and 
state (Land). M ost of universities are estab-
lished by states. Another characteristic is that 
major government-funded R&D performing 
institutes are private. They are funded by both 
of the federal government and the state      
governments as the institutional basis. The 
funds of the federal government are firstly dis-
bursed to “intermediaries”, such as the head-
quarters of the M ax-Planck Society (M PG: 
M ax-Planck-Gesellschaft) and the Fraunhofer 
Society (FhG: Frauhofer-Gesellschaft).  
Then, the funds are distributed into the sub-
ordinate research organizations, such as the 
M ax-Planck Institutes (M PI) and the Franhofer 
Institutes (FhI). These private research insti-
tutes strongly have the public characteristics.  
In this chapter, therefore, these research insti-
tutes and research institutes directly controlled 
by the federal government and the state gov-
ernments are classified into “governmental and 
private research institutes”. The research insti-
tutes directly controlled by the governments 
are not large. As for funding institutions on the 
project basis, DFG (Deutsche Forschungsge-
meinschaft) funds to universities.  Institutions 

called as project agencies (Projektträger) dis-
tribute project-basis funds of the federal gov-
ernment. 

(4) France 
In France, major government-funded R&D 

performing institutes are higher education es-
tablishments and research public establish-
ments, which have the legal personality and 
the financial autonomy. The higher education 
establishments include university and technical 
institutes (grandes écoles). The research public 
establishments consist of mainly govern-
ment-funded establishments conducting S&T 
activities (EPST: établissement public à carac-
tère scientifique et technologique), establish-
ments required to seek funds from private sec-
tor (EPIC: établissement public à caractère in-
dustriel et commercial) and establishments 
conducting administrative missions by govern-
ment funds partly including S&T activities 
(EPA: établissement public à caractère ad-
ministratif).  The research public establish-
ments are classified into “governmental re-
search institutes” in the statistics, although 
EPIC falls under private law. 
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Some of these institutes not only perform 
intramural R&D but also are able to commis-
sion research to higher education establish-
ments.  In addition, some research units of 
the research public establishments of EPST, 
such as CNRS (Centre National de la Recher-
che Scientifique) and INSERM  (Institut Na-
tional de la Santé et de la Recherche M édi-
cale), are established in the facilities of uni-
versities and university hospitals to provide 
research functions. 

(5) The United Kingdom 
The U.K. R&D system has the characteristic 

that the government entrusts many authorities 
to the subordinate institutions. The govern-

mental departments and agencies are responsi-
ble for R&D with specific missions and have 
directly controlled research institutes. Re-
search Councils are entrusted by the govern-
ment for R&D without specific missions and 
then distributes funds to R&D performing sec-
tor. There are six Research Councils, which 
have the function of funding and are estab-
lished by research field and some of which 
have subordinate research institutes and cen-
ters. The research funds for universities are 
also distributed through Higher Education 
Funding Councils (HEFCs). Each HEFC (and 
their equivalent in Northern Ireland) is estab-
lished in England, W ales, Scotland and North-
ern Ireland. 
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3.1.2 R&D in the Industrial, Academ ic 
and Governm ent Sectors 

Although the R&D system of an entire 
country is made up of various activities, the 
most general classifications are based on the 
public sector and the private sector. From there, 
the sectors can be further divided into four sec-
tors: the university sector (or the academic sec-
tor with facilities connected to universities), 
the industrial sector and the non-profit, private 
sector, which are part of the private sector. 
(Refer to “The Classification of Organizations 
within the R&D Statistics of the M ajor Coun-
tries”). This book makes comparisons on the 
conditions in each country based on this di-
vision of sectors. The R& D conditions of each 
sector and the international comparisons of 
those conditions are dealt with in separate 
chapters or sections. Here, we pay attention to 
the source of distribution of R&D funding to 
each sector, and make a comparison between 
the R&D systems of each country. 
For the breakdown of R&D expenditures by 

sector, there is an important indicator which 
shows the characteristics of the R&D system 
of an entire country. W ith this indicator, it is 
necessary to consider not only the R&D ex-
penditures associated with the sectors using 
the funds, but also the sectors responsible for 
providing the funds. Figure 3-1-7 shows the 
R&D expenditures broken down into the 
source and usage ratios by sector. W ith regard 
to the source of R&D expenditures, there are 
many cases which include a foreign source in 
addition to the four sectors mentioned above. 
This source has been included in “Other” here. 
However, for the U.S. statistics, there is no 
distinction for foreign sources. 
In every country, the industrial sector ac-

counts for the largest portion of both the 
source and use of research funds. The current 
data clearly shows that industry is the greatest 
driving force behind technology. This is 
clearly shown by examining the R&D ex-
penditures from the usage side (i.e. the sector 

implementing R&D) given that the usage ratio 
for the industrial sector exceeds 60%  in each 
country.

Figure 3-1-7 Ratio of R&D expenditures by 
sources and perform ers in selected  
countries

Note: Refer to boxed item s “The Classification of Organizations in 
the R&D Statistics of selected countries”

Source: Japan, U.S. and Germ any – Sam e as Figure 3-1-1, 
France – “Basic Science and Technology Statistics 1999”,
U.K. – “W hite Paper on Science and Technology”

See: appendix table 3-1-7 

In comparison, there are apparent differ-
ences between the countries with regard to the 
industrial sector’s position as the provider of 
R&D funds. W hile there is not a big difference 
between the provision and usage of funds by 
the industrial sector in the U.S. and Japan, 
there is a big difference in France and the U.K. 
The reason for this is that industry in France 
and the U.K. receive a large amount of R&D 
funds from the government and from abroad. 
This point is expressed in greater detail in Fig-
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one among the 5 countries which provides a 
larger percentage of funds (68.3% ) than it uses 
(66.9% ).  
There are significant differences between 

countries in the ratio of funds provided and 
used by governments. The ratio of funds pro-
vided by the Japanese government is the small-
est among the five countries, while it uses the 
second to least funds, after the U.S. These ra-
tios are a source of debate with regards to 
R&D expenditures by the government, espe-
cially in Japan, where it is frequently the point 
at issue for policy formation. 
The ratio of funds used by Japanese univer-

sities is the highest among the five countries. 
This is partly because of the overestimation 
which occurs due to the Full Time Equivalent 
problem mentioned above. Although the data 
for appropriately implementing the estimation 
of Full Time Equivalent for R&D expenditures 
is inadequate, based on the estimated Full 
Time Equivalent values used in Figure 3-1-6, 
the percentage of funds used by Japanese uni-
versities is 16.3% (4). Since the estimated val-
ues are probably lower than the actual values, 
the percentage of funds used by Japanese uni-
versities is not insignificant from an interna-
tional perspective. Nonetheless, a conclusion 
cannot be easily drawn, and more complete 
methods for statistics and comparisons are de-
sirable. 
Another characteristic of Japanese universi-

ties is that they provide 9.1%  of R& D funds 
－ the highest among the five countries. Even 
in the U.S., which ranks second behind Japan, 
this ratio does not exceed 3.2% . The majority 
of the funds provided by Japanese universities 
come from private universities. 
Following is a comparison of the flow of 

(4) From the beginning, the personnel expenses for each type of 
R&D occupation (researchers, assistant researchers, etc.) should be 
calculated by taking advantage of the individual R& D employment 
rates. However, since the breakdown of personnel expenditures or the 
employment rates of those engaged in R&D (other than researchers) 
are not clear, we have based the employment rates of researchers (the 
values used for the estimates in Figure 3-1-6) on the personnel 
expenditures for all those engaged in research.  

R& D expenditures for each sector, in each of 
the five countries, as an indicator of the rela-
tionships between the sectors. These relation-
ships appear in Figure 3-1-8, and show the 
flow of funds from the sectors providing the 
funds to the sectors using them, depicting the 
R&D system of each country in more detail. 
In Japan, the meager flow between the dif-

ferent sectors is an overall feature of the sys-
tem. This is especially true for the flow of 
funds from the government, most of which are 
concentrated in government facilities and uni-
versities. The percentage of expenditures 
flowing to the industrial sector is small com-
pared to the other countries. In addition, the 
majority of funds from the government to the 
universities go to government facilities in the 
natio-nal universities, with few expenditures 
going to the other sectors. In comparison to its 
function in providing funds to other sectors, 
the Japanese government plays a stronger role 
in carrying out R&D functions. From this per-
spective, the government’s position within the 
R&D system has a slightly different character 
than that in other countries. 
The enormous flow of funds within the 

Japanese industrial sector can be seen from the 
graph. This is the most common feature of all 
the countries: within the flow of research funds 
between each of the sectors, the flow from in-
dustry to industry is the largest. In the case of 
Japanese industry, the R&D funds received by 
industry from other sectors is the smallest 
among the five countries. On the other hand, 
the flow of R&D expenditures from industry to 
other sectors is relatively large. Further, the 
R&D funds flowing from the industrial sector 
to privately operated research facilities is com-
paratively large. However, when making this 
comparison between countries, it is important 
to be aware of differences in classification. In 
other countries, these facilities are classified as 
non-profit facilities, as opposed to being “pri-
vately operated research facilities” in Japan. 
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Next, we describe the characteristics of the 
other countries. In the U.S., the flow of R&D 
expenditures from the government to the in-
dustrial sector is large, and accounts for a large 
percentage of government expenditures and of 
funds received by the industrial sector. 
In Germany, there is a sizeable flow from 

the government to universities. M oreover, the 
government sector and non-profit private sec-
tor in Germany are grouped together, with the 
flows within this sector accounting for a com-
paratively large percentage of the total. The 
majority of non-profit, privately operated re-
search facilities in Germany are mainly funded 
by government, and play the same role as the 
government research facilities in other coun-
tries. 
In France, R&D expenditures by the gov-

ernment account for a relatively large percent-
age of the expenditures used by research facili-
ties in each sector. Of particular note is the 
flow from the government to the government, 
which exceeds the amount flowing to universi-
ties. In the U.K., the government provides 
roughly the same amount of funds to universi-
ties and government research facilities. M ore-
over, flows to the industrial sector are rela-
tively large. A large amount of funding is also 
received from abroad.
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Figure 3-1-8 R&D expenditures Flow in selected country 

(A) Japan (1998) [100 m illion Yen] 

(B) U.S. (FY1999) [100 million Yen] 

 (C) Germany (FY1997) [100 million Yen] 

(B) U.S. (1999) [100 m illion Yen] 

Note: 1) 

2)

Source: sam e as figure 3-1-7 

See: appendix table 3-1-8 
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 (C) Germ any (1997) [100 m illion Yen] 

(D) France (1997) [100 m illion Yen] 

(E) U.K. (1997) [100 m illion Yen] 

Note: 1) Research and developm ent costs other than Japan were converted into Japanese currency (Yen) using the purchasing power parity of 

OECD. It om itted about the less than 10 billion en flow by a diagram , and the dotted line showed the less than 50 billion yen flow of 10 billion 

yen or m ore. 

2) About the organization classification of each country, it is referring to the boxed item  “an organization classification in re-
search-and-developm ent statistics of a m ajor power”.

Source: sam e as figure 3-1-7 

See: appendix table 3-1-8 
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The R&D expenditures by sector show more 
changes over time. Here, we examine the 
changes in the position of each sector by coun-
try, according to changes in the percentages of 
R&D expenditures for each sector. Changes in 
the percentages of funds provided by each 
sector will be left to a later analysis of the 
governments (in Section 3.2) and universities 
(in Chapter 4). 
If we look at the breakdown of R& D expen-

ditures by sector in Japan (Figure 3-1-9), the 
ratio for the industrial sector increased during 
the 1980s. Conversely, there was a downward 
trend in the ratio for university and govern-
ment research facilities. In contrast to the ratio 
for industry falling from 1992, and leveling off 
after that, there was a slight upward trend of 
the ratio for university and government re-
search facilities in the 1990s. 

In the U.S., there is an obvious long-term re-
duction in the ratio for the government re-
search facilities. On the contrary, the ratio for 
universities shows an upward trend over the 
long term, showing a growing influence in the 
R&D sector. Further, despite a large increase 
in the actual amount of R&D expenditures by 
the industrial sector, (see Figure 5-1-1 in 
chapter 5), there was not a particularly large 
change in the usage ratio. 
In Germany, France and the U.K., the 

changes are relatively small compared to Japan 
and the U.S. The ratio for universities in all 
three countries rose slightly. In Germany and 
the U.K., the ratio for industry decreased in the 
1990s compared to the 1980s. On the other 
hand, the ratio for industry rose in France, 
while the ratio for government research facili-
ties showed a downward trend. 

Figure 3-1-9 Trends in R&D expenditures and ratio by perform ing sector in selected countries 

                 (A) Japan                                    (C) Germ any 

                 (B) U.S.                                      (D) France 

0%

20%

40%

60%

80%

100%

82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97

Industries

Universities

G overnm ent Research Institutes

Private Institutes

1981 1998

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

82 83 84 85 86 87 88 89 90 91 92 93 94 95 96

Industries

Universities & Colleges

G overnm ent & Private Research Institutes

1981 1997

0%

20%

40%

60%

80%

100%

82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97

Industries

Universities & Colleges

G overnm ent Research Institutes

Private Research Institutes

1981 1998

0%

20%

40%

60%

80%

100%

82 83 84 85 86 84 88 89 90 91 92 93 94 95 96 97 98

Industries

Universities & Colleges

G overnm ent Research Institutes

Private Research Institutes

1981 1999



Chapter 3 R&D System s and the Public Sector                                                

 78 

                (E) U.K. 

Note: Data are the total natural science and hum anities/social 

science. Data for Japan include software industry since 

FY1996. 

    The num erical value in 1998 of France is assum ption value. 

Germ any is contained in the federal governm ent. 

Source: Japan, U.S. – sam e as Figure 3-1-1 
Germ any – “Faktenberidht 1998”
France, U.K. – “M ain S&T Indicators 1999/2, “Basic Sci-
ence and Technology Statistics 1998”        

See: appendix table 3-1-9 

If we look at the percentage of researchers 
by sector for the selected countries, we can see 
that the industrial sector has the highest per-
centage in every country, just as it does for 
R&D expenditures. This is followed by uni-
versities and then government research facili-
ties (Figure 3-1-10). However, there are dif-
ferences between countries in the statistics for 
the number of researchers by sector. The ac-
curacy of the ratios shown here is difficult to 
guarantee, and should only be used for as a 
guide.
The ratio for Japanese universities is rela-

tively high, while that of the government re-
search facilities is the lowest of the five coun-
tries. Because the Full Time Equivalent values 
are not used in Japan, we have calculated the 
various ratios based on estimated Full Time 
Equivalent values. This gives a ratio of 28%  
for universities, which is lower than France 
and the U.K., but about the same as Germany 
(see Table 3-1-6). 
The ratio for the American industrial sector 

is the highest of the five countries, while the 

ratio for universities is the lowest. However, as 
mentioned earlier, in the U.S. case it is be-
lieved that the number of university research-
ers is underestimated, in contrast to Japan. 
Therefore, it can be assumed that the actual ra-
tio is greater than the ratio shown here. 

 Figure 3-1-10 Num ber of R&D scientists 
 and engineers by sector in selected 
 countries 

Note: Japan R&D scientists and engineer are not FTE. 

Source: Japan, U.S. & Germ any – sam e as figure 3-1-1 
France – OECD, “M ain S&T Indicate 1999/2”
U.K. – OCED, “Basic Science and Technology Statistics  
1998”

See: appendix table 3-1-10 
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3.2 Features and Issues of R&D in 
Japan

3.2.1 R&D Expenditures per Researcher 

In the previous section, researchers and 
R&D expenditures were treated independently. 
Nonetheless, it is important to analyze the 
balance between the two. W e will therefore 
examine the R&D expenditures per researcher. 
Although there are large differences in these 
values due to the characteristics of the R&D 
fields and facilities, we will compare the val-
ues for entire countries. If we make a com-
parison between the five countries using the 
latest statistics, we find that the R&D expen-
ditures per researcher in Japan are 22.91 mil-
lion yen － the lowest of the five countries 
(Figure 3-2-1). 

Figure 3-2-1 Trends in R&D expenditures 
per R&D scientist/Engineer in selected 
countries

Note: sam e as figure 3-1-1, 3-1-3 

Source: sam e as figure 3-1-1, 3-1-3 

See: appendix table 3-2-1 

The estimated Full Time Equivalent value 
(29.84 million yen/researcher) is taken into 
consideration and shown in the chart. W hen 
this value is compared to the other countries, it 

is roughly equal to Germany and France. 
However, due to the unsatisfactory nature of 
the data necessary to estimate this value, its 
accuracy cannot be guaranteed. Nevertheless, 
it is clear that the amount exceeds the amount 
before the estimation. At any rate, there were 
no significant differences discovered for ex-
penditures per researcher between the five 
countries.
The change over time by sector for the R&D 

expenditures per researcher in Japan shows 
that amounts for universities are small com-
pared to the other sectors. Nevertheless, a 
moderate long-term increase is evident. The 
growth in the amounts for the industrial sector 
stagnated from the late 1980s, while there was 
conspicuous growth for government research 
facilities starting in 1990. M oreover, among 
the government research facilities, the amounts 
for semi-governmental corporations carrying 
out large-scale R&D were notably large. The 
actual breakdowns appear in Section 3.5 (Fig-
ure 3-5-5). 

Figure 3-2-2 Trends in R&D expenditures 
per R&D scientist/engineer in Japan 

Note: R&D expenditures include natural science and hum ani-

ties/social science. R&D expenditures include software in-

dustry since FY1996. R&D scientist and engineer not used 

FTE. R&D scientist and engineer include software industry 

since 1997. 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent”.
See: appendix table 3-2-2 
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3.2.2 Breakdow n of R&D Expenditures 
and Basic Research Expenditures by 
Type 

As we saw earlier, one of the features of 
R&D activities in Japan is the especially large 
ratio the industrial sector accounts for, in con-
trast to the ratio for the government sector, 
which is small in comparison to the other ma-
jor industrialized countries. Under these cir-
cumstances, the adequacy of distributions to 
basic research expenditures, applied research 
and development are topics of frequent debate. 
This is because in general, basic research ex-
penditures are high for universities and low for 
the industrial sector. 
Figure 3-2-3 shows a comparison of data for 

basic research expenditures between the four 
countries, excluding the U.K., for which this 
data is unavailable. The ratio of basic research 
expenditures for Japan and the U.S. are low 
relative to Germany and France. The ratio for 
Japan is consistently the lowest among the four 
countries, except in 1995, when it exceeded 
that of the U.S. The small ratio for basic re-
search expenditures for Japan and the U.S. is 
influenced by the large ratio of research ex-
penditures accounted for by the industrial sec-
tors of both countries. 

Figure 3-2-3 Trends in R&D expenditures 
in selected countries by characteristic of  
work 

Note: Data for Japan include software industry since FY1996. 
R&D expenditures for Japan is only natural science. How-

ever, It is include another sector using am ount.    

R&D expenditures for other countries are the total of natural 

science and hum anities science. However, R&D expendi-

tures in 1981 for Germ any is natural science only.  There is 

no difference between applied research and developm ent 

research in Germ any. The 1998,1999 value of U.S. is re-

serve value. 

Source: Japan, U.S. – sam e as figure 3-1-1 
Other countries – OECD, “Basic S&T Statistics1999”

See: appendix table 3-2-3 

0% 50% 100%

1996

1995

1994

1993

1992

1991

1993

1991

1987

1999

1998

1997

1996

1995

1994

1993

1992

1991

1998

1997

1996

1995

1994

1993

1992

1991

R&D Expenditures by Characteristic of W ork

Developm ent
Applied
Research

Basic
ResearchJapan

U.S.

G erm any

France

61.0

16.3 22.9 60.9

78.821.2

22.2 48.229.6

14.4 24.6



                                                                                           3-2

 81 

Next, we compare which sectors are respon-
sible for basic research in each country. If we 
look at the changes in the ratios of basic re-
search expenditures by the sectors using them 
in Figure 3-2-4, we see that the ratio for Ja-
pan's industrial sector is comparatively high. 
However, there was a continuous downward 
trend in the 1990s, particularly in 1992 and 
1998, when there were significant drops. This 
coincided with a period of cuts in the total 
amount of R&D expenditures by the majority 
of companies. At the same time, there was an 
upward trend in the ratio for government re-
search facilities. 

Figure 3-2-4 Trends in basic research  
expenditures by sector in selected  
countries

Note: R&D expenditures is sum  total of natural science and hu-

m anities science. The 1998, 1999 values of U.S. is reserve 

value. And “governm ent research Institute” include “local 
governm ent (Japan)” and “state governm ent (U.S.)”. Data 
for Japan include software industry since FY1996.  

 The Federally-Funded Research and Developm ent Centers 

(FFRDCs) of each sector is included “Industry”,“Univer-
sity” and “private m anagem ent research organization” in 
U.S.. 

 A private m anagem ent research organization is included in 

a Germ an governm ent research organization. 

Source: sam e as figure 3-2-3 

See: appendix table 3-2-4 

In the U.S., there is a slightly declining trend 
for both government research facilities and 
privately operated research facilities. However, 
large changes can be seen mainly in the indus-
trial sector and universities. In the early 1990s, 
the ratio for the industrial sector fell similarly 
to that of Japan, but unlike Japan, it started 
rising again in the mid-1990s. 
Compared to Japan and the U.S., Germany's 

industrial sector ratio is small. France's indus-
trial ratio is even smaller, while the ratio for 
universities is relatively large. 

3.2.3 Num ber of Researchers by 
Specialty 

As the basis of science and technology 
strategy planning, the question of the distribu-
tion of R&D funds and personnel among fields 
in Japan is extremely important. The prepara-
tion of statistics for the breakdown of R&D by 
field is difficult since the appropriate data does 
not presently exist. Nonetheless, we present 
the number of researchers by specialty in Fig-
ure 3-2-5 as reference data. The specialties 
used as classifications here are based on the 
specialized knowledge possessed by research-
ers. Consequently, this indicator shows the re-
sults of the past promotion of human resources 
rather than the R&D fields at the time of the 
survey.
Among the specialties, the largest field is 

"Electronics and Communications," followed 
by "M achinery, Shipping and Aviation." 
W ithin these engineering-related and phys-
ics-related fields, as well as the largest field –
"Chemistry" – the largest proportion of the re-
searchers belong to the industrial sector. On 
the other hand, in the third largest category –
"M edical and Dentistry" – most belong to 
universities and other higher education institu-
tions, along with those in the "Humanities and 
Social Sciences" field. 
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 Figure 3-2-5 Num ber of R&D scientists 
 engineers by specialty and by sector in 
 Japan  (1999) 

Source: The M anagem ent and Coordination Agency, Statistics 

Bureau,“Report on the Survey of Research and Develop-
m ent”

See: appendix table 3-2-5 

3.2.4 Research Assistants and Post 
Doctorates

Despite the vital role assistant researchers 
play in R&D, there is a tendency for them to 
be thought of as being on the periphery of 
R&D, perhaps because of the terminology.
Nonetheless, with the growing complexity and 
scale of present-day R& D, researchers and re-
search assistants are both essential, and the 
terms should be thought of only as a categori-
zation of work duties. W hen attempting to gain 
a clear picture of R&D activities by means of 
statistics, it is inappropriate to use researchers 
only; research assistants should also be in-
cluded. As with the definition of a researcher, 
the definition for a research assistant varies 
from country to country. In Japan, the defini-
tion includes "research assistant," "technician," 
and "other personnel involved in research 
work."

Figure 3-2-6 Num ber of Research Support  
workers per R&D scientist/engineer in 
selected countries 

Source: Japan, U.S. and Germ any – sam e as figure 3-1-1 
France, U.K. – OCED, “Basic S&T Statistics 1999”

See: appendix table 3-2-6 
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Although there are statistics for the number 
of personnel engaged in research, which in-
cludes research assistants available in each 
country, there are differences in definitions 
and survey methods. Here, we compare the ra-
tio of the number of research assistants to the 
number of researchers. In other words, the 
number of research assistants per researcher. 
In Japan, the number of research assistants per 
researcher was 0.37 in 1999, which is small in 
comparison to the selected countries in Europe. 
(See Figure 3-2-6). 
If we look at the number of research assis-

tants per researcher by sector in Japan, we see 
that in 1999, the number was 0.86 in research 
facilities and 0.43 in the industrial sector, 
compared to an extremely low 0.19 in the uni-
versities (Figure 3-2-7). M oreover, these 
numbers have continued to fall in the industrial 
and university sectors, which is an extremely 
serious problem in light of the importance of 
research assistants mentioned above. Despite a 
slight increase within research facilities from 
1995, the values are small when compared to 
those previous to 1994. 

Figure 3-2-7 Trends in num ber of research 
support workers per R&D scientists/engineer 
in Japan 

Source : The M anagem ent and Coordination Agency, Statistics 

Bureau,“Report on the Survey of Research and Develop-
m ent”

See: appendix table 3-2-7 

Next, we touch on the post-doctorate situa-
tion in Japan. In an effort to train and expand 
the tier of young researchers in Japan there has 
been a promotion of The Support Program for 
10,000 Post Doctorates since 1995. By 
FY2000, this program endeavors to have ap-
proximately 10,000 post doctorates engaged in 
creative research activities in national labora-
tories and universities, and so on, and to ex-
pand a variety of assistance systems through 
each of the ministries and agencies. 
As a result, in FY2000, steps were taken for 

the budgetary support of 10,596 people at the 
post-doctorate level (Figure 3-2-8). In com-
parison to the 4,739 people in FY1995, this is 
a substantial increase of 220%  over a five-year 
period.

Figure 3-2-8 Trends in num ber of  
researchers supported by plan for 10 
thousand post-doctoral researchers  

Note: Each fiscal year shows the budget m easure num ber, and a 

part for a supplem entary budget is included (the supple-

m entary budget in the 2000 fiscal year is undecided). 

Source: The Science and Technology Agency data 

See: appendix table 3-2-8 
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3.3 Governm ent Supported R&D 

Although the government is not the main 
constituent of the most significant activities 
within a country's system of science and tech-
nology activities, it is at the core of functions 
relating to funding provisions for other sectors 
and regulations between sectors. In this section, 
we analyze the situation surrounding govern-
ment supported R&D from the perspective of 
funding.
There are two methods for examining R&D 

funding by governments. One method is to ex-
amine the R&D expenditures used by each 
performing sector and to total the portion pro-
vided by the government. The other method is 
to look at the R&D related expenditures within 
the government's annual expenditures. 
The former method of the two (i.e. measur-

ing at the performing sectors) is the main 
method used in compiling R&D statistics, and 
is not limited to government funding. Even if 
R&D expenditures go through a complex flow, 
it is possible to get a clear picture of the total 
amount of R&D expenditures for an entire 
country for survey purposes. However, be-
cause it is not always possible to accurately de-
termine the source of funds, the latter method 
(i.e. measuring at the funding sectors) is also 
necessary. Nonetheless, it is difficult to gain a 
clear picture of R&D expenditures using this 
method because of disparities between actual 
R&D expenditures. In Section 3.3.1, we start 
by using the data measured at the performing 
sectors, showing the R&D expenditures ab-
sorbed by the government. This is followed by 
an analysis of science and technology related 
outlays from within a government's annual ex-
penditures in Section 3.3.2. 

3.3.1 R&D Expenditures Supported by 
the Governm ent 

Examining the changes in the proportions of 
the total R&D expenditures supported by the 

governments of the major nations in Figure  
3-3-1, the graphs show a basic downward trend 
after 1981 for all of the countries except Japan, 
which suggests a change in the role of the gov-
ernments. The decline in the U.S. is particu-
larly large, where the government support ratio 
of 46.6%  in 1981 fell to 26.7%  in 1999. After 
German unification, there was a slight upward 
trend there until 1997, when the ratio fell. 
Of the five countries, Japan consistently has 

the lowest ratio, with a government support ra-
tio of 21.7%  in 1998. Although there were no 
significant changes in the ratio for Japan in the 
long term, the ratio for government support 
was slightly higher in the 1990s in comparison 
to the late 1980s. 

 Figure 3-3-1 Trends in Ratio of R&D 
 expenditures sources by governm ent in 
 selected countries 

Note: The governm ent is a country, m unicipal corporation, gov-

ernm ent m anagem ent, public m anagem ent and the re-

search organization of a special public corporation, national, 

and a public university (a junior college etc. is included). A 

research and developm ent cost is the sum  total of natural 

science and hum anities, social science (each country). 

Japan-Software business will also be included from  the 

1996 fiscal year. 

U.S.- Research and developm ent cost is reserve value. The 

governm ent is the federal governm ent and a federal gov-

ernm ent research organization. 

Germ any-It is an old federal area till 1990 and it is Germ any 

in 1991 and afterwards. 

France - The governm ent is a public research organization 

U.K.-The governm ent is a center and the local governm ent. 

Source: Japan, U.S. and Germ any – sam e as figure 3-1-1 
France – OECD, “Basic S&T Statistics 1999”
U.K. – DTI, “SET Statistics 1999”

See: appendix table 3-3-1
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Next, we examine the breakdown of the use 
of government disbursements of R&D expen-
ditures by sector (Figure 3-2-2). In the break-
down for Japan, we cannot see any con-
spicuous changes during the period covered by 
the chart. The university and government re-
search facilities account for a large proportion. 
As discussed in the explanation of the flow of 
R&D expenditures (Figure 3-1-8), the flow of 
funds to the industrial sector is small relative 
to the other countries. This is a unique feature 
of the Japanese system. 
The proportion of R&D expenditures by the 

U.S. government for the industrial sector has 
been traditionally high, especially in 1984 to 
1988, when it surpassed 50% . However, while 
there was a substantial decline in this ratio 
from the late 1980s to the early 1990s, the ra-
tio for universities climbed. The fall in the ex-
penditures for the industrial sector was influ-
enced by a reduction in the traditionally large 
expenditures for national defense. The ratios 

for government research facilities, along with 
privately operated facilities, have not seen any 
large changes, and were relatively stable in the 
1990s.
In Germany, the industrial ratio fell from the 

1980s to the beginning of the 1990s, while the 
ratios for universities and government, to-
gether with non-profit, privately operated re-
search facilities increased. In the late 1990s, 
the industrial sector leveled off, while the uni-
versity sector experienced a slight decline as 
the ratio for government and privately operated 
research facilities increased. 
In France, the ratio for government research 

facilities was large. The ratio for universities 
was comparatively small, but started increas-
ing in the 1990s. 
In conclusion, the reduction in the disburse-

ments of R&D expenditures to the industrial 
sector by the governments in the countries 
other than Japan were reciprocated by an in-
crease in disbursements to universities. 

 Figure 3-3-2 Trends in the breakdown of governm ental R&D expenditures in selected countries 
              (A) Japan                                   (B) U.S. 

            (C) Germ any                                (D) France 

Note: sam e as figure 3-3-1    Source: Japan, U.S., & Germ any – sam e as figure 3-1-1, France – OECD, “Basic S&T Statistics 1999”
See: appendix table 3-3-2 
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3.3.2 Science and Technology Budgets 
by Governm ent 

In this section, we will consider the science 
and technology related expenditures from the 
annual budget of government. As with R&D 
expenditures, there is no rigorous international 
definition for science and technology budgets, 
and although every country includes R&D ex-
penditures, other expenditures may also be in-
cluded. In Japan, R&D expenditures are not 
calculated separately from science and tech-
nology budgets, and will not be covered in this 
book.

Figure 3-3-3 Trends in governm ental  
science and technology budgets in selected 
countries

Note: Technology relation cost of Japan is only the initial budget of 

a country, the thing only about hum anities/society does not 

contain. The object range is im proved in 1996 and after-

wards.  

U.S.- This num erical value is budget authority am ount. 1998 

value is provisional value and 1999 value is presum ed 

value. 

Germ any- The 1996 value of a federation and state gov-

ernm ent is provisional value. It is an actual result till the 

federal governm ent’s 1996 fiscal year, the 1997 fiscal year 
is budget, the 1998 fiscal year is a governm ent budget. 

U.K.- Budget is governm ental research-and-developm ent 

budget, and is an actual result till the 1994 fiscal year. 

Source: Science and Technology Agency, “W hite Paper on Sci-

ence & Technology”,“The Science and Technology Direc-
tory”

See: appendix table 3-3-3 

Figure 3-3-3 shows the science and technol-
ogy related budgets of the governments of the 
selected countries. The amount for Japan was 
one-quarter that of the U.S. in 1999, but about 
the same as that of France and Germany. Be-
cause of differences in the economic scales 
and systems of each country, a simple com-
parison is not possible. Nevertheless, taking 
scale into account, Japan's science and tech-
nology related budgets can be considered small. 
As a result, it has been frequently argued that 
an increase in the science and technology re-
lated budgets of the Japanese government is 
required. If we examine the yearly changes, 
however, there has been an obvious increase in 
the science and technology related budgets in 
Japan, especially in the late 1990s. 

Figure 3-3-4 Trends in governm ent  
science & technology budgets for civil in  
selected countries 

Note: sam e as figure 3-3-3 

Source: sam e as figure 3-3-3 

See: appendix table 3-3-4 

W hen making international comparisons of 
science and technology related government 
budgets, national defense expenditures are of-
ten excluded because of the difference in 
character to other expenditures. This is espe-
cially true when comparing Japan to other 
countries, and in many cases it is more     
appropriate to exclude these expenditures. Fig-
ure 3-3-4 shows the science and technology re-
lated government budgets, excluding expendi-
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tures related to national defense (i.e. only 
non-military expenditures). 
In Japan, the ratio of non-military expen-

ditures account for 95.4%  (1999) of the sci-
ence and technology related budgets.  
In contrast, the percentage of non-military ex-
penditures used in the U.S. does not exceed 
51.2%  (1999). As a result, a comparison of 
non-military expenditures shows that the 
amount for Japan was half that of the U.S. in 
1999. From the perspective of yearly changes, 
all of the trends are roughly the same as those 
for total amounts. 

Figure 3-3-5 Trends in ratio of 
governm ental S&T budgets to GDP in 
selected countries 

Note: sam e as figure 3-3-3 

Source : sam e as figure 3-3-3, GDP – sam e as figure 3-1-2 
See: appendix table 3-3-5 

Figure 3-3-5 compares science and technol-
ogy related budgets relative to GDP in order to 
take the differences in scales between coun-
tries into consideration. The values for the 
countries apart from Japan exhibit a downward 
trend from the late 1980s. It can be argued that 
the declining science and technology budgets 
are a result of reductions in the national de-
fense expenditures and reforms to the govern-
ment sector. Only the values for Japan have 
been climbing since the start of the 1990s. 
Nonetheless, up to now, the values for Japan 
have been low among the major industrialized 
nations, and despite surpassing Germany after 

1995, the values are still below those of the 
U.S., France and the U.K. 
Figure 3-3-6 shows a comparison between 

the general annual budget and the previous 
year's growth in science and technology budg-
ets. From this we can see that the growth of 
science and technology budgets exceeds that of 
the general annual budget for the period dis-
played, except for FY1998. The 12.4%  in 1996 
is particularly large. However, both of the 
growth rates shown here are values based on 
original budgets. In reality, in addition to the 
original budgets, disbursements are made for 
science and technology budgets according to 
revised budgets. 

 Figure 3-3-6 Trends in growth rates of 
 governm ental S&T budgets in Japan  

Note: sam e as figure 3-3-3 

Source: Science and Technology Agency, “The Science and 
Technology Directory”,“Science and Technology Expendi-
tures O verview”

See: appendix table 3-3-6 

In Japan, the Science and Technology Basic 
Plan (referred to as the Basic Plan below) was 
decided by the Cabinet in July 1996. The 
Fundamental Plan stated that "… with regard to 
the short-term doubling of Research and De-
velopment funding, underlying the idea of 
raising the rate relative to GDP in the early 21st

century in line with W estern nations, there is a 
strong desire to realize a doubling within the 
period of the Basic Plan. This would require a 
large-scale budget for science and technology 
expenditures of approximately 17 trillion yen 
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between fiscal years 1996 and 2000." 
For the actual science and technology ex-

penditures, the total of the budgets for the    
five-year period from FY1996 to FY2000 
came to 17.1763 trillion yen, achieving the 17 
trillion yen written in the Basic Plan. Examin-
ing the changes during the five year period, we 
see that the amount in 1998 was large. This is 
due to the large contributions made under the 
revised budget which was aimed at grappling 
with the stagnant economy. (See Figure 3-3-7.) 

Figure 3-3-7 Trends in the S&T budgets in  
the S&T basic plan in Japan 

Note: Com petitive capital showed the am ount of m oney (vertical 

axis) by the polygonal line, and displayed in the parenthesis 

the rate for which it accounts to the whole. It is the proposal 

general invitation of a science research cost subsidy (M inis-

try of Education), technology prom otion adjustm ent ex-

pense (Science and Technology Agency), a welfare science 

research cost subsidy (M inistry of Health and W elfare), 

earth-environm ent research synthesis prom otion expense 

(Environm ent Agency), the new basic research prom otion 

system  (each m inistry agency) by the special public corpo-

ration, and reform ist technical developm ent which was 

m ade into com petitive capital here. 

Source: Science and Technology Agency data 

See: appendix table 3-3-7 

In the Basic Plan, one of the policies for re-
alizing a flexible and competitive R&D envi-
ronment was to promote the expansion of com-
petitive funds. In Figure 3-3-7, the amount of 
competitive funds is shown as part of the sci-
ence and technology budgets, together with the 
numerical values of their ratios. 
However, since the definition and range of 

competitive funds cannot always be clearly de-
termined, the amounts indicated here are the 
total amounts for the major funding. Even this 
data shows an apparent increase in the ratios 
during the five-year period. 
In comparison to other countries, the ratios 

for the competitive funds cannot necessarily be 
considered high. Again, in the other countries, 
the definition and range of competitive funds 
is not always clearly determinable, which 
makes a simple comparison difficult. 
None-theless, in the U.S. and the U.K., over 
30%  of the government's science and technol-
ogy budget consists of competitive funds, 
which considerably exceeds Japan's rate 
(around 10% )(5).

Figure 3-3-8 Breakdown of governm ent  
S&T budgets in Japan (FY1999) 

Source: Science and Technology Agency, “W hite Paper on Sci-

ence and Technology”
See: appendix table 3-3-8 

(5) In the U.S., the R&D budget of the M erit Reviewed Program 
accounted for 34%  of the total in FY2000. In the U.K., the total 
budgets of the Research Council and the HEFCs accounted for 40%  of 
the government's science and technology budget in FY1999 
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The science and technology budgets in Ja-
pan consist of portions from the general ac-
counts and special accounts - roughly 50%  
each (Figure 3-3-8). The general accounts por-
tion consists of expenditures for the national 
testing and research institutions, the Budget for 
the Promotion of Science and Technology 
comprising a variety of different types of sub-
sidies, and other research related expenditures. 
On the other hand, the national schools special 
account accounts for the main portion of the 
special accounts. 
The ratios of science and technology related 

budgets by ministry or agency (Figure 3-3-9) 
do not show any large changes, except for 
1996, for the range of targeted expenditures. 
The M inistry of Education consistently has the 
largest ratio. In FY1999, it accounted for 
42.7% , followed by the Science and Technol-
ogy Agency (24.5% ), the M inistry of Interna-
tional Trade and Industry (16.1% ) and the 
M inistry of Agriculture (4.6% ), Forestry and 
Fisheries (3.5% ). 

Figure 3-3-9 Trends in S&T budgets by 
governm ent m inistry/agency 

Note: The object range is im proved after the 1996 fiscal year. 

 About the Japan Key Technology Center cost, duplication 

appropriation is carried out at the M inistry of International 

Trade and Industry and each M inistry of Posts and Tele-

com m unications. (In addition about sum  total, it is m ade not 

to becom e duplication appropriation). This table is totaled 

the Science and Technology Agency. 

Source: Science and Technology Agency, “The Science and 
Technology Directory”

See: appendix table 3-3-9 

W hen making an international comparison 
of science and technology related government 
budgets, there are cases in which not only the 
central government, but also local government 
must be included. The science and technology 
budgets shown here for Japan do not include 
budget by local governments. Although the 
data has not been created to the same standards 
as that of the national expenditures, data for 
reference purposes is shown in Figure 3-3-10. 

Figure 3-3-10 S&T budgets of governm ent  
m inistries/agencies and local governm ent 
(FY1997)

Source: Science and Technology Agency, “The Science and 
Technology Directory”,“Science and Technology Expendi-
tures Overview”, National Institute of Science and Tech-
nology Policy, “Study of Regional Science and Technology 
Prom otion (Fourth Survey)”

See: appendix table 3-3-10 

The total science and technology budgets of 
the local governments of Japan were 862.3 bil-
lion yen in FY1997. This is equivalent to a 
considerable 29%  of the budget of the central 
government in the same year (3.0026 trillion 
yen). M oreover, compared to the science and 
technology budgets of the main national minis-
tries and agencies, the total expenditures of the 
47 prefectures (749.1 billion yen) exceed those 
of the M inistry of International Trade and 
Industry.
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For science and technology related govern-
ment budgets, the OECD proposes a classifi-
cation method by social and economic objec-
tives. An international comparison was reim-
plemented using the data according to these 
classifications, but due to large differences in 
the systems and classification methods of each 
country, we can only view broad trends, as 
opposed to making a precise comparison (Fig-
ure 3-3-11). 
For science and technology budgets in Japan, 

the largest classification is "General progress 
in knowledge" (48.2% ), which is similar to 
France and Germany. The large ratio for "En-
ergy" (20.2% ) is unseen in any other country, 
whereas the 5.6%  ratio for "National defense" 
is the smallest among the five countries. 
The U.S. ratio for "National defense," on the 

other hand, stands out at an enormous 54.1% , 
with large ratios for "Health" (18.5% ) and 
"Non-military space development" is (11.2% ). 
The ratio of 14.5%  for "Health" in the U.K., 
11%  for "Non-military space development" in 
France, and 12.9%  for "Industrial develop-
ment" in Germany are all relatively large. 
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Figure 3-3-11 Governm ental S&T budget by socioeconom ic purpose 

             (A) Japan (1999)                               (B) U.S. (1999) 

          (C) Germ any (1998)                             (D) France (1998) 

                                   (E) U.K. (1998) 

Note: A num erical value of Japan is only the initial budget of a country, the cost only about hum anities/society does not contain.  An U.S. num eri-

cal value is budget authority am ount.  A num erical value of Germ any is the budget (presum ed value) of the federal governm ent and a state 

governm ent. Germ any, France, and U.K. are presum ed value. 

Source: OECD, “Basic S&T Statistics 1999”
See: appendix table 3-3-11 
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3.4 Science and Technology 
Foundations

Foundations which provide funding support 
for science and technology activities play a 
similar role to that of the government in its 
support of R&D, discussed in the previous 
section. In this section, we discuss the data for 
the science and technology foundations, and 
make an analysis of the situation in Japan, to-
gether with that of Europe and the U.S. 

3.4.1 The History of Foundations 

In 1998, there were 13,553 incorporated 
foundations in Japan (according to the M an-
agement Office of the Prime M inister's Secre-
tariat). Some incorporated foundations are 
"working foundations", which carry out their 
own work independently, and some are "sup-
port foundations", which support the work of 
others. In this section, we introduce the activi-
ties of "support foundations" (referred to sim-
ply as "foundations" below). The data for the 
foundations in Japan is from the Support 
Foundations Center, unless stated otherwise. 
Foundations supporting scientific research 

have existed since the Taisho Period.Exam-
ples of these were the Harada Sekizen Group 
and the M itsui Houon Group, which possessed 
an enormous 30 to 40 billion yen in capital, at 
current values. However, after the war, the 
fi-nancial basis of most foundations was wiped 
out by sudden inflation and the loss in value of 
wealth held in stocks. 
If we look at the foundations that were es-

tablished after the war, we see that up until the 
1960s there were only six to seven foundations 
established per year. The number of founda-
tions carrying out work previous to 1969 was 
only 188 (Figure 3-4-1). The number of foun-
dations established increased at the start of the 
1970s, with over 20 being set up in some years. 
The period of greatest activity was the five- 
year period starting in 1987, with an average 

of 45 foundations being incorporated per year, 
which accounted for a quarter of the total 
number. After 1993, the number of founda-
tions being established fell sharply in step with 
the recession, with a small number being es-
tablished in recent years. Of the 849 founda-
tions, 32%  were established after 1987, and 
50%  after 1982. From this, it can be said this is 
a relatively new sector in Japan. 
Next, we will examine the U.S., which has 

the world's largest foundations. At the be-
ginning of the 1990s, the number of foun-
dations increased by 1000 to 2000 per year, 
with 41,588 foundations carrying out activities 
in 1996. W ith the increase of newly active 
foundations, together with the traditional 
large-scale foundations, there have been many 
cases of large expansions in the scale of sup-
port in the past ten years. 

Figure 3-4-1 Trends in S&T related  
foundation establishm ent 

Source: Based on Japan Foundation Center data, it creates in the 

National Institute of Science and Technology Policy. 

See: appendix table 3-4-1 
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3.4.2 The Support and Asset Scales of 
Foundations

The scale of assistance is shown in Figure 
3-4-2. In FY1998, 615 foundations were car-
rying out 1,391 assistance programs, totaling 
47.9 billion yen. Of this total, roughly 16%  
(7.7 billion yen) was for research assistance, 
which corresponded to a mere 10%  (117.9 bil-
lion yen) of the budget for science research 
grants by the M inistry of Education in the 
same year. 

Figure 3-4-2 Trends in num ber of  
Grant-M aking foundation and size of 
assets (FY1998) 

Source: sam e as figure 3-4-1 

See: appendix table 3-4-2 

Figure 3-4-3 shows the scale of assistance 
given by foundations. Of the total, 50%  give 
assistance of less than 25 million yen per year, 
while 74%  give assistance below 50 million 
yen per year, indicating that small-scale foun-
dations account for the majority. On the other 
hand, despite the number of large-scale foun-
dations with annual assistance amounts ex-
ceeding 500 million yen being a meager 11 
(2% ), they account for 30%  of the total amount 
of assistance. 

In contrast, the total assistance of the 44,146 
foundations active in FY1997 in the U.S. was 
16 billion dollars – approximately 43 times 
that of Japan (based on a purchasing power 
parity exchange rate of 166 yen per dollar). Of 
this, research assistance was about 8.5% , 
which is half that of Japan. Figure 3-4-4 shows 
a breakdown of foundations by size. From this 
we can see that foundations with an annual as-
sistance amount of less than 100,000 dollars 
account for 74%  of the total, indicating that the 
proportion of small-scale foundations is ex-
tremely high compared to Japan. At the same 
time, despite the number of large-scale foun-
dations with an annual assistance of over 250 
billion dollars being an insignificant 0.2% , 
they account for 30%  of the amount of assis-
tance, and though they may be few in number, 
extremely large-scale foundations do exist. 

Figure 3-4-3 Size of grant program s and 
grant spending of Grant-M aking foundation 
in Japan (1998) 

Source: sam e as figure 3-4-1 

See: appendix table 3-4-3 

From  the perspective of assets, there is an 
even larger disparity between the scale of 
foundations in Japan and the U.S. The founda-
tion with the largest amount of assets in Japan 
is the Sasakawa Peace Foundation, worth 73 
billion yen, followed by the Heiwa Nakajima 
Foundation with 51.8 billion yen in assets. 
Next is the Inamori Foundation (43.6 billion 
yen), the Foundation of River and Basin Envi-
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ronmental Supervision (28 billion yen) and the 
Toyota Foundation (27 billion yen). The 
foundation in 19th position has assets exceed-
ing 10 billion yen, and the total assets of all the 
foundations together was 1 trillion, 267.8 bil-
lion yen in 1998. At the same time, the Ford 
Foundation in the U.S. possesses 8.2 billion 
dollars (1.36 trillion yen) in assets, and there 
are 12 foundations with over 3 billion dollars 
in assets. The total assets owned by all the 
foundations exceeds 267.6 billion dollars (i.e. 
44 trillion yen based on the 1998 purchasing 
power parity rate of 166 yen per dollar). 
In contrast to the many corporate 

founda-tions in Japan, independent founda-
tions are the mainstream in the U.S. (71% ), 
with the pro-portion of corporate foundations 
being a mod-est 13.4%  - another large dis-
crepancy between the two countries. 

Figure 3-4-4 Size of grant program s and  
grant spending of Grant-M aking foundations 
in U.S. (1997) 

Source: sam e as figure 3-4-1 

See: appendix table 3-4-4 

3.4.3 The Types of Assistance and the 
Targeted Fields 

The number of assistance programs im-
ple-mented in 1998 in Japan is shown together 
with a breakdown of the type of assistance in 
Figure 3-4-5. W ithin the various categories of 
assistance programs, an overwhelming ma-

jor-ity were research assistance programs －
as many as 397 in total. The second largest 
cate-gory was scholarship assistance to for-
eigners, with 153 programs. There were 376 
programs (roughly 27%  of the total) targeted at 
the sci-ence and technology fields. The over-
whelming majority of those － 246 (65% ) －
were for research assistance, followed by 94 
(25% ) for overseas secondment assistance, 76 
(20% ) for conference assistance, and 63 (17% ) 
for com-mendation awards. The breakdown 
shows a relatively large portions was desig-
nated for the assistance of visiting foreigners(6).
(Since sev-eral of the categories for the assis-
tance pro-grams are repeated, the total of the 
ratios ex-ceeds 100% .) 

Figure 3-4-5 Type of grant program s in S&T 
field (1998) 

Source: sam e as figure 3-4-1 

See: appendix table 3-4-5 

(6) Large-scale foundations, which carry out assistance programs 
targeted at the science and technology fields, appear in Figure 3-4-6. 
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For foundations in the U.S., the main spon-
sors of science research were the Rockefeller 
and Carnegie Foundations, from the time of 
their establishment until the middle of the 20th

century. It is claimed that the National Science 
Foundation (NSF) and the National Institute of 
Health (NIH), which are at the core of the cur-
rent American research assistance system, in-
troduced research assistance programs by 
modeling themselves on the system of the 
Rockefeller Foundation. After that, there was 
an expansion of the scale of assistance by the 
public sector through such institutions as the 
NSF and NIH. The result was that foundations 
that operated on the principles of "innovation," 
"creativity," "risk," and "flexibility" reduced 
the scale of their research assistance, and as we 
saw earlier, that ratio became a meager 8.5%  
on an assistance basis. Irrespective of the type 
of assistance, the proportion of programs di-
rected at science and technology fields became 
even lower － a mere 2.7%  on an assistance 
basis - in 1997(7). Apart from these, programs 
(1.8%  on an assistance basis) mainly directed 
at research activities in the medical field may 
also be given as an example of a related 
field(8).
For European foundations, there were 1,714 

assistance programs worth a total of 0.15 bil-
lion ECUs in 1996(9). Of these, the assistance 
to research programs reached 77.69 million 
ECUs (51%  of the total). As with Japan, this 
accounts for the main assistance work done by 
foundations. Of this amount, 28.77 million 
ECUs (18.8%  of the total) went to science and 
technology fields, and 35.74 million ECUs 
(23.3%  of the total) went to medical research. 

(7) A breakdown of the number of programs and assistance amounts 
by field for American foundations is shown in Figure 3-4-7. 

(8) Large-scale foundations carrying out assistance programs 
directed at science and technology fields in the U.S. are shown in 
Figure 3-4-8. 

(9) A breakdown of the number of programs and assistance amounts 
by field for European foundations is shown in Figure 3-4-9. 

(Several of the fields targeted by assistance 
programs have been repeated.) 
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3.5 R&D in the Governm ent 
Sector

In this section we describe the government 
arm of the R&D sector. In addition to actual 
government research facilities, the government 
sector discussed here includes R&D facilities 
(excluding higher education facilities, such as 
universities) with public funds as their main 
source of funding, which in some countries in-
cludes nonprofit, privately operated research 
facilities. Here, they are called the government 
sector or government research facilities. 
In Japan, the category known as government 

research facilities is not used in the R&D sta-
tistics (of the Science and Technology Survey 
from the Statistics Department of the M an-
agement and Coordination Agency). The "Re-
search facilities" category includes govern-
ment-operated, publicly operated and privately 
operated facilities. In this section, privately 
operated facilities are not treated as govern-
ment research facilities.  

Figure 3-5-1 Trends in use of R&D 
Expenditures in governm ent research 
institutes In selected countries 

Note: Data are the total of natural science and hum anities/social 

science. Data for Japan include software industry since 

FY1996. The 1998 and 1999 value of U.S. is reserve value. 

Data for Germ any up to 1990 are old federal area and it is 

Germ any in 1991 and afterwards. 

Source: Japan, U.S. and Germ any – sam e as figure 3-1-1. France 
& U.K. – OECD, “M ain S&T Indicators 1999/2” “Basic S&T 
Statistics 1998”

See: appendix table 3-5-1 

Figure 3-5-1 displays the changes in the 
government R&D expenditures (amount used) 
for the five selected countries. The R&D ex-
penditures for the countries other than Japan 
have been converted to yen according to the 
OECD's GDP purchasing power parity. 
The R&D expenditures used by the gov-

ernment sector in Japan are roughly the same 
as Germany, France and the U.K., which are 
relatively small when the economic scales of 
the countries are taken into consideration. 
Examining the changes in the R& D ex-

penditures used by the government research fa-
cilities in Japan, we see that growth has con-
tinued for all research facilities, excluding a 
few exceptional years. However, in contrast to 
moderate increases for government- and pub-
licly operated facilities, there was relatively 
large growth for semi-governmental corporate 
research facilities (Figure 3-5-2). 

Figure 3-5-2 Trends in use of R&D 
expenditures in governm ent research 
institutes in Japan 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent”
See: appendix table 3-5-2 

The R&D expenditures per researcher at 
Japanese government research facilities in-
creased remarkably for semi-governmental 
corporations from the late 1970s, and are by 
far the largest in recent times (Figure 3-5-3). 
This is influenced by large-scale R& D activi-
ties such as atomic power, and space develop-
ment being carried out by the semi-govern- 
mental corporations.
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Figure 3-5-3 Trends in R&D expenditures 
per R&D scientists/engineers in research 
institutes in Japan 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent”
See: appendix table 3-5-3 

Next, we consider the data for R&D expen-
ditures and the number of researchers in the 
government sector of the five selected coun-
tries shown in Figure 3-5-4. A unique charac-
teristic of the Japanese government research 
facilities is the exceedingly small changes in 
the number of researchers over time.  

Figure 3-5-4 Trends in num ber of R&D 
scientists/engineer in governm ent research 
institutes in selected countries 

Note: Data include natural Science and hum anities/social science. 

Source: Japan, U.S. and Germ any – sam e as figure 3-1-1. Ger-
m any, France and U.K. – OECD “M ain S&T Indicators 
1999/2, “Basic S&T Statistics 1998”

See: appendix table 3-5-4 

Figure 3-5-5 displays the number of re-
searchers by the type of government research 
facility in Japan. As of 1999, this number was 
the greatest at publicly operated research fa-
cilities, followed by government-operated fa-
cilities. Beginning in the 1980s, the publicly 
operated facilities exhibited a slight downward 
trend, with been only a very slight increase in 
the number of researchers at government oper-
ated facilities. Although semi-governmental 
facilities have the fewest number of research-
ers, there has been a comparatively large in-
crease since the 1980s.  

Figure 3-5-5 Trends in num ber of R&D  
scientists/engineers in governm ent 
research institutes in Japan 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent”
See: appendix table 3-5-5 

From the breakdown of the number of re-
searchers by specialty at government research 
facilities in Japan, it is apparent that agricul-
ture accounts for the largest ratio. This field 
does not have any particularly large fluctua-
tions; instead, it displays few changes.
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Figure 3-5-6 Trends in num ber of R&D  
scientists /engineers in governm ent  
research institutes by specialty in Japan 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent”
See: appendix table 3-5-6 

The promotion of researcher mobility is im-
portant for opening up the flexibility and com-
petitiveness of the Japanese R&D environment. 
As a means of making researchers mobile a 
new policy of "tenure by appointment system" 
has been introduced in national testing labo-
ratories(10). As part of the "tenure by appoint-
ment system," the national testing laboratories 
have introduced two systems: the "appoint-
ment type" and the "training for young people 
type" in order to improve the recruitment of 
particularly talented researchers. The results 
according to these systems show that by De-
cember 31, 1999, of a total of 163 cases, 15 
were of the appointment type and 148 were of 
the training for young people type (according 
to data from the Science and Technology 
Agency).

(10) Based on the June 1997 issue of, "Laws Concerning the 
Employment, Salaries and Exemption of W orking Hours for Tenured 
Researchers.
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Chapter 4  R& D In Universities

4.1 Universities as R&D 
Organizations

Universities and other higher education in-
stitutions have functions as R&D institutions,
and play an important role in the R& D sys-
tems of countries throughout the world. As 
shown in Section 3.1.3, these institutions use 
some 13.9%  to 20%  of R&D expenditures in 
the five major industrialized countries of the 
world, and these percentages are continuing
to increase in each of these countries. Quali-
tative changes are also evident in R& D, such 
as increasing cooperation with the industrial 
sector.
Although the scope of higher education 

institutions varies from country to country,
universities are the main institutions in each
country, and in this chapter, except where 
particularly necessary, we will use the term
"university sector" in place of "higher educa-
tion sector." As of FY 1999 there were 622 
universities in Japan (99 national universities, 
66 public universities and 457 private uni-
versities), but in this chapter the term "uni-
versities" encompasses junior colleges (585), 
colleges of technology (62), university labo-
ratories (214) and other institutions (214)(1).
These institutions are referred to as "univer-

sities" below.

(1) The numbers of universities, junior colleges and colleges of 
technology are according to the M inistry of Education, Science, 
Sports and Culture's "Report on Basic Survey of Schools (FY
1999)." In the "Report on the Survey of Research and Develop-
ment" of the Statistics Bureau, M anagement and Coordination
Agency of Japan, which is used as statistical data forJapan's uni-
versity sector in this chapter, universities are surveyed according to 
faculty (by departments for graduate schools), and the total number
was 1,585 in FY1999. In addition, "other institutions" refers to Na-
tional Institute of M ultimedia Education, National Center for Uni-
versity Entrance, the National Institution for AcademicDegrees, the
Center for National University Finance, and research facilities un-
der the jurisdiction of the M inistry of Education, Science, Sports
and Culture.

Figure 4-1-1 shows changes over time in 
the amount of R&D expenditures used in the 
university sectors of the major industrialized 
countries. For the university sector, it is dif-
ficult to separate education activities and
R&D activities, so care needs to be taken in 
that there are some problems in statistical
data. Overall, figures for the U.S. are roughly 
double those of Japan, evidence that the mu-
tual relationships and long-term trends of the 
five countries resemble those of the total 
amount of R&D expenditures of the various 
countries (see Figure 3-1-1). 

Figure 4-1-1 Trends in R&D expenditures in 

universities/colleges in selected countries 

6

5

4

3

2

1

0

���������������������

71 73 75 77 79 81 83 85 87 89 91 93 95 97

(trillion Yen)

1970 1999

U.S.

Japan

G erm any
France

U.K.

R
&
D
 E
xp
e
nd
itu
re

Note: It converted into Japanese currency (Yen) using the

purchasing power parity of OECD. 
The 1998 value of France is assum ption value.

The 1998, 1999 value of U.S.. is num erical reserve

value.

Source: Japan – M anagem ent and CoordinationAgency,

Statistics Bureau, “Reporton the Survey of Research

and Developm ent”.

U.S. – NSF, “National Patterns R&D Resources 1999

Data Update”

Germ any – BM BF,“Budesbericht Forschung 1996”,

“Faktenberidht 1998”

France – OECD,“Basic Science and Technolgy Statistics

1998” (1997,8 data is M ain S&T Indicators 1999/2)

U.K.– OCED, “M ain S&T Indicators 1999/2”

Purchasing PowerParity – OECD, “M ain S&T Indicators

1999/2” “NationalAccounts, 1999

See: appendix table 4-1-1
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The amount of R&D expenditures utilized 
in Japan's universities was 3.2 trillion yen in 
FY 1998, equivalent to 20%  of Japan's total 
R&D expenditures. Looking at the trends in 
these figures, throughout the period shown in 
the graph, the figures show a linear increase, 
with only FY 1994 increasing from the previ-
ous year's figures. W ith regard to the remain-
ing countries, the impact of currency conver-
sion and other factors make it impossible to 
read off changes over time from this graph 
alone, but the increase from the mid 1990s in 
the U.S. is quite marked. In the three Euro-
pean countries the amounts have remained
roughly constant, but as mentioned in Chap-
ter 3 (Figure 3-1-9), the percentage of R&D 
expenditures of countries as a whole used by 
universities has continued to increase
throughout the 1990s. 
Next, looking at the change over time in 

the percentage of R&D expenditures in Ja-
pan's universities (internal amounts used) 
according to the type of organization (Figure 
4-1-2),the percentage used by national uni-
versities has decreased gradually from the 
start of the 1990s, while the percentage used 
by private universities had continued to in-
crease, but from around 1991 the reductions 
in national universities stopped, and despite 
minor fluctuations has continued to remain at 
just over 40% . M eanwhile the percentage ac-
counted for by private universities has tended 
to fall somewhat since FY 1992. In addition,
the percentage of public universities has been 
increasingly slightly since the early 1990s. 
The percentages for FY 1998 were 43.6%  for 
national universities, 5.7%  for public univer-
sities and 50.6%  for private universities. In 
addition, looking not at the percentage but at 
the actual amounts, each category is showing 
linear increases, but since FY 1994 the 
amount for national universities alone has 
clearly not been increasing, but is fluctuating 
every one to two years. 

Figure 4-1-2 Trends in use of R&D 

expenditures in universities/colleges in

Japan
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See: appendix table 4-1-2 

Next we will examine the number of R&D 
scientists and engineers in the university
sector. Statistics concerning the number of 
R&D scientists and engineers in the univer-
sity sector of each country differ greatly due 
to differences in definitions and scope of 
survey coverage as well as survey methods,
so these points need to be taken into account 
when making international comparisons. Ini-
tially we will compare the data generally
used as R&D statistics (Figure 4-1-3). 
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Figure 4-1-3 Trends in num ber of R&D 

scientists and engineers in universities/ 

colleges in selected countries 

19

Note: Data are the total of natural science and

hum anities/social science.Japan R&D scientistsand

engineers are not FTE. Data forGerm any up to 

1990 EastGerm any and Since 1991 as of Germ any.

Source: Japan, Germ any, France and U.K. – sam e asfigure

4--1-1

U.S. – NSF, “National Patterns of R&D Resources

1998”

See: appendix table 4-1-3 

Statistics concerning the num ber of
R& D scientists and engineers in Japan's 
universities does not only include full-time
equivalence data but incorporates a wide 
coverage, resulting in a large value that
is approximately double that of the U.S.. 
However, Japan's statistical data is values 
arrived at from clear definitions, as shown 
in Figure 4-1-4 below, and from these data 
it is possible to recognize that Japan's uni-
versity R&D scientists and engineers are 
increasing in number.
Figure 4-1-3 also incorporates the FTE 

estim ates for Japan's m ost recent year
(1999). This figure is 133,000, alm ost
the same as the U.S. figure for 1995 
(134,000).The statistical methods used here 
are the same as the methods used in Figure 
3-1-6 in Chapter 3. 
In other countries, while data for the U.S. 

is not full-time equivalence data, its scope 
is much narrower than that of Japan, and it 

is a relatively small figure if population is 
taken into account. For the three European 
countries, full-time equivalence data is re-
ported. For Germany, data since 1991 has
been impacted by the unification of W est
and East Germany. The number of R&D 
scientists and engineers in the U.K. took a 
great jump between 1993 and 1994, which 
was largely the impact of a change to sur-
vey coverage resulting from reform in 
higher education institutions. The number
of R&D scientists and engineers in France
has continued to increase almost consis-
tently.
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In order to gain a better understanding of 
the number of R&D scientists and engi-
neers in Japan's universities, we will take a 
more detailed look at the breakdown in 
figures (Figure 4-1-4). 

Figure 4-1-4 Breakdown of R&D Scientists 

and engineers in universities/colleges in 

Japan (1999)
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The total number of R&D scientists and 
engineers (people involved in research
full-time) in Universities in Japan accord-
ing to current statistics was 256,440 as at 
April 1, 1999, of which 169,070, or 65.9% , 
were teaching staffs. R&D scientists and
engineers at universities also includes peo-
ple enrolled in postgraduate doctoral 
courses (59,057 people) and members of 
medical staff (28,313 people). 
Of the teaching staffs, some 139,052 

people belong to university faculties, with 
the remaining belonging to junior colleges 
(18,059) and university-affiliated research
laboratories (3,864). In these figures almost
all university teaching staffs are counted as 
R&D scientists and engineers(2).
Next, we take a look at the number of 

R&D scientists and engineers in Japan's
university sector once again through an in-
ternational comparison. Here the compari-
son is restricted to Japan and the U.S.. The-
re are great differences in particular in the 
survey methods used to obtain the statisti-
cal data for both countries, and as shown in 
Figure 4-1-3, a simple comparison is not 
appropriate.
In making a comparison, after eliminat-

ing the number of postgraduate students in-
cluded in statistics for the number of R& D
scientists and engineers of both countries(3),
adjustments and estimates have been made
to bring the conditions of the two countries
closer together. In addition, only figures for 
4-year universities are counted, so data for 
Japan was restricted to teaching staffs and 
members of medical staff of university fac-

faculties (including postgraduate school 
and excluding junior colleges) and univer-
sity-affiliated research laboratories.

(2) Looking at the statistics for universities for comparative
purposes (The M inistry of Education, Science, Sports and Cul-
ture's Report on Basic Survey of Schools, FY 1999 Edition), as at 
M ay 1, 1999, there were 147,579 persons primarily engaged in 
teaching in university faculties and university postgraduate
schools, and 18,206 in such positions in junior colleges. 

(3) The reason why university students were eliminated was
the great differences between Japan and the U.S. in the condi-
tions under which data concerning postgraduate students was 
obtained, and inadequate data is available to make those adjust-
ments.

Taking a look at the statistics for both 
countries, as mentioned earlier, almost all 
university teaching staffs are added as 
R&D scientists and engineers in Japan's
statistics, and full-time equivalence is not 
used. In data for the U.S., however,
full-time equivalence is not used, but (1) 
figures are limited to R&D scientists and
engineers who have PhD's granted by U.S. 
universities, and (2) only those personnel 
engaged mainly in R&D activities are in-
cluded in figures. 
Taking the above differences into ac-

count, the following estimates were made.
For Japan's university teaching staffs, an 
estimate was made which is not a full-time
equivalence value in the strict sense of the
term, but which is equivalent to a full-time
equivalence value in accordance with data
from a variety of related institutions. W ith
regard to members of medical staff, their 
numbers were halved, assuming that they 
spend half of their time in R&D. 
M eanwhile, in the U.S., the statistical

figure is 91,000 people engaged mainly in 
R&D, but one must take into account the 
existence of other people who are mainly
engaged in teaching activities (102,000).
Consequently, of those persons engaged 
mainly in other fields than R&D, the num-
ber of persons engaged in R&D as secon-
dary duties was halved before adding this 
figure to the statistics. 
Figure 4-1-5 shows these results together

with the original statistical values. In Japan
the estimated number of R&D scientists
and engineers is 92,000, while there are 
130,000 in the U.S., with Japan and the 
U.S. turning the tables from the original
statistics. Furthermore, due to the fact that
U.S. statistics contain R&D scientists and 
engineers who have been granted their 
PhD's and R&D scientists and engineers 
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who have not been granted PhD's, the in-
clusion of these people would result in fur-
ther increases to U.S. numbers. 

Figure 4-1-5 Num ber of R&D scientists and 

engineers in universities/colleges in Japan 

Note: 1) Japan and U.S do not contain a graduate student.

2)The U.S. is the value ofonly a four years system

university. Japan isthe value of the sum  total of a

university faculty (a graduate school isalso included)

and a university arrangem ent research institute.

3) In estim ation value ofJapan,The num ber of

teachers ofa university faculty and a university

arrangem ent research institute used full tim e

conversion equivalent value, and the num ber of

m em bersof the m edical staff used the value which

m ultiplied statisticsvalue by one half. 

4)The U.S. num ber of researchers is the num ber of

the person by whom  statistics value and estim ation

value are em ployed by the system university am ong 

the holdersof the doctor’s degree granted from  the

U.S. organization for four years. M oreover, statistics

value is the num ber of the person who does research

and developm entm ain business, and estim ation value

is value which added the value which m ultiplied the 

num ber ofthe person who does research and

developm ent secondary business by one halfto

statistics value.

Source: Japan – M anagem ent and CoordinationAgency,

Statistics Bureau, “Reporton the Survey of Research

and Developm ent”.However, Based on the data of the 

Statistics Bureau of the M anagem ent and

CoordinationAgency “Technology research

investigation”, the National Institute of Science and

TechnologyPolicyestim ated.

U.S. – NSF,“ Characteristics ofDoctoral Scientists

and Engineers in the United States: 1997”

See: appendix table 4-1-5
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Chapter4 R&D In Universities

4.2 Features of and Issues 
Facing R&D in Japan's

Universities

The R&D expenditures utilized by Ja-
pan's university sector, as touched upon in 
Chapter 3, are quite significant as a per-
centage of the R&D expenditures of the 
country as a whole, even when interna-
tional comparisons are made. One feature 
is, however, that there is little accepted
from outside parties. Figure 4-2-1 shows
the portion of R&D expenditures used in-
ternally by universities that they are re-
sponsible for, and the amounts received 
from external parties.

Figure 4-2-1 Trends in internal expenditure

on R&D in universities/colleges by source 

Source: M anagem ent and CoordinationAgency, Statistics

Bureau, “Report on the Survey of Research and

Developm ent”

See: appendix table 4-2-1 

The total amount of R&D expenditures 
used internally by Japanese universities 
was 3.2229 trillion yen in FY 1998, and 
while the portion that universities were re-
sponsible for by themselves was 2.8848 
trillion yen, R&D expenditures received 
from external parties was 339.2 billion yen, 
accounting for no more than 10.5%  of the 
total figure. This figure has been increasing
since FY 1995. The portion of expenses 

that Japanese universities are responsible
for includes the expenses of national uni-
versities.
W ith regard to the amount of R&D ex-

penditures used internally which are re-
ceived from outside parties, Figure 4-2-2 
divides this amount up into the public and 
private sector, and shows the percentages 
for the respective sectors. Up until FY
1992, the percentage of R&D expenditures 
received from the government has been 
falling, while the percentage received in 
the form of private-sector funding is in-
creasing. In FY 1993 and in subsequent 
years, however, this trends was reversed. 
As a result, the R&D expenditures received 
from the private sector, which were 39.2%  
in 1992, fell to 28.0%  in 1998. 

Figure 4-2-2 Trends in breakdown of R&D
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See: appendix table 4-2-2 

The R&D expenditures received by uni-
versities from companies is one indicator 
which shows the state of cooperation be-
tween industry and academia. Looking at 
changes over time in R&D expenditures 
received by universities from the industrial 
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sector (Figure 4-2-3), major increases in-
curred up until FY 1992, after which they 
leveled off, and hardly any increase has
been evident over the past six years. Fur-
thermore, the amount in FY 1998 (59.4 bil-
lion yen) was only 1.6%  of the amount of 
R&D expenditures used internally by uni-
versities in the same year (3.2229 trillion 
yen). Looking at figures according to gov-
ernment/public and private, the amount of 
R&D expenditures received from the in-
dustrial sector is largest for government in-
stitutions, but since FY 1993 growth has
been greater in private universities.

Figure 4-2-3 Trends in R&D expenditures

received from  industry in 

universities/colleges in Japan 

0

19

Source: M anagem ent and CoordinationAgency, Statistics

Bureau, “Report on the Survey of Research and

Developm ent”

See: appendix table 4-2-3 

M eanwhile, progress is being m ade
in the provision of systems to promote co-
operation between industry and academia,
and looking for example the track record of 
utilization of the Joint Research with the
Private Sector (established in 1983, and 
amended by a Notification by the M inistry 
of Education, Science, Sports and Culture 
in M arch 1997) system, in FY 1995 there 
were 1704 cases, which increased dramati-
cally to 2568 cases in FY 1998 (according 
to M inistry of Education data). This data is 

valuable in that in contrast to Figure 4-2-3, 
it also incorporates joint academic/industry
research which does not entail the direct 
receipt of R&D expenditures, but it is data 
that is restricted only to national universi-
ties, and as such the amounts are unclear. It 
is important that in the future indicators be 
developed to gain an appropriate picture of 
the actual state of cooperation between in-
dustry and academia. From the perspective 
of international comparison, however, as is 
also shown in Figure 4-2-3, cooperation 
between industry and academia in Japan is
relatively small.
Next, taking a look at a breakdown of 

R&D expenditures of universities accord-
ing to expense items, personnel expenses 
are high, and the amount of these expenses 
is increasing linearly (Figure 4-2-4). Per-
sonnel expenses for FY 1998 were 2.0685 
trillion yen, accounting for some 64.2%  of 
the total. M eanwhile, amounts other than 
personnel expenses amounted to 1.1544 
trillion yen. Throughout the period shown 
in the diagram, there were no dramatic
changes to the structure of expense items.
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Taking a look at the change over time in 
the percentage of university R&D expen-
ditures according to academic field (Figure 
4-2-5), it is clear that the changes between
fields over the period shown in the diagram
are small. However, the academic fields 
shown here are not the classifications ac-
cording to the nature of R&D, but the clas-
sification according to the type of organi-
zation such as faculty. Consequently, it is 
impossible to read off changes in the con-
tent of R&D from this diagram, but trends 
in the structure of university organizations.
It is noteworthy data in that it is possible to 
say that over the past 30 yeas, there have 
been no great changes in the organizational
structure of Japan's universities. 

Figure 4-2-5 Trends in R&D expenditures

by fields of science in universities/colleges 
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See: appendix table 4-2-4 

Next, taking a look at the changes over 
time in R&D expenditures for internal use
per researcher in universities according to
academic field, the amount for the science
field is the largest, followed by engineering
(Figure 4-2-6 (A)). W hile the amounts for

both fields are increasing over the long 
term, it is evident that there has been a 
slowing of growth in the 1990s relative to 
the 1980s. M eanwhile, the amount for the 
field of health, the field with the smallest
amount, has increased slightly since the 
early 1990s, but it still remains at a level 
much lower than the other fields. There has
been a slight reduction in expenditures in 
the agricultural field from the early 1990s. 
The field of human and social sciences saw 
a marked increase from 1990 to around 
1992, after which it leveled off.
W hen comparing R&D expenditures per 

researcher, R&D expenditures excluding 
personnel expenses for the people involved 
in R&D are sometimes used. Figure 4-2-6 
(B) shows the amount of R&D expendi-
tures per researcher, excluding personnel 
expenses. It is clear that on the whole, there 
have been few changes in the amount over 
the past ten years or so. In terms of aca-
demic fields, science has the largest
amount, followed by engineering. 
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Next we examine Japan's universities
from the perspective of R&D personnel. 
Firstly we used R&D expenditures to show 
that there are few changes in the structure 
between academic fields in Japanese uni-
versities, in Figure 4-2-5, and this same
trends is also evident in data concerning 
the number of R&D scientists and engi-
neers. Looking at changes over time in the 
number of R&D scientists and engineers by 
specialization (Figure 4-2-7), against an 
increase in the total number of R&D scien-
tists and engineers, the structure by field is
hardly changing at all. It is thought that in 
terms of specialization of R&D scientists
and engineers, they often respond with the 
type of faculty of the university from 
which they graduated, so it was thought 
more persuasive to show the state of de-
velopment of R&D scientists and engineers
rather than showing the research areas at 
the time of the survey.
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Figure 4-2-6 Trends in R&D expenditures

per R&D scientists and engineer

(A)Total R&D expenditures 

2,

1,

1,

(B) R&D expenditureswithout labor cost 

1,00

Source: M anagem ent and CoordinationAgency, Statistics

Bureau, “Report on the Survey of Research and

Developm ent”

See: appendix table 4-2-6 

Figure 4-2-7 Trends in Num ber of R&D 

scientists and engineer by specialty 
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W ith regard to R&D scientists and engi-
neers in the university sector, when making
international comparisons, there are cases
where the number of people with PhD's
and the number of R&D scientists and en-
gineers according to level of academic
qualifications is necessary. For example, as 
mentioned earlier, in U.S. statistics only
those R&D scientists and engineers with 
PhD's are included in the number of R&D 
scientists and engineers, and to compare
this figure with the number of R&D scien-
tists and engineers in Japan, data concern-
ing the number of people with PhD's is re-
quired. In Japan's R&D statistics the num-
ber of people with PhD's is unclear, so us-
ing statistics concerning university teach-
ing staffs, we will examine the number of 
teaching staffs according to the level of 
their academic achievement. These statis-
tics apply to all university teaching staffs,
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and while they differ from R&D scientists
and engineers in name, as already indicated 
in the description of Figure 4-1-4, almost
all teaching staffs are included in statistics
as R&D scientists and engineers, so it is
possible to consider that effectively all of 
Japan's university R&D scientists and en-
gineers are included (apart from post-
graduate students and members of medical
staff).
Figure 4-2-8 shows the classification of 

the number of university teaching staffs
according to their highest level of academic
achievement. In teaching staffs overall, the 
largest percentage (40.1% ) have completed 
doctorate courses at universities under the 
new system, followed by 28.3%  who have
completed courses at universities under the 
new system (in the diagram these personnel 
are shown together with the 0.8%  of people 
who have completed university courses
under the old system). In addition, the per-
centage of people who have completed 
doctorate courses at universities under the 
new system is relatively high at 26.1% . 
Looking at the level of achievement ac-

cording to field of specialization, the area 
with the highest percentage of people who 
have completed postdoctorate PhD's under 
the new system is highest in science
(55.3% ) followed by human and social sci-
ences (44.3% ) and engineering (43.2% ). 
Next, Figure 4-2-9 shows the change

over time in the number of research sup-
port staff per researcher in universities. The
number of research support staff per R&D 
scientist and engineer in Japan is low in 
international terms, and it was mentioned
in Chapter 3 that the number is particularly
low in universities. M oreover, from the 
diagram shown here, the number of support
staff is falling, with the drops most pro-
nounced in those areas and faculties which 
in the past have had relatively high num-
bers of research support staff per R&D sci-
entist/engineer.

Figure 4-2-8 Breakdown of num ber of 
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academ ic background and specialty 

(FY1998)

20.3

44.3

35.3

40.3

43.2

55.3

40.1 26.1

31.0

34.5

37.0

9.1

33.0

35.5 37.4

12.9

54.5

20.3

18.4

11.6

29.1

0% 20% 40% 60% 80% 100%

Others

Hum anities/
Social Science

Health

Agriculture

Engineering

Science

Total

S
p
e
c
ia
l

Ratio by Academ ic Background

Doctoral
course

M aster's
course

Undergraduate
(New & O ld System )

O thers
New System

Note:Theyare the num ber of teachers, such asa faculty,a

graduate school, and attached hospital, and an

arrangem ent research institute.

Source: M inistry of Education,“Reporton the Survey of 

SchoolTeachersStatistics (FY1998 edition)

See: appendix table 4-2-8 

Figure 4-2-9 Trends in num ber of research 

support workers per R&D

scientists/engineers in universities/colleges
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Chapter 5  R& D in Industry

5.1 Com parison of Industrial 
Sectors of Selected Countries 

As already indicated in Chapter 3, in the 
major industrialized countries, industrial 
sectors are the largest sector in terms of 
both source and performer of R&D expen-
ditures. Of these countries, Japan's R&D 
expenditures account for a particularly 
large position in the industrial sector.
Looking at the trends in the amount of 

R&D expenditures used in industry the five 
selected countries, including Japan (Fig. 
5-1-1), after increasing in the 1980s, the 
figures stagnated in the early 1990s. In sub-
sequent years, R&D expenditures increased 
in Japan and the U.S. from the late 1990s. 
This increasing tendency is not evident in
the three European countries.
Japan's R&D expenditures in the indus-

trial sector were 10.8 trillion in FY1998.
Looking at the trends that have occurred  
up until now, the steady increase from the 
late 1970s became more gradual in FY1985,
but continued to increase until FY1991. It 
changed to a decrease in FY1992, and re-
ductions continued for three consecutive 
years until FY1994, but in FY1995 and 
subsequently, increases have been recorded 
for four consecutive years. 
Comparing the number of R&D scien-

tists and engineers in the industrial sector 
of the selected countries, even if the size of 
the population is taken into account, the 
U.S. has a large number, with 859,000 in 
1996. M eanwhile, the number of R&D sci-
entists and engineers in Japan's industrial
sector was 429,000 in 1999. W hile Japan's
figures are affected by the fact that statisti-

cal data does not convert the number of 
R&D scientists and engineers into full-time
R&D scientists and engineers, these are 
relatively large figures.

Figure 5-1-1 Trends in industrial R&D 

expenditures in selected countries
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Figure 5-1-2 Trends in num ber of R&D 

scientists/engineers in industry in selected 

countries

0

Note: 1) Japan R&D Scientists and Engineers are notused

FTE. Data forJapan include software industry since 1997.
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See: appendix table 5-1-2 

W hen comparing the number of R&D 
scientists and engineers in the selected 
countries in Chapter 3 (Fig. 3-1-6), an es-
timate was made attempting to convert the 
number of Japan's R&D scientists and en-
gineers into full-time R&D scientists and 
engineers. In doing so, the number of R& D
scientists and engineers in Japan's indus-
trial sector were multiplied by a compen-
sating factor of 0.7. 
W hen multiplying by this compensating

coefficient, the number of R&D scientists
and engineers in Japan's industrial sector in 
1999 was approximately 300,000. Using 
this value to make a comparison taking into
account differences in population, Japan's
number of R&D scientists and engineers is 
higher than that of the three European
countries.
Next we will compare R&D expendi-

tures in industry in the five selected coun-
tries according to major industries (Fig. 
5-1-3). Industrial classifications in R&D 
statistics vary from country to country, so
industrial classifications have been grouped 
together to some extent to enable compari-
son. In addition, to make a direct compari-
son of R&D expenditures, figures for coun-
tries other than Japan were converted to 
yen using the OECD's purchasing power 
parity.
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The electrical communication instru-
ments machinery industry is a major indus-
try of both Japan and the U.S., and the sec-
tor that accounts for the largest portion of 
R&D expenditures in both countries. The 
U.S.'s R&D expenditures in this industry 
are 1.7 times greater than those of Japan. 
On the other hand, in the precision in-

struments industry, the U.S.'s figure is far 
larger than that of other countries. Japan's
R&D expenditures in this industry are 
slightly higher than those of Germany and 
France.
Japan's R&D expenditures in the motor

vehicles industry are higher than those of
Germany, France, and the U.K., but the 
U.S. uses 1.8 times the R&D expenditures 
of Japan. 
Japan's R& D expenditures in the aero-

space industry are extremely small com-
pared to other major industrialized coun-
tries, while the U.S. invests a great deal of
money in this area. W hile there are some
countries where R&D in aerospace is car-
ried out by the public sector, care needs to 
be taken of the fact that there are some
R&D expenditures that do not appear here. 
W ith regards to the pharmaceutical in-

dustry, while there is a great difference
between Japan and the U.S., Japan still ex-
ceeds the figures of the other countries.
In addition to the above, although not 

displayed in the graph, the U.S. and the 
U.K. invest a largeamount of R&D expen-
ditures in the service industry sector. Of the 
service industry sectors of both countries, 
industries that account for a large percent-
age of R&D expenditures are finance, in-
surance, computer services, and R&D. In 
addition, statisticsconcerning R&D in the 
service industry sector vary greatly from
country to country according to way the 
applicable industries are selected, and con-
cepts and definitions of R&D in these in-
dustries is not clear, which makes an ap-
propriate international comparison difficult

under the current circumstances. In Japan's
R&D statistics, industries deemed to be 
service industries are transport, communi-
cations, public service and software indus-
tries, but finance/insurance, retailing and 
wholesaling industries are not included. 

 115



Chapter5 R&D in Industry

5.2 Characteristics of R&D in 
Japan's Industry

Taking a look at a breakdown of R&D 
expenditures of Japan's industrial sector 
by key industries (Fig. 5-2-1), the electrical 
machinery manufacturing industry has con-
sistently accounted for the largest percent-
age, followed by the chemical products 
manufacturing industry and the trans-
portation equipment industry. These three 
highest-rating industries alone account for 
some 64.6%  (FY1998) of corporate R&D 
expenditures. They also account for 43.2%  
(FY1998) of Japan's total R&D expendi-
tures. This proves that the electronics, mo-
tor vehicle, and chemical products manu-
facturing industry (including drugs and 
medicines) together account for a large
portion of Japan's R&D. 

Figure 5-2-1 Trends in industrial R&D 

expenditures in Japan 

Note: Data are include software industry since FY1996

Source: M anagem ent and CoordinationAgency, Statistics

Bureau, “Report on the Survey of Research and

Developm ent”

See: appendix table 5-2-1 

Looking at trends in the percentage of 
R&D expenditures of all industry ac-
counted for by these three industries, the 
electrical machinery manufacturing indus-
try continued a general increase from 
FY1980 to FY1991, but from FY1992 it 
has moved sideways while undergoing re-

peated fluctuations. R&D expenditures in 
the chemical products manufacturing in-
dustry were in long-term decline until
FY1990, but from FY1992 they have 
moved sideways. The transportation equip-
ment industry continued to increase up un-
til FY1978, but has been in long-term de-
cline since FY1979.
R&D expenditures used internally by the 

industrial sector, when viewed according to 
expenditure items, show that labor costs 
are the highest, with labor costs in FY1998 
amounting to 4.6654 trillion yen, account-
ing for 43.2%  of the total amount of R&D 
expenditures used internally in that year
(Fig. 5-2-2). Looking at the trends up until 
this point in time, against a background of 
fluctuations in total R&D expenditures due
to changes in economic conditions, the 
amount of labor costs has not undergone
any great changes. The percentage of labor 
costs accounted for according to changes in 
R&D expenditures overall was less than
40%  due to an increase in other expendi-
tures in FY1989-FY1991, but in other 
years it has generally ranged from 40%  to 
45% .
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In other expenditure items, the percent-
age accounted for by miscellaneous expen-
ditures is increasing. Although details are 
unclear, this category may be regarded as 
including the expenditure incurred in ob-
taining and processing a variety of different
types of information and data. Raw materi-
als expenditures have remained at around 
20%  through the whole period. Land and 
buildings accounted for 4.3%  of the total in 
FY1991, but by FY1998 this had fallen to 
1.4% . In addition, the percentage ac-
counted for by machinery, instruments and 
equipment has been in excess of 10%  up 
until FY1991, but from around FY1995 it 
was between 8%  and 9% . 

Figure 5-2-3 Trends in industrial R&D 

expenditures by characteristics in Japan 

10

Note: Data are include software industry since FY1996

Source: M anagem ent and CoordinationAgency, Statistics

Bureau, “Report on the Survey of Research and

Developm ent”

See: appendix table 5-2-2 

Looking at Japan's R&D expenditures in 
industry by nature (basic R&D expendi-
tures, applied R&D expenditures, and de-
velopment expenditures), in FY1998 devel-
opment expenditures were high at 78.4% , 
followed by applied R&D expenditures 
with 23.6% , and basic R&D expenditures 
at 6.0%  (Fig. 5-2-3). Looking at trends in 
these figures, basic R&D expenditures has 

few long-term fluctuations, while develop-
ment expenses fluctuate greatly, having a 
great impact on fluctuations in R&D ex-
penditures as a whole. Fluctuations in 
R&D expenditures of the industrial sector 
are linked to fluctuations in the economy,
but it is clear that the main area of fluctua-
tion is development expense. 
Corporate R&D is not always carried out 

within one's own company; there are cases 
where it is commissioned to a party outside 
the company. In such situations, it is possi-
ble to gain a picture to some extent by 
looking at the R&D expenditures paid to 
outside parties. 
In FY1998 Japanese companies paid 

1.1960 trillion yen in R&D expenditures to 
outside parties. This is equivalent to 11.1%
of the total R&D expenditures used inter-
nally by companies during the same year 
(Fig. 5-2-4). Looking at trends in these fig-
ures, these figures fell in FY1993 and 
FY1994, after which they have been on the 
increase. In addition, the figures as a per-
centage of R&D expenditures used inter-
nally have also been continuing to increase
each year since FY1991. 
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(B) Breakdown of the externally incurred 
R&D expenditures

Note: Data are include software industry since FY1996

Source: M anagem ent and CoordinationAgency, Statistics

Bureau, “Report on the Survey of Research and

Developm ent”

See: appendix table 5-2-4 

Looking at a breakdown of the exter-
nally incurred R&D expenditures accord-
ing to where payments were made (Fig. 
5-2-4 (B)), payments to the domestic pri-
vate sector accounted for the majority. In 
FY1998 the private sector accounted for 
83.6%  of such expenditures. Although the 
breakdown of payments to the government
is unclear, the "government" referred to 
here includes national and public universi-
ties, and it is thought that this figure would 
be made up largely of payments to these 
universities.
W ith regard to the number of R&D sci-

entists and engineers in the industrial sector,
looking at the breakdown by specialization,
engineering accounts for the largest per-
centage, followed by science (Fig. 5-2-5). 
W ith regard to the number of R&D scien-
tists and engineers in FY1998, engineering 
and science together accounted for 87.2%  
of the total.

Figure 5-2-5 Trends in Num ber of R&D 

scientists/engineers in industry by 
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5.3 Developm ent of R&D 
Strategies in Japan’s Industry

5.3.1 R&D Intensity

R&D intensity is an indicator that shows
the level of effort corporations are devoting 
to R&D. The ratio of R&D expenditures to 
sales (intensity of R&D expenditures) and
the ratio of R&D scientists and engineers
to the total number of employees (intensity 
in the number of R&D scientists and engi-
neers) will be used here as indicators of 
R&D intensity.

(1) Trends in R&D Intensity 
The ratio of R&D expenditures to sales

for industry as a whole in FY1998 was 
3.14% , and that of manufacturing alone 
3.89% (1). The R&D intensity of the manu-
facturing industry in terms of R&D expen-
ditures is 1.24 that of industry as a whole 
(comparing the R&D intensity of both). 
The ratio of R&D scientists and engineers 
to the total number of employees for indus-
try overall was 5.55% , and that of manu-
facturing 7.21% . The R&D intensity of 
manufacturing in terms of personnel is 1.30 
times that of industry as a whole, and this 
is slightly higher than when viewed from
the perspective of R&D expenditures. 
Taking a look at the change over time in 

these intensities for the manufacturing in-
dustry (Fig. 5-3-1), the R&D intensity of 
R&D expenditures remained fairly constant 
throughout the 1970s, but grew substan-
tially during the 1980s, and that level was 
maintained into the 1990s. Intensity 
dropped off temporarily in the mid 1990s, 
but in FY1998 a record maximum of 
3.89%  was recorded. 
M eanwhile, the intensity in the number

of R&D scientists and engineers is in-

creasing almost linearly over the long term. 
Intensity continued to increase even during 
the mid 1990s when there was a contrac-
tion in R&D expenditures, and the gap with 
intensity in R&D expenditures is widening. 

(1) However, these are the value onlyabout the company that is 
doing research and development.

Figure 5-3-1 Trends in R&D Intensity 
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(2) Intensity by Industrial Category 
Fig. 5-3-2 shows R&D intensity by in-

dustrial category. The horizontal axis 
shows R&D intensity for R&D expendi-
tures while the vertical axis shows R&D 
intensity for the number of R&D scientists
and engineers. These figures are plotted for 
each industrial category in FY1998. 
The highest intensity in R&D expendi-

tures was the 10.1%  recorded by the soft-
ware industry. This was followed by the 
drugs and medicines industry with 8.1%  
and the communication and electronics 
equipment industry with 6.4% , the preci-
sion instruments industry with 6.3%  and 
the electrical machinery, equipment and 
supplies industry with 6.1% . One can see 
that R&D expenditures intensity is highest 
in high-tech industries. Next in line in in-
tensity is the other chemical products 
manufacturing industry and other chemical
products manufacturing industries. 
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Figure 5-3-2 R&D Intensity by industrial category 
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The intensity in the number of R&D scien-
tists and engineers is high in the software 
industry (16.1% ), the communication and 
electronics equipment and electric gauges 
industry (14.9% ), the oils and paints indus-
try (12.9% ), the other chemical products 
manufacturing industry (12.1% ), and the
precision instruments industry (11.3% ).
The order of intensity here is somewhat
different to the order of intensity in R& D
expenditures.
Intensity in R&D expenditures and in-

tensity in R&D scientists and engineers, 
except for a number of industrial categories, 
are generally in a correlative relationship.

5.3.2 R&D Expenditures by Product
Area

Here the areas in which R&D is being 
conducted by Japanese industry will be
analyzed by dividing R&D expenditures 
according to product area. For example, in
the case of motor vehicle companies con-
ducting R&D in the area of electronic 
equipment, those R&D expenditures would 
not be classified as R&D expenditures for 
the motor vehicle industry but rather as
R&D expenditures in the electronic equip-
ment area. In other words, R&D is classi-
fied not by the industry conducting it but 
the area in which the R&D is conducted. 
Fig. 5-3-3 shows the changes over time

in industrial R&D expenditures by major
product area. The area of communication 
and electronics equipment has consistently 
had the largest R&D expenditures of any 
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area. It is followed by motor vehicles and 
electrical machinery equipment. R&D ex-
penditures are also large in the areas of 
drugs and medicines, general machinery,
industrial inorganic and organic chemicals,
chemical fertilizers and chemical fibers. 
Growth in R&D expenditures for the drugs 
and medicines area has been greater in the 
1990s compared to the 1980s, and from 
1993 it has recorded slightly higher levels 
than the amount of R&D expenditures in 
general machinery.
The growth in R&D expenditures has

since FY1980 been greatest in the area of 
communication and electronics equipment,
and its share of the R&D expenditures of 
all areas is also rapidly increasing. This 
share did, however, drop from FY1992 to 
FY1994, but the percentage continues to 
increase, with the share of the R& D ex-
penditures of all areas reaching 31.7%  in 
FY1998. The share of R&D expenditures 
in the area of motor vehicles to those of all 
areas fell temporarily in the 1990s, but 
from FY1995 has been increasing, with a
figure of 15.6%  recorded in FY1998. 

Figure 5-3-3 Trends in R&D expenditure

By products fields 
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The following section analyzes the R&D 
expenditures by product area for key indus-
tries. Fig. 5-3-4 shows a breakdown of core 
R&D expenditures by industry on the left 
and non-core R&D expenditures on the
right by industry for the six main industries 
that are users of R&D expenditures. 

Figure 5-3-4 M ajor industrial R&D expenditures by product field 
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In the communications and electronic 
equipment industry, R&D expenditures in 
the core business of communications and 
electronic equipment is high at 1.9125 tril-
lion yen. R&D expenditures in the 
non-core business is 638.7 billion yen, but 
the majority of this is being directed to 
electrical machinery, equipment and sup-
plies, a related sector.
In the electrical machinery, equipment

and supplies industry, a large percentage of 
R&D expenditures are directed towards 
communications and electronic equipment,
outside the core business. However, this is 
regarded as a non-core business under the 
current classification system, and it is also
possible to refer to it as an area which is ef-
fectively close to its core business. 
The motor vehicles industry, together 

with the drugs and medicines industry, di-
rects almost all of its R&D expenditures to
R&D in its core business. In both industries 
it is possible to make the observation that 
at least with regard to internal R&D, it is
concentrated on core business products. 
In the general machinery industry, in ad-

dition to the core business R&D expendi-
tures of 417.9 billion yen, 306.1 billion yen 
is directed to non-core business product ar-
eas. This amount is spread across a rela-
tively diverse range of sectors. This may be
regarded as evidence of the breadth of ap-
plications of machinery technology.
The industrial chemicals and chemical

fibers industry also has a large amount of 
R&D expenditures in its non-core business 
product areas. The amount can be broken 
down as follows: the other chemical prod-
ucts manufacturing industry and drugs and 
medicines and other closely-related areas 
account for large percentages of the total. 
These areas are effectively close to core 
business areas. However, some 7.4%  of 
R&D expenditures are directed towards 
communications and electronics equip-
ment.

Next, in order to clarify the changes over 
time in the nature of R&D, we analyzed the 
changes in R&D expenditures by product 
development area. In doing so we applied 
factor analysis to the data of R&D expendi-
tures by product development area for each 
industry. Some 25-industry types were sub-
jected to analysis, with data taken from 
FY1980 to FY1998. As a variable, instead 
of using R&D expenditures by product area 
as is, we use the ratios of R&D expendi-
tures by product area. In addition, product 
areas were organized into industry catego-
ries, and the number of variables set at 24. 
Having applied factor analysis, due to 

the large number of variables, no stand-out 
highly persuasive variables appeared, and 
even if the characteristic value was limited
to 1 or over, some 11 variables were 
achieved. In this case, no general factor 
could explain everything with a small num-
ber, and each factor is responsible for its 
own specific information.
Looking at the results of factor analysis, 

the first factor has a particularly strong cor-
relation with the communications and elec-
tronics equipment product area, and a rela-
tively strong correlation with the electrical
machinery equipment product area and the 
electricity and gas product area. It may
therefore be interpreted as a factor con-
cerned with R&D expenditures of the elec-
tronics area. The second factor has a strong 
correlation with the general machinery
product area and the other transportation 
equipment product area, indicating that it is 
a machinery and process technology area 
factor.
Changes over time in the various indus-

tries will now be examined for each of the-
se representative state-of-the-art tech-
nology areas. Fig. 5-3-5 shows movement
over time in values (factor scores) for each
industry for the electronics area and the 
machinery and process technology areas. It 
becomes complex if these trends are shown
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for all industries, so only key industries and 
characteristic industries have been plotted 
here. In these graphs, the larger the score 
for the industry, the more effort is being de-
voted to R&D in that area. 
In the electronics area, values are highest

for communications and electronic equip-
ment and transport, communication and 
public utilities, followed by electrical ma-
chinery, equipment and supplies industry,
which also scored highly. It goes without 
saying that these industries are the main-
stays of electronics technology.
Looking at changes over time in the factor 
score, communications and electronics 
equipment industry and electrical machin-
ery, equipment and supplies industry are 
clearly increasing over the long term, de-

spite minor fluctuations. Transport, com-
munication and public utilities were al-
ready increasing up until FY1989, but from 
FY1990 onwards figures have either fallen 
or moved sideways, increasing again from 
FY1995.
In other industries,precision instruments

and printing and publishing show char-
acteristic movements. There was a great in-
crease in the precision instruments industry 
in FY1993, after which it has continued to 
maintain high levels. Printing and publish-
ing recorded great increases in FY1988, 
FY1989 and FY1996. In these two indus-
tries, it is known that the changeover to 
electronic technology is taking place, and 
the results of analysis shown here seem to 
back this up. 

Figure 5-3-5 R&D expenditures factoranalysis result by product fields 

(A) Electronic area 

-1

0

1

2

3

4

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

F
a
ct
o
r 
S
co
re

Precision instrum ents

Printing & publishing

M otor vehicles

Com m unication & electronics equipm ent

Iron & steel

Electrical m achinery,equipm ent & supplies

Transport, com m unication &
public utilities

FY

 123 



Chapter5 R&D in Industry

(B) M achinery and Process Technology area 
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See: appendix table 5-3-5 

W ith regard to the machinery and proc-
ess technology area, other transportation 
equipment (transportation equipment other 
than motor vehicles) and general machin-
ery recorded high values. 
Precision instruments and printing and 

publishing also show characteristic move-
ments in this area. The precision instru-
ments industry recorded an increase in the 
factor score from the late 1980s until 
FY1992, after which it recorded a great 
drop in FY1994. It has remained at a low 
level ever since. The great change in the 
precision instrument industry with FY1993
as a turning point must be considered in 
conjunction with the change in the values 
for the electronics area mentioned earlier.
In this period, while the value for the ma-
chinery and process technology area con-
tinued to decline, the values in the elec-
tronics area increased, suggesting a change 

in the priorities of R&D. M eanwhile, in the 
printing and publishing industry, over sev-
eral years from FY1988, the figures for the
electronics area and the machinery and 
process technology area both increased. In 
FY1992, while the figure for the machinery
and process technology area underwent a
relatively large reduction, the value for the
electronics area shows a gradual decrease
from FY1990. This is regarded as evidence
of a change in product development areas. 
In addition to the two industries men-

tioned above, a noteworthy feature is the 
increase in the machinery and process tech-
nology area from FY1991 in the other 
chemical products manufacturing industry.
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Japan's Venture Com panies

In today's business situation, where the 
creation of new industry is regarded as an 
issue of importance for Japan, it is ex-
tremely important to gain a clear picture of 
the situation concerning so-called venture 
companies. However, there is inadequate
data concerning venture companies and 
venture business in Japanese statistics, not 
only R&D statistics. Not only are the defi-
nition and scope of venture companies un-
clear, but there are many small companies,
which are for the large part inadequately
covered in statistical surveys.
The National Institute of Science and 

Technology Policy carried out a ques-
tionnaire survey by post in 1998 in order to 
obtain basic data concerning Japan's ven-
ture companies, and has published a report 
on the results of analysis (Reference [8]). 
The main analysis results are presented be-
low in accordance with this report.

Companies Researched
In order to give as broad a scope as pos-

sible to venture companies, questionnaires
were sent out to all companies listed in the 
Nikkei: Annual Corporation Reports of
Venture Business (FY1998 Edition). The 
person responsible for managing the com-
pany (President) was asked to fill in the an-
swers to the questionnaire. Questionnaires 
were mailed out in August 1998, with valid 
responses received from 1007 companies,
giving a response rate of 42.2% . 
Some 639 companies that sent in valid 

responses belonged to the manufacturing
industry (63.3% ), 125 to the information
industry (12.5% ), and 240 companies in the 
service industry (23.9% ), making for a
structure in which there is no relative bias
including any of the companies. The aver-

age number of employees of companies 
that responded to the survey was 112.7,
while average capital was 202 million yen
and average sales were 3.203 billion yen. 
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Key Survey Results 
The most recent ratio of R&D expen-

ditures to sales of companies that re-
sponded to the survey was 6.5%  as an 
overall average, more than double the av-
erage of 2.85%  for all of Japan's companies 
on the whole (Figures for FY1997. See Fig. 
5-3-1 and Table 5-3-1). Looking at the 
same figures according to the three indus-
try categories, the figure for manufacturing
was 6.4% , for the information industry the 
figure was 11.8% , and for the service in-
dustry the figure was 3.8% . Clearly the ra-
tio of R&D expenditures to sales is highest 
in the information industry.
Looking at the year of establishment of 

the companies, a large number of com-
panies were established in 1970 or later,

but a large number were also established
before 1970, giving a wide distribution. A
recent trend, however, is the marked in-
crease in the establishment of companies 
whose management is aiming for a listing 
on the stock exchange (companies whose
management replied that they were "striv-
ing towards a public listing"), and a steady 
increase in the number of R&D-oriented 
companies (companies whose ratio of 
R&D expenditures to sales is at least 10% ). 
Japan's venture business, which is often re-
garded as being low-key, does have aspects 
which may lead to future expectations (Fig.
A).

FigureA Distribution of the year of establishm ent of the venture com panies 
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A feature of founding management (re-
spondents who founded the company) was 
that their average age was 55.2 years old, 
indicating that the management of Japan's
venture companies is generally quite old. 
On the other hand, their age when they 

founded their companies was 37.4 years on 
average, which is not necessarily old, but 
the new companies created in the past 10
years have an average age of founders that 
is at least 5 years older than it was 10 years 
previously, indicating an increase in the 
age of at which founders start venture com-
panies (Fig. B). 
By looking further at data about found-

ing managers, characteristics of Japan's
technology venture companies become
evident. Firstly, with regard to the age of
the founder, making a comparison of 
R&D-oriented companies and other com-
panies, the age for R&D-oriented compa-
nies tends to be somewhat older. This 

seems to suggest that R&D-oriented com-
panies are based on the elements of skills
based on many years of practical experi-
ence and knowledge gained through ex-
perience. Secondly, looking at the aca-
demic careers of the founding managers,
some 6.4%  have completed graduate 
school, and 57.6%  have graduated from 
university, indicating that only a very small
percentage of companies are founded based 
on high levels of academic advancement in 
the form of graduate school. A large per-
centage of the previous occupations of 
founding presidents is accounted for by en-
gineers of large companies, engineers of 
small and medium-sized companies and 
managers of small and medium-sized com-
panies. Taking into account these factors 
together, it is clear that there are few tech-
nical venture companies in Japan that are 
based directly on higher education. 
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Chapter 6  R& D Achievem ents 

6.1 Scientific Papers 

As an indicator of science and technology 
achievements, the data related to scientific 
papers has become increasingly important in 
recent years. Despite the difficulty in directly 
measuring the achievements of R&D activi-
ties, particularly scientific research achieve-
ments, it is now possible to obtain a variety 
of data on scientific papers due to the com-
pletion of scientific literature databases. It is 
under these conditions that various data are 
being created throughout the world, from 
which a variety of indicators are being devel-
oped.
W hen creating such indicators, Science 

Citation Index (SCI) - a database of scientific 
and technological literature - is often used. 
The SCI is particularly useful because it 
covers all areas of science and technology. 
The SCI is particularly useful because it is a 
database from which it is possible to obtain 
data about the citations of papers, and it cov-
ers all areas of science and technology. 
Compared to other databases specializing in 
specific areas, however, the SCI database has 
only a small number of papers in each area 
and contains mainly papers in English. The 
indicators calculated for scientific and tech-
nological papers in this section are based on 
the NSI Database, which was in turn created 
based on the SCI.  

6.1.1 International Com parison of 
Output of Papers 

The R&D achievements of each country 
can be quantitatively examined by totaling 
the number of papers published by each 
country. Virtually the only method for calcu-

lating the totals for each country is based on 
the location of the facility to which an author 
belongs, and the data used in this book was 
obtained by this method. Papers authored by 
several people belonging to facilities with 
locations in different countries (known as 
internationally joint-authored papers) were 
double-counted as papers of the respective 
countries.
In the five year period up to 1998, the total 

number of papers recorded in the SCI data-
base by country show the US with the major-
ity, followed by the U.K., Japan, Germany 
and France, as seen in Figure 6-1-1. However, 
if we exclude the humanities and social sci-
ences, and consider only the natural sciences 
and engineering, Japan and the U.K. switch 
positions, with Japan becoming the second 
most prolific publisher of literature in the 
world.
The breakdown by region shows that 15 of 

the top 25 countries are European. In Asia, 
the top 5 countries are China (12th), India 
(13th), Taiwan (18th) and Korea (21st), ex-
cluding Japan. 
The R&D indicators dealt with in this 

book include both the natural sciences and 
engineering, as well as the humanities and 
social sciences, with the statistics shown in 
Figure 6-1-1 also including the literature for 
the humanities and social sciences. Due to 
many differences between the conditions for 
recording the natural sciences and engineer-
ing, and the humanities and social sciences in 
the SCI Database, however, the literature for 
the humanities and social sciences will be 
excluded after the figure below. In Figure 
6-1-1, the countries which account for the 
highest ratios of literature in the humanities 
and social sciences are the English-speaking 
countries of the U.S., the U.K., Canada and 
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Australia. This is likely because of the in-
clination towards English literature in the 
collection of data for the humanities and so-
cial sciences. Although this inclination exists 
in the natural sciences and engineering as 
well, it seems far more prevalent in the hu-
manities and social sciences. 

Figure 6-1-1 Num ber of published 

scientific papers by country: top 25  

countries

Notes: 1) It is the sum  total for five years for 1994-98 years. 

 2) The value by the country was counted in the whereabouts 

country of an author’s affiliation organization. 

 3) Duplication appropriation of the international collaboration paper 

is carried out in each author’s affiliation country. 

 4) The num ber of papers of Hong Kong is also included in China. 

Data: Based on the data of the Institute for Scientific Inform ation, and 

“National Science Indicators on Diskette, 1981-1998”, the National 

Institute of Science and Technology Policy re-calculated.  

See: appendix table 6-1-1 

Next we examine the conditions surround-
ing the increase in the number of published 
papers by making a comparison between the 
five-year periods from 1994 to 1998 and 
1984 to 1988 (see Figure 6-1-2). The SCI 
database as a whole (excluding the humani-
ties and social sciences) increased by 36.7%  
during this period. 

Figure 6-1-2 Change in num ber of  

published scientific papers by selected 

countries/rations (natural science and  

engineering) 

Notes: 1) The paper of a hum anities/social field was rem oved. (Refer 

to text). 

2) EU countries are the sum  total of the 15 nations of the present 

m em ber nations. The countries in Asia Oceania contain Japan.   

Data: Based on the data of Institute for Scientific Inform ation, “National 

Science Indicators on Diskette, 1981-1998 (Deluxe version)”, the 

National Institute of Science and Technology Policy totaled.  

See: appendix table 6-1-2 

The rate of increase by country was 28.9%  
for the U.S., 72.7%  for Japan, 42.0%  for the 
U.K., 50.9%  for Germany and 60.6%  for 
France. Japan had the largest increase of the 
five countries. 
In the breakdown by region, those regions 

which traditionally had the fewest papers 
published had the largest increases in rates - 
among them, Latin America with 118.6%  and 
Asia and Oceania with 83.8% . In contrast, 
the increase for the EU countries was 55.4% , 
representing an increase of around 410,000 
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publications, which is a remarkable increase 
nonetheless, given that it accounts for around 
half of the total increase in the SCI Database 
(around 820,000 publications). Compared to 
the total increase in the rates for the SCI, the 
increase in rates for countries and regions 
other than the U.S. is high, although these in-
creases are partly accounted for by the inter-
national joint-authorship of papers. 
To make an international comparison of 

the achievements of Japanese R&D activities, 
it is appropriate to base them on the world 
share. Figure 6-1-3 shows the trends in the 
shares of the output of papers by country. 
Since 1990, Japan has been second only to 
the U.S. in the output of publications in the 
natural sciences and engineering. In 1998, 
among the 643,000 papers in the SCI - ex-
cluding the humanities and social sciences - 
the U.S. accounted for 211,000 (32.8% ), 
while Japan accounted for 66,000 (10.3% ).  

During the period shown in the figure, the 
U.S. consistently had an overwhelming share 
of over 30%  of world output, despite a de-
cline starting in the 1990s. The output itself 
has leveled off, but the reason for this decline 
in share is not so much because of a reduc-
tion in the output of papers in the U.S., as it 
is an increase in the output by other coun-
tries. 
Among these other countries, the shares 

for Germany, France and Italy increased 
steadily in contrast to the leveling off or re-
duction in the shares for the U.K. and Can-
ada from the mid-1990s. In comparison to 
the traditionally high output of Eng-
lish-speaking countries like the U.S., the 
U.K., Canada, and so on, there has been a 
noticeable increase in the number of papers 
from non-English speaking countries. 

Figure 6-1-3 Trends in country share of published scientific papers (natural science and 

engineering) 

Note: The paper of a hum anities/social field was rem oved. 

Data: Based on Institute for Scientific Inform ation, “National Science Indicators on Diskette, 1981-1998 (Deluxe version)”, the National Institute of 

Science and Technology Policy totaled. 

See: appendix table 6-1-3 
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Because the SCI Database, used here for 
calculation purposes, contains predominantly 
English-language papers, it could be claimed 
that there is an underestimation in output for 
non-English speaking countries. Nonetheless, 
with the extraordinary development in the 
globalization of scientific and technological 
activities, English-language papers are be-
coming increasingly important, and in this 
sense, it can be argued that this indicator re-
alistically shows the influence of papers from 
each country. M oreover, the increase in the 
share of papers from non-English speaking 
countries demonstrates an apparent increase 
in papers written in English in those coun-
tries. 
Consideration must be given to the inter-

national joint authorship of papers in the 
analysis of the output of papers, since the in-
crease in the international joint authorship of 
papers is one of the most extraordinary 
trends among those affecting the output of 
papers. According to a certain survey in 
which specific journals in the SCI are inves-
tigated, among all scientific papers, the num-
ber of papers increased by 20%  in 1995 
compared to 1981, while internationally 
joint-authored papers increased by three 
times (see Reference [1]).  
In the same survey, the situation in each 

country was also examined, and showed that 
the proportion of internationally joint-au-
thored papers was 25 to 40%  of the total in 
the majority of countries around the world. 
The proportion in Japan, however, was a low 
15% .
Next, we discuss the frequency of scien-

tific paper citations as an indicator of the 
qualitative aspect of the output of papers. 
The frequency of scientific paper citations is 
the number of times a paper is cited by other 
papers, and can be considered to reflect its 
influence.  
Figure 6-1-4 shows the relationship be-

tween two values: the share of papers on the 
horizontal axis, and the share of citations on 

the vertical axis. The straight line (slope = 1) 
in the figure shows equality between the 
share of published papers and the share of 
citations. Points on the line have a citation 
share equal to the world average; in other 
words, the number of paper citations matches 
the output of scientific papers. For points 
above this line, the citation share is higher 
than the paper share, meaning that the impact 
of the papers exceeds the world average. 
The U.S. has the largest share of papers 

and its citation share is higher than its paper 
share, with almost half of the papers cited 
throughout the world being of U.S. origin. 
Thus once can see the enormous impact of 
U.S. papers. Following the U.S. in citation 
share is the U.K.. The U.K. also has a cita-
tion share higher than its paper share, and 
thus its papers can be considered to have a 
high impact. The trend for the U.K. citation 
share declined until 1988, but rose after 1989. 
Japan's citation share was ranked fourth in 
the world in 1994. However, its plot is below 
the straight line during the period shown in 
the graph, indicating that its citation share 
was small relative to its paper share, thus 
suggesting that the impact of Japan's papers 
is not very high. In addition, the growth of its 
share of citations has slowed. Despite almost 
no increase in the paper shares of Germany 
and France, their citation frequency shares 
have risen.  
The fact that Japan's citation share is be-

low the average for the leading western 
countries is partly due to the bias of the SCI 
Database towards English-speaking countries, 
as previously mentioned. However, this in-
dicator reflects the fact that English-language 
publications are the mainstream of science 
and technology output, and in this sense, 
shows the actual impact of Japanese papers. 
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Figure 6-1-4 Trends in cited count share in selected countries (1981-1998) 

Notes: 1) It is the value of only natural science and engineering. 

 2) 5 overlapping-year was used as a “year”. 

Date: Based on the data of Institute for Scientific Inform ation, “National Science Indicators on Diskette, 1981-1998 (Deluxe version)”, the National 

Institute of Science and Technology Policy totaled. 

Source: appendix table 6-1-4 

The fact that Japan's citation share is be-
low the international average is shown even 
more clearly by the relative citation index in 
Figure 6-1-5. The relative citation index is 
found by calculating the number of citations 
per paper for each country, and dividing this 
number by the international average. The in-
ternational average for the frequency of cita-
tions is set at one. 
The value for Japanese papers from 1994 

to 1998 was 0.82, which was below the inter-
national average, and was even lower than 
the 0.88 from 1986 to 1990.  Of the other 
countries, the values for the U.S. and the 
U.K., which had high relative citation in-
dexes to start with, showed no increase, 
whereas the values for Germany, France, It-
aly and Canada show conspicuous increases 
from the beginning of the 1990s. The in-
crease in the paper shares of Germany, 
France and Italy are also particularly notice-
able.

Figure 6-1-5 Trends in RCI of scientific 

papers in selected countries  

Note: 1) It is the value of only natural science and engineering. 

 2) 5 overlapping-year was used as a “year”, and “-98” m eans for 

five years from  1994 to 1998. 

Data: Based on the data of Institute for Scientific Inform ation, “National 

Science Indicators on Diskette, 1981-1998 (Deluxe version)”, the 

National Institute of Science and Technology Policy totaled. 

See: appendix table 6-1-5 
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6-1-2 Num ber of Scientific Papers by 
Area of Research  

Indicators by area of research are ex-
tremely important in clarifying the R&D 
characteristics of each country; in particular, 
the number of papers by field is indispensa-
ble in compensating for the indicators con-
cerning R&D resources that are difficult to 
classify by field. In addition, they are impor-
tant in quantitatively expressing the achieve-
ments resulting from the organization of the 
R&D system of each country and the dis-
tribution of R&D resources. 
Figure 6-1-6 shows the trends for the 

shares of scientific papers by area of research, 
excluding the humanities and social sciences, 
for Japan, the U.S., Germany and the whole 
SCI Database. 
For Japan, the growth for clinical medicine 

is particularly striking. The shares for phys-
ics and material science also increased. Biol-
ogy and life science accounted for a large 
share during the period displayed in the fig-
ure, and that share remained steady through-
out. The share for chemistry, on the other 
hand, fell continually. The small shares for 
earth and space related a research field is 
also characteristic of Japanese research pa-
pers.
In the case of the U.S., the shares for biol-

ogy/life science, and clinical medicine are 
particularly large, whereas the shares for 
physics and material science are small com-
pared to other countries. In Germany, the 
shares in physics and material science in-
creased, while the share for chemistry fell 
similarly to Japan. A slight increase can be 
seen in the trend for earth and space related 
fields.
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Figure 6-1-6 Trends in num ber of papers by fields in selected countries 

(A) Japan 

(C) Germ any 

(B) U.S. 

(D) SCI Data Base 

Data: Based on the data of Institute for Scientific Inform ation, “National Science Indicators on Diskette, 1981-1998 (Deluxe version)”, the National 

Institute of Science and Technology Policy totaled.  

See: appendix table 6-1-6
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In order to see the changes in the output of 
papers by area of research more clearly, an 
indicator called the Relative Comparative 
Advantage (RCA) indicator can be used. 
This value is the share of papers in each field 
for each country divided by the worldwide 
share in each field. For example, clinical 
medicine accounted for a share of 22.2%  of 
Japanese papers in 1997. The worldwide 
share for clinical medicine was 26.4% . Di-
viding the 22.2%  share by the worldwide 
share of 26.4%  yields an RCA indicator of 
0.841 in this case. A value of one indicates a 
level equal to the worldwide standard in that 
field.

The RCA has been found to be associated 
with the national core competence of a coun-
try, and is useful in considering which fields 
Japan has core competence in. 
Figure 6-1-7 shows the changes in the 

RCA indicator for Japanese scientific papers. 
The large number of papers in chemistry, and 
physics and material science has traditionally 
been above the world standard. However, the 
values for chemistry have decreased signifi-
cantly, while the values for physics and ma-
terial science have remained virtually un-
changed or increased gradually over the long 
term. In contrast, despite the conspicuous 
growth in the values for clinical medicine, 
the RCA did not reach 1 even in 1997.  

         

Figure 6-1-7 Trends in RCA of scientific papers by field in Japan 

Data: Based on the data of Institute for Science Inform ation, “National Science Indicators on Diskette, 1981-1998 (Deluxe version)”, the National 

Institute of Science and Technology Policy totaled. 

See: appendix table 6-1-7 
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6.2 Patents 

Data concerning patents is an indispensa-
ble indicator in understanding the current 
development of science and technology as 
related to industry. W hile the data on patents 
provides a variety of information on new 
technical knowledge, it does not cover all in-
ventions and technical knowledge, and is 
best thought of as showing one aspect of sci-
ence and technology. Because of significant 
differences in the value of patents according 
to the industry and the area of technology, 
there are differences in the importance of the 
data. M oreover, it is difficult to make in-
ternational comparisons due to significant 
differences in the patent systems between 
countries, and even within the system of a 
single country, there are problems in the con-
tinuity of time-series data because of the im-
pact of changes to the system, changes in the 
fees charged to applicants, and so on. W hen 
interpreting data concerning patents, it is im-
portant to take the above points into con-
sideration, and to acknowledge their char-
acteristics and limitations. 

6.2.1 The Internationalization of 
Patents

Although the data for patents has been to-
taled based on the institution in charge of 
patents in each country, as an indicator of 
R&D achievements, it is more appropriate to 
total the data based on the country to which 
the applicant or the patent right holder be-
longs (or nationality, in some cases). In prin-
ciple, it is this kind of data that has been used 
below. 
In the 1990s, there was a considerable in-

crease in the number of patent applications 
worldwide. The greatest contribution to this 
increase was an increase in the number of 
applications coming from foreign countries, 

as opposed to domestic applications. Though 
the increase of applications from foreign 
countries is partly due to the internationaliza-
tion of patent application systems, the greater 
influence is the result of the double counting 
of applications made to several countries for 
a single invention, and this does not signify a 
quantitative expansion of technological 
achievements. Nevertheless, there has been 
definite progress in the rights for technology 
that cross national boundaries, and in this 
sense, there has been a rapid development of 
the globalization of science and technology. 
(Figure 6-2-1) 

 Figure 6-2-1 Trends in num ber of patent 

 applications in the world 

Source: Data of Japan Patent Office and W IPO data 

See: appendix table 6-2-1 

Figure 6-2-2 shows the changes over time 
in the number of applications received by the 
Japan Patent Office. Following the rapid in-
crease in applications up until the late 1980s, 
the number leveled off in the mid-1990s. The 
trend began to rise once again from 1996. 
The majority of applications made to the Ja-
pan Patent Office (90%  in 1998) were by Ja-
panese nationals, with relatively few made 
by foreigners. 
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Figure 6-2-2 Trends in num ber of patent 

in Japan 

Source: Patent Agency, “Patent Agency Annual Report” 

See: appendix table 6-2-2 

Although there has traditionally been a 
large gap between the number of applications 
and the number of patents granted, that gap 
diminished in the late 1990s. M oreover, there 
were large fluctuations in the number of pat-
ents granted because of changes to the sys-
tem. The rapid increase in 1992 was a result 
of the impact of the introduction of an elec-
tronic application system, while the surge in 
1996 was a result of a change to the system 
enabling formal objections to patents after 
their registration. 

Figure 6-2-3 shows the state of patent ap-
plications in the selected countries. For the 
U.S., Germany, France and the U.K., the 
number of applications from foreign coun-
tries exceeds the number for domestic appli-
cations. Japan is the only country in which 
the number of domestic applicants exceeds 
the number of foreign applicants, indicating 
an enormous domestic bias. However, there 
has also been an increase in the number of 
applications made to foreign countries by 
Japan.
The increase in the number of external pat-

ent applications is a trend that is not only 
apparent in Japan, but is common throughout 
the five countries. This is especially true for 
the U.S., which has shown a striking increase 
in the number of applications made to other 
countries. This increase in the number of ex-
ternal applications by the U.S. was the result 
of an increase in the use of the PCT appli-
cation system designated by a number of 
countries. In Europe, the use of the European 
patent system has contributed to the increase 
in the number of applications made to for-
eign countries. 

Figure 6-2-3 Trends in num ber of dom estic and foreign applications in selected countries 

(1991 to 1996) 

Note: The data of graph is the value in 1991 to 1996 sequentially from  the left with each country. 

Source: Patent Agency, “Patent Agency Annual Report”.                                              See: appendix table 6-2-3 
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Next we make a detailed examination of 
the overseas patent applications for Japanese 
and American inventions. Figure 6-2-4 
shows a breakdown of the number of Japa-
nese and American foreign patent applica-
tions by country for the top 19 countries in 
1996. The majority of applications by Japan 
were made in the U.S., accounting for 22.6%  
of the total. Next is Germany with only 8.3%  
of the total. The total number of applications 
made in the top 19 countries was 77.9%  of 
the total number of foreign applications. 
In comparison, for the U.S., the largest 

proportion of patent applications went to the 
U.K.; however, this amounted to only 3.6%  
of the total and shows the diversity of coun-
tries to which the U.S. makes applications. A 
majority of the countries - 14 of the top 19 - 
were European, with Japan ranking only 
ninth. A conspicuous feature of the foreign 
applications made by the U.S. is that they 
were made to a variety of countries, rather 
than to a particular country. This is further il-
lustrated by the fact that the total number of 
applications made to the top 19 countries ac-
counts for only 41.8%  of the worldwide total. 
It is obvious that U.S. applicants are making 
progress in obtaining the rights to technology 
in countries worldwide. 

Figure 6-2-4 Num ber of applications to 

foreign countries from  Japan and U.S. 

(1996) 

(A) Japan 

              (B) U.S. 

Source: Patent Agency, “Patent Agency Annual Report”  

See: appendix table 6-2-4 
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Next, we look at the breakdown of the 
share of patent applications by nationality of 
the inventor for each of the five selected 
countries in Figure 6-2-5. The figure also in-
cludes the breakdown of shares for the Euro-
pean Patent Office. 
Among the countries shown in the figure, 

the U.S., Germany and Japan, have the great-
est shares of domestic applications. Of the 
three, Japan has the highest share of domes-
tic applicants with over 80%  of the applica-
tions received by the Patent Office coming 
from within Japan, which is very high even 
from a global standpoint. 
Looking at Japan's share of applications in 

foreign countries, we see that the share for 
the U.S. is 19.3% , which is the highest of all 
countries, excluding the U.S. itself. The 
share for the European Patent Office is 
17.7% , which is the third highest after the 
U.S. and Germany. For Germany, France and 
the U.K., the number of applications from Ja-
pan is a healthy 10%  for each country. 
Applications from the U.S. account for a 

large share in each of the recipient countries, 
especially France and the U.K., where the 
U.S. share is surpassed only by domestic ap-
plications. Germany also accounts for a large 
share of the applications received by the Eu-
ropean Patent Office, France and the U.K., 
showing the strength of the position of its 
patents in Europe. 
Although the numbers of patents granted 

are not shown in any graphs, the share for 
each country is roughly equal to its share of 
applications. 
A comparison of the share of patent ap-

plications by field was made between the 
patent offices of Japan, the U.S. and Europe 
(referred to as the "three regions" below). It 
was found that there were no significant dif-
ferences between the three regions in the 
shares for each field. A more detailed look 
shows that in the U.S., daily commodities 
and physics had the highest shares; in Japan, 
electrical and physics patents had relatively 

high shares. In the European Patent Office, 
chemicals and metallurgy had high shares.
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Figure 6-2-5 Num ber of patents by Nationality of inventor in selected countries and region 

(1996) 

Source: Patent Agency, “Patent Agency Annual Report” 

See: appendix table 6-2-5 

Figure 6-2-6 Num ber of patent applications by sector in Japan, U.S. and Europe (1998) 

Source: Patent Agency, “Patent Agency Annual Report” 

See: appendix table 6-2-6 
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6.2.2 Com parison of Technical 
Strengths According to Data on U.S. 
Patents

In this section we carry out a slightly more 
detailed analysis using data on U.S. patents. 
The data for U.S. patents is used here for the 
following reasons: First, there is no alterna-
tive to the data on U.S. patents, with its 
source of patent citations and scientific lit-
erature citations, that generates the same 
level of interest. Second, applications from 
abroad for patents in Japan are relatively 
small, making it impossible to gain a clear 
picture of Japanese R&D achievements from 
an international perspective. For this reason, 
U.S. patents are more appropriate in most 

cases. The fact that the majority of important 
Japanese inventions have had applications 
made for them in the U.S. can also be raised 
as a reason. 
Figure 6-2-7 shows the share of applicants 

for U.S. patents by nationality. The share of 
Japanese patents increased dramatically in 
the 1980s. This growth slowed in the late 
1980s, however, and actually fell in the late 
1990s. Nonetheless, Japan maintained its 
second place position next to the U.S.. 
The U.S. share continued to fall until 

around 1988, and after that rose until 1993. It 
then fell once again, with the exception of 
1996. The German share showed a long-term 
decline, leveling off after the mid-1990s. 

Figure 6-2-7 Trends in num ber of U.S. patents granted by selected countries 

Source: CHI Research Inc., “National Technological Indicators Database” 

See: appendix table 6-2-7 
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Next, we discuss the citation index for U.S. 
patents. In order to show the details of an in-
vention as objectively as possible for U.S. 
patents, a patent examiner must carry out ci-
tations on a variety of literature and previous 
patents as determined by the law. Using this 
data on citations, the number of citations by 
succeeding patents is totaled, making it pos-
sible to calculate a relative citation index, as 
in the case for literature. In the case of pat-
ents, the purpose of carrying out citations is 
to support or prove the originality or the 
level of innovation of a patented invention 
on the citation side. In many cases, the value 
of patents being sited can be thought to be 
neutral. However, patents being cited can be 
thought of as being relatively more impor-
tant(1).

Figure 6-2-8 Trends in relative citation 

im pact of U.S. patents 

Source: CHI Research Inc., “National Technology Indicators Database. 

See: appendix table  

(1) An empirical test was carried out to discover whether the cita-
tion index for patents reflects their technical value. A number of re-
searchers agreed that specialists regard frequently cited patents as 
important (see References [2] and [3]).  

A look at the relative citation index by na-
tionality of inventors shows Japan being 
above one in the early 1980s, on par with the 
U.S.. In the late 1980s, however, there was a 
downward trend, which resulted in Japan fal-
ling below one (Figure 6-2-8). A slight in-
crease can be seen in 1995 and 1996. How-
ever, if a certain number of years have not 
elapsed in the data for patent citations, the 
data lacks stability, which casts doubt on the 
reliability of the trend.  
The values for the U.S. show an increase 

in the 1990s compared to the 1980s, becom-
ing stable. The values for other countries are 
well below those of Japan and the U.S.. 
W e will also touch on the breakdown of 

U.S. patents by classification. Figure 6-2-9 
shows the 1998 comparison between the U.S. 
and Japan in the top ten classifications of the 
118 (3-figured classifications) specified in 
the International Patent Classifications (IPC). 
The U.S. surpassed Japan in nine of the clas-
sifications. There is a particularly big gap in 
the number of U.S. and Japanese patents in 
the "medicine and veterinary medicine" field. 
Japan, on the other hand, surpassed the U.S. 
in the "photo/cinema" field, and was rela-
tively close to the U.S. in "basic electronic 
circuitry" and telecommunications technol-
ogy".
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Figure 6-2-9 Num ber of U.S. patents by  

international patent classification (Japan,  

U.S. and total: 1998) 

Note: The long thing uses the abbreviated nam e am ong the nam es of 

the six-abovem entioned fields. It is table 6-2-9 reference correctly. 

Source: CHI Research Inc., “National Technology Indicators Database” 

See: appendix table 6-2-9 

Next, we discuss the "Science Linkage" in-
dicator which shows the strength of the rela-
tionship between patents and scientific pa-
pers. The science linkage shows the number 
of citations per scientific paper in the U.S. 
Patents Examination Report. As described 
previously, citations of previously existing 
patents and of a variety of literature are at-
tached to the U.S. Patents Examination Re-
port in order to clarify the details of the rele-
vant patents. The science linkage indicator 
was developed with attention to the number 
of scientific papers within this report. Be-
cause the scientific paper citations for patents 
can be thought of as showing a relationship 
between technology (patents) and the science 
it depends on, the strength of the science 
linkage can be interpreted as showing the 

strength of its relationship to science. M ore-
over, since the citations are made by the ex-
aminers rather than by the applicants, their 
objectivity is relatively high. 
Figure 6-2-10 shows the trends for the sci-

ence linkage of U.S. patents by nationality of 
the applicant. All of the values are rising, 
which seems to indicate a strong relationship 
between patents and scientific papers. Ex-
amining the trends by country, we see that 
the U.S. values are the highest, increasing re-
markably. The values for Japan, meanwhile, 
are the lowest of the five countries shown on 
the graph, and the disparity with the other 
countries widened in the late 1990s.  

Figure 6-2-10 Trends in the Science 

Linkage of U.S. patent in selected 

countries

Note: Science linkage is the science paper quotation num ber of cases 

per U.S. patent. 

Source: CHI Research Inc., “National Technology Indicators Database” 

See: appendix table 6-2-10 

The science linkage values differ consid-
erably from field to field, and are fairly low 
in all fields. There are several life science re-
lated fields with high values. Figure 6-2-11 
shows the trends for the science linkage val-
ues of Japan and the U.S. for the top three 
fields - "biochemistry and microbiology", 
"organic chemistry" and "medicine and vet-
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erinary medicine" - in addition to the other 
fields with the highest total number of cita-
tions in scientific literature. The citations for 
these six fields account for 60%  of the total 
citations in the scientific literature with re-
gard to U.S. patents. 
The U.S. science linkage values exceed 

those of Japan in all six fields, and is ex-
tremely large in "biochemistry and micro-
biology" with a value of 23.3 (in 1998). The 
majority of genetic engineering-related pat-
ents have been included in this field, ena-
bling us to see the close relationship between 
the scientific papers and patents in this field. 

Figure 6-2-11 The Science Linkage by  

m ajor fields in Japan and U.S. (1998) 

Note: Science linkage is the science paper quotation num ber of cases 

per U.S. patent. 

Source: CHI Research Inc., “National Technology Indicators Database” 

See: appendix table 6-2-11 

The science linkage trends in the top four 
fields - "biology and microbiology", "or-
ganic", "medicine and veterinary medicine", 
etc. - are shown in Figure 6-2-12 for the past 
ten years, for Japan and the U.S.. The values 
for the U.S. show remarkable increases in 
contrast to the values for Japan, which de-
spite showing an increase, are comparatively 
small. The speed of growth in the "basic 
electrical circuitry" field is slow compared to 
the other three fields, but accounts for a ma-
jor position among the fields, and displays 
steady increases. 

Figure: 6-2-12 Trends in Science Linkage 

by m ajor field in Japan and U.S.  

Note: The long thing uses the abbreviated nam e am ong the nam es of 

the six-abovem entioned fields. It is table 6-2-11 reference correctly. 

Source: CHI Research Inc., “National Technology Indicators Database” 

See: appendix table 6-2-11 
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6.3 Trade in Technology 

Generally, granting the rights to use a  
certain technology(2) to a foreign resident 
company or individual for some pay is 
known as technology export. Conversely, 
paying a foreign resident company or indi-
vidual for the rights to use a technology is 
known as technology import (or technology 
introduction). The two of these together are 
known as technology trade, whose data is an 
important measure of the technological level 
of a country on an international basis. A 
comparison between the value of technology 
exports (amount received) and the value of 
technology import (amount paid) can be used 
as an indicator to reflect the technological 
strength of a country by showing a compari-
son between technology trade income and 
expenditures. The data for technology trade 
is also important in showing the international 
movements of technical knowledge. 
As a result of the globalization of business 

in recent years, the technology trade between 
affiliated companies based overseas, and so 
on, and technology transfers within business 
groups have surfaced as trade between coun-
tries and must also be taken into considera-
tion.
In Japan, the representative statistics con-

cerning technology trade are those of the 
Bank of Japan, and the M anagement and 
Coordination Agency. In this chapter, we use 
the statistics from the M anagement and Co-
ordination Agency in Sections 6.3.1 (those 
concerning Japan), 6.3.2 and 6.3.3. The sta-
tistics from the Bank of Japan are used in 
Section 6.3.5. In addition to the above, an 
analysis of the details of technology imports 
is made using the National Institute of Sci-

(2) These include intellectual property rights, as well as rights for 
designs, blueprints, and so-called "know-how", etc., which are 
granted based on the laws for patent rights, utility model rights, 
trademark rights, design rights, literary rights, and so on. 

ence and Technology Policy's "An Analysis 
of the Trends in Foreign Technology Im-
ports" in Section 6.3.4. 

6.3.1 International Com parison of 
Technology Trade 

The data for the technology trade of the 
five major industrialized countries can be 
seen in Figure 6-3-1. The upper part of the 
graph shows the value of technology exports, 
while the lower part shows the value of tech-
nology imports. Once again, the figures have 
been converted into yen using the OECD's 
purchasing power parity, enabling a direct 
comparison of the value of technology trade 
for each country. 
It can be seen that value of both technol-

ogy imports and exports for Japan are small 
on an absolute scale. However, a simple 
comparison of countries is not possible due 
to geographical differences. Instead, we 
would like to highlight the relative relation-
ship between values of technology exports 
and imports, as well as the annual trends. 
Looking at each country in detail, we see 

that there was considerable growth in Japan's 
technology exports in the 1990s, with tech-
nology exports exceeding the imports from 
1993. The technology exports in 1998 
amounted to 916.1 billion yen, while imports 
were 430.1 billion yen. 
U.S. technology exports are overwhelm-

ingly high, with an amount 8 times higher 
than that of Japan in 1997. The trends show a 
prominent increase from the late 1980s, and 
although the technology imports increase on 
an annual basis, they are small relative to the 
value of exports, leading to substantial gaps 
in the technology trade incomes and expendi-
tures. The ratio of technology exports to im-
ports is 3.58 in 1997, which is exceptionally 
large among the countries shown in the fig-
ure, and shows the strong influence of U.S. 
technology. Nonetheless, this ratio shows a 
long-term decline. 
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The values for both technology imports 
and exports for Germany exceed those of Ja-
pan. Both values increased almost every year, 
although there was an excess of technology 
imports over exports during all of the years 
shown in the graph (from 1980 to 1997). 
Among the countries shown on the graph, 

the values of technology imports and exports 
for France were small, on par with those of 
Japan. This figure has not increased over 
time, and there was a slight decline in the 
trend for technology exports, while the trend 
for technology imports moved sideways. As 

with Germany, there is an excess of technol-
ogy imports over exports during the years 
shown in the graph (from 1980 to 1996). 
Although the trends in the values of tech-

nology exports and imports for the U.K. 
show an overall increase, they fluctuate from 
year to year. Despite an excess of technology 
trade expenditures over incomes in the late 
1980s, the opposite was true for most of the 
period before and after this. Technology ex-
ports in 1996, however, fell in comparison to 
the previous year, resulting in an excess of 
imports over exports. 

                 Figure 6-3-1 Trends in technology trade in selected countries 

Note: Technology trade costs other than Japan were converted into Japanese currency (Yen) using the purchasing power parity of OECD.   

Source: Japan-M anagem ent and Coordination Agency, Statistics Bureau, “Report on the Survey of Research and Developm ent”.  

U.S. Germ any, France and U.K. – OECD, “M ain Science and Technology Indicators, 1999/1” 

See: appendix table 6-3-1 
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W e must also consider the influence of the 
geographical and historical conditions of 
each country, as well as international rela-
tions, and so on, on the technology trade. 
Figure 6-3-2 shows the level of trade in tech-
nology relative to the total trade in goods and 
services. Below, we refer to the ratio of 
technology exports to total exports as the 
"technology export ratio", and for the ratio of 
technology imports to total imports as the 
"technology import ratio". 
The technology export ratio for the U.S. is 

the highest at 3.6% , followed by Germany at 
2.1% , and Japan at 1.5% . M eanwhile, the 
technology import ratio was particularly high 
for Germany at 2.6% , while the other coun-
tries were roughly on par with each other at 
0.9%  to 1% . Only Germany and France had a 
technology import ratio exceeding the tech-
nology export ratio. 
Overall, the values for Japan are lower 

than those for the U.S. and Germany, though 
the differences are not as pronounced as in 
Figure 6-3-1. The absolute values for Japa-
nese imports and exports are smaller than 
those of both the U.S. and Germany, which 
partially explains the small technology trade 
figures for Japan. Despite this fact, Japan's 
technology trade figures are not particularly
large compared to the U.S. and Germany. 

Figure 6-3-2 Ratio of All trades and  

technology trade in selected countries 

Source: OECD, “National Accounts, M ain Aggregates: 1999” 

OECD, “Basic Science and Technology Statistics 1998” 

See: appendix table 6-3-2 
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6.3.2 Technology Trade by Industry in 
Japan

In this section, we discuss the technology 
trade conditions in Japan. The discussion of 
the technology trade statistics, which are bro-
ken down by industry and region, is based on 
the M anagement and Coordination Agency's 
"Report on the Survey of Research and De-
velopment".  
Figure 6-3-3 shows the trends in values of 

technology trade exports and imports for all 
industries in Japan. 

Figure 6-3-3 Trend in technology export and 

im port in Japan (all industries and m ajor  

industries)

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-3 

The value of technology exports rose dra-
m atically around the m id-1990s, with par-
ticularly significant growth in FY1997 and 
FY1998. In contrast, despite an increase  
in the value of technology imports from 
FY1994 to FY1996, there were consecutive 
decreases in FY1997 and FY1998. 
The total value of technology exports for 

all industries in Japan was 916.1 billion yen 
in 1998, while the total value of imports was 
430.1 billion yen, meaning an excess of 486 
billion yen in technology exports over im-

ports (see Figure 6-3-4).  
The industries with the largest technology 

values of exports were the "M otor vehicles 
industry" (430.8 billion yen - 47.0%  of the 
total for all industries), and the "Communica-
tions and electronics equipment industry" 
(158.6 billion yen - 17.3%  of the total), to-
gether accounting for 64.3%  of the total ex-
port amount. Next was the "Drugs and medi-
cines industry" with 80.5 billion yen, or 8.8%  
of the total. 
The industry with the largest amount of 

technology imports was the "Communication 
and electronics equipment industry" (163 bil-
lion yen - 37.9%  of the total for all indus-
tries), the "Drugs and medicines industry" 
(38.5 billion yen - 8.9%  of the total), and the 
"Industrial chemicals and chemical fibers" 
(16.4 billion yen - 3.8%  of the total). M ore-
over, despite being at the top for technology 
exports, the technology imports for the "M o-
tor vehicles industry" amounted to only 6.2 
billion yen. 

  Figure 6-3-4 Technology trade by m ajor  

  industries in Japan (FY1998) 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-4 
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Next, we look at the trends in the ratios for 
technology trade incomes and expenditures 
(i.e. logarithmic expressions for the ratio of 
value of exports to imports) of the five lead-
ing industries, as shown in Figure 6-3-5. 
In Japan, the growth rate in technology ex-

ports has been high compared to the rate for 
technology imports in recent years, with the 
result that the ratio for incomes and expendi-
tures in technology trade has increased yearly. 
The ratio exceeded 1 for the first time in 
FY1993 for all industries together, and con-
tinued to grow after that, reaching 2.13 in 
FY1998. The trend shows that the in-
come/expenditure ratio remained close to 1 
from the mid-1980s to the beginning of the 
1990s. This was a result of an increase in the 
technology imports to Japan during this pe-
riod, despite an increase in the amount of 
technology exports by Japanese industry. It 
can be seen from the graph that the in-
come/expenditure ratio finally rose in the late 
1990s.

Figure 6-3-5 Trends in Japan’s 

technology trade balance 

Note: Software business is also included after the 1996 fiscal year of 

Japan. 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-5 

Figure 6-3-6 shows the trends in the tech-
nology exports for the five leading industries, 
while Figure 6-3-7 shows the trends for 
technology imports. Examining the technol-
ogy trends together with those shown in Fig-
ure 6-3-5, we see the following charac-
teristics for each of the industries. 

Figure 6-3-6 Trends in Japan’s  

technology exports by m ajor industries 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-6 

Figure 6-3-7 Trends in Japan’s  

technology im port by m ajor industries 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-7
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The "Industrial chemicals and chemical fi-
bers" shows low growth rates in the values of 
both technology exports and imports com-
pared to the average for all industries. Tech-
nology exports were around 20 billion yen 
from the end of the 1970s to the mid-1990s, 
but passed the 30 billion yen mark in 1996. 
Technology imports, on the other hand, fluc-
tuated on an annual basis, with long-term 
movements in the range of 15 and 20 billion 
yen from the 1970s onwards. From FY1973 
until the present, these industries experienced 
a trade income/expenditure ratio above one 
(i.e. an excess of exports over imports), ex-
cept in the fiscal years 1982, 1983 and 1991, 
and in 1998 the ratio went above two. 
The value of imports for the "Drug and 

medicine industry" exceeded those for ex-
ports from the 1970s to the mid-1980s. The 
trade income and expenditure ratio was 
roughly the same as the average for all indus-
tries over a ten-year period starting in the 
mid-1980s. In 1996 the ratio exceeded one, 
and increased even further after that, going 
above two in 1998. 
The technology exports for the "Iron and 

steel industry" passed the 10 billion yen 
mark in FY1975 and continued to rise after 
that until the mid-1980s. In 1983, the indus-
try reached 40.2 billion yen, but began a 
fluctuating downward trend after that, falling 
to 11.9 billion yen in FY1998. M eanwhile, 
technology imports moved between a rela-
tively low ranges of two to eight billion yen 
from around the mid-1980s. As a result, the 
trade income and expenditure ratio for the 
“Iron and steel industry” was well above one 
from FY1974 onwards, thus indicating a sur-
plus in technology exports from early on. 
The technology exports for the "Commu-

nications and electronics equipment  indus-
try" were second only to those of the “M otor 
vehicles industry,” and the technology im-
ports were extremely large. The in-
come/expenditure ratio was consistently 
lower than the average ratio for all “M anu-

facturing industries,” and showed an excess 
of imports over exports during the period 
shown in the graph. Nonetheless, the ratio 
displayed a long-term increase that reached 
0.97 in FY1998. 
The "M otor vehicles industry" had a 

technology export surplus starting in FY1981, 
with a rising income/expenditure ratio from 
that time. In FY1998, the export amount ex-
ceeded the import amount by a staggering 70 
times. Examining the trend of the trade in-
come and expenditure ratio, we see that it 
rose remarkably from the 1980s, and even 
while the ratio for other industries hovered 
around one, the M otor vehicles industry was 
the only one to continue past one. The indus-
try did, however, show a temporary decrease 
in 1992, but continued to rise again after that. 

6.3.3 International Technology Trading 
Partners of Japan 

An examination of the breakdown of tech-
nology trade statistics by region enables us to 
clarify the technology relationship between 
Japan and the other countries, and gives us a 
picture of the actual conditions of Japanese 
industrial technology. It is from this perspec-
tive that we will view the breakdown of tech-
nology trade statistics by region and industry. 
In the statistics found in the M anagement 

and Coordination Agency's "The Value and 
Volume of Technology Exchange by Region 
and Industry" in the "Report on the Survey of 
Research and Development", "new con-
tracts" and "continuing contracts" are not re-
corded separately. Consequently, all of the 
trade figures discussed for these items are 
aggregates of the two. 

(1) Technology Exports 
Figure 6-3-8 shows a breakdown of the ex-

port amount by region in the five leading in-
dustries in FY1998. Of the total technology 
exports of 916.1 billion yen for all industries, 
exports to North America accounted for 
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480.4 billion yen, which was 52.4%  of the 
total. This was followed by 251.3 billion yen 
(27.4% ) to Asia (excluding western Asia, 
which will be the case for the rest of this sec-
tion), and 155 billion yen (16.9% ) to Europe. 
W ithin the technology exports to North 

America, the “M otor vehicles industry” ac-
counted for the largest share at 63.4% . The 
“M otor vehicles industry” also accounted for 
the majority of technology exports to Europe 
with a 40.1%  share. On the other hand, the 
“Communications and electronics equipment 
industry” had the strongest technology ex-
ports to Asia, with a 36.6%  share. 
A breakdown of technology exports by re-

gion for each industry indicates that North 
America was the heaviest buyer of technol-
ogy from the “M otor vehicles industry” with 
70.7%  of the share, whereas Asia was the 
largest export region for technology for the 
“Communications and electronics equipment 
industry.” (58.1% ) For the “Industrial chemi-
cals and chemical fibers”, Asia accounted for 
44.0%  of the technology exports, followed 
by North America with 32.3% , and Europe 
by 21.5% . For the “Drug and medicine in-
dustry,” North America accounted for 75.0%  
of the total, in contrast to Asia, which ac-
counted for a mere 0.5% . North American 
share of technology exports from the “Iron 
and steel industry” was 36.1% , surpassing 
the Asian share of 34.1%  for the first time. 

Figure 6-3-8 Breakdown of Japan’s 

technology exports by region and m ajor 

industries (FY1998) 

Note: Asia (exclude the W est Asia) 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-8 

A survey of the current trends in the break-
down of technology exports by region is 
shown in Figure 6-3-9. The region in the top 
position changed for the first time in FY1997 
when a sharp decline in technology exports 
to Asia (285.1 billion yen, 34%  in 1997), 
which was in economic turmoil, was sup-
planted by a sudden increase in exports to 
North America (394.5 billion yen 34%  in 
1997). Despite a downward trend in the Eu-
ropean share, there was a slight increase in 
1998 for the first time in 4 years. 

0

1000

2000

3000

4000

5000

6000

North America Europe Asia Others

A
m

ou
nt

 o
f T

ec
hn

ol
og

y 
E

xp

4804

1550

2513

293

(100 mil. Yen)

Others

Motot vehicles

Comminations
and electronics
equipment

Iron & steel

Drugs and
MedicineIndustrial

chemical



                                                                                   6-3

 153 

Figure 6-3-9 Trends in Japan’s technology 

exports by region 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-6 

(2) Technology Imports 
Technology im ports for FY1998 
Figure 6-3-10 shows a breakdown of tech-

nology imports by region for all industries. 
The total amount of technology imports was 
430.1 billion yen, 306.1 billion (71.2% ) of 
which came from North America, and 118.5 
billion yen (27.56% ) from Europe - together 
accounting for 98.8%  of the total. 

Figure 6-3-10 Breakdown of Japan’s 

technology im ports by region and m ajor 

industries (FY1998) 

Note: Asia (exclude the W est Asia) 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-10 

The current trends in technology imports 
for all industries show that Europe and North 
America consistently account for the largest 
proportion. The North American share ranges 
from 60 to 70% , while the European share is 
from 30 to 40% , with very little change. Im-
ports from the other regions are around 1% . 
Obviously, the technology imports from Asia 
are extremely small, though they have been 
rising since FY1991. 
As mentioned previously, Japan's partners 

in technology trade are mostly concentrated 
in the North American, European and Asian 
regions for imports and the North American 
and European regions for exports. The trade 
income and expenditure ratio for all indus-
tries together has continued to grow year by 
year since FY1992. North America and 
Europe, which had an excess of imports over 
exports until recently, began having an ex-
port surplus for the first time in FY1997. De-
spite a decrease in the value of technology 
exports to Asia, the large export surplus re-
mains unchanged. 

Figure 6-3-11 Trends in Japan’s  

technology im ports by region 

Note: The am ount of m oney cannot display an area except the above 

sm all.

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-10 
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A comparison of the value of technology 
exports (Figure 6-3-8) and imports (Figure 
6-3-10) shows a trade income and expendi-
ture ratio of 1.57 for North America, 1.31 for 
Europe and 71.5 for Asia in FY1998. 

6.3.4 Num ber of Technology Im ports 
by Field 

One of the sets of the statistics related to 
technology trade for Japan is from "Analysis 
of Trend in Technology Import" by the Na-
tional Institute of Science and Technology 
Policy(3). Although these statistics are limited 
to technology imports, it is a category of data 
that is unavailable from the M anagement and 
Coordination Agency or the Bank of Japan, 
and is useful in clarifying the technology 
fields with the greatest number of imports. 
Following is an overview of technology im-
ports by field. 

(1) General Trends in Technology Imports 
To get a clear picture of the significant 

flows of technology imports from overseas, 
we will examine the trends for the total num-
ber of new technology imports shown in Fig-
ure 6-3-12. Amid the continual fluctuations, 
the trend rose in the long term, hitting a peak 
of 3,901 in FY1995(4), and declining after 
that. In FY1997, the number of new technol-
ogy imports was 2,685, a decrease of 15%  
compared to a previous fiscal year previous, 
and equal to the same level as previous ten 
years.

(3) The survey by the National Institute of Science and Technol-
ogy Policy was carried out based on reports which must be submit-
ted to the Bank of Japan at the time of the conclusion of a technol-
ogy import contract, as based on "Laws Concerning the M anage-
ment of Foreign Exchange and Foreign Trade". The details of the 
tabulation are the number of contracts for importing technology. 

(4) This was largely influenced by special circumstances after 
1986, in which all contracts for fiber-related trademarks imported 
from the U.K. up until the end of April 1995 were rescinded.  

Figure 6-3-12 Trends in the num ber of  

overseas technology im port contracts 

Source: The Science and Technology Agency, National Institute of 

Science and Technology Policy, “Trends in Technology Exports 

from  Japan- FY1994-” and “Analysis of Trends in the im port of 

Foreign Technology from  Japan -FY 1993 to 1997-” 

See: appendix table 6-3-12 

(2) Breakdown of Technology by Field 
Looking at the number of imports by field, 

we see that there were 2,685 imports of new 
technology in FY1997, the majority of which 
were for the electronics field with 1,735 im-
ports (64.6%  of the total), followed by ma-
chinery at 254 (9.5% ), then chemical at 184 
(6.9% ), metals at 35 (1.3% ) and others at 477 
(17.8% ). The trends in the composition of the 
technology fields are shown in Figure 6-3-13. 
The electronics field continued to grow until 
FY1993, but showed no change after that 
except for in FY1995. 
In the “Electronics field,” 1,349 of the im-

ports were for practical devices (1,290 of 
which were electrical computational devices), 
which accounted for the majority. This was 
followed by 169 imports for electronic com-
ponents/devices, and 168 imports for com-
munication equipment. In the “Chemical 
field,” 67 imports were for pharmaceuticals, 
while in "Other" there were 237 imports for 
clothing and textiles. 
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 Figure 6-3-13 Trends in breakdown of 

 overseas technology im port contracts by 

 technological field 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 6-3-13 

(3) Technology Imports for Software 
As mentioned above, the number of im-

ports in the electronics field accounted for a 
large proportion of the total at 55.2%  (in 
FY1997). The large number of imports in the 
electronics field, in comparison to the other 
fields, is a primary factor in the large number 
of imports in computer software, at 1,376. 
The share of technology imports in software 
has increased year after year, and has sur-
passed the number of software-excluded 
technology imports since FY1993, other than 
in FY1995. However, there was a 15%  de-
cline in FY1997 compared to a previous 
year. 

Figure 6-3-14 Trends in num ber of  

software im port contracts relative to total  

technology introduction contracts 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent”. 

See: appendix table 6-3-14 

6.3.5 Technology Trade Statistics for 
Japan

The representative technology trade statis-
tics for Japan are those of the Bank of Japan 
and the M anagement and Coordination 
Agency. However, while both organizations 
deal with technology trade, there are signifi-
cant disparities between their data, particu-
larly in the data for value of technology im-
ports (see Figure 6-3-15). 
As a result, there are big differences in the 

technology trade income and expenditure ra-
tio (i.e. technology im port amount/techno- 
logy export amount) derived from each set of 
data. For example, in FY1998, the M anage-
ment and Coordination Agency's statistics 
show a ratio of 2.13, indicating an export 
surplus. In the statistics for the Bank of Ja-
pan, on the other hand, the ratio is 0.8, indi-
cating an excess of imports over exports. 
However, these disparities are explained by 
the differences in the purposes, methods and 
ranges of the surveys by the two: The Bank 
of Japan's chief purpose is the management 
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of foreign currencies, while the M anagement 
and Coordination Agency's chief purpose is 
to grasp the actual conditions for R&D ac-
tivities in Japan. 

Figure 6-3-15 Trends in Japan’s  

technology trade (FY1998) 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent”.  The Bank 

of Japan, “Balance of Paym ents M onthly Report” 

See: appendix table 6-3-14 

There are three main reasons for the dis-
parities between the statistics for the Bank of 
Japan and the M anagement and Coordination 
Agency:

1) The statistics for the M anagement and 
Coordination Agency exclude a number of 
industries, such as wholesale, retail, food and 
beverage, finance and insurance, real estate, 
and the service industry. The industries tar-
geted under technology trade are not limited 
to the manufacturing industries, and must in-
clude all industries. 
2) The statistics for the Bank of Japan ex-

clude know-how accompanying factory ex-
ports, as well as the value of technology con-
sulting for industry. However, technology 
consulting, and so on, which occurs with the 
export of factories, etc. must be included as 
part of technology trade. 

3) Since the value of establishing transfer-
ence and usage rights for trademarks is in-
cluded in the statistics for the Bank of Japan, 
these must be subtracted. Even if there are 
industrial ownership rights, strong claims to 
non-technical elements such as trademarks 
must be removed from technology trade. 
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Chapter 7  Social Contribution of Science and Technology 

This chapter will examine the impact that 
science and technology activities have on 
Japan's economy and society. Section 1 will 
present technological progress and improve-
ments in productivity, Section 2 will present 
innovations in new product development, 
Section 3 will deal with the effect that in-
formation and communications technology 
has on society and the economy, and Section 
4 will present the contribution of life sci-
ences. Relevant indicators will also be pre-
sented in each section. 

7.1 Technological Progress and 
Im proved Productivity 

Progress in science and technology has an 
impact on our society and economy through 
a variety of routes. For example, the appear-
ance of new products makes our lives more 
comfortable, and the reduction in working 
hours brought about by the introduction of 
new processes may provide people with mo-
re leisure time. In this way, the impact that 
progress in science and technology has on 
society and the economy is complex and di-
verse, and for some time now attempts have 
been made in a variety of forms to create a 
general indicator of these effects. 
This section will examine the impact that 

science and technology has on our society 
and economy from the perspective of im-
provements in productivity. Productivity re-
fers to the volume of output per unit of fac-
tors input into production activities, and 
there is a possibility that technical knowl-
edge, one of the outcomes of science and 
technology activities, may improve this pro-
ductivity by being embodied in new products 
and new processes. Accordingly, it is possi-

ble to grasp the economic contribution of 
technological progress using the rate of 
growth in productivity as an indicator. 
Although there are a variety of different 

forms of indicators of productivity,(1) this 
section will focus on two indicators of pro-
ductivity in particular: labor productivity of 
added value and total factor productivity. As 
will be mentioned later, these indicators have 
their limitations, but they are regarded as 
useful as a primary border to gain a picture 
of the impact of technological progress on 
society and the economy. 

7.1.1 Raising Labor Productivity of 
Added Value 

In this paragraph firstly we will deal with 
labor productivity of added value (real GDP 
per capita) and look at long-term trends 
while drawing international comparisons. 

(1) The following types of classification are generally used as 
indicators of productivity. Indexes which measure output as 
physical output are called physical output, and indexes which 
measure the value of output are called value of output. An index 
that measures the factors input by capital (stock) is called capital 
productivity, and an indicator which measures it in terms of labor 
(number of persons employed or total working hours) is called labor 
productivity. Physical productivity is restricted to cases where it is 
possible to assess production in terms of physical volume, so it 
cannot be applied to measuring productivity of all economic 
activities incorporating the service industry. Therefore, as a 
macroeconomic indicator, productivity of added value is used, 
which takes as its numerator Gross National Product (GNP) or 
Gross Domestic Product (GDP) calculated as the total value added 
by a country. 
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Fig. 7-1-1 shows an international compari-
son of changes over time in labor productiv-
ity of added value (real GDP per capita) on 
the basis of actual figures in the five major 
industrialized countries.(2) The labor pro-
ductivity of added value of the four countries 
apart from Germany, which experienced an 
integration of East and W est in 1990, have 
generally been rising from FY1981 to 
FY1996. Comparing the five countries from 
the perspective of absolute levels of labor 
productivity of added value, the superiority 
of the U.S. remains unchanged, with the fig-
ure rising from 8.46 million yen to 9.90 mil-
lion yen over the 16 years from FY1981 to 
FY1996. Additionally, France has secured 
the position behind the U.S., with labor pro-
ductivity of added value over this 16-year pe-
riod increasing from 7.16 million yen to 9.14 
million yen. 
In contrast, the relative positions of Japan, 

the U.K. and Germany have fluctuated some-
what. In these fluctuations, Japan's labor pro-
ductivity in FY1981 was 5.38 million yen, 
lowest of the five nations, but in FY1989 it 
rose above that of the U.K., and in FY1991 it 
rose above that of Germany to reach the third 
position among the five countries. However, 
growth in labor productivity slowed from the 
mid-1990s, with Japan falling to become the 
lowest-ranked country again in 1994 and 
subsequent years. The low growth from 
FY1994 is regarded as reflecting the impact 
of economic recession. 

(2) Real GDP per member of the labor force (see Table 7-1-1) is 
calculated by multiplying the actual figures for real GDP per capita 
of each country (figures in 1,000 yen, 1990 prices) which appears in 
the International Comparison of Labor Productivity (1998 edition) 
published by the Productivity Research Institute of the Japan 
Productivity Center for Socio-Economic Development (see Table 
7-1-1) by the total population of each country, then dividing the 
result by total employment (see Table 7-1-4). Figures for total 
population and total employment were taken from OECD Labor 
Force Statistics 1977-1997 (1998 edition). 

   Figure 7-1-1 International com parison of  

   value-added labor productivity 

Source: Japan Productivity Center for Socio-Econom ic 

Developm ent, “International Com parison of Labor 

Productivity” (FY1998 edition) 

See: appendix table 7-1-1 

   Figure 7-1-2 Trends in value-added labor  

   productivity index in selected countries 

Note: A currency conversion will be based on the purchasing 

power parity of price in 1990.  

Source: Based on Japan Productivity Center for Socio-Econom ic 

Developm ent, “International Com parison of Labor 

Productivity”(FY1998 edition)

 W hat excluded added value labor productivity of each 

country and each fiscal year with the value in the 1990 

fiscal year with the added value labor productivity index. 

See: appendix table 7-1-2 
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In order to further clarify the changes over 
time in labor productivity of added value in 
the various countries, Fig. 7-1-2 has been de-
vised to compare how the labor productivity 
of added value of each country in each fiscal 
year to the level of labor productivity of 
added value in FY1990 (hereinafter “the la-
bor productivity of added value of each fiscal 
year/labor productivity of added value in 
FY1990”) is referred to as "the labor produc-
tivity index of added value"). 
Looking at the labor productivity index of 

added value, Japan's labor productivity of 
added value improved dramatically in the 
1980s, and while it leveled off somewhat in 
the early 1990s, it started to rise again in 
1995. The other four countries also experi-
enced rises in productivity across the board 
in the 1980s, but the increases were of a 
lesser magnitude than those experienced by 
Japan.
Looking at the change in labor productiv-

ity of added value over the whole period 
(1981-1996) relative to the average annual 
growth rate, Japan recorded the highest 
growth rate at 2.15% , followed by the U.K. 
(1.93% ), France (1.64% ), the U.S. (1.05% ) 
and Germany (0.76% ).(3) 

Next, let's make an international compari-
son of the changes over time in the average 
annual growth rate in labor productivity of 
added value, dividing the whole period up 
into the 1980s and the 1990s. In the 1980s 
Japan's superiority remained unchanged, and 
the average annual growth rate of 2.74%  was 
a high level. This figure was much higher 
than that of the U.K. (2.26% ) and France 
(2.22% ). Upon entering the 1990s, however, 
the growth rate slowed dramatically, drop-
ping to 1.48% , but maintaining the second 
position among the five countries. A similar 
phenomenon was also observed in France, 
with the growth rate of 2.22%  in the 1980s 

(3) See Table 7-1-2 and Table 7-1-3. 

dropping dramatically to 0.99%  in the 1990s. 
In contrast, the U.K. managed to retain a 
similar level of growth in both the 1980s and 
1990s, with the figure of 2.26%  in the 1980s 
only dropping to 1.94%  in the 1990s. Finally, 
the labor productivity of added value in the 
U.S. is highest of the five countries when 
viewed as an absolute level, but its average 
growth rate was 1.05%  (FY1981 to FY1996), 
half of that of Japan. 
The differential between labor productivity 

in Japan and other countries is narrowing as 
the years go by. For example, the differential 
with the U.S. was 57.3 points in 1981, but 
this fell to 33.8 points in FY1996. The dif-
ferential with France was 33.0 points in 1981, 
but this fell to 23.6 points in 1996. In ad-
dition, the differential with the labor produc-
tivity of added value of the U.K. and Ger-
many was almost cancelled out in FY1996.(4)

Because labor productivity of added value is 
an indicator defined as the real GDP per 
member of the labor force, it is greatly af-
fected by the employment rate (defined as 
the labor force/whole population) in the 
country in question. Therefore, if labor pro-
ductivity of added value is improved by re-
ducing the employment rate, this change can-
not be interpreted as being directly linked to 
an improvement in the standard of living in 
that country. This point needs to be taken 
into account when making comparisons.(5)

(4) In each fiscal year, the labor productivity of added value for each 
country has been divided by Japan's labor productivity of added 
value before comparison. 

(5) For example, France's labor productivity of added value is next 
after that of the US (see Fig. 7-1-1), but when comparing the 
countries in terms of GDP per capita, in FY1990 and subsequent 
years France is lower than Japan (see Fig. 7-1-11). This can be 
attributed to France's low employment rate compared to the other 
four countries (see Table 7-1-5). 
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7.1.2 Technological Progress and 
Changes in Total Factor Productivity 

In the previous paragraph we looked at the 
changes over time in labor productivity of 
added value of the five major industrialized 
countries, and an international comparison 
was made with Japan's figures. Incidentally, 
labor productivity of added value is an index 
of productivity which takes labor as the only 
factor of production, but in today's economy, 
machinery and other capital equipment other 
than labor are also input as factors of produc-
tion. It is therefore desirable that Total Factor 
Productivity (TFP) – the ratio of total added 
value for all factors of production (labor and 
capital) - be examined in order to gain an 
overall picture of the efficiency of a country's 
production activities. 
Total factor productivity represents the 

amount of added value per unit of all factors 
input, and may be interpreted as indicating 
the efficiency of production technology in a 
country's economy. Therefore, growth in to-
tal factor productivity may be regarded as an 
improvement in the efficiency of production 
technology or technological progress. This 
can be understood by considering it in the 
following way. If the input of total factors of 
production is doubled in the current fiscal 
year, and the total added value of the follow-
ing fiscal year is double that of the current 
fiscal year, then the increase in total added 
value can be explained totally by an increase 
in the factors of production, indicating that 
the efficiency of production technology has 
not changed. However, if the total added 
value of the following fiscal year more than 
doubles, then this means that an improve-
ment in efficiency (technological progress) 
has occurred which cannot be explained by 
the growth in factors of production. There-
fore, in cases where a growth in output that 
exceeds the growth in the factors input be-
tween two points in time, then this means 
that during this period an improvement in ef-

ficiency of production technology has oc-
curred, i.e. technological progress has oc-
curred.
Fig. 7-1-3 shows changes over time in the 

total factor productivity index (calculated by 
dividing the total factor productivity for each 
fiscal year by the total factor productivity for 
FY1990) in the five major industrialized 
countries that appear in the 1998 edition of 
the OECD International Sectoral Data 
Base.(6)

The total factor productivity index of the 
five selected countries(7) fluctuates slightly, 
but generally rises over time. This means that 
during this period, all of the five selected 
countries experienced continued technologi-
cal progress. Taking an overview of the 
changes over time in the total factor produc-
tivity index by country, Japan's index in-
creased consistently up until 1990, but in 
1992 a level lower than 1990's level was re-
corded. In subsequent years the index has 
moved sideways. The U.K. recorded its peak 
in 1988, after which its figures have been fal-
ling. In contrast, the U.S., France and Ger-
many, despite minor fluctuations, have con-

(6) The total factor productivity indices for the major five 
industrialized countries have been extracted from the Total Factor 
Productivity Index in all of the industries that appears in the 
International Sectoral Data Base 1998 Edition (OECD). The total 
factor productivity index referred to here is the value arrived at by 
standardizing the total factor productivity for each fiscal year, 
assuming the Cobb-Douglas production function below, with the 
total factor productivity for FY1990. 
It is defined as: 
TFP = [VA/ETW  x GCS(1-W )]]/TFP1990
W here TFP = total factor productivity 
VA = gross value added 
ET = total number of employed persons 
GCS = gross capital stock 
W  = labor share 
TFP1990 = total factor productivity for FY1990 
Labor share W  is defined as W  = [COM P x (ET/EE)]/VA 
W here COM P = amount paid to employees 
EE = total number of persons employed 
By multiplying the number of persons employed by the total ratio of 
persons in gainful employment, the income of self-employed people 
is also taken into account. 

(7) The figure for Germany's total factor productivity index uses the 
total factor productivity index for W est Germany. 



                                                                                    7-1

 163 

tinued to show rising figures even after 1990, 
the reference year. In France in particular, the 
figure for 1997 is some 7%  higher than the 
figure for 1990. 

Figure 7-1-3 Trend in total factor productivity 

Index in selected countries 

Source: OECD International Sectoral Data Base (FY1998 

Edition) 

See: appendix table 7-1-9 

Differences between countries in the 
changes over time in the total factor of pro-
duction index become clearer when the aver-
age annual growth in total factor productivity 
(Fig. 7-1-4) has been arranged. Firstly, when 
making a comparison of the annual average 
growth in total factor productivity for the 
whole period, France has recorded the high-
est figure at 1.47% , followed by Japan with 
1.29% , Germany (1.15% ), the U.K. (1.00% ) 
and the U.S. (0.62% ). Taking a look at trends 
in technological progress by dividing the  
period observed up into the 1980s and    
the 1990s, in the same way as in the previous 
paragraph, during the 1980s Japan showed 
the highest rate of technological progress 
(2.00% ), followed by France (1.89% ) and  
the U.K. (1.46% ). Upon entering the 1990s, 
however, the growth in total factor produc-
tivity slowed in all countries, and the slowing 
was most pronounced in Japan and the  
U.K.(8).
However, the growth in total factor pro-

ductivity measured in this way contains all of 
the residual increases in total added value 
which cannot be explained by the expansion 
of volume of input of factors of production 
such as capital and labor. Improvements in 
production efficiency can be achieved by ef-
forts to improve management, introducing 
new industrial organizations, or by econo-
mies of scale, and may not necessarily 
accompany technological progress. One must 
be aware, therefore, that there are limitations 
in that in using growth in total factor produc-
tivity as an indicator of technological pro-
gress, factors other than technology are also 
included.

(8) It is possible to obtain the total factor productivity index for each 
country from OECD data, but not the actual figures for total factor 
productivity for each fiscal year. It is therefore impossible to make 
an international comparison between countries.  
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Figure 7-1-4 Growth rate of total factor productivity index in selected countries 

Source: Based on OECD International Sectoral Data Base (FY1998 Edition).  

 The growth rate was calculated as “(value of this term -value of the first half)/value of the first half”. 

See: appendix table 7-1-10  
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7.2 Innovations in New Product 
Developm ent

7.2.1 Objectives and M eaning of 
Indicators

This section will deal with innovations in 
new product development as one of the as-
pects that represents how science and tech-
nology contributes to society and the econ-
omy. Knowledge obtained through science 
and research is reflected in some form of 
technology or in the form of knowledge in 
products and processes. W ithout restricting 
oneself to the narrow definition of technol-
ogy, it is reflected in the broad definition of 
technology concerning economic and social 
mechanisms, information, products, proc-
esses and services, etc. Society and economy 
that are regarded in this way are generally re-
ferred to as a knowledge-based economy or a 
knowledge-based society, and the process of 
creating new products, processes, services 
and mechanisms is referred to as innovation. 
Of all of the goods that are created as 

products, we will focus here on the products 
that are provided to consumers in the form of 
final consumer goods, and observe one as-
pect of innovation through trends in products 
released onto the market. Trends in products 
reflect not only the state of technological in-
novations such as product innovations and 
process innovations on products developed, 
but also non-technological innovations relat-
ing to distribution and so forth. 
Science and technology alone is not the 

only factor that contributes expressly to the 
development of new products. It is undeni-
able, however, the fruits of science and tech-
nology have an impact on the diverse process 
of innovation. For example, it is easy to ac-
knowledge that the fruits of science and 
technology are utilized in household appli-
ances, but in processed food, the results of 

science and technology are also used in func-
tional food and so forth. In terms of proc-
esses, too, improvements to manufacturing 
methods and packaging technology have 
been made based on the results of science 
and technology, and new products are being 
created. In this sense, in today's society 
where science and technology is being ex-
pected to contribute to society and the econ-
omy, it is highly significant that we can ana-
lyze the state of innovation through products, 
as final consumer goods, as one aspect. 
In analyzing the state of new product de-

velopment, we will be focusing on products 
as final consumer goods. This has been made 
possible by the computerization of distri-
bution that has occurred in recent years. Al-
most all products currently distributed in the 
selected countries of the world are affixed 
with a product code in accordance with a 
worldwide system displayed in the form of a 
symbol called a barcode. In Japan this prod-
uct code is referred to as a JAN code, and 
JICFS has been developed as a database of 
products that can be used by both wholesal-
ers and retailers. In this section we will per-
form analysis using statistics concerning 
JICFS, the database of products to which this 
JAN code has been affixed. JAN Code and 
JICFS has been provided as a column to give 
an overview of these two topics.  
W ith regard to statistics concerning patents, 

while there are limitations in terms of differ-
ences caused by the quality of individual pat-
ents and differences in fields, it is regarded 
as meaningful to observe the activity con-
cerning technological development as a 
whole by quantitatively assessing and com-
paring them. In this regard, analysis using 
patents is discussed in Chapter 6 of this re-
port. It is possible to regard products in the 
same way, and while there are limitations in 
terms of differences in the quality of individ-
ual products, differences in the way they are 
regarded as units, and differences in sector, it 
is extremely important to measure the state 
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of new product development quantitatively 
and in aggregate terms. Up until now, the 
main focus of analysis of innovations has 
been on the process. There are few surveys, 
however, that focus on products as the fruits 
of innovation, and exhaustive data concern-
ing products has not be observed from the 
perspective of innovation. Further, in the fu-
ture, it will also become possible to observe 
the contribution of technology to product 
development more directly by matching 
technological fields with products. Addition-
ally, by utilizing information concerning 
products to which JAN codes other than tho-
se included in the JICFS database (EAN 
codes, UPC, etc.) have been assigned, it will 
become possible to gain a clear picture of the 
distribution of product lives and clarify a 
wide range of trends in new product develop-
ment of consumer goods in terms of distribu-
tion. In addition, because EAN codes (as in-
dicated above, JAN codes is the name for 
EAN codes in Japan) are the same through-
out the world (there are plans to integrate 
them for the U.S. and Canada), international 
comparisons of activity in product innova-
tion will become possible through indicators 
utilizing these codes. The indicators referred 
to in this section have these possibilities, and 
in this edition we will present trial initiatives 
and the situation in Japan. 
 JAN codes themselves are not restricted 

to final consumer goods, but are affixed to 
many consumer goods. Some 99%  of goods 
handled in supermarkets and convenience 
stores have JAN codes affixed to them. Of 
the products to which JAN codes have been 
affixed, some 85%  to 90%  of those in super-
markets are included in JICFS, and more 
than 95%  of those in convenience stores are 
included in JICFS. From existing surveys, it 
is suggested that products to which JAN 
codes have been affixed but which are not 
registered in JICFS are products to which 
JAN codes have been affixed by individual 
stores, or products which are distributed only 

to a particularly area. Examples of merchan-
dise categories which are consumer goods 
but to which JAN codes have not been af-
fixed are motor vehicle parts (excluding car 
accessories), motor vehicles themselves, 
housing-related products (excluding products 
available at home improvement centers), and 
fresh food (processed food has JAN codes 
assigned to it). This suggests that by using 
JICFS it is possible to analyze products 
which are final consumer goods distributed 
in Japan. JAN codes are also affixed to books 
and magazines, but they have a separate sys-
tem, and are managed on a separate database, 
so these are not included in the analysis. 

7.2.2 Trends in Num ber of Products 
and Average Product Life 

This section contains the results of obser-
vation using JICFS and the points suggested 
by those results. In performing the analysis, 
firstly it is necessary to take into account 
whether the data is reflecting the state of the 
market or reflecting the characteristics of the 
database. If the data reflects the state of the 
market, the values may be stationary or fluc-
tuating. Particularly if they are fluctuating, 
care needs to be taken in interpreting whether 
they are reflecting the results of technologi-
cal innovations brought about by the results 
of new product development or whether they 
are reflecting the results of non-technological 
innovations such as deregulation or reform in 
distribution mechanisms. In addition, with 
regard to database characteristics, one needs 
to take into account the fact that the database 
has only been in operation for a short period 
of time, and that there processes whereby 
new data is incorporated into the database in 
a concentrated manner by approaching in-
dustry sectors and business categories. 
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Fig. 7-2-1 shows changes over time in the 
active data registered in JICFS as a whole, 
separated into Divisions. Overall, the number 
of cases is increasing. Looking at the figures 
by category, however, "Foods" has remained 
stationary at less than 400,000, while 
"Daily-use Goods" are increasing gradually. 
In contrast, "Consumer Durables" and "Rec-
reation and M iscellaneous Goods" are in-
creasing, with "Consumer Durables" in par-
ticular subject to great fluctuations from year 
to year. Fig. 7-2-2 shows the change over 
time by M ajor groups for "Foods" and 
"Daily-use Goods." In this graph, categories 
experiencing great increases "Beverages and 
Alcohol" and "Drugs," and these increases 
are step-by-step. Categories that are increas-
ing consistently are "DIY (Do-It-Yourself) 
Products" and "Pet Accessories." "Daily-use 
Accessories" and "Other Foods" are increas-
ing gradually, while "Processed Foods," 
"Confectionery," "Household Goods" and 
"Cosmetics" are either constant or decreasing 
gradually.  

   Figure 7-2-1 Trend in num ber of item s 

   registered with JICFS (Divisions) 

Data: Distribution Code Center, Distribution System s Research 

Institute, “A Guide to JICFS (JAN Code Inform ation 

Database) Registration-“. Tokyo: Distribution Code Center, 

Distribution System s Research Institute 

 Based on the above-m entioned data, the National Institute 

of Science and Technology Policy estim ated. 

See: appendix table 7-2-3 

   Figure 7-2-2 Trend in num ber of item s 

   registered with JICFS (M ajor groups of 

 “Foods” and “Daily-use Goods”) 

Data: Distribution Code Center, Distribution System s Research 

Institute, “A Guide to JICFS (JAN Code Inform ation 

Database) Registration-“, Tokyo: Distribution Code Center, 

Distribution System s Research Institute 

 Based on the above-m entioned data, the National Institute 

of Science and Technology Policy estim ated. 

See: appendix table 7-2-3 
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W ith regard to "Foods" and "Daily-use 
Goods," those products distributed virtually 
across the whole country are registered   
in JICFS, and it is suggested that    
their sizes are generally constant (just  un-
der 400,000 items for "Foods" and just un-
der 400,000 for "Daily-use Goods"). As 
sub-categories of these categories, however, 
"Beverages and Alcohol" and "Drugs" are 
increasing step-by-step, suggesting that 
non-technological innovations have occurred 
during this period. These points will be ex-
amined in more detail below. M eanwhile, 
with regard to "Consumer Durables," the 
fluctuations by year are great, strongly in-
dicating the need to look at the characteris-
tics of the database when carrying out analy-
sis. It is possible that a maximum of 160,000 
items are being distributed. 
Fig. 7-2-3 shows the change over time in 

the percentage of items registered with 
JICFS by sector. Taking a look at the charac-
teristic movements within this graph, firstly 
"Processed Foods" is gradually increasing. In 
contrast, "Drugs" is increasing rapidly. Fluc-
tuations from year to year are severe in 
"Consumer Durables." 

Figure 7-2-3 Change over tim e in the 

percentage of item s registered with JICFS 

Data: Distribution Code Center, Distribution System s Research 

Institute, “A Guide to JICFS (JAN Code Inform ation 

Database) Registration-“, Tokyo: Distribution Code Center, 

Distribution System s Research Institute,  

 Based on the above-m entioned data, the National Institute 

of Science and Technology Policy estim ated. 

See: appendix table 7-2-4 

Fig. 7-2-4 shows trends in the number of 
items registered with JICFS for the first time 
each fiscal year by Divisions. According to 
this graph, the fluctuations from year are 
quite considerable. Even looking at the past 
five years alone, the number of items for 
"Foods" has ranged from approximately 
50,000 to 80,000, for "Daily-use Goods" it 
has ranged from approximately 40,000 to 
90,000 items, and for "Recreation and M is-
cellaneous Goods" it has ranged from ap-
proximately 10,000 to 50,000 items. Fig. 
7-2-5 shows figures for M ajor groups of 
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"Foods" and "Daily-use Goods." Even break-
ing down figures into M ajor groups like this, 
there are still considerable fluctuations from 
year to year. Fluctuations still occur from 
year to year in categories like "Processed 
Foods," where a considerable percentage of 
items are regarded as already having been 
registered. Care needs to be taken about the 
fact that "Beverages and Alcohol" experi-
enced a noteworthy rise in the number of 
items registered for the first time in FY1996, 
while the same can be said for "Drugs" in 
FY1996 and FY1998. 

  Figure 7-2-4 Trend in num ber of new 

  registration to JICFS (Divisions)  

Data: Distribution Code Center, Distribution System s Research 

Institute, “A Guide to JICFS (JAN Codes Inform ation 

Database) Registration-“, Tokyo: Distribution Code Center, 

Distribution System s Research Institute. 

 Based on the above-m entioned data, the National Institute 

of Science and Technology Policy estim ated. 

See: appendix table 7-2-5 

Figure 7-2-5 Trend in num ber of new 

 registration to JICFS (m ajor groups of  
“Foods” and “Daily-use Goods”) 

Data: Distribution Code Center, Distribution System s Research 

Institute, “A Guide to JICFS (JAN Codes Inform ation 

Database) Registration-“, Tokyo: Distribution Code Center, 

Distribution System s Research Institute. 

 Based on the above-m entioned data, the National Institute 

of Science and Technology Policy estim ated. 

See: appendix table 7-2-5 

Firstly, fluctuations from year to year   
in the number of items registered for the  
first time are evident even in subcategories  
of "Foods" and some subcategories of 
"Daily-use Goods" categories whose regis-
trations to the database are regarded as stable 
and which are deemed to represent a state 
which is close to that of the actual state of 
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product development. Although definitive 
statements cannot be made from this analysis, 
it seems that it is necessary to gain a more 
detailed picture of the relationships with 
movements in technological development 
and movements in the market. It is also clear 
that marked increases have occurred in 
FY1996 and FY1998 for items registered for 
the first time under "Beverages and Alcohol" 
and "Drugs." W e are looking at the number 
of products registered with JICFS, so it is 
difficult to ascertain whether new increases 
in these figures are completely due to new 
product development, or whether data con-
cerning existing products to which JAN 
codes are affixed has been newly added to 
JICFS. According to the Distribution Sys-
tems Research Institute, uploading of data 
for "Drugs" was carried out over a number of 
occasions due to requests from users and in 
the industry itself. However, considering that 
a need has arisen to share data through  
JICFS for products which are distributed na-
tionwide, these fluctuations can be attributed 
to some form of innovation concerning  
products. In fact, products classified as alco-
hol and drugs have experienced non-        
technological innovations during this period, 
such as changes in the type of retailers and 
changes in the way goods are sold, resulting 
from deregulation. This is regarded as having 
resulted in a quantitative increase in the 
number of new products. W ith regard to 
"Consumer Durables," although the fluctua-
tions from year to year are quite severe, ac-
cording to the database, assuming that most 
recently nearly all products are captured on 
the database, it suggests that at least 40,000 
new products are created each year. 
For each category, from the number of 

new registrations to JICFS, the number of 
shunting and the number of items registered, 
we calculated the average length of time that 
data concerning the products on JICFS exists 
as active data. This period has been provi-
sionally names the "Average Product Life" 

here. Fig. 7-2-6 shows the average product 
life of each category. If analysis were carried 
out using data concerning the number of new 
registrations and shunting for each individual 
product, then in addition to making it possi-
ble to gain a more accurate picture, it would 
also be possible to ascertain the distribution 
of product lives.  

  Figure 7-2-6 Average Product Life of each 

  category  

Data: Distribution Code Center, Distribution System s Research 

Institute, ”A Guide to JICFS (JAN Codes Inform ation 

Database) Registration-“, Tokyo: Distribution Code Center, 

Distribution System s Research Institute. 

 Based on the above-m entioned data, the National Institute 

of Science and Technology Policy estim ated. 

See: appendix table 7-2-6 
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situation where the number of new items and 
the number of items shunting is about the 
same, the results achieved from both calcula-
tions would be about the same, and disre-
garding the existence of a time lag caused by 
the fact that shunting is carried out roughly 
once a year, it may be regarded as a rough 
representation of the actual situation. 
According to the analysis, while there are 

differences for each M ajor group, the product 
life for "Foods (overall)" is approximately 6 
to 7 years, for "Daily-use Goods (overall)" it 
is approximately 6 to 9 years. In particular, 
the life for "Processed Foods," "Con-
fectionery" and "Cosmetics" is approxi-
mately 6 to 7 years. In contrast, the life of 
"Consumer Durables" is approximately 3 to 
7 years, a product life that is shorter than the 
other Division. The fact that the product life 
of "Consumer Durables" is shorter than that 
of "Foods" and "Daily-use Goods" is easily 
imagined if one considers the daily lives of 
people in Japan, and is quite interesting when 
looked at from the durability that consumers 
expect of "Consumer Durables." W ith regard 
to M ajor groups of "Drugs," "Pet Accesso-
ries," "Beverages and Alcohol" and 
"Do-It-Yourself Products," registration of 
products has yet to reach a stationary state, 
so some range is evident in the estimated re-
sults.
By carrying out continued and detailed 

analysis of data, it is deemed possible to gain 
a clear picture of the actual state of innova-
tions in new product development. 
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JAN Codes and JICFS Codes

In 1997 the EAN (European Article Num-
ber) code was systematized as a common 
product code for the whole world (excluding 
the U.S. and Canada), and the name for this 
system in Japan is the JAN (Japan Article 
Number) code. The JAN code is a common 
product code for the whole of Japan, which 
forms the basis of distribution information 
systems. This code is displayed on products 
as a barcode, and is used in POS (point of 
sale) systems, ordering systems, stocktaking 
and inventory management systems. In the 
U.S. and Canada, the UPC (Universal Prod-
uct Code) was systematized in 1973 and is 
being used as a common product code. 
Countries and regions affiliated with EAN 
have the compatibility of being able to read 
UPC. W ith a view to creating a global stan-
dard, moves are being made to have UPC 
match the EAN system by 2005. In Japan, 
the Distribution Code Center (DCC) of the 
Distribution Systems Research Institute 
(DSIR) is affiliated with EAN International. 
In addition to the common product code 

used in many product fields, the JAN code 
includes the common magazine code which 
is a code framework for magazines, the book 
JAN code which is a code framework for 
books, as well as the JAN code for coupons 
and the JAN code for fee payment forms. 
The common product code is comprised of 

13 digits (standard type) or 8 digits (short-
ened type). W ith the standard type, the first 7 
digits of the 13 (the first 9 digits for compa-
nies registered for the first time in January 
2001 or later) (the first 2 digits of the 7 or 9 
digits are the country code for Japan – 49 or 
45) are the product manufacturer code; the 
next 5 digits (3 digits for companies regis-
tered for the first time in January 2001 or 

later) are the product item code, and the last 
digit is a check digit to prevent misreading. 
Usually, in addition to the numbers that dis-
play this code, the JAN symbol is displayed 
on packaged products together with a display 
called a barcode. The JAN symbol is nor-
mally read by a POS terminal. Product 
manufacturer codes are managed in a central-
ized manner by the Distribution Systems Re-
search Institute, with companies applying for 
registration to the Distribution Systems Re-
search Institute, which then assigns codes. 
Product item codes are set, in accordance 
with given setting criteria, independently by 
companies to which a product manufacturer 
code has been assigned, to units that can be 
managed in the retail industry at a single unit 
level. In reusing product item codes that have 
already been assigned once, which will be 
mentioned later, normally a minimum of four 
years are left after suspension of shipping, 
and each company is requested to confirm 
that there is no distribution inventory at 
wholesalers or retailers. 
In response to movements in Europe, in 

Japan the JAN code was made a Japan Indus-
trial Standard (JIS) as a barcode symbol for 
common product codes (JIS X 0501) in April 
1978. Then in December 1978 the Distribu-
tion Code Center in the Distribution Systems 
Research Institute started receiving registra-
tions for the product manufacturer code. As 
at the end of M arch 1999, 85,673 companies 
had registered JAN product manufacturer 
codes (excluding some 10,000 codes as-
signed for book and magazine codes). 
In addition, the following have been estab-

lished by EAN International as common 
worldwide codes for distribution: Global 
Location Number (GLN) established to coin-
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cide with the development of distribution 
EDI (Electronic Data Interchange – an online 
data interchange system linking companies 
in accordance with the Standard Agreement 
Concerning Data Interchange for Commer-
cial Transactions); EAN-14 (in Japan this 
code is called product code ITF (interleaved 
two of five) for collective packaging, and it 
was established as JIS X 0502) which is a 
product code framework for collective pack-
aging; and EAN-128 (established in Japan as 
JIS X 0504) which is a code framework for 
product-related information and transaction 
information between companies. 
Currently JAN codes are being assigned 

not only to consumer goods, which were the 
original subject of source marking, but are 
also being assigned increasingly to produc-
tion goods. The following items are exam-
ples of products which are consumer goods, 
but to which JAN codes have not been sour-
ce marked. 

M otor vehicle parts (excluding car 
accessories) 

M otor vehicles themselves 
Housing-related products (excluding 

products available at home improvement 
centers)

Fresh food (processed food has JAN 
codes assigned to it) 

At any rate, codes have been assigned to 
the majority of products that are consumer 
goods.
M eanwhile, JICFS is an abbreviation for 

JAN Item Code File Service, a database of 
JAN code product information, and as a ser-
vice system for the database that centrally 
manages JAN codes and the related product 
information. JICFS commenced operation in 
1988, and in FY1992, with the guidance and 
support of the Small and M edium Enterprise 
Agency of the M inistry of International 
Trade and Industry, the further strengthening 
and promotion of its use are being tackled. 

JICFS is being operated mainly by the Distri-
bution Code Center. JICFS mainly collects 
items that can be used by the distribution in-
dustry as a whole. The data items collected 
include the JAN code (EAN code, UPC 
code), JICFS product classification code, of-
ficial (kanji) product names, kana product 
names, content volume and weight, and sin-
gle unit size. Registration is carried out 
mainly by product manufacturers. According 
to recent surveys, the percentage of product 
(item) information handled by stores which 
relies on JICFS (referred to as the hit rate) in 
foods and daily-use products, which make up 
the core of JICFS, is some 85%  to 90%  of 
products handled by general supermarkets, 
and exceeds 95%  for convenience stores. 
W ith regard to the structure of the JICFS 

database, explanation will provided espe-
cially with regards the registration of data. 
The relationship between "new registration," 
"abolition" and "shunting" is represented in 
Fig. 7-2-7. 
As data concerning products that is regis-

tered in JICFS, with the JAN code as a unit, 
there is active data which is being used at 
that point in time, and inactive data which is 
no longer used. Active data and inactive data 
are managed in separate databases. In the 
diagrams shown in this section, unless stated 
otherwise, it is active data that is being ana-
lyzed as JICFS registered data. New data is 
being registered to the active data database 
virtually on a daily basis. M eanwhile, due to 
the increase in data not utilized in JICFS as a 
whole, a database for inactive data was cre-
ated in FY1993. Generally once each year 
since FY1993 data that satisfies any one of 
the following conditions is shunting from the 
active data database to the inactive data data-
base.
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If POS data has not been recorded 
for the past year in the some 500 stores 
(as at September 1999) of the some 130 
companies participating in RDS (distri-
bution POS data service: a POS data 
service run by the Distribution Systems 
Development Institute with the support 
of the M inistry of Trade and Industry) 
(mainly medium-sized retailers and 
daily-use good stores). 

If a notification is received from the 
manufacturer that the item is no longer 
sold (abolition of the applicable product 
item code). 

If there has been no movement in 
the form of additions or renewals of 
items over the period of two years since 
its registration with JICFS. 

The following rules have been dis-
played for source marking of product 
item codes by manufacturers: 

JAN codes which have been source 
marked once shall not be reused on other 
products for a period of at least four 
years from the suspension of shipping of 
the product by the manufacturer. 

W hen reusing product codes, care 
shall be taken to ensure that codes are 
only used after concluding that distribu-
tion inventory does not remain at whole-
salers and retailers. 

In this way, mechanisms adopted avoid the 
duplication of the inflow and outflow of data 
concerning the same product, as well as the 
mixing of data concerning different products. 

Figure 7-2-7 The conceptual figure of data processing in JICFS 
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Incidentally, it is conceivable that product 
data that was in inactive data may be 
re-registered in active data. In this case, 
products with the same JAN code are regis-
tered for the first time as active data. There 
are the following two reasons why this kind 
of situation may occur. 

The product was in fact still "alive," and 
being distributed in the market. 
The same JAN code has been source 
marked to a different product (in this 
case it is necessary to observe the gen-
eral principle that recommends that a 
code not be source marked to another 
product for a period of four years after 
the shipping to the market of the previ-
ous product has ceased). 

At the Distribution Systems Research In-
stitute, a quantitative assessment is not made 
of JAN codes that were inactive data which 
appear again as active data in this way. Nev-
ertheless, making an actual comparison of 
the number of shunting and the number of 
inactive data, it becomes clear that there is a 
considerable quantity of data with the same 
JAN code which has returned from inactive 
data to active data. In this section the number 
of shunting and the number of inactive data 
are compared, and an analysis made of the 
number of JAN codes which have actually 
ceased to be used. 
Incidentally, in a survey concerning POS 

source marking rate targeting companies par-
ticipating in RDS mentioned earlier, of all of 
the 600,000 products to which JAN codes 
have been source marked, approximately 
300,000 have also been registered with 
JICFS, while the remaining 300,000 have not 
been registered. M eanwhile, in stores and 
companies, approximately 70%  to 80%  of 
companies register hits on JICFS. That is to 
say, the data concerning that product is con-
tained in JICFS. Normally medium-sized 

stores are said to carry approximately 20,000 
different products, of which approximately 
16,000 products register hits on JICFS. In 
other words, there are approximately 4,000 
products to which JAN codes have been 
source marked but which are not registered 
in JICFS. These two survey results suggest 
that products to which JAN codes have been 
source marked but which are not registered 
in JICFS are not stocked by other companies 
and stores. This refers to products which are 
unique to a particular store and have not been 
source marked a JAN code, and products 
which are distributed only in a particular re-
gion. Types of these products to which JAN 
codes have been source marked but which 
are not registered in JICFS include products 
delivered on the day, prepared food, and tofu. 
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7.3 Contribution of 
Telecom m unications 

Technology to Society and 
Econom y 

Thanks to telecommunications technology 
which has developed to a sophisticated state, 
Japan's economy and society are entering a 
period of great reform. The rapid take-up of 
cellular phones, personal computers and 
other telecommunications equipment and 
services, together with the rapid take-up of 
the Internet, are making a great contribution 
to the development of Japan's economy, pro-
viding a new level of convenience, and mak-
ing dramatic changes to the way we live and 
the way we do business. In this section we 
look at the effect and impact of these factors 
on economy and society, centering on the de-
velopments in information networks brought 
about by telecommunications technology. 

7.3.1 Progress in Telecom m unications 
Technology 

W ith regard to telecommunications tech-
nology, the invention of letters as a means of 
recording and paper as a recording media, 
the invention of type printing, the creation of 
the postal system and the invention of the 
telephone, which were all inventions of tech-
nology or establishment of systems which 
were revolutionary for their respective eras, 
have had great impacts both socially and 
culturally. In recent years, the progress in 
science and technology, and especially tele-
communications technology, is having a 
great new impact on economy and society. 
The speed of communication of informa-

tion by humans has increased from the 
movement of people from the beginning of 
time (walking and using horses), the com-
munication of information to remote loca-
tions using smoke signals (speed is fast but 

the quantity of information is limited), and in 
transporting media such as paper, the speed 
has increased with the adoption of new 
means of transport such as ships, railways, 
cars and lastly aircraft, and finally with elec-
tronic communications the speed has in-
creased to approach the speed of light. In ad-
dition, the quantity of information communi-
cated has moved gradually to higher fre-
quencies from ancient means of com-
municating information such as smoke sig-
nals and M orse code, and the development of 
wider-band communication routes with the 
development of optical fiber, in conjunction 
with the development of sophisticated tele-
communications technology, has made it 
possible to process and transmit large quanti-
ties of information in a short time. 
Table 7-3-1 (A) shows the processing ca-

pacity of typical electronic computers in each 
generation, and price per unit of processing 
power. This graph shows that personal com-
puters of today have surpassed the super-
computers of the past, and that over a period 
of 20 years it is has become possible to ob-
tain the same processing power for approxi-
mately one-three hundredth of the price. Ta-
ble 7-3-1 (B) shows changes over time in the 
shipping price per computer main units in re-
cent years in Japan. W hile the performance 
of computers is increasing as the years go by, 
the price of computers is falling. This in-
creasing performance and falling prices of 
computers is acting as the driving force for 
the broad-based market penetration of so-
phisticated telecommunications equipment. 
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 Figure 7-3-1(A) Trends in com puting price  

 relative to speed 

Note: M IPS (m illion instructions per second)  

Source: National Science Board, Science and Engineering 

Indicators-1998, Chapter 8, p.8-6 

Quotation: J. W arnke, “Com puter M anufacturing Change and 

Com petition”, M onthly Labor Review (August 1996): 18-30 

 Figure 7-3-1 (B) Trends in unit price of  

 shipm ent of personal com puter m ain fram e in 

 Japan 

Note: the num erical value in the 1999 fiscal year is the num erical 

value of the third quarter in the 1999 fiscal year. 

Source: Edited by Japan Electronic Industry Developm ent 

Association “Electronic industrial m onthly report” 1999.12 

No.446, P35, and news of the sam e m onth 2000.3 No.449 

and P30. 

7.3.2 Growth in the 
Telecom m unications Industry 

Telecommunications, which have achieved 
great technological growth, are evoking great 
demand due to the convenience that they pro-
vide, and they are growing rapidly as an in-
dustry. 
Fig. 7-3-2 shows the changes over time in 

the real value of domestic production for the 
telecommunications industry. The real value 
of domestic production for the tele-
communications industry was 31.6 trillion 
yen in 1980, but this has grown rapidly to 
reach 111.2 trillion yen in 1997, and the per-
centage of all industry accounted for by tele-
communications has increased dramatically 
from 5.4%  to 11.8% . 

 Figure 7-3-2 Trends in real gross dom estic 

 output of the info-com m unications industry 

Note: In com m unication white paper, “info-com  industry” is 

defined as what collected, ① m ail, ② com m unications, 
③ broadcast, ④ inform ation software,  
⑤ inform ation related, ⑥ inform ation com m unication 
apparatus m anufacture, ⑦ inform ation com m unication 
apparatus lease, ⑧ electricity com m unication institution  
construction, and ⑨ research am ong m y dom estic 
business section classifications. 

Quotation: The M inistry of Posts and Telecom m unications data 

the M anagem ent and Coordination Agency an 

“inter-industry-relations table” and the M inistry of 

International Trade and Industry “Inter-industry-relations 

table (extended table)” 

See: appendix table 7-3-2 

Year Device MIPS Price per MIPS ($)

1975 IBM Mainframe 10 1,000,000

1976 Cray 1 160 125,000

1979 DEC VAX 1 200,000

1981 IBM PC 0.25 12,000

1984 Sun 2 1 10,000

1994 Intel Pentium Micro 66 3,000

Year Total Desktop/Server Portable

1995 244 235 266

1996 243 234 260

1997 241 234 250

1998 217 207 227

1999 199 177 226

Unit price of shipment （unit：1,000yen）
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Fig. 7-3-3 shows the rate of increase in the 
number of companies by industry from 1991 
to 1996 [(number of companies in 1996 – 
number of companies in 1991) ÷ number of 
companies in 1991]. This graph shows that 
the growth rate for telecommunications far 
exceeds that of other industries. 

 Figure 7-3-3 Rate of increase in the num ber  

 of new com panies by industry 

Source: M inistry of Posts and Telecom m unications, “W hite paper 

on Telecom m unications ” (FY1999 Edition)  

Quotation: M anagem ent and Coordination Agency, Statistics 

Bureau, “Annual Report on the Fam ily Incom e and 

Expenditure survey” and “Report on the Survey of Fam ily 

Incom e and Expenditure”  

See: appendix table 7-3-3 

Now we will take a look at the growth in 
telecommunications from a consumer view-
point. Fig. 7-3-4 shows the changes in ex-
penditure on telecommunications and the 
percentage of consumer expenditure that they 
account for. Telecommunications expenditure 
was moving sideways in the early 1990s, but 
in the subsequent years the amount increased, 
as did the percentage of consumer expendi-
ture. This increase is thought to have been 
caused by the rapid take-up of cellular 
phones (W hite Paper on Telecommunica-
tions). Fig. 7-3-5 shows changes over time in 
the number of subscribers to mobile phones. 
The number of subscribers surpassed the 10 
million mark at the end of FY1995 (end of 

M arch, 1996), after which the number of 
subscribers has increased by approximately 
10 million each year. 

   Figure 7-3-4 Breakdown of spending and  

   total household spending on  

   info-com m unications 

Source: M inistry of Education, “Japanese Governm ent Policies in 

Education, Science, Sports and Culture” (FY1999 edition) 

Quotation: M anagem ent and Coordination Agency, Statistics 

Bureau, “Annual Report on the Fam ily Incom e and 

Expenditure survey” and “Report on the Survey of Fam ily 

Incom e and Expenditure”  

See: appendix table 7-3-4 

    Figure 7-3-5 Trends in handy phone  

    subscribers 

Note: 1) A num erical value is a num erical value at each end of a 

fiscal year. However, the 1999 fiscal year is a num erical 

value at the end of Decem ber 1999. 

      (2) Data are not included the num ber of subscribers to 

PHS and radio paging. 

Source: M inistry of Posts and Telecom m unications Docum ent, 

“The Current State of Subscribers to M obile 

Telecom m unications Operations” (M inistry of Posts and 

Telecom m unications W eb-site)  

See: appendix table 7-3-5 
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7.3.3 Take-up of Telecom m unications 
Technology 

These technologies are having a dramatic 
impact on society, and are providing society 
with convenience that did not hitherto exist. 
They are permeating companies, offices and 
the lives of everyday citizens. 
Fig. 7-3-6 shows the time taken for the 

household penetration rate of main tele-
communications media in Japan to reach 
10% . For telephones this figure was 76 years, 
for mobile and car phones it was 15 years, 
for computers it was 13 years, with figures 
gradually becoming shorter as the years go 
by, to the point where the Internet only took 
5 years. 

   Figure 7-3-6 Tim e required to reach 10%   

   penetration rate in Japan by m edia 

Source: M inistry of Posts and Telecom m unications, “W hite paper 

on Telecom m unications”(FY1999 Edition)

See: appendix table 7-3-6 

Next we will take a look at the take-up of 
telecommunications devices. Fig. 7-3-7 
shows a comparison of the take-up of tele-
communications equipment in Japan and the 
U.S.. Devices have been taken up to a great 
extent in both countries. Looking at indi-
vidual items, the household penetration rate 
of computers is 50.0%  in the U.S.. but only 
32.6%  in Japan, and there is a considerable 
gap between Japan and the U.S. in the Inter-

net household penetration rate and the per-
centage of schools connected to the Internet. 
On the other hand, the individual penetration 
rate of cellular and car phones is higher in 
Japan than in the U.S.. 

 Figure 7-3-7 Penetration of  

 info-com m unications equipm ent and services 

 in Japan and the U.S. 

Source: M inistry of Posts and Telecom m unications, “W hite paper 

on Telecom m unications”(FY1999 Edition)

Quotation: M inistry of Posts and Telecom m unications data, NHK, 

CTIA , dataquest and INTECO data, etc. 

See: appendix table 7-3-7 

7.3.4 Expansion of the Internet 

In conjunction with the take-up of com-
puters, the Internet is showing a rapid expan-
sion. Table 7-3-8 shows the state of growth 
in the Internet worldwide in recent years. 
W hile the average annual rate of growth in 
the number of households that are telephone 
subscribers was 6%  from 1990 to 1998, the 
number of subscribers to mobile communica-
tions services rose rapidly by 52% , and the 
number of Internet hosts grew extremely rap-
idly by 81%  each year. Looking at the time 
required until services were used by 50 mil-
lion people worldwide, while this figure was 
74 years for telephones, it took only 4 years 
for users of the W W W . 

5

13

15

19

24

76

0 20 40 60 80

Internet

Personal
Computer

Cellular phone

Facsimile

Radio paging

Telephone

Year

0

10

20

30

40

50

60

70

80

90

Cellular/car
phone

Satellite
broadcasting

Cable TV PC Internet Internet in
schools

H
ou
se
ho
ld
 p
en
et
ra
tio
n 
ra
te
s

Japan U.S.
Percent



Chapter 7 Social Contribution Science and Technology                                       

 180 

       Figure 7-3-8 Growth of Internet 

Source: International Telecom m unications Union, Challenge to 

the Network; Internet for Developm ent, (October 1999) 

Next, we will take a look at which coun-
tries are playing a major role in the rapidly 
growing world of the Internet. Fig. 7-3-9 (A) 
shows the changes over time in the number 
of Internet hosts, while (B) shows the break-
down by country. These graphs show not 
only the accelerated growth in the number of 
hosts, but also that an overwhelming large 
percentage of hosts are in the U.S.. 
Next, looking at the growth of the Internet 

in Japan, Fig. 7-3-10 shows trends in the 
number of Internet domain names allocated 
in Japan. In October 1993 there were only 
around 1,000 (1,216) domain names, but by 
October 1996 this grew to 12,184, and by 
October 1999 this grew to surpass the 
100,000 barrier, with 100,947 domains. 
The growth of the Internet has also made it 

possible to realize new services and busi-
nesses which did not previously exist, such 
as financial transactions, sales of products, 
and auctions on the Net. 

  Figure 7-3-9 Trends in num ber of Internet  

  host com puters in the world 

(A) Trend in num ber of internet host 

com puter in the world

Source: M inistry of Posts and Telecom m unications, “W hite Paper 

on Telecom m unications” (FY1999 edition)  

Quotation: Network W izards data. 

See: Appendix table 7-3-9 (1) 

(B) Num ber of internet host com puters by 

country

Note: Com m on top dom ains, such as com , net, and org, are 

included in the U.S.. with m ost use for convenience. 

Source: M inistry of Posts and Telecom m unications, ed., ”W hite 

Paper on Telecom m unications” (FY1999 Edition)

Quotation: Network W izards data 

See: 7-3-9 (2) 
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Figure 7-3-10 Trend in num ber of JP dom ain 

  nam e 

Source: Japan Network Inform ation Center Docum ent (Japan 

Network Inform ation Center W ebsite) 

See: appendix table 7-3-10 

7.3.5 Social Aspects of 
Telecom m unications Technology 

On the other hand, Net society has also re-
sulted in new social problems. The expansion 
in damage from computer viruses, an in-
crease in unauthorized access, management 
of personal information, problems of distri-
bution of inappropriate information on the 
Net, protection of intellectual property and 
copyrights – all of these new problems 
brought about by the development of new 
technology and its rapid take-up by society 
are becoming more conspicuous. 

  Figure: 7-3-11 Num ber of reports of virus 

infection

Source: M inistry of Posts and Telecom m unications, “W hite Paper 

on Telecom m unications”(FY1999 edition)

Quotation: Inform ation-Technology Prom otion Agency, Japan 

security center data 

See: appendix table 7-3-11 

 Figure 7-3-12 Num ber of hackeries reported  

 To JPCERT/CC 

Source: Com puter Em ergency Response Center Docum ent 

(Center W ebsite, etc.) 

See: appendix table 7-3-12 
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There are also fears of an expansion in the 
gap between people who can and cannot en-
joy the benefits of Net society. Fig. 7-3-13 
shows the age group structure of Internet us-
ers in Japan and the U.S.. W hile the 41 and 
older age group has a relatively broad utiliza-
tion of the Internet in the U.S., usage by this 
age group in Japan is somewhat limited, in 
particular in the 61 and older age group, 
which is 5.4%  in the U.S.. but less than 1%  
in Japan. This shows that Internet use in Ja-
pan is biased towards the younger genera-
tions.

 Figure 7-3-13 Internet users in Japan and the 

 U.S. by age group 

Source: “The 7th internet active user investigation” 

 (the Japanese m ultim edia February, 1999 issue), “10th

W W W  user investigation” (U.S. Georgia Institute of 

Technology) 

See: appendix table 7-3-13 

The education of skills in the use of the 
Internet for the youth of today, who are ex-
pected to play an important role in the Net 
society of the future, is becoming increas-
ingly important. However, the take-up of 
computers and the Internet by Japanese 
schools is lagging behind that of the U.S. 
(see Fig. 7-3-7). 

In recent years, efforts have been made to 
introduce computers to schools, and there are 
now hardly any schools which do not have 
computers, but looking at the number of 
computers in each school, while the number 
of computers per high school is 76.4, this 
number falls to 32.1 for junior high schools 
and 12.9 for elementary schools. Looking at 
averages, the situation is still such that a 
number of students have to share a computer 
in a lesson for one class (see Fig. 7-3-14). 

 Figure 7-3-14 Num ber of schools fit out with 

 com puter 

Source: M inistry of Education, “Japanese Governm ent Policies in 

Education, Science, Sports and Culture” 

See: appendix table 7-3-14 

As can be seen from Fig. 7-3-15, which 
shows the number of staff engaged in com-
puter instruction, there is not necessarily a 
large number of staff capable of using com-
puters or instructing students in the use of 
computers at school, indicating that there are 
problems in the take-up of computers in 
schools and in the staff capable of giving les-
sons about computing. 
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Figure 7-3-15 Reality of Teachers Instruct in  

  Com puter 

(A) Teachers who can instruct com puter 

(B) Teachers who can use com puter 

Source: Publishing Com m ittee for the Com prehensive List of 

New M edia for Education ‘99 ed., ”Com prehensive List of 

New M edia for Education ’99”, National Association for the 

Prom otion of Education Engineering 

See: appendix table 7-3-15 

0 5 10 15 20 25 30

Average

Special
Educational school

High school

Junior High school

Elem entary school

Percent

FY1996

FY1997

0 10 20 30 40 50 60 70

Average

Special Educational school

High school

Junior High school

Elem entary school

Percent

FY1996

FY1997



Chapter 7 Social Contribution Science and Technology                                       

 184 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

50,000

1993 1994 1995 1996 1997 1998 1999
FY

0

100

200

300

400

500

600

700

800

900

1000

Invention Disclosures Patent Applications Issued Patents Executed Licenses
M illion Dollars

Royalty Incom e

Num ber of
Activities

R
o
y
a
lt
y

7.4 Contribution of Life Sciences 

Life sciences are sciences that aim to un-
ravel the complex and elaborate mechanisms 
of the biology of living things, and apply the 
results to health services, the environment, 
agriculture, forestry and fisheries, industry 
and a range of other fields. 
In Japan, it may be said that knowledge of 

life sciences has been utilized in the field of 
fermentation, such as sake (Japanese rice 
wine),miso (fermented soybean paste) and 
organic chemical products. Development is 
also advancing of biopharmaceuticals using 
genetic engineering technology and cell fu-
sion technology, with typical examples of 
these being insulin used in the treatment of 
diabetes, interferon used widely as a drug for 
the treatment of hepatitis B and C, and hu-
man growth hormone used as a drug to treat 
dwarfism. 
Recent years have seen a great heightening 

of expectations of biotechnology as an indus-
trial application of life sciences. Biotechnol-
ogy-related industries currently employ ap-
proximately 30,000 people, with a market 
valued at around 1 trillion yen, but this mar-
ket is expected to blow out to around 25 tril-
lion yen by 2010. There are however, a great 
number of problems which need to be over-
come if these expectations are to be an-

swered, and there is a need for promotion of 
original R&D, development of human re-
sources, bio-genetic resources, development 
of intellectual infrastructure such as data-
bases, support for venture companies, and 
the securing of intellectual property rights. 
W ith regard to the promotion of R& D, recent 
years have seen a dramatic strengthening of 
government initiatives in Japan, but in the 
U.S. the life sciences have accounted for a 
selected position in government support for 
research (see Chapter 3 Fig. 3-3-11 Science 
and Technology-related Expenses by Social 
and Economic Objective), and the transfer of 
these results to the private sectors is also ad-
vanced (Fig. 7-4-1). 
In this section, based on these circum-

stances, we will firstly take an overview of 
recent developments in Japan concerning 
“R&D Concerning the Life Sciences” which 
forms the basis for considering the contribu-
tion that life sciences make to society and the 
economy. W e will then look at “patents con-
cerning genetic engineering.” W e will then 
discuss the “utilization of genetic engineer-
ing technology in the field of agriculture, 
fisheries and forestry,” and finally we will 
analyze the progress of technology in the 
“medical field,” which accounts for an im-
portant position as the contribution of life 
sciences to society. 

           Figure 7-4-1 NIH technology transfer activities FY 1993 to FY 1999 

Source: U.S. National Institute of Health (NH) W ebsite       See: appendix table 7-4-1
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7.4.1 Trends in Life Sciences 
Research Expenditure 

Fig. 7-4-2 shows the changes over time in 
life sciences research in Japan, according to 
the parties carrying out the research. Accord-
ing to this graph, research expenditures ar-
rived at by totaling universities and research 
institutions are approximately the same 
amount as research expenditures in compa-
nies. Looking at the rates of growth in the 
various expenditures, while steady increases 
have continued in universities and research 
institutions since 1981, life sciences research 
expenditures in companies showed high 
growth from the late 1980s to the early 1990s, 
but since then have basically moved side-
ways. The survey method changed greatly in 
FY1998, so figures for that year are for refer-
ence purposes only. 

    Figure 7-4-2 Trends in life science   

Note: 1) It is the special public corporation “has with a com pany 

etc.” the com pany and self-support accounting nature of 

the capital of 100 m illion yen or m ore. 

 2) Since the investigation m ethod etc. was greatly changed 

about value in the 1998 fiscal year, it is reference value. 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent”

See: appendix table 7-4-2 

Fig. 7-4-3 shows changes over time in life 
sciences research expenditures according to 
research objective. Looking at the figures for 
1997, "Research into health and medical 
care" amounted to 1.1664 billion yen, ac-

counting for 64.6%  of the total, followed by 
"Unraveling the phenomenon of life overall 
and bionomics" amounted to 240.1 billion 
yen, while "R&D into securing sources of 
food" amounted to 137.5 billion yen, and 
"R&D concerning environmental conserva-
tion" amounted to 113.1 billion yen. Looking 
at the growth from FY1992 to FY1997, the 
total amount of life sciences research expen-
diture grew by 15%  over this period, but 
"R&D concerning environmental conserva-
tion" grew by 50% , and "Unraveling the 
phenomenon of life overall and bionomics" 
grew by 44% , making these two sectors the 
ones with the biggest growth. 

Figure 7-4-3 Trend in life science research  

by object  

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the survey of Research and Developm ent” 

See: appendix table 7-4-3 
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Taking a look at the state of research ex-
penditures concerning genetic engineering, 
which has recently been the focus of atten-
tion, research expenditures in FY1997 were 
136.9 billion yen, accounting for 7.6%  of life 
sciences expenditure. Looking at the changes 
over time in these figures, they have been 
steadily growing since FY1990, and recently 
the percentage of research expenditures in-
curred in this area has increased particularly 
in universities (Fig. 7-4-4). 

 Figure 7-4-4 Trend in genetic recom bination  

 research expenses by subject 

Note: Consider as the special public corporation which has the 

com pany and self-support accounting nature of the capital 

of 100 m illion yen or m ore “with a com pany etc”. 

Source: M anagem ent and Coordination Agency, Statistics Bureau, 

“Report on the Survey of Research and Developm ent” 

See: appendix table 7-4-4 

7.4.2 State of Patents Concerning 
Genetic Engineering 

Here one of the indicators of results of re-
search in genetic engineering is data con-
cerning patents. Genetic engineering is the 
collective name given to the technology 
whereby functions different to those gener-
ally possessed by living things are assigned 
or where bionomics are changed by manipu-
lating genes. 
Fig. 7-4-5 shows the changes over time in 

the number of patents applied for in the field 
of genetic engineering in Japan. 
In 1970 DNA (deoxyribonucleic acid) was 

first synthesized artificially, evidence that it 
could perform the role of a gene. In the years 
since then, genes started to be synthesized by 
U.S. and Japanese research groups in the 
practical sense of creating useful substances, 
and with the establishment of genetic engi-
neering technology by Dr. Cohen Boyer of 
the U.S., genetic engineering became estab-
lished. Seven years later, in 1980, the number 
of patent applications was only 131 (33 from 
Japan and 98 from overseas), but this number 
increased dramatically in the subsequent 
years, reaching 1,724 in 1993 (605 from Ja-
pan and 1,119 from overseas). This technol-
ogy started from basic research including the 
structural analysis of genes, and has reached 
the stage today where it is used in the manu-
facture of useful substances, such as the mass 
production of hormones and drugs for coli-
form and natural yeast. 
Looking at the number of patents applied 

for in the field of genetic engineering from 
Japan and from overseas, the number of ap-
plications from overseas has almost consis-
tently exceeded the number from within Ja-
pan. In the total number of patent ap-
plications made and publicized from August 
1971 to August 1998, some 54.0%  of patents 
were made by foreigners. This figure far ex-
ceeds the percentage of patent applications in 
general made by foreigners, which is 7.4% . 
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Looking at the nationalities of the foreign 
patent applicants, close to 60%  are from the 
U.S., far above the second-ranking Germany 
(9% ) (Fig. 7-4-6). 

Figure 7-4-5 Num ber of patent applications in  

Biogenetics by country (as of M ar., 1999) 

Note: The patent for which it applied by the international 

application system  based on a patent cooperation treaty 

has delay of tim e in an official announcem ent in Japan, 

and it has decreased seem ingly 1995. 

Source: Japan Patent Office W ebsite 

See: appendix table 7-4-5 

  Figure 7-4-6 Num ber of m ajor patent  

  applications in biogenetics by country  

  (published applications from  1971 to August  

  1998) 

Source: Japan Patent Office W ebsite  

See: appendix table 7-4-6 

Next, looking at companies with large 
number of patent applications (51 Japanese 
applicants who have made more than 35 ap-
plications, and 50 foreign applicants who 
have made more than 43 applications), we 
will take gain an overview of the features of 
technical development. 
Firstly, Fig. 7-4-7 looks at the structure by 

type of corporation. According to this graph, 
25.5%  of Japanese applicants are pharma-
ceutical companies, 23.5%  are food/brewing 
companies, and 33.3%  are chemical compa-
nies, while only 2.0%  of companies started 
as venture companies. In contrast, for foreign 
applicants pharmaceutical companies again 
account for a large percentage with 26.0% , 
but food/brewing companies only account 
for 2.0% . On the other hand, venture compa-
nies accounted for a large percentage with 
26.0% . W hile the percentage of Japanese ap-
plicants that are universities and research in-
stitutions is 11.8% , for foreign applicants this 
percentage was 24.0% , almost double the 
Japanese figure. 
Comparing according to the type of cor-

poration the structure of the field of use for 
which the development was carried out, 
while this was a matter of course for pharma-
ceutical companies, venture companies and 
universities/research institutions also had a 
high percentage of patents in the field of 
drugs (Fig. 7-4-8). 
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  Figure 7-4-7 Num ber of m ajor patent  

  applications in biogenetics (published 

  applications from  1971 to August 1998) 

Note: It is the item s which extracted and carried out the 

corporation classification of 51 dom estic applicants of 35 or 

m ore application cases, and the 50 applicants of 43 or 

m ore foreign application case. 

Source: Japan Patent Office W ebsite 

See: appendix table 7-4-7 

 Figure 7-4-8 M ajor Patent in biogenetics by  

 Industry and num ber of the utilization fields 

Note: It is the sam e as that of figure 7-4-7 

Source: Japan Patent Office W ebsite 

See: appendix table 7-4-8 

Next, taking a look at the number of pat-
ents granted concerning genetic engineering, 
from August 1971 to August 1998 some 

3,700 patents were granted, of which patents 
concerning DNA technology accounted for 
approximately 70% . Furthermore, looking at 
the main fields of application of this genetic 
engineering, patents concerning monoclonal 
antibodies were the most common, with 841 
patents, followed by enzymes (213 patents), 
interferon (146 patents), interleukin (134 pat-
ents), etc. (Fig. 7-4-9). 
In recent years great leaps forward have 

occurred in genome analysis of different 
types of organisms throughout the world. For 
example, the it is hoped that the research in 
the “Human Genome Project” will provide 
valuable information, such as unraveling the 
secrets of cancer, aging, diagnosis and treat-
ment of hereditary diseases, and the ad-
vanced functions of the human body, while at 
the same time creating a new industry. The 
U.S. and other countries are devoting a great 
deal of effort to research in this field, and in-
ternational patent competition is intensifying 
in an effort to be the first to patent genetic 
information. In the future, as genome analy-
sis advances and the functions of genes are 
unraveled, it is thought that patent applica-
tions will increase markedly. 

 Figure 7-4-9 Num ber of patent rights in m ajor  

 biogenetics fields (from  1971to August 1998) 

Source: Japan Patent Office W ebsite 

See: appendix table7-4-9 
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The number of patent applications for 
methods of gene therapy is also increasing 
rapidly in recent years. In Japan, “Guidelines 
for Clinical Research Into Gene Therapy” 
were approved in April 1993, and we entered 
the era of gene therapy. The ailments to 
which gene therapy was applied were ini-
tially AIDS, cancer and congenital disorders 
(i.e. hereditary disorders) which were deadly 
and for which there were no effective means 
of treatment, but more recently arteriosclero-
sis, myocardial infarctions and other disor-
ders have come to be treated using this ther-
apy, and it is hoped that it will become a 
revolutionary state-of-the-art treatment tech-
nology in the 21st century (Fig. 7-4-10). 

 Figure 7-4-10 Trend in num ber of applications 

 of gene treatm ent 

Note: The patent for which it applied by the international 

application system  based on a patent cooperation treaty 

has delay of tim e in an official announcem ent in Japan, 

and it has decreased seem ingly. 

Source: Japan Patent Office W ebsite 

See: appendix table 7-4-10 

7.4.3 Applications in Agriculture, 
Forestry and Fisheries 

W ith regard to genetic engineering tech-
nology (technology which takes out par-
ticular genes and incorporates them into 
other living things, forming a new character) 
in agriculture, forestry and fisheries and the 
food industry, in addition to creating revolu-
tionary new product types and improving the 
efficiency of the production process, it is 
hoped that it will become a new technology 
to resolve future food problems. 
Fig. 7-4-11 shows changes over time in the 

number of genetic engineering bodies utiliza-
tion plans approved in accordance with the 
guidelines for the usage of genetically engi-
neered substances in the field of agriculture, 
forestry and fisheries stipulated by the M inis-
try of Agriculture, Forestry and Fisheries. A 
steady increase is evident in recent years. 

Figure 7-4-11 Confirm ed recom binant DNA 

  crop plants in Agriculture, forestry, fisheries  

and the food industry 

Note: In a recom bination object use plan, it is the sum  total value 

of “the thing of an experim ent stage”, and “the thing of an 

industrial use stage”. 

Source: M inistry of Agriculture, Forestry and Fisheries, innovative 

Technology division website. 

See: appendix table7-4-11- 
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  Figure 7-4-12 Trend in num ber of variety  

  registrations 

Note: 1) Seeds and Seedlings law will be revised in M ay, 1998 

(Decem ber 24, 1998 enforcem ent). 

 2) “Other” is the num ber of cases of feed corps, technical 

crops, forest tree, a m ulberry and seaweed.  

Source: 

See: appendix table 7-4-12 

Looking at the changes over time in the 
number of new varieties registered from Fig. 
7-4-12, the total number of varieties of pro-
duce registered has been steadily increasing 
in recent years, and in particular the increase 
in flowering grasses has been significant. 
W hile only some of these new varieties are 
related to genetic engineering technology, 
consumption of flowering grasses is increas-
ing due to the following factors. 

Compared to food, there is less resistance 
to genetic engineering technology among 
consumers

Food manufacturers, automobile manu-
facturers and other different industries are 
entering the field of flowering trees and 
shrubs one after another 

Home gardening is booming in recent 
years
For example, the purple-blue carnation de-

veloped by a food manufacturer and the first 
genetic engineering plant sold commercially 
in Japan is still fresh in our minds. The ap-
pearance of species of flower colors and 
shapes which had hitherto been unimagin-
able, like the “purple-blue carnation,” acts as 
a stimulus to bring about new demand for 
flowers, and biotechnology in the field of 
flowering grasses is being focused upon as a 
means of propagating and breeding (im-
provements to species), and is starting to be 
used in a variety of aspects. 
M eanwhile, the numbers of registrations in 

the food fields of “vegetables,” “fruits,” 
“food produce” and “mushrooms” are 
smaller than for flowering grasses, but in re-
cent years in the area of food, advances have 
been made in the development of genetic en-
gineering foods with the objective of improv-
ing the productivity of foods, improving 
quality and protecting the global environ-
ment. As one of the measures to counter the 
anxiety of consumers about genetically engi-
neered foods, the M inistry of Health and 
W elfare is providing information, such as 
disclosing the details of deliberations and 
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application documents relating to the safety 
assessments of such foods. In addition, the 
M inistry of Agriculture, Forestry and Fisher-
ies has made public those items whose safety 
has been approved in accordance with guide-
lines for the use of genetically engineered 
substances in the field of agriculture, forestry 
and fisheries. The M inistry has also made in 
mandatory to label processed foods that con-
tain genetically modified agricultural pro-
duce in their ingredients, and has stipulated 
labeling criteria. 
In addition, in the field of livestock produc-
tion, cloning technology (which creates sub-
stances that are genetically identical) is 
hoped to become an effective means of pro-
moting better livestock production. Using 
this technology, at a research institute in the 
U.K.., a cloned sheep "Dolly" was created 
using the cells of a ewe and born in July 
1996, the first time such a feat has been 
achieved in the world (reported in February 
1997). Then, in July 1998, the Ishikawa Pre-
fectural Center for Animal Husbandry and 
Research (Livestock Center) and Kinki Uni-
versity cooperated to see the first successful 
birth in the world of a cloned cow (named 
“Noto” and “Kaga”) originating from body 
cells from an adult animal. Since then Japan 
has seen the birth of 121 cloned cattle (as at 
the end of February 2000). 
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7.4.4 Technological Advances in 
M edical Care 

As already seen in Section 7.4.1, research 
expenditures in medical care and welfare ac-
count for some 60%  of the total of life sci-
ences research expenditures, and recent years 
have seen great advances in the field of 
medical care. 
Fig. 7-4-13 shows the rate of spread of se-

lected medical devices in hospitals. Looking 
at the rate spread of these medical devices, 
for diagnostic equipment, fiberscopes for the 
upper digestive system and of CT for the 
whole body are rising considerably, with 
80.1%  and 71.9%  of hospitals having these 
devices respectively in 1996.The rate of 

spread of these devices can be attributed to 
an acceleration in the progress in technical-
development and improvements in the clarity 
of images. In addition, in contrast to CT, 
which looks mainly at morphological infor-
mation, NM R-CT (M RI), which had only 
spread to 25.5%  of hospitals in 1996, is one 
of the most advanced types of image diag-
nosis which make is capable of detecting 
changes in functions and chemical changes 
in body tissue and representing these changes 
in an image form. They are steadily spread-
ing throughout Japanese hospitals. For treat-
ment devices, cardiac defibrillators, artificial 
kidneys (dialysis) and so forth are showing 
steadily rising rates of spread. 

Figure 7-4-13 Trends in the rate of spread of m ajor m edical devices in hospitals 

Note: 1) It is the value which divided the num ber of com m on hospitals which holds it in the com m on hospital total about the m ain m edical 

apparatus set as the object of investigation in M inistry of Health and W elfare “M edical-facilities investigation” about saturation level.                         

2) The saturation level is the rate of the num ber of possession institution of per the num ber of hospitals. 

3) About up alim entary canal fiberscope, 1981, 1984 and 1987 are the num erical value of stom ach fiberscope. 

4) About the ultrasonic equipm ent for diagnostic im aging 1981 are the num erical value of brain surgery m icrosurgery equipm ent. 

5) Each year in 1984, 1987, 1990, 1993 and 1996 will be as of October 1 now at the end of Decem ber, 1981.  

Source: M inistry of Health and W elfare It creates from  “M edical apparatus investigation” 

See: appendix table 7-4-13
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Next, taking a look at the changes over 
time in Japan's mortality rate (number of 
deaths per 100,000 head of population) ac-
cording to the main causes of death, since 
1955, cancer, heart disease, a stroke have 
consistently occupied the highest rankings. 
Up until 1980, the number of deaths caused 
by stroke was the largest, but from 1981 
deaths caused by cancer took over first place, 
since which the percentage of deaths caused 
by cancer has continued to rise (Fig. 7-4-14). 

 Figure 7-4-14 Trends in the m ortality rate of 

 m ajor diseases  

Note: 1) M ortality rate is the num ber of death per 100,000 

population. (100,000 the num ber of death/population)  

 2) It is thought that it is based on the influence of 

wee-known from  enforcem ent before of notes in the death 

certificate (body reference docum ent) (January, 1995 

enforcem ent) with a new reduction of the “cardiopathy” in 

1994 or “not writing the heart failure as a state of the end 

tim e of a disease, respiratory insufficiency, etc. to the 

cause colum n of death”. 

 3) It is thought that the increase in the “apoplexy” in 1995 

is based on clarification of the cause-of-death selection 

rule by the application of “ICD-10” from  January, 1995. 

Source: M inistry of Health and W elfare, “Vital Statistics”. 

See: appendix table 7-4-14 

Cancer is a disease common to all man-
kind which threatens the life and health of 
humans, but technology to treat cancer is im-
proving. Here we will concentrate on the 
“survival rate” as one yardstick to assess this 
technology. This figure is arrived at by in-
vestigating all patients who received diagno-
sis and/or treatment at medical institutions 
for a particular disease, and then calculating 
the percentage of patients who are still sur-
viving after a given period (five years, for 
example). 
The five-year survival rate for persons ad-

mitted to hospital for the first time for cancer 
at the National Cancer Center is shown in 
Fig. 7-4-15. According to this graph, looking 
at the figures by sex and by the main location 
of the cancer, there are fluctuations between 
survey years, but a steady improvement is 
evident overall. In particular, the survival 
rates for stomach cancer, colon cancer and 
uterine cancer are steadily increasing. 
The main factors behind these increases in 

treatment results are as follows: 
Advances in early diagnosis due to cancer 

checks.
That it has become possible to provide ap-

propriate treatment in accordance with the 
symptoms of patients. 
Advances in treatment technology, such as 

surgical treatment methods (endoscopic op-
erations for early stomach cancer), chemo-
therapy (advances in pharmaceutical treat-
ment had resulted in the complete recovery 
of malignant lymphoma, etc.), and agglomer-
ated treatment methods (in addition to surgi-
cal and pharmaceutical treatment, logical 
combinations of treatment methods such as 
radiation therapy, immune therapy and 
thermo therapy, etc.). 
Hopes are also held for the results of gene 

diagnosis and gene therapy in the future. 
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Figure 7-4-15 Trends in the five-year cancer 
survival rates at the national cancer center 

(A) M ale 

(B) Fem ale 

Note: 1) Five-year survival rates cover patients hospitalized at the 

National Cancer Center Central Hospital for the first tim e. 

 2) The figure for “all cancers” (total) is the average of the 

m ale and fem ale totals for each period. 

Source:  National Cancer Center, Cancer Statistics 

See:  appendix table 7-4-15      
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Chapter 8  Public Opinion on Science and Technology

W ith the remarkable advances in lead-
-ingedge science and technology in various 
fields such as life science and information
technology, the impact of science and 
technology on society and humanity is be-
coming increasingly greater. Science and
technology contributes immeasurably to so-
cial and eco-nomic progress, and to the en-
hancement of life. At the same time, negative
aspects also exist and should be voiced. In 
this chapter, we will begin by introducing
public opinion on science and technology 
based on the latest public opinion polls. This 
will be followed by an overview of public 
opinion in the areas of biotechnology, infor-
mation and the environment.

8.1 Public Interest in Science 
and Technology

The latest public opinion on science and 
technology appears in the "Public Opinion 
Poll on the Future of Science and Technol-
ogy" conducted between October and No-
vember 1998 by the Public Relations Office
of the Prime M inister's Office.
Information on the survey target, period, 

method, and number of valid responses is as 
follows:

Survey target: Population:Adults over 18 
years old from throughout the country 
Size of sample: 3,000 people 
Sampling method: Stratified, two-stage ran-
dom sampling 
Survey period: October 22 to November 1, 
1998
Survey method: Interview questions by poll-
sters
Number of valid responses (rate): 2,115

(70.5% )

The results of the poll are described below.
Identical opinion polls concerning science 

and technology and society were conducted 
in December 1981, M arch 1987, January
1990 and February 1995, and will be used 
for making comparisons as the need arises. 
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8.1.1 Interest in Science in 
Technology

(1) Interest in Information on Science and 
Technology
W hen asked whether they were interested 

in news and topics about science and tech-
nology, 58.1%  of the respondents replied that 
they were interested (24.9%  "interested" and
33.2%  "moderately interested"). In contrast, 
40.2%  of the respondents were not interested 
(26.8%  "poorly interested" and 13.4%  "not 
interested"). The results can be seen in Fig-
ure 8-1-1 and show little change in compari-
son to those of the previous survey from 
February 1995. 
The breakdown of responses by gender 

shows that a high percentage of males are
interested in science and technology, while a 
high percentage of females are not interested. 
M oreover, the breakdown by gender and age 
shows high percentages in males over the age 
of 30 who are interested, and in females from
18 to 29, in their 30s and over 60 who are not 
interested.
Figure 8-1-2 shows a comparison of the 

survey results from January 1990, February 
1995 and October 1998 with regards to the 
degree of interest by age group. Among 18 to 
29 year-olds, there was a decline in the per-
centage of respondents who were interested 
between 1990 and 1995. However, in 1998, 
this changed to an increase. Among the 30 to 
39 year-olds, there was a decline in the per-
centage of respondents who were interested 
over the three surveys, while the percentage
of respondents with no interest rose. The re-
sults for the 1998 survey show that the per-
centage of respondents who were interested 
and those who were not interested among 18 
to 29 year-olds was roughly 50%  for each.
Among 40 to 49 year-olds, there were no 
significant changes over the years, with those 
being interested accounting for approxi-
mately 60% . For 50 to 59 year-olds, there 
was an increase in the number of respondents 
who were interested from 1990 to 1995, with 
no change between 1995 and 1998. Among
those over 60, there was a rise in the per-
centage of people who responded as inter-
ested over the three surveys, while the per-
centage of those with no interest fell.

  Figure 8-1-1 Interestin inform ation about science and technology
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Source: Prim e M inister’s Office, Public Relations Office,“Public Opinion Pollon the Future of Science and Technology”

See: appendix table 8-1-1

 198 



8-1

(2) Interest in Talks by Scientists and 
Engineers
W hen asked if they would be interested in 

listening to talks by scientists and engineers 
if the opportunity arose, 57.1%  of respon-
dents replied that they would be (25.3%  "in-
terested" and 31.7%  "moderately interested"). 
On the other hand, those not interested ac-

counted for 40.7%  (21.7%  "poorly inter-
ested" and 19.0%  "not interested at all"). 
In the breakdown by gender, 62.7%  of 

males were interested and 35.4%  were not 
interested. Among females, 52.4%  responded 
that they were interested, while 45.1%  re-
sponded that they were not interested. 

Figure 8-1-2 Interest in inform ation about science and technology – by age group - 
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See: appendix table 8-1-2 
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8.1.2 Im ages Surrounding Progress in 
Science and Technology

(1)Advantages and Disadvantages of 
Progress in Science and Technology
The development of science and tech-

nology has positive and negative aspects, but 
in overall terms, survey participants were
asked their opinions on whether progress in 
science and technology has more advantages 
or more disadvantages. The results are shown 
in Figure 8-1-3. M ore than half of the re-
spondents (57.7% ) felt that progress in sci-
ence and technology has advantages (22.1%  
"many advantages" and 35.6%  "some ad-
vantages"). At the same time, 10.6%  of par-
ticipants felt that progress has disadvantages 
(6.6%  "some disadvantages" and 4.1%  " 
many disadvantages"). Those who responded 
with "about the same" accounted for 26.8% . 
The breakdown by gender shows that a 

high percentage of males responded with 
"many advantages", while a high proportion 

of females responded with "about the same"
or "don’t know". In the breakdown by gender 
and age, a high proportion of males over 30 
responded with "many advantages". 
A comparison of the survey results from 

February 1995 and October 1998 concerning 
the advantages and disadvantages of progress 
in science and technology shows that 52.7%  
of people responded with "many advantages", 
31.4%  with "about the same", and 6.3%  with 
"many disadvantages" in 1995, in contrast to 
57.7% , 26.8%  and 10.7%  respectively in 
1998. The decline in responses for "about the 
same" signifies a trend of polarization of
opinions (however, the 1995 survey included 
the four choices, "many advantages", "about 
the same", "many disadvantages" and "don’t
know", whereas the 1998 survey added the 
choices, "some advantages" and "some dis-
advantages". Therefore, it can be argued that 
those who responded with "about the same"
in the former survey more accurately reflects
their opinion).

Figure 8-1-3 Public assessm ents of progress of science and technology
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(2) Improvements Due to Progress in Science 
and Technology
W hen asked whether there has been an im-

provement in the "abundance of goods", 
"satisfaction in personal life", "working con-
ditions" and "health" due to progress in sci-
ence and technology, a high percentage of
respondents felt that there has been a rise in 
the abundance of goods, and in the enjoy-
ment of living. In comparison, the proportion 
of respondents who felt improvements have 
been made in working conditions and health 
was relatively low (Figure 8-1-4). 

8.1.3 Areas of Science and 
Technology in w hich Developm ent is 
Anticipated

(1) Important areas of Science and Technology
for Future Development
W hen respondents were asked the areas of 

science and technology for which future de-
velopment is important, 65.1%  chose the 
"global environment and environmental pres-

ervation", while 63.0%  chose the "develop-
ment and efficient utilization of energy".
The choice of "resource development and re-
cycling" accounted for 59.0% , followed by 
"waste management and disposal" (56.8% ), 
"civil engineering/construction, transporta-
tion/shipping, and information/com m unica-
tions" (44.3% ), and "disaster and safety
strategies" (44.1% ) (Figure 8-1-5). (Note: 
There were multiple responses to this ques-
tion.)
Compared to the previous responses in the 
survey from February 1995, there was an in-
crease in the percentage of those who chose 
"civil engineering/construction, transporta-
tion/shipping, and information/com m unica-
tions" from 40.7%  to 44.3% , whereas the 
percentage of those who suggested "disaster 
and safety strategies" fell from 53.9%  to 
44.1% . However, it is conceivable that this 
was influenced by the Hanshin-Awaji Earth-
quake, which happened in January 1995, less 
than two months before the survey was car-
ried out. 

  Figure 8-1-4 Im provem ents by science and technology developm ent
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See: appendix table 8-1-4
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(2) Opening Up New Fields in Science and 
Technology (Space and Marine Development) 
Participants were asked their expectations

about opening up space and marine develop-
ment as representatives of new fields in sci-
ence and technology. For space development,
a large percentage of respondents chose, "re-
alization of dreams and romanticism" (49% ), 
and "technological progress and scientific 
quest" (47.1% ). These were followed by an 
"expansion of humanity's sphere of activity"
(35.1% ). For marine exploitation, the largest
percentage of respondents chose an "expan-
sion of mankind's sphere of activity" (36.5% ), 
followed by "part of the evolution of human
life" (34.7% ), "technological progress and 
scientific quest" (33.9% ), and a "response to 
population increase and environmental prob-
lems" (33.7% ). The results are shown in Fig-
ure 8-1-6. (Note: There were multiple re-
sponses to this question). 
In contrast to the high expectations for the 

realization of dreams and romance for space 
development, the expectations for sea devel-
opment were concentrated around realistic 
aspects such as the expansion of humanity's
sphere of activity and the evolution of human
life.
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Figure 8-1-5 Fields where developm entof science and technology should be m ade 
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See: appendix table 8-1-5 

Figure 8-1-6 Space and M arine developm ent
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8.2 Biotechnology

Advances in cloning and human genome
research and other developments in biotech-
nology in recent years have provided society 
with leading-edge knowledge about life and 
new medical applications. At the same time,
there are areas of concern related to their so-
cial and ethical impact.
Here, we introduce the "Survey of Experts 

on Cloning" conducted by the Public Re-
lations Office of the Prime M inister's Office
as a means of indicating the awareness sur-
rounding cloning technology, as one example
of biotechnology.
Information on the survey target, period, 

method, and the number of valid responses is 
shown below. The 2,700 respondents for this 
survey were experts from throughout Japan. 
The breakdown of the respondents by area of
expertise is as follows:

Breakdown
Academics 600 
M ass communications professionals 300 
Doctors 300 
Professionals 300 
Business administrators 300 
Various group officials 300 
Researchers 300 
Administrative officials 300 
Survey period:August 26 to September 16, 
1998
Survey method: by mail 
Number of valid responses (rate): 2,114
(78.2% )

8.2.1 General Bioethical Issues 

(1)ConcernAbout Bioethical Issues 
W hen participants in the survey were 

asked whether they were concerned about 

bioethical issues, 96.1%  of them responded 
that they were concerned (45.1%  "very con-
cerned" and 51.0%  "moderately concerned"). 
Only 2.9%  of participants claimed that they 
were not concerned (2.8%  "not very con-
cerned" and 0.1%  "not at all concerned"). 
The results appear in Figure 8-2-1. 
The percentage of respondents who stated 

that they were concerned was high in all ar-
eas of expertise. 

Figure 8-2-1 Concern about bioethical issues 
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Source: Prim e M inister’s Office, Public Relations Office,

“Survey of Expertson Cloning” (Sept., 1998) 

See: appendix table 8-2-1 

(2)Bioethical Issues with High Concern
W hen respondents were asked to choose 

the three bioethical issues about which they 
were particularly concerned, 50.4%  chose 
genetic treatments, 47.7%  chose organ trans-
plants, 47.1%  chose brain death, 45.6%  cho-
se cloning, and 44.7%  chose euthanasia 
(Figure 8-2-2). 
Looking at the comparison between the 

survey respondents areas of expertise and the 
issue in which concern is highest, doctors 
chose "genetic treatments", the group offi-
cials chose "organ transplants", business ad-
ministrators chose "brain death", and re-
searchers chose "cloning".
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Figure 8-2-2 Bioethical Issues with high concern 
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  Figure 8-2-3 Bioethicalissueswith high concern
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Turning our attention to the five issues in
which the percentage of those concerned was 
high, a dispersion can be seen for the per-
centage of those concerned among the five 
issues for doctors. In other words, there was
a variance in their areas of concern. In con-

trast, the percentage of concern between the 
five issues for administrative officials and
mass-communications professionals was 
close, which suggests that the level of in-
terest for all of the issues is the same (Figure
8-2-3).
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(3) Concerns with Regard to Cloning 
Next, respondents were asked the level of 

their concern about cloning. The majority
(92.3% ) said that they were concerned 
(36.5%  "very concerned" and 55.8%  "mod-
erately concerned"). Only 6.6%  said they 
were not concerned (6.1%  "not very con-
cerned" and 0.5%  "not at all concerned"). 
The results are shown in Figure 8-2-4. 
The percentage of respondents who stated 

that they were concerned was high in all ar-
eas of expertise. 

Figure 8-2-4 Concern about Cloning 

Source: Prim e M inister’s Office, Public Relations Office,

“Survey of Expertson Cloning” (Septem ber 1998)

See: appendix table 8-2-3 

8.2.2 Bioethical Issues Surrounding
Cloning

(1)Are Human Applications of Cloning 
Technology Unacceptable? 
Survey participants were asked what they

thought about the opinion that using cloning 
technology for human applications and to 
create humans is unacceptable from a bio-
ethical viewpoint. The vast majority (93.5% ) 
agreed (75.8%  "agree" and 17.6%  "some-
what agree"), and only a small percentage
(4.0% ) disagreed (2.7%  "somewhat disagree" 
and 1.3 "do not agree"). The results appear in 
Figure 8-2-5. 
The percentage of respondents who stated 

that they agreed was high in all areas of ex-
pertise.
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(2) Reasons for Unacceptability of Human 
Applications of Cloning Technology
As a follow-up, those participants who 

agreed, above, were asked for the two rea-
sons, which most closely matched their 
thoughts as to why human applications of 
cloning are unacceptable. The largest per-
centage of respondents (67.7% ) chose "The 
application of the technology to humans
would impair human dignity because the 
production of humans should involve both 
sexes". This was followed by "Human clon-
ing threats humans simply as a means of
achieving predetermined purposes rather 
than creating free individuals" (43.6% ), and 

"It should never permitted to predetermine
the characters of a human"(29.8% ), and 
"There is a possibility that a society might be 
created where a priority is placed on produc-
ing humans with superiors characters"
(26.1% ).
Looking at the comparison between the 

area of expertise of the survey respondents, 
the percentage of those who chose " The ap-
plication of the technology to humans would 
impair human dignity because the production 
of humans should involve both sexes" was 
high among administrative officials, but low 
among researchers (Figure 8-2-6). 

Figure 8-2-6 Reasons for unacceptability of hum an applications of cloning technology 
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8.3 Inform ation Technology

Computers and networks, which are at the 
core of information technology, have been 
rapidly adopted as systems within society,
making our lives increasingly convenient and 
are anticipated as the driving force behind an 
era of change. At the same time, an examina-
tion of the social issues, such as the protec-
tion of privacy, is called for when informa-
tion technology is used as a tool within soci-
ety.
In this section, we discuss the survey re-

sults regarding the use of computers, as a 
representative example of information tech-
nology, which come from the "Public Opin-
ion Poll on the Future of Science and Tech-
nology" introduced previously.

(1) Use of Computers
W hen asked whether they use computers

at work or at home (excluding game consoles, 

word processors, and so on), 27.8%  of par-
ticipants responded with "currently using", 
7.7%  responded with "used before but not 
currently", and 64.6%  responded with "never 
used" (Figure 8-3-1). 
Compared to the survey results from Feb-

ruary 1995, there was a rise in the percentage 
of people who responded with "currently us-
ing" from 21.2%  to 27.8% , and a decline in 
the percentage of those responding with 
"never used" from 72.8%  to 64.6% . 
By gender, the percentage of males who 

responded with "currently using" and the 
percentage of females who responded with 
"never used" were both high. 
By occupation, the percentage of managers, 

technicians and office workers who re-
sponded with "currently using", of house-
wives who responded with "used before but 
not currently", and of self-employed indi-
viduals, household employees, laborers, 
housewives and unemployed individuals who 
responded with "never used", were all high. 

Figure 8-3-1 Use ofcom puters
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See: appendix table 8-3-1
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(2) Use of Networks
Those who responded with a "currently 

using" (587 people) to the question asked in 
(1) were then asked whether they use a net-
work, such as the internet, when they use a 
computer. Those who replied with a "cur-
rently using" accounted for 44.6% , while 
those who replied with "used before but not 
currently" accounted for 4.9% , and those 
who replied with "never used" accounted for 
50.4%  (Figure 8-3-2). 
By gender, the percentage of males who 

responded with "currently using" was 48.7% , 
while those who responded with "never 
used" was 45.7% . Among females, on the 
other hand, the percentage of those who re-
sponded with "currency using" was 37.4% , 
and those who responded with "never used" 
was 58.8% . 

Figure 8-3-2 Use of networks 
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Source: Prim e M inister’s Office,Public Relations Office,“Public

Opinion Poll on the Future of Science and Technology

(October 1998) 

See: appendixTable 8-3-2 

(3) Future Use of Computers 
Those who responded with "used before 

but not currently" and "never used" (1,528 
people) were then asked whether they would 
like to use a computer in the future. The per-
centage of those who replied that they would 
like to use a computer was 45.7%  (10.6%  
"yes, definitely" and 35.1%  "yes, if I have 
the opportunity"). Those who replied that 
they would not like to use a computer ac-
counted for 52.3%  (14.5%  "not unless I have 
to" and 37.8%  "definitely not"). The results 
are shown in Figure 8-3-3. 
By age, the percentage of those who re-

plied that they would like to use a computer
was high among the 18 to 29 year-olds, and 
those in their 30s and 40s. The percentage of 
those who replied that they would not like to 
use a computer was high among those in 
their 60s. 

Figure 8-3-3 Future use of com puters 
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8.4 Global Environm ental Issues 

Although progress in industrial technology 
has brought about economic development
and enhancements in the quality of life, it has 
also caused environmental problems, such as
global warming, for which science and tech-
nology is expected to provide the solutions. 
There has been progress in international ef-
forts to protect the earth's environment, with
this topic being discussed as a man-made
problem.
Among the questions about the "Important 

areas of science and technology for future 
development" from the "Public Opinion Poll 
on the Future of Science and Technology",
which were introduced in Section 8.1.3(1), 
the majority of respondents chose the "global 
environment and environmental preserva-
tion", making it the item of the greatest na-
tional concern. 
In this section, we will discuss the "Public 

Opinion Poll on the Global Environment and 
Lifestyles", conducted by the Public Rela-
tions Office of the Prime M inister's Office,
as a means of illustrating the national con-
sciousness concerning global environmental
issues.
Information on the survey target, period, 

method, and the number of valid responses is 
shown below.

Survey target:Adults over 20 years old from
throughout the country 
Size of sample: Population: 3,000 people 
Sampling method: Stratified, two-stage ran-
dom sampling 
Survey period: November 12 to 22, 1998
Survey method: Interview questions by poll-
sters
Number of valid responses (rate): 2,131 
(71.0% )

(1) Concern About Global Environmental 
Issues
Survey participants were asked whether

they were concerned about global environ-
mental issues such as holes in the ozone layer,
global warm ing, and the destruction of
the tropical rainforests. The majority of re-
spondents (82.0% ) claimed that they were 
concerned (42.1%  "concerned" and 39.9%  
"moderately concerned"). Those who were 
not concerned accounted for 17.3%  (13.3%  
"not very concerned" and 4.0%  were "not at 
all concerned") (Figure 8-4-1). 
By gender and age group, the percentage 

of those who were concerned was high 
among males in their 40s and 50s, and fe-
males in their 40s. M eanwhile, the percent-
age of those who were not concerned was 
high among females in their 20s and those 
over 60. 

(2)Awareness of The Causes of Global 
Warming
In recent years, the earth's temperature has 

been rising due to rapidly increasing emis-
sions of carbon dioxide - resulting from the 
consumption of coal and petroleum - being 
trapped in the atmosphere. W hen respon-
dents were asked whether they were aware it 
was a problem, 86.5%  of them answered af-
firmatively (43.7%  "well aware" and 42.8%  
"somewhat aware"). Those who replied that 
they were not aware accounted for only 
13.2%  (10.5%  "not very aware" and 2.7%  
"not at all aware") (Figure 8-4-2). 
By gender, the percentage of those who 

were aware was high among males, and 
among those who were unaware, the per-
centage was high for females.
By gender and age group, the percentage 

of those who were aware was high among
males in their 40s, and the percentage of
those who were unaware was high among
females in their 20s and those over 60. 
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Figure 8-4-1 Concern about Global Environm ent Problem s 
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  Figure 8-4-2 Public application of global warm ing factors 
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(3) Preventing Global Warming
Respondents were asked whether they 

thought individuals should deal with the 
problem of global warming in their daily 
lives, to which 74.1%  responded that they 
should (7.7%  "actively deal with it" and 
66.4%  " deal with it if possible". People who 
claimed "it is difficult to deal with the prob-
lem" accounted for 13.5% , while those who 
claimed "the problem should not be shifted 
onto individuals' daily lives" accounted for 
3.6%  (Figure 8-4-3). 
By gender, a large percentage of females

responded positively, whereas a large per-
centage of males responded with "it is diffi-
cult to deal with the problem". By age group, 
the vast majority of those in their 30s 
(82.1% ) responded affirmatively.

It is said that we currently lead lifestyles of
high energy consumption. The participants in 
the survey were asked what lifestyle changes
they thought individuals should make in or-
der to prevent global warming. The majority
(56.8% ) chose "make an effort to turn off
lights and electrical appliances to avoid wast-
ing energy". This was followed by "use air 
conditioning in moderation" (50.3% ), "use 
bicycles and public transport instead of cars 
as much as possible" (38.6% ), "use 
fuel-efficient cars" (31.3% ), "switch to more
energy-efficient household appliances" 
(29.2% ), "use solar-powered water heaters" 
(19.8% ), "improve the effectiveness home
insulation" (18.7% ), "use solar power, wind 
power, etc. in homes" (14.7% ), "no changes 
are necessary" (5.7% ), and last, "do not 
know" (2.3% ). (Note: there were multiple re-
sponses to this question). 

Figure 8-4-3 Efforts to preventing global warm ing 
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8.5 Conclusion 

Above, we outlined the Japanese citizens'
awareness surrounding science and technol-
ogy.
Nearly 60%  of the survey respondents 

were interested in information concerning
general science and technology, and almost
60%  also expressed a desire to listen to talks 
by scientists and engineers. However, there 
were differences in the degree of interest ac-
cording to gender and age, and with regard to 
the fields in which people were interested in
listening to information about, the global en-
vironmental issue was the at the top in sev-
eral fields, and it is desirable to provide in-
formation in a detailed and easy to under-
stand form.
Following this, we looked at a detailed

exposition of the biotechnology, information
and environmental fields. It was evident that
the expert respondents in the survey related 
to biotechnology, were keenly interested in 
bioethical issues such as cloning. 
A comparison of the surveys on informa-

tion technology from February 1995 and 
October 1998 showed a rise in the percentage 
of people who use computers, indicating that 
computers are becoming increasingly wide-
spread among citizens in Japan. 
W ith regard to global environmental issues, 

those concerned about the issues, and those 
who were aware of the causes of global 
warming account accounted for a high per-
centage, and it was evident that these were 
reacted to as topics of national concern. 
W e also paid close attention to the differ-

ences between males and females throughout, 
and found that a largerpercentage of males
were interested in information on science and
technology, and also believed that progress in 
science and technology has many advantages. 
M oreover, in the area of information tech-
nology, it was found that a greater percentage 

of males used computers. Also, a greater 
percentage of males claimed they were 
interested in global environmental issues, as 
well as claiming awareness of the causes of 
global warming. However, the gap between 
males and females was small compared to
the question about the use of computers.
Further, a greater percentage of females re-
sponded affirmatively to the question about 
whether individuals should deal with the 
problem of global warming in their daily 
lives. As we can see, in general, males have a 
higher level of interest in science and tech-
nology than females, and make more use of 
its achievements. However, it seems that fe-
males have a greater level of awareness when
it comes topics close to themselves, such as
dealing with global environmental issues 
through their daily lives 
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Chapter 9  Regional Science and Technology Activities 

M any issues remain as to whether indica-
tors for estimating regional science and tech-
nology activities should be defined under the 
same framework as national indicators. So 
far, the regional versions of science and 
technology indicators have been created as 
scaled-down versions of the national indica-
tors themselves by observing the regional 
distribution of each type of indicator, and
taking that as the regional science and tech-
nology indicator. However, in reality, it is 
inconceivable that the regional science and 
technology activities are exactly the same as
their national counterparts; therefore, it 
seems appropriate to assume that the indica-
tors estimating these activities are also dif-
ferent. Local government bodies are not the 
only organizations responsible for policies.
For researchers and technicians, a significant 
feature of regions is that they serve as a place 
to develop research activities, and at the
same time, as a place to live. This is where 
the starting point of human intellectual crea-
tivity lies. Furthermore, since the substance 
of this relies on the temporal and spatial ac-
cumulation of regional intellectual resources, 
it is predicted that indicators that can quanti-
tatively measure these things will differ from
the science and technology indicators of the 
past. The same thing can be said of industry,
where the significance of the region as a base 
for industrial activities cannot be measured
only by simple economic indexes. 
As the above show, the development of re-

gional science and technology indicators is 
not predicted to be so simple, and at this
stage, reliable regional science and technol-
ogy indicators, which will stand up to use, 
have not been developed. Consequently, the 

indicators below have been created in a form 
which follows the stream of regional indica-
tors up until now, and, excluding indicators 
concerning the characteristics of mobilities
between regions for some industries and 
changes in regional industrial structures, they 
are basically the same.
In this chapter, we gain a clear picture of 

regional science and technology activities 
from the six aspects of “education”, “R&D 
activities”, “regional science and technology 
promotional policies”, “achievements of 
science and technology activities”, “science 
and technology activities and regional 
economies”, and “changes in regional indus-
trial structures”, with indicators created by
prefectures.
However, because of limitations in the 

data that can be used as science and technol-
ogy indicators for each prefecture, we have 
also included indirect indicators that are con-
sidered to represent the science and technol-
ogy activities for the prefectures. M oreover,
depending on the type of data, we have made
an effort to objectively show the status and 
special features of the science and technol-
ogy activities of each prefecture by showing 
standardized, per-capita indicators. 
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9.1 Education 

The indicators for higher education and 
social education serve as the fundamental in-
dicators most directly related to regional sci-
ence and technology activities. Below, we 
show the indicators for the universities and
social education institutions, which are the 
basis of science and technology education, 
for each prefecture. 

9.1.1 Num ber of Universities and 
University Students 

(1)Number of Universities 

In FY1998, there were a total of 604 uni-
versities throughout Japan, the distribution of 
which is shown by prefecture in Figure 9-1-1. 
Tokyo has an especially large number of uni-
versities, with a total of 112 national, public
and private universities, which accounts for 
approximately 18.5%  of the total number.
Tokyo is followed by Aichi, Osaka, Hyogo, 
Fukuoka, Hokkaido and Kyoto. These seven 
regions account for roughly 51%  of the total 
number of universities in Japan. 

The populations of the prefectures are as 
shown in Figure 9-1-1 in the Attachment,
with the nine most populous prefectures, be-
ginning with Tokyo, account for approxi-
mately 51%  of the national population. And 
so, we should not simply conclude that there 
are a large number of universities in popu-
lous prefectures. The concentration of uni-
versities in specific prefectures is more un-
evenly marked than that of population. For 
example, although the population of Tokyo
accounts for roughly 9.35%  of the national 
total, the number of universities accounts for 
approximately 18.5%  of the total. Compared
to national and public universities, there are
particularly large differences in the regional 

distribution of private universities, with more
than 20%  of private universities being based 
in Tokyo (see Figure 9-1-2 in the Attach-
ment).

Figure 9-1-1 Num ber of universities by 
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(2) Num ber of University Students 

Figure 9-1-2 shows the number of univer-
sity students (undergraduates) by prefecture. 
The number of students was totaled accord-
ing to the location of each department to
which students belonged. The total number
of students was 2,430,000. The number of 
students by prefecture shows that Tokyo,
Osaka, Kanagawa, Aichi and Kyoto had the 
largest number, together accounting for about 
51%  of the country‘s total. The number of 
university students in Tokyo was particularly 
large, with 24%  of the national total, and it is
obvious that the regional distribution in the 
number of students is also uneven. 

Figure 9-1-2 Num ber of university students 

by prefecture (FY1998) 
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9.1.2 Num ber of Graduates 

Figure 9-1-3 shows the distribution of 
university graduate students by prefecture.
The number of graduates was totaled ac-
cording to the location of each postgraduate 
course to which students belonged. There 
were approximately 180,000 graduate stu-
dents throughout the country. The number of 
graduate students by prefecture shows that 
Tokyo, Osaka, Kyoto, Aichi and Kanagawa 
had the largest number. Tokyo alone ac-
counted for about 26%  of the country‘s total, 
and the five regions together accounted for 
about 52%  of the total. 
If it can be considered that R&D activities

flourish in universities with a large number
of graduate students, it is apparent that re-
gional disparities in the volume of R&D ac-
tivities at universities are biased by the un-
even distribution of graduate students. 

Figure 9-1-3 Num ber of graduate school 

students by prefecture (FY1998) 
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9.1.3 Num ber of Students at 
Post-secondary Technical Schools 

Figure 9-1-4 shows the number of students
at post-secondary technical schools by
prefecture. The distribution of students at 
post-secondary technical schools by prefec-
ture shows a concentration of numbers in 
several prefectures, though not as pro-
nounced as the case with university students. 
In FY1998, about 56,000 students attended 
post-secondary technical schools, with the
highest number in Hokkaido, Tokyo, Fu-
kuoka, Yamaguchi and M ie. If we include the 
prefectures of Hyogo, M iyagi, Ishikawa, 
Kumamoto, Ehime, Fukuoka and Kagawa in 
addition to these five regions, these 12 re-
gions account for roughly 50%  of the coun-
try‘s total.
As described above, there is a bias in the 

distribution of post-secondary education fa-
cilities and students in each prefecture to-
ward certain regions, and the extent of that 
bias is often greater than the variation in 
population between the prefectures. W hile
the uneven distribution of the volume of re-
search activities is evident from the number
of graduate students, it appears that there is
also a considerable regional uneven distribu-
tion in the number of personnel who will be 
responsible for future science and technology 
activities considering the fact that students
often find work with companies near to the 
school from which they graduated. 

Figure 9-1-4 Num ber of technical college 

students by prefecture (FY1998) 
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9.1.4 Com m unity Education

In this section, we discuss the number of 
museums and public libraries as an indicator
of regional social education institutions. 

(1)Number of Museums 
M useums fulfil a valuable role in height-

ening the interest and concern of citizens in
science and technology,especially for young 
people. In this instance, museums were to-
taled to include institutions designated
as museums and “institutions accorded mu-
seum status” under the M useum Act. M use-
um s specified under the M useum  Act in- 
clude general museums, science museums,
history museums, art museums, outdoor mu-
seums, zoos, botanical gardens, combined
zoo/botanical parks, and aquariums.

Figure 9-1-5 shows the number of muse-
ums per one million people and per 100
square kilometers of livable space for each 
prefecture. The numberof museums per 100 
square kilometers of livable space is highest
in Tokyo, Kanagawa, Kyoto, and Osaka. This 
suggests that the number of museums situ-
ated close to the residents in these regions is 
higher than other prefectures. The numbers
calculated per one million people are highest 
in Nagano, Toyama,Yamanashi and Ishikawa
Prefectures.The numbers per livable area for 
these prefectures are also large, and more-
over, these prefectures rank relatively highly 
in the number of patent applications per 
10,000 people (see Figure 9-4-1). 

Figure 9-1-5 Num ber of m useum s by prefecture (1996)
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In addition, the num erical value per area which can be resided iscalculated on the basis of this report in the National Institute Science

and TechnologyPolicy.

See: appendix table 9-1-6 
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(2)Number of Public Libraries 
As with museums, public libraries are 

considered to fulfil a valuable role in height-
ening the interest and concern of citizens in
science and technology. Here, we show the 
number of public libraries per one million
people and per 100 square kilometers of liv-
able space for each prefecture. 
As Figure 9-1-6 shows, populous regions 

such as Tokyo, Osaka and Kanagawa rank at 
the top in the values calculated per livable
area. The values calculated per one million
people, however, are highest in the pre-
fectures of Toyama, Fukui, Shimane, Nagano, 
and Ishikawa. Among these, Toyama, Fukui
and Ishikawa also rank near the top in the

number of public libraries per livable area,
and moreover, they also rank relatively 
highly in the number of patent applications 
per 10,000 people (see Figure 9-4-1). 
As shown above, the numbers of museums

and libraries per population and per livable 
area are comparatively high for prefectures 
in the Chubu Region, such as Toyama Pre-
fecture. Further, the number of patent appli-
cations per population, which is one of the 
indicators of the achievements of science and 
technology activities, is high in these regions. 
In this sense, it is evident that these social
education institutions somehow play a fun-
damental role in supporting regional science 
and technology activities.
.

Figure 9-1-6 Num ber of public libraries by prefecture (1996)
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In addition, the num erical value per housing possible area is calculated on the basis of this report in the National Institute of Science

and TechnologyPolicy.

See: appendix table 9-1-7 
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9.2 R&D Activities

In this section, we discuss the number of 
private and public research facilities as an 
indicator of regional science and technology 
activities.

9.2.1 Num ber of Research Facilities at 
Private Com panies 

Due to a lack of comprehensiveness and 
continuity in the data for R&D private re-
search facilities in each region, an indicator 
for the distribution of private research facili-
ties has been created based on a general sur-
vey of the “Directory of National Testing
Laboratories” (Lattice Ltd.). The term “re-
search facility” with regards to this indicator
includes corporate R&D departments, such 
as independent research laboratories, techni-
cal development departments, and so on. 
M oreover, when a single company has sev-
eral R&D departments, each of them is 
counted separately.
The total number of R&D departments at 

private companies was 3,802. By region, 
Tokyo had the largest number (686 facilities),
accounting for roughly 18%  of the country‘s 
total (Figure 9-2-1). Kanagawa, Osaka, Sai-
tama, Aichi, and Hyogo followed it. Together
with Tokyo, these six regions accounted for 
about 60%  of the country’s total. In this way,
the R&D facilities of private companies are
highly concentrated in specific regions. If we 
combine this with the fact that these regions
also have a large number of universities
(Figure 9-1-1), and so on, it is evident that 
there is a regional bias in the number per-
sonnel involved in R&D. 

Figure 9-2-1 Num ber of research 

institutions in private com panies by 
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9.2.2 Num ber of National Research 
Institutes and Researchers 

The regional distribution of the number of 
national research institutes (abbreviated as
“national institutes” below) and researchers
in FY1998 is shown in Figure 9-2-2. The 
distribution of national institutes among pre-
fectures is extremely unbalanced. There are 
28 facilities in Tsukuba Science City in Iba-
raki Prefecture, which is second only to To-
kyo‘s 29 facilities. W ith a total of 95 national 
institutes in Japan, 60%  of them are concen-
trated in Tokyo and Ibaraki. National labora-
tories have been established in 19 prefectures, 
while 28 prefectures do not have such an in-
stitute. There has been no change in this
situation since FY1995. In addition, Ibaraki 
Prefecture has the largest number of national
institutes researchers with 4,977, followed by 

Tokyo with 2,551 researchers. Together, the-
se two prefectures account for about 72%  of 
the total number of researchers at national
institutes (10,525 people), indicating that 
there is also a marked regional bias in the
number of researchers at national institutes.
The reason why there are a greater number

of national institutes researchers in Ibaraki
than in Tokyo is the fact that many of the na-
tional institutes in Tsukuba Science City have
a large number of researchers. 
The linking of regional revitalization to the

accumulation of national institutes in Tsu-
kuba Science City, and the various ripple ef-
fects from the national institutes to the region
have attracted attention. In recent years, even
closer cooperation with the regions has been 
expected as one of the roles of national in-
stitutes.

Figure 9-2-2 Num ber of national experim entand research institutions and researchers by 

  prefecture (FY1998)
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9.2.3 Num ber of Regional Research 
Institutes and Researchers 

(1)Number of Regional Research Institutes 
(Regional research institutes Kosetsu-

shi:prefectural/municipal industrial research 
institutes) are positioned as one of the in-
struments of regional research institutes 
functions, and are expected to fulfil various
roles, including supporting industrial devel-
opment in the region. The data for regional 
research institutes shown here are the result
of a survey (“Study on Regional Science and 
Technology Promotion”, Fourth Survey,
1999) conducted by the National Institute of
Science and Technology Policy, and target
institutes established by prefectures and or-
dinance-designated cities. 
As shown in Figure 9-2-3, there were a 

total of 575 regional research institutes 
throughout Japan in FY1997. Hokkaido had 
the highest number of facilities (35), fol-
lowed by Chiba Prefecture (21), and Saitama,
with 19 facilities. A simple comparison with 
the number of regional research institutes
that existed in Japan in FY1995 shows there 
were 15 fewer facilities in FY1997. This can 
be attributed to the effects of mergers be-
tween facilities due to the reorganization of 
regional research institutes. However, from 
the fourth survey (FY1997), the number of 
branches employing regular workers was 
added as a survey item. The result of this was
339 branch institutes in addition to the head
offices of the regional research institutes,
which, if included in the total, brings the
number of facilities to 914. 

Figure 9-2-3 Num ber of public experim ent

and research institutions by prefecture 
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(2)Number of Researchers at Regional 
Research Institutes 
In FY1997, there were 15,792 research 

personnel (i.e. those personnel engaged 
mainly in research and science and technol-
ogy activities, among all full-time personnel) 
registered at regional research institutes. This 
is approximately 1.7 times the number of re-
search personnel (9,115 researchers) that 
were at the 73 national research institutes of
natural science in the same fiscal year.
By prefecture, Hokkaido had the largest

number of personnel, with 1,110, followed 
by Tokyo (882), and Aichi (794). The break-
down of the number of research personnel 
with doctorates shows Osaka with the high-
est number at 206. Of these, 97 were re-
searchers at “the Osaka City Institute of Pub-
lic Health and Environm ental Sciences”
and “the Osaka M unicipal Technical Re-
search Institute”. Next was Hokkaido (140 
researchers), Aichi (123), and Hyogo (119).
The marked regional bias seen in the national 
research institutes is not apparent in Figure
9-2-4.
If we consider the fact that the number of 

regional research institutes and the number
of researchers at those institutes widely ex-
ceeds the numbers for the national research
institutes, in the future, it seems extremely
important to consider the question of how to 
make the best use of regional research insti-
tutes in a region, or conversely, in what way 
regional research institutes should contribute 
to a region 

Figure 9-2-4 Num ber of researchers at 

public experim ent and research 

institutions by prefecture (FY1997)
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9.3 Policies for Regional 
Prom otion of Science and 

Technology

In this section, we describe the various in-
dicators with regard to the promotional poli-
cies for science and technology in the 47 
prefectures that are considered to have a sig-
nificant influence on regional science and 
technology activities. 

9.3.1 Provision of Com prehensive 
Regional Prom otion System s

The number of prefectures implementing
the systems to drive policies promoting sci-
ence and technology are increasing. The sys-
tem activities in each prefecture are consid-
ered from the viewpoint of (1) the establish-
ment of full-time positions, (2) the estab-
lishment of S&T council, etc., and (3) the 
drawing up of fundamental plans, etc., the 
implementation status of which are shown as 
indicators. The case in which all three sys-
tems above have been implemented is shown 
as a 3 in Figure 9-3-1, while the case in
which only two systems have been imple-
mented is shown as a 2, and so on. 
According to this map, two-thirds of the 

prefectures had implemented at least one of 
the systems as of September 1998. M oreover,
if we compare this to the situation as of Oc-
tober 1997, we can see that a considerable 
number of prefectures implemented some of 
the systems in this one-year period, which 
shows that these systems are making pro-
gress in the prefectures. However, the break-
down of the implementation of these systems
shows that the number of prefectures having 
completed the establishment of full-time
positions is limited to less than half of the 47 
prefectures. Thus it appears as though the 
creation of systems to put the fundamental
plans, and so on, into effect is being post-

being postponed. If it is conceivable that the 
implementation of these fundamental plans, 
and so on, make it possible to revitalize local 
industry and cope with the needs of prefec-
tural residents, it is hoped that systems for
the implementation of tangible measures,
which are not limited to the establishment of 
full-time positions, will be promoted.
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Figure 9-3-1 Developm ent of a fram ework for com prehensive im plem entation

As of Oct., 1997
0  (23)
1   (7)
2   (8)
3   (9)

As of Sept., 1998

0  (15)
1   (6)
2  (14)
3  (12)

Notes:About all prefectures the num ber of m atters took effectsuch as installation of one’sfull-tim e post,a council, etc. and a m aster plan is

illustrated. In addition, the corresponding num ber of organizations appears in parentheses.

Source: Science and TechnologyAgency, National Institute of Science and Technology Policy, “Study of Regional Science and Technology

Prom otion (Fourth Survey)” (NISTEP Report No.59), 1999.

See: appendix table 9-3-1 
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9.3.2 Regional Expenditures on 
Science and Technology

Here, we take up total expenditures made
by prefectural governments to implement
policies promoting science and technology 
(referred to as “science and technology ex-
penditures” below) as indicators. 
Figure 9-3-2 shows the science and tech-

nology expenditures for each of the 47 pre-
fectural governments in FY1997. From this, 
it is evident that there are considerable dis-
parities between prefectures not only in the 
total amounts for science and technology 
expenditures, but also in the total per capita
amounts. M oreover, we can also see that the 
majority of science and technology expendi-
tures by prefectural governments are com-
prised of expenditures related to regional re-
search institutes and institutions of higher
education in science and engineering.
It should be taken into consideration, how-

ever, that regional science and technology 
expenditures in a given fiscal year will in-
crease sharply during the construction of
large-scale facilities, and then fall sharply
when the construction is complete. For ex-
ample, in Figure 9-3-2, Iwate Prefecture had
the highest per capita expenditures in 
FY1997 due to the construction of several 
large-scale facilities including the Iwate Pre-
fectural University with a faculty of nursing 
and a faculty of software and information
science, together with an agricultural tech-
nology center serving as a regional research 
institute. As a result, its science and technol-
ogy expenditures were large relative to the 
other prefectures. There was also an increase
in expenditures for Fukushima Prefecture in 
FY1997 due to the construction of the 
School of nursing of Fukushima M edical 
University.
Prefectures with large science and technol-

ogy expenditures have several institutions of 
higher education in science and engineering,

such as medical universities. These institu-
tions fulfil a significant role in the promotion
of science and technology in the regions in 
which they are located. In general, although 
the populous prefectures have a tendency to 
have small per capita expenditures, in the
case of Hokkaido, the per capita expenditures 
are high. The reason for this is thought to be 
due to the many head offices and branch of-
fices of agricultural experimental stations 
and fisheries experimental stations that are 
established in Hokkaido‘s extensive area, 
and to the operation of the Sapporo M edical 
University.
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  9-3-2 Expenditureson science and technology by prefecture (FY1997)
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9.3.3 Regional Expenditures by Each 
Prefectural Governm ent for Regional 
Research Institutes and Institutions of 
Higher Education in Science and 
Engineering

As stated above, the majority of science 
and technology expenditures by each prefec-
tural government are accounted for by ex-
penditures on regional research institutes and
institutions of higher education in science 
and engineering. By examining the ratio of
these two expenditures to the total science
and technology expenditures, it is possible to 
get a grasp of the attributes of the policies for
the promotion of science and technology in a 
particular prefecture. Based on this idea, in-
dicators have been created that show the ratio 
of these two expenditures to the total science 
and technology expenditures. However, as 
mentioned previously, the construction of a 
large-scale facility, such as a institution of
higher education in science and engineering,
causes a rapid increase in a prefecture‘s ex-
penditures in a given fiscal year, which leads 
to a temporary increase in this ratio, the im-
pact of which must be taken into considera-
tion.
Figure 9-3-3 (see the next page) shows the 

plot for the ratio accounted for by these two 
expenditures for each prefectural government
in FY1997, along with the simple average of 
these ratios (referred to as the “national aver-
age”) for every prefectural government in 
FY1992, FY1995 and FY1997. 
According to this, the majority of prefec-

tures in the Kinki Region are located in the
upper-left of the graph, whereas the majority
of the prefectures in the Kyushu Region are 
at the bottom-right of the graph. An examina-
tion of the prefectures located in the up-
per-left part of the graph shows that in 
FY1997 they had large expenditures for the
construction of institutions of higher educa-
tion in science and engineering, or for the op-

eration of universities including medical fac-
ulties, science departments, technology de-
partments, and so on. Furthermore, the na-
tional average is moving to the upper left. If
we consider the amounts for science and 
technology expenditures from this perspec-
tive, it is evident that institutions of higher 
education in science and engineering account 
for a growing proportion of the science and 
technology promotional policies imple-
mented by prefectural governments.
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Figure 9-3-3 Ratio of regional research institutesand S&T institution for higher education
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9.4 Achievem ents of
Science and Technology

Activities

One of the ways of indicating the regional 
achievements of science and technology is 
by the number of patent applications. In this 
section, we discuss indicators of the number
of patent applications for each prefecture. 

9.4.1 Num ber of Patent Applications

The number of patent applications for the 
prefectures have been totaled according to 
the address of the applicant. However, the 
inventor and the applicant are not always the
same, and many large corporations lodge ap-
plications from their head offices (often lo-
cated in Tokyo or Osaka), which is not where 
the invention actually occurred. Thus the
num ber of applications by prefecture
does not directly indicate the regional

achievements of science and technology, but 
it can be considered to reflect the achieve-
ments of science and technology activities or 
industrial activities to a certain degree. 
Figure 9-4-1 shows the number of patent 

applications by prefecture per 10,000 people. 
There is a considerable bias toward Tokyo
and Osaka, which account for over half of
the total number of applications in the coun-
try. However, the reason given above must
be taken into account. Even if we consider 
the numbers calculated per 10,000 people, 
there is no change in the large numbers for 
Tokyo and Osaka. The number per 10,000 
people is high for Kyoto, which rivals pre-
fectures with high absolute numbers, such as 
Kanagawa and Aichi. Thus, populous pre-
fectures are not necessarily ranked highly 
when we consider the numbers calculated per 
10,000 people. 

  Figure 9-4-1 Num berof patent applications by prefecture (1996)
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9.5 Science and Technology
Activities and Regional 

Econom ies

The science and technology activities of a 
region are closely linked with its economic
activities. Consequently, we will discuss in-
dicators that are closely linked with regional 
economic activities in this section. 

9.5.1 Num ber of Venture Com panies 

Venture com panies are know ledge-
intensive companies that are highly special-
ized and highly innovative. 
Venture com panies often apply the

achievements of the latest R&D activities to
industry, and since this tendency is consid-
ered to be closely related to the development
of a region through science and technology,
we will focus on the indicator for the number
of venture companies in each region. How-
ever, due to the lack of comprehensiveness
and continuity in the data, we have created
an Indicator for the venture companies listed

in the “Nikkei : Annual Corporation Reports 
of Venture Business” published by the Nihon 
Keizai Shimbun, in order to get a grasp on 
the number of venture companies. The crite-
ria for being listed in this book are that a 
company has unique technology and 
know-how, has maintained a high growth 
rate for the past several years, is relatively
young, or, if it is a company with a long his-
tory, it has recently converted to a new type 
of industry.
Figure 9-5-1 shows the number of venture 

companies for each prefecture, totaled ac-
cording to the method above, along with the 
number per 100,000 people. A look at the 
number of companies per 100,000 people 
shows that in addition to Tokyo and Osaka, 
Tokushima, Kyoto, Fukui, Nagano and Shi-
zuoka are ranked at the top. 
If we consider the fact that among these, 

Kyoto and Shizuoka also ranked near the top 
for the number of patent applications per 
100,000 people in Figure 9-4-1, and that 
Nagano and Fukui also ranked relatively 
highly, it is evident that science and technol-
ogy activities in these prefectures are thriv-
ing.

Figure 9-5-1 Num ber of venture com panies by prefecture (1998)
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See: appendix table 9-5-1 
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9.5.2 Num bers of Com panies w ith
New  Listings and Over-the-counter 
Issues

Those companies which have grown stead-
ily may be listed on the stock exchange or 
issue over-the-counter shares in order to
make it easier to raise funds as a means to 
further development. As a result, the growth 
and commencement of new companies in re-
gions where R&D is thriving is considered to 
be linked to the listing of companies in many
cases. Thus, we exam ine the num ber of
companies with new listings and over-the- 
counter issues for each prefecture.

In Figure 9-5-2, the number of newly- 
listed companies or companies with 
over-the- counter issues within Japan for the 
six year period from 1993 to 1998 have been 
totaled by prefecture, based on the address of
the head office. For the values calculated per 
100,000 people, there are large numbers of 
companies for populous regions such as To-
kyo, Osaka, and Aichi. M oreover, Kyoto, 
Shizuoka, Nagano and Toyama, ranked 
highly in the number of patent applications 
and in the number of venture companies per 
100,000 people (see Figures 9-4-1 and 9-5-1 
above), and in comparison to other pre-
fectures, it is evident that the achievements
of science and technology in these prefec-
tures is tied to the creation of new compa-
nies.

Figure 9-5-2 Num bers of new public com panies and over-the-counter issues by prefecture 

(1993 to 1998)
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9.5.3 Gross Prefectural Product and 
Prefectural Incom e Levels 

Regional science and technology activities
in any form are thought to be reflected in 
gross prefectural product and prefectural in-
come levels, thus these two values are taken 
up as indicators in this section. The former
represents the value which has been newly 
added by the production activities within a 
prefecture during a set period, and is based 
on the concept of “activities within the pre-
fecture”, which covers the economic activi-
ties that occur within a prefecture regardless
of the residence of those taking part in them.
The latter, on the other hand, is based on the 
idea of “activities by prefectural residents”, 

which covers the economic activities of the 
residents of a prefecture, regardless of the 
location of those activities. 
Figure 9-5-3 shows the per capita gross 

prefectural product and prefectural income.
According to the figure, on a national scale,
the incomes for prefectures surrounding To-
kyo, such as Kanagawa and Chiba, are high 
relative to their gross prefectural product. 
This is thought to be due to the movement of 
wealth as a result of the residents of these 
prefectures working and collecting their in-
comes in Tokyo, with its high gross prefec-
tural product. 

Figure 9-5-3 Gross prefectural product per capita and per capita incom e by prefecture
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9.6 Stractural Change of 
regional industries 

In this section, we consider changes in the 
industrial structure of each prefecture as seen 
from the numbers of workers. 
Here, we use the data for the 15 year pe-

riod from 1980 to 1994 for the number of 
workers in the manufacturing industries of 
each prefecture (from among 23 industrial
categories) as represented by the industry 
edition of the industrial statistical tables, 
(compiled by the M inistry of International 
Trade and Industry), and analyze them ac-
cording to the factor below.
(Note: the source of the method of calcula-

tion, chart and graphs below is the National 
Institute of Science and Technology Policy‘s 
Study on Spatial M obility of M anufacturing 
Industry and Structural Change of Regional 
Industries in Japan, 1999 (NISTEP Report 
No. 60).) 

r

nnriir AAAAICRIS //2
1

Air:Type r of industry condition variable 
by prefecture i (number of workers) 

Ai:All type of industry condition by 
prefecturei(numberofworkers)

Anr: Type r of industry condition variable 
in nationally. (number of workers) 

An:All type of industry condition variable 
in nationally (number of workers) 

ICRIS (Index for Conversion of Regional 
Industrial Structure) indicates the extent of
the deviation between the distribution of the 
industry condition variable (number of 
workers) nationally and in prefecture i, for 
manufacturing industries. That is, ICRIS 
represents the characteristics of the industrial
structure of each prefecture relative to the 
industrial structure of the whole of Japan. 
The ICRIS values have been calculated for 

each prefecture according to Equation 9-6-1.
The smaller the value, the closer the compo-
nent ratio of a prefecture‘s industrial struc-
ture - that is, its industry condition variable 
(number of workers) - is to the national av-
erage. The smallest value of 0 means that the 
industrial structure of a particular prefecture 
is consistent with the national average. The 
larger the ICRIS value, the greater the extent
of deviation between the national average 
and the industrial structure of a given pre-
fecture. Thus, if a prefecture has only one 
type of industry, this value will be close to 
one.
The vertical axis in Figure 9-6-1 represents 

the industry condition variable, while the
horizontal axis represents the ICRIS value. 
These values are plotted for each year show-
ing a time-series of movements that indicate 
the changes in the industrial structure of each 
prefecture.
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Figure 9-6-1

increase

Industry Condition variable (H) Type- of- industry conversion type

(vertial axis)

decrease

(F) It is uninformaly a
declined type

(A)New industrial entry or an
invited type

(B) Specialization
Industrial or a new place-
of- production fromation

(D) A specialization
decline or a new place-
of- production formation

(C) Specific industry or a
place- of- production
formation type

(E) It is uniformly a grown
up type
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Figure 9-6-1 (A) indicates that the industrial 
structure of a given prefecture tends toward 
the average, with a rising industry condition
variable, which suggests development and 
growth within the prefecture due to new in-
dustries entering or being lured in. 
(B) indicates that the industrial structure of

a given prefecture tends toward a dominant
industry and growth. This means that the ex-
isting industries, with their high component 
ratios, are experiencing further growth, such 
that their component ratios will rise even 
further.
(C) indicates a downward tendency in the 

industry condition variable of a given pre-
fecture, while the industrial structure is
moving toward the average. The decrease in
the component ratios of existing industries 
means that the component ratio for other in-
dustries is relatively high. As a result, the 
industrial structure is changing and moving
toward the average 
of this country.
(D) is the opposite to this, and indicates 

that industries with a low component ratio in 
a given prefecture will decline further, while
the component ratios of the industry condi-
tion variable for the existing industries will 
tend to become relatively high, thus leading 
to a decline in the industry condition vari-
able.
(E) indicates a rising industry condition

variable with a static industrial structure for a 
given prefecture, which means that all indus-
tries are growing evenly as the industry con-
dition variable rises. 
(F) is the converse to (E), and indicates the

situation in which the industrial structure is 
unchanged while the industry condition vari-
able falls.
(G) represents the case in which the exist-

ing industries decline at the same time new 
industries enter or are lured in. Although the 
industry condition variable for a particular 
prefecture does not fluctuate, the industry 
component ratio moves towards the average 

of this country as the industrial structure 
changes.
(H) represents the situation in which those

industries with large component ratios in-
crease further, at the same time as those in-
dustries with small component ratios fall. 
Thus, although the industry condition vari-
able for a particularprefecture does not fluc-
tuate, its industrial structure tends toward
dominant industries. 
Those prefectures with special characteris-

tics with regard to the industrial structures 
described above are shown below.
Tables and graphs showing the time series 

for the number of workers and the ICRIS 
values for all 47 prefectures can be found in 
the appendix to this chapter (see Table 9-6-1 
and Figures 9-6-8-1 to 9-6-8-47). 

(1) Regional Growth Due To Entry or Attraction
of New Industries 
As an example of this type of industrial 

structure, we will use Saga Prefecture. As 
shown in Figure 9-6-2, the number of work-
ers in this prefecture grew remarkably until 
around 1991, while the ICRIS values consis-
tently fell. This indicates that as the compo-
sition of the types of industries diversified, 
the industrial scale, represented by the num-
ber of workers, expanded as a whole. 
For a prefecture which displays this kind 

of an increasing industry condition variable
and declining ICRIS values, we examine
Shizuoka Prefecture below and so on. 

Figure 9-6-2 Variance of num ber of 

workers by Saga prefecture 
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In the case of Shizuoka, the growth of the
metalworking, electrical equipment or preci-
sion equipment industries replaced the tradi-
tional pulp and paper industry; thus, it seems
that the change in the industrial structure was
due more to the rise and decline of existing
industries than to the entry of new industry 
(Figure 9-6-3). 

Figure 9-6-3 Variance of num ber of 

workers by Sizuoka prefecture 

(2) Regions with Dominant Industries or New 
Production Centers 
Aichi Prefecture is discussed as a region 

typical of this type of structure. The domi-
nant industry in Aichi Prefecture is the trans-
portation equipmentmanufacturing industry,
which is at the center of the automobile in-
dustry. The number of workers in this indus-
try has been maintained at a component ratio 
of over 20%  in the prefecture over a 15 year 
period (Figure 9-6-4). 

Figure 9-6-4 Variance of num ber of workers

by Aichi prefecture

Also, in Okinawa Prefecture, as the num-
ber of workers in the dominant industries of 
food processing and ceramics increased, the 
component ratios increased (Figure 9-6-5). 

Figure 9-6-5 Variance of num ber of 

workers by Okinawa prefecture
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The growth in the number of workers in 
both prefectures indicates a situation in
which the industrial base was strengthened 
due to a further strengthening of the tradi-
tional dominant industries. 
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(3) Regions with Dominant Industries or 
Declining Production Centers 
Kanagawa Prefecture is discussed as an

example of this type of region. At one time,
the electrical equipment and transportation
equipment industries accounted for over 40%  
of the total number of workers in the prefec-
ture. However, due to an increase in the
number of workers in other industries in the 
1980s, the ratio of workers in these two in-
dustries fell (i.e. the ICRIS values fell). After
1991, the number of workers in Kanagawa 
suddenly declined, largely due to a decline in 
the number of workers in the electrical 
equipment and transportation equipment in-
dustries. The decline in both the ICRIS val-
ues and the number of workers after 1991 in 
the graph for Kanagawa is a graphical repre-
sentation of the decline of both industries in 
the prefecture.

Figure 9-6-6 Variance of num ber of 

workers by Kanagawa prefecture

(4) Declines in Dominant Industries and 
New Production Centers in a Region 
In this example, we look at the number of 

workers in Tokyo. From around 1985, there 
was a significant decline in the number of 
workers in the electrical equipment and gen-
eral machinery manufacturing industries, 
which were the main industries up to that 
time in Tokyo. However, the extent of the 
decline in the main industry of publishing 
and printing was small, leading to a rise in
the industry‘s position (Figure 9-6-7). 

Figure 9-6-7 Variance of num ber of 
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Although the number of workers have 
been assesses in this instance, by carrying
out an assessment of other industry condition
variables (number of business locations, 
volume of products shipped, amount of value 
added production) there are also prefectures
for which differences in the characteristics of 
the industrial structure are becoming evident.
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