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[Text]
Preface

Advances in science and technology (S&T) result in expanding roles for scientific and
technological activities in socioeconomic development. It is therefore important to
objectively assess S&T activities. S&T indicators are seen as a means of assisting in
these assessments. The publication of this report on Japanese S&T indicators, the first of
its kind, is in response to this pressing social need. Indicators are developed to
quantitatively examine country trends in S&T activities from diverse angles. Moreover,
because S&T activities are related in complicated ways and comprise extensive and
diverse activities, assessment must be from a long-term viewpoint. The objective of this
macro analysis therefore goes beyond the inappropriate compiling of fragmentary
indicators.The major objective of this report is thus the development of systematically
structured indicators.

In preparing this report efforts have been made to systematically construct S&T indicators
by collecting and classifying related data based on this system. S&T indicators have
already been published in the U.S., OECD and by other governments and organizations.
UNESCO studies are also available in providing indicators covering, in particular,
developing countries. However, classification is often in input/output form, and
moreover an integrating system is often lacking. Therefore there have been criticisms such
as the criteria for selecting of indicators is not clear or that only easy-to-collect data are
used. The development of indicators attempted in this report is designed to respond to
such criticisms. The indicator system and the specific indicators themselves are believed
to exceed many of those now available. The present indicator system structure referred to
here is called the cascade structure. The Introduction which follows outlines the
characteristics and objectives of the cascade structure.

In addition to development of indicators, this report also has the following characteristics.
Based on the system, new indicators are developed which were previously not in
existence. For example most of the indicators presented in the chapter on science,
technology and society (Chapter 8) are not found in similar works. Also, in other
chapters several new indicators have been developed and added and novel analyses
regarding existing indicators is presented. For example, Japanese R&D trends are
clarified in the context of the international community from a multilateral viewpoint.
Moreover, in conducting international comparisons, the report attempts to adhere to
international standards as much as possible.
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Much time and effort has been spent in developing specific indicators and preparing this
report. Collecting diverse and acquiring up-to-date statistical data and preparing and
analyzing tables based on such data is a time consuming process. Despite these
constraints, this indicator report has been published for the first time in Japan. Science
and technology indicators would be meaningless if they are published only once,
therefore the writers would like to receive frank opinions and criticisms from readers for
future editions. The hope is to receive the opinions of others in order to improve future
editions. Fortunately this report will be published regularly allowing for this exchange of
opinions and suggestions to contribute to future reports.

In preparing this report, a Science and Technology Indicators Study Group has been
established within the National Institute of Science and Technology Policy (NISTEP) as
of January 1990. Members examined and presented diverse opinions and cooperated in
many ways such as reading and checking the prepared manuscripts. Their names are
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express our appreciation to them.
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INTRODUCTION
HISTORY OF S&T INDICATOR DEVELOPMENT

0.1 System of S&T Indicators
0.1.1 Indicators

An indicator is a group of statistical values that together give an indication of an object's state.
Population is a well known indicator of national power and GNP of economic activities. Hence,
if a scalar quantity such as population or GNP can represent the object's state it is considered an
appropriate indicator. However, the state of an economy cannot be represented using a single
quantity, thus the limitation of GNP as an indicator is reflected in the fact that it is not being used
as often as before.

The same applies when trying to understand the state of a country's science and technology
(S&T) activities. S&T activities cannot possibly be grasped using a single indicator. Because
S&T activities are complicated and their supporting infrastructure and scope of influence
extensive, they must be viewed from a long-term viewpoint.

Given such circumstances the object's many facets must be represented using a number of
quantities. The S&T indicators developed in the U.S. or by OECD have been constructed based
on such an idea. However, understanding the nature of an object in question using a number of
indicators requires examination of the following issues: appropriateness of indicators, mutual
relationships, comprehensiveness of measurement, measurement objectives and construction
priorities. In satisfying such requirements it is necessary to establish indicator development
principles. Required is systematic development of S&T indicators. :

If indicators are systematically developed, each indicator's significance can be clarified based on
its relative position in the system. Even if it becomes impossible to develop the initially planned
indicator, it becomes possible to judge what the best alternative indicator will be. Also, by
combining indicators according to an integrated system it becomes possible to construct
integrated indicators which measure such things as internationalization or harmony between
science, technology and society. In fact indicator users often demand integrated and concise
representation. Yet combining indicators in this way requires utmost care and detailed
examination. For example the most extreme example of simplification is to represent the state of a
country's S&T using a single indicator.

The importance of developing a S&T indicator system is outlined below.

(1) The increasing importance of S&T activities is not only confined to issues of industrial
growth but also to social development. An indicator system which accurately reflects the macro
aspects S&T activities will not only contribute toward quantitative assessments but will also be
useful in formulating and evaluating S&T policies.

(2) The growing influence of Japan's S&T activitics are increasingly international. With this
growing influence come higher expectations from abroad for Japan to contribute in the area of
S&T. Japan can contribute in the area of policy studies and aid in seeking appropriate solutions
for S&T issues by conducting quantitative international comparisons or presenting objective data.
Moreover, while there is recognition of the importance of S&T in developing countries, the
reality is there is a lack of necessary statistical data. Japan can contribute by exchanging
information on S&T indicator development and use of S&T indicators.

(3) There has been a strong tendency for existing S&T indicators to be constructed using easy-
to-collect data. Many have dealt with the input side of R&D such as R&D expenditures and
number of R&D scientists and engineers. These do not allow a balanced assessment of S&T
activities as a whole. Also, due to lack of a systemic viewpoint there has been a tendency to lack




consistency in evaluating indicator importance. In approaching these problems it is meaningful to
set forth the concept of systematizing indicators. Moreover systematization will serve of charting
and analyzing the relationship among indicators. If the relationship among a great many
indicators can be clarified, the use of an indicator system is believed to be of great significance.

0.1.2 Principles in Systematizing S&T Indicators

What must first be considered in systematizing S&T indicators are Objective and Function.
Indicator use can roughly be divided them into reporting, judgement and evaluation type
indicators. .

(1) Reporting type : These indicators are designed to present a balanced and quantitative
representation of the state of S&T activities as a whole. They will enable quantitative assessment
of the state and direction of change of a country's S&T activities. These indicators are believed to
be useful in identifying problems at an early stage and thus become basic data in formulating
S&T policies and in understanding S&T activities.

(2) Judgement type : This purpose is achieved by combining indicators using a number of
indicators for specific purposes (such as for measuring the degree of internationalization or
harmony between science, technology and society or for comprehensive assessment). The value
of such indicators will represent for example the degree of internationalization (international
comparison) or harmony between science, technology and society (time-series analysis). Such
indicators are expected to comprehensively represent the level of S&T activities or policy
objectives.

(3) Policy Evaluation type : This requires a sophisticated knowledge of the relationship among
indicators (e.g. causal). Based on such knowledge, implementation of specific policies is
understood quantitatively and the indicators are expected to enable evaluation of the policy's
effects and progress.

Table 0-A shows the objectives and likely functions of S&T indicators.

Table 0-A. Objectives and Functions of S&T Indicators

FUNCTION General Early Establishment Evaluation
macro idenu:ﬁcaﬁon i
OBJECTIVE understanding of issues of pohcy goals of policy
REPORTING O O X X
JUDGEMENT O O @) X
EVALUATION O O @) O

Note: A (O) indicate the indicator type serves the given function,

a (X) indicate the indicator type does not serve the given function.




Since this is the first attempt in Japan to systematize science and technology indicators and
because the type of indicators to report the present state is the basic type this report presents a
reporting type of indicator system. The basic ideas in systematizing indicators can be summed up
as follows.

() Rather than just dealing with R&D activities the report sought to cover science and technology
activities in general.

In the past science and technology indicators have mainly dealt with R&D activities. The actual
R&D activities however are carried out based on extensive and multi-layered S&T support
infrastructure. The scope of the influence of these achievements are long term and extensive
including direct outcomes such as academic papers and patents as well as indirect outcomes
which give impact on society through production processes and may even public opinion. While
the indicator system mainly covers R&D activities it also covers the infrastructure and influences.

(II) Classification scheme of objectives should be built into the scheme of activities.

S&T activities are made to achieve diverse objectives. It is not possible to view S&T activities
apart from their objectives. The study has attempted to classify indicators by infrastructure and
impact (such as "S&T infrastructure” or "contributions of S&T" as will be mentioned later). The
connection between infrastructure and impact is also viewed in the form of a hierarchical structure
of ends and means. Only such an approach will enable identification of problems at an early
phase and facilitate the use of indicators in evaluating S&T policies.

(III) S&T activities should be analyzed in term of infrastructure and impact.

The concept of input and output is used in economics. However, since R&D activities deal with
the unknown, the input/output concept is inappropriate. In contrast the concept of infrastructure
and impacts is believed more appropriate as it does not establish a fixed input/output relationship.
Hence the report divides S&T activities into R&D infrastructure and R&D impacts.

(IV) Due consideration should be paid to stock and subjective as well as flow and
objective indicators.

Most of the indicators developed to date have been objective, quantitative and flow indicators (for
example R&D expenditures is an indicator having all three of these characteristics). These
indicators are easier to measure, highly reliable and easy to use. However it is difficult to see
S&T activities in a larger framework using only these indicators. It is necessary to compensate
for their defects by actively using subjective indicators (such as popular opinion regarding S&T),
qualitative indicators (such as evaluation regarding technological levels) and stock indicators
(such as R&D facilities used).

(V) The indicator system should not solely rely on the available data

Many of the available S&T indicators have relied on statistical data collected for administrative
purposes. Such data however are collected for purposes other than to grasp a country's S&T
activities as a whole. This report developed an indicator system which did not solely rely on
available administrative purpose data but collected original data, using other available data and
international data bases.

(VD) Indicators should be classified according to purpose

It is impossible to classify all the indicators using a single classification system (such as industrial
classification). Classification systems most suited for the the particular indicator purpose are
developed. In conducting analyses however it is desirable to use a single classification system.
Hence a single classification system was used for each area. For example, classification is made
by research area in the case of knowledge production indicators, academic classification in the




case of educational indicators and industrial classification in the case of economic activity
indicators.

0.1.3 S&T Indicator System Cascade Structure

The report develops S&T indicators systematically based on their objectives and functions and
includes basic ideas regarding their development and on selection criteria. In carrying out the
work two methods were used--the bottom-up method of randomly proposing indicators by
organizing a study group of experts (references 1 through 8) and the top-down method of starting
from the indicator theoretical structure which includes classification by sub structure. In addition,
the report also uses available S&T indicators, statistics and papers on S&T indicators.

As aresult of such work, the following structure of indicators was obtained (Figure 0-1-1).

Indicators are arranged to take on characteristics of a waterfalls where indicators are arranged in a
series of stages whereby each stage derives from or acts upon the product of the preceding stage.
Hence the name cascade structure (see Note). The original system consists of a total of 103
individual indicators. :

As the figure shows the structure consists of the following six major categories.

(1) Societal infrastructure: The indicators which belong to this major category indirectly support
the country's S&T activities.

(2) Scientific and technological infrastructure: The indicators in this category indirectly support

the country's R&D activities. This is made up of three sub-categories; "“educational”,
economic, and cultural infrastructures.

(3) Research and Development infrastructure: The indictors in this category directly support

- R&D activities. This major category is comprised of three sub-categories; (a) "R&D
elements” such as manpower and funds, (b) "institutional framework,” which organizes
these system elements for a specific purpose, and (c) "evaluation scheme,” which determines
how effectively R&D activities will be performed.

(4) R&D results: The direct results of R&D activities are comprised of knowledge values. The
three subcategories include "knowledge value" such as scientific and technical papers,
“private goods value" such as patents and "public good value" such as standards.

(5) S&T Contribution: The indirect results of R&D activities, made up of industrial contributions
are reflected in this category. This is divided into three levels of contributions, i.e. industrial,
international and societal.

(6) Societal Acceptance of S&T: The indictors in this category measure the indirect impacts of
S&T on society and their acceptance.




Figure 0-1-1 Cascade Structure of the Science and Technology Indicator System
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The following five criteria were used in selecting S&T indicators:

(1) Causality and relevancy: in terms of causality, the more the indicator is located at the center
of the indicator system (Figure 0-1-1) the closer it is associated with R&D activities. Also,
the relationship between causality and relevancy is closer the closer the indicators are to each
other. In terms of relevancy, the more the indicator is located away from the R&D activities
at the center, the less the direct relationship and the more the long-term relationship.

(2) Distribution of indicators: more indicators were arranged at the center of the system and less
at the ends. This means that the number of indicators was determined in proportion to the

size of their relationship with S&T activities.

(3) Indicator level: the indicators are all constructed using directly measured data and do not
include integrated indicators. Efforts were made to enrich the stock and flow quantity
comprising time series of flow quantity. Efforts were also made to enrich subjective data.

(4) Classification method: efforts were made to use typical classification methods .(s'uch as
speciality area, characteristics of R&D, academic field, industrial sector, organizational
categories i.e. industry, academia and government). Also, appropriate classification levels
were used.

(5) Data: The data used in this report are highly accurate, accessible and impartial. In
constructing indicators newly collected data, as well as processed/available and
unprocessed/available data are used.

0.1.4 Relevance to S&T Policies

Be it a policy reporting, judgement or evaluation type of indicator, the S&T indicator system is
expected to contribute toward formulation and evaluation of S&T policies. In examining how
S&T indicators can contribute in the process of formulating policy it is first necessary to analyze
the policies.

Needless to say policies are always formulated keeping in mind the limits of a system. This is
because a policy must be structured with ends and means and because its objective has some kind
of structure. Decision-maker(s) should be clearly aware of the ultimate objectives and have sorted
out the means of achieving those objectives. A clear awareness of their relationship and the
necessary cost and likelihood of achievement should be kept in mind. An examination of the 11th
Recommendation of the Council for Science and Technology will clarify such a structure (see
Figure 0-1-2). The Council is now working on the 18th Recommendation, a follow up to the
11th. While differing in format, the 18th Recommendation follows the same principles as the
previous one thus allowing for compatibility.

The 11th Recommendation was presented in 1984 and later adapted as the General Guidelines for
Science and Technology Policy. Figure 0-1-2 clarifies this hierarchical structure made up of
social goals, specific social issues, S&T focal issues, and measurements and R&D fields. In this
structure the items become more goal-oriented, general and abstract toward the top, and more
means-oriented, individual and specific toward the bottom. Such a structure is nothing but a
system of ends and means. It also shows that factors other than science and technology become
more influential toward the top and the tendency that the item can be handled within the scope of
S&T policies strengthens toward the bottom. For example, social goals are achieved not only
through S&T policies but through integrated management of diverse economic, industrial, social,
cultural, international and regional development policies. Compared to social goals, specific
social issues are more short-term and specific, they also require inputs from diverse policies. In
contrast, while S&T focal issues or measurements are designed to address social goals or
national goals, they can be handled within the scope of S&T policies.
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Figure 0-1-2 A Structure of Science and Technology Policy

Social Goals

(1) Improve quality of life
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Specific Social Issues

(1) International
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(3) Strengthening international relation

Measurements R&D Fields
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(2) R&D funds (2) S&T for economic activation
(3) Personnel (3) S&T for life quality’s improvement
(4) Support
(5) International cooperation
(6) Public acceptance

Specifically examining policy structure shows that the 11th Recommendation does not use the
term "social goals” even once. The term is also almost never used in Japanese theories on
policies. However there are two items which are closely used in the same sense when discussing
f < L " 4 : : " " . . : - "

social goals". These are "improving quality of life" and "contributing internationally".

Next, the Recommendation discusses specific social issues in the form of major issues or
problems associated with Japan. Conversely these can be seen as the social issues to be solved
by Japanese society. They can be seen as somewhat medium-term issues. As specific areas the
recommendation points out the international environment, the economy, health and human
welfare and science and technology.

In addressing these issues the recommendation points out promotion of creativeness in S&T,
harmonization of S&T with man and society, and strengthening international cooperation as
being the S&T focal issues for Japan. Six measurements and three R&D fields are also pointed
out in achieving these S&T policy goals.




Looking at the relationship of S&T policy with S&T indicators shows that first, social goals and
specific social issues cannot be represented solely through S&T indicators. Perhaps it will be
necessary to represent the degree of social goal achievement or the specific social issues in
combination with other indicators such as economic or social. Hence it is believed necessary to
examine this issue after the system of S&T indicators has been established.

Pending questions related to S&T indicators are found in the strata of S&T focal issues. Key
words related to S&T focal issues are creativity, harmony with society and internationalization. It
is not appropriate to represent these concepts using single indicators. This is because they cover
broad and diverse areas. Hence it will be necessary to construct integrated indicators using
strongly related ones. For example, the indicator reflecting internationalization may have to cover
three areas of "openness" for the environmental factor, "contributions" for the results factor and
“public goods" for the degree of contribution of S&T in the international public goods-like area.
Based on such an idea, the structure as shown below is an example of an integrated indicator
reflecting the degree of internationalization of S&T in Japan (see reference 3 and Figure 0-1-3).

Figure 0-1-3 An Example Integrated Indicators for Internationalization

— Cross border researchers flows

——R&D institutes abroad

—— Openness — Foreign R&D institutes

—— Students flows

— Public joint-research

Internationalization

f — Paper citations
Indicator P

— Innovative technologies

— Contribution
— Patents applications abroad

—— Trade by research-intensive industries

—— National R&D budgets

—— Public goods
‘ — Ratio of basic/applied research by country

Perhaps it is appropriate to divide the creativity indicators into "creativity development
infrastructure” indicators to represent the state of development of the environment reflecting
creativity and "creative effects” indicators to represent the "results” of creativity. In measuring
harmony with society a subjective indicator of how people understand the positive and negative
effects of S&T is believed necessary in addition to objective indicators such as the rate of
recovery from highly fatal diseases.
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Such issue-oriented integrated indicators often cannot be-constructed solely using the indicators
included in the indicator system. This is because the indicator system designed for long-term and
overall assessment often cannot cope with issue-oriented indicators which are constructed with
clear problem-awareness. In such cases it will be necessary to construct the indicator by
including those not included in the system and by collecting data most suited for the issue.

Lastly, policy measures and areas covered can more or less be addressed with individual
indicators by specific area. It becomes possible to grasp the present state of S&T activities,
assess trends and future policies through time-series analysis. Also it is possible to discover
problem signs through international comparison and measure the policy effects by comparing the
before and after of policy implementation.

0.2 History of Development

The impetus for research in Japan to develop S&T indicators was the Science and Technology
Indicator Study Group started in September of 1984 within the Science and Technology
Agency's National Institute of Resource Studies (now the National Institute of Science and
Technology Policy). The group was chaired by Professor Yoichi Kaya of Tokyo University and
proposed a draft of the S&T indicator system presented in the previous section. The group also
published "Report on Development of Science and Technology Indicators” in October 1985 with
the cooperation of the Watanabe Memorial Foundation for Promotion of New Technology.

On this basis the council's technology committee, an S&T indicators subcommittee was
established (also chaired by Professor Kaya) in November 1985 and further developed the
indicator system and examined its use. The contents were submitted and approved on November
25, 1986, as the Science and Technology Agency, "National Institute of Resources' Report No.
104". With this beginning the Science and Technology Agency became involved full-scale in
promotion in the development of Japanese S&T indicators.

The report mandates a three year program to examine the nature and method of data collection in
constructing the 103 indicators which would comprise the indicator system. An interim report
was published in October of 1987 which examined 44 of the 103 indicators. At the same time the
group studied the S&T indicators constructed by the National Science Foundation (NSF) of the
U.S. and published a report titled "Report of Science and Technology Indicators in the United
States” in January of 1987 also with the cooperation of the Watanabe Memorial Meeting for
Promotion of New Technology. The "Study of Comparison of R&D Activity Statistics in
Western Countries and Japan" was also published in March of 1987 by commissioning a study
of S&T indicators in Western countries to the Institute of Future Technology. Finally, based on
these results the "Study of Methods to Compare R&D Activity Statistics in Western Countries
and Japan" was published in March 1988.

As data and knowledge on S&T indicators were accumulated, in July 1988 the National Institute
of Resources was reorganized into the National Institute of Science and Technology Policy
(NISTEP). One of the purposes in establishing NISTEP was to develop S&T indicators and this
was mainly to be carried out by the Second Policy-Oriented Research Group. Ever since, the
indicators have been developed mainly by the S&T indicator study group chaired by Professor
Keichi Nishikawa of Kyoto University by obtaining the cooperation not only of the Second
Policy-Oriented Research Group but all NISTEP members.

0.3 Report Profile

This report has been prepared in the framework described above. Composition is considerably
different from the initially submitted system. There were several reasons. One was that since the
report was designed to be read, therefore sole description is believed inappropriate. For the same
reason some of the proposed indicators were omitted.The second reason was that data initially
believed accessible proved difficult to collect. Moreover, as a result of reexamining the contents
of the initially proposed indicators some were found inappropriate On the other hand new
indicators were added that were not in the original structure. Throughout the examination and
review, the indicator system's cascade structure was very useful because indicator significance




and roles could be understood from their relative position in the system and subsequently
alternative indicators could appropriately be evaluated (refer to Figure 0-1-1).

The following is a brief description of each chapler contents.

0 Introduction: History of S&T Indicator Development
Explanation S&T indicator system, study and research and report contents.
1 Overview of Science and Technology Activities in Japan
Summary of Chapters 2 through 9.

2 Human Resources Development in Science and Technology

Presentation of indicators related to the most important infrastructure of S&T activities namely
primary and secondary education, higher education and careers of those completing higher
education. In terms of this chapter in relation to the indicator system, (Figure 0-1-1) this chapter
deals with (2) S&T infrastructure indicators related to the educational infrastructure.

3 Supports for R&D

Analysis of the government's R&D budget as an infrastructure directly supporting S&T as well
as presentation of indicators related to learned societies and related foundations as comprising
societal support. As regards the government's R&D budget, the report pursues the possibility of
international comparison by, for example using the OECD classifications by socioeconomic
goals. In terms of the indicator system this chapter deals with (2) S&T infrastructure indicators
related to social and economic infrastructure.

4 R&D Activities in Industry, Academia and Government

Indicators for R&D human resources, R&D expenditures and number of R&D institutes are
constructed and presented as direct inputs of S&T. these are divided national inputs as a whole
(including for international comparisons), businesses, academia and government. This chapter
deals with indicators related to (3) R&D infrastructure.

5 Regional R&D Activities

Promotion of R&D activities in local areas has become an important policy issue. This chapter
constructs and presents indicators of R&D activities in local areas which is a novel attempt not
reported previously in Japan. In terms of the indicator system the indicators in this chapter refer
to (3) R&D infrastructure and are analyzed by region.

6 Achievements of R&D Activities

Not many indicators have been developed regarding results of R&D. Concerted efforts were
made to develop results-related indicators. In particular thee is a rich base of indicators related to
scientific and academic paper citations and patents. Moreover, by adding indicators related to an
science and technology awards and standards, the report presents indicators unique
internationally. In terms of the indicator system the chapter deals with indicators related to (4)
R&D results.

7 Internationalization of R&D
Indicators were constructed regarding internationalization of R&D. Both infrastructure- and
results-related indicators are included such as researcher and engineer exchanges, holding of

international conventions related to S&T, number of corporate R&D facilities abroad and of
foreign affiliated research facilities in Japan, technology trade and internationalization of academic
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papers. A questionnaire survey of foreign firms conducting R&D activities in Japan was also
conducted and regarding other indicators, innovative approaches were taken in constructing them
and representing the results in tables. In terms of the indicator system the chapter deals with
internationalization indicators related to (3) R&D infrastructure and (4) R&D results as well as (5)
S&T contribution indicators related to international issues.

8 Science, Technology and Society

While parts of Chapters 6 and 7 report on direct result indicators of S&T, this chapter deals with
indirect results. Chapter 8 is made up of four parts namely contributions to industry, impacts on
life styles, contributions toward conservation of the global environment and effects of S&T on
culture. Since these all deal with a wide range of effects it is difficult to construct integrated
indicators. Hence the chapter used the method of selecting representative indicators and providing
the explanation using them. Most of the indicators presented in this chapter reflect an full-fledged
attempt to bring together indicators not reported in this way before. In terms of the indicator
system the chapter deals with indicators related to (1) S&T's social support infrastructure and (5)
contributions of S&T of the indicator system.

9 Public Opinion on Science and Technology

Based on an opinion polls of S&T, this chapter constructs and presents indicators related to
understanding  and perceptions regarding S&T in general and in individual areas of S&T such as
information and life sciences. In terms of the indicator system the chapter deals with (6) Societal
acceptance of S&T.

CONCLUSION : Outlook for Science and Technology Indicator
Development

Based on the experience developing S&T indicators and by with the expectation that the indicator
report will be published regularly in the future, the chapter sorts out and discusses future issues
such as improvements of the statistical data related to S&T, further enrichment of the indicators
themselves, development of data bases and international cooperaticn in developing indicators.
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CHAPTER 1
AN OVERVIEW OF SCIENCE AND TECHNOLOGY ACTIVITIES IN JAPAN

This chapter provides an overview of Japan's scientific and technological activities. It is a
summary of Chapters 2 to 9 from the original report. Each section number in this summary
corresponds to its respective chapter number from the original. Section 1. 1 of this summary
chapter, however, corresponds to Chapter 4 Section 4. 1 "R&D Investments and Activities”
thus, Section 1. 4 corresponds to Chapter 4, Sections 4-2 to 4-4 of the original. All other
sections correspond to their respective chapters.

1.1 R&D Investments and Activities

This section looks at the basic components of national R&D structure: expenditures and
personnel. The focus is on R&D expenditures and the number of R&D Scientists and Engineers
(R&D S/E) in time series and also through international comparison. International comparison,
however, calls for the modification of J apanese R&D data using a Full-Time Equivalent (FTE)
conversion ratio; a convention used in OECD S&T data to determine the actual number of R&D
personnel. Estimates of R&D expenditures and number of R&D S/E in Japan converted to FTE
figures are provided at the end of this section.

National R&D Expenditures

Since national R&D expenditures are reported in each country's respective currency,
comparisons are made by converting the data using purchasing power parities (PPP). Figure 1-
1-1 indicates the United States spends an amount far exceeding other countries for R&D (26.5
trillion yen in 1989). Japan follows with 11.8 trillion yen, representing 44.6 percent of the
R&D in the United States. The increase in Japanese R&D expenditures, almost nine-fold in the
past two decades, surpasses the increases in other countries, particularly in the 1980's. The
exception of 1985-86 reflects depreciation of the yen relative to the dollar which caused a
decrease in absolute terms. The increase after 1986 has been far greater than the preceding
period. Meanwhile, the growth rate of R&D expenditures in the United States has stagnated
since 1985.

The relative amount of R&D expenditures in the national economy can be measured by their
proportion to GNP (Figure 1-1-2). In the case of Japan, the ratio of R&D expenditures to GNP
increased from 1.8 percent in 1970 to over 2.5 percent in 1983, and has remained
approximately at that level. In the United States, the ratio of R&D to GNP has been declining
slightly in the past two decades. The result in this decline in R&D expenditures shows the US
being surpassed by Germany in 1974 and by Japan in 1983. In the United Kingdom,
meanwhile, the share of R&D to GNP has decreased by 0.2 percent from 1980 to 1982. It has
been recording slight increases since 1983, but has not recovered to the 1980 level.

A Noted feature of R&D expenditures in Japan is the relatively small amount of R&D
expenditures related to defense. Concerning R&D expenditures for civilian purposes, the United
States' amount of 18.4 trillion yen is much greater than that of other countries. Japanese civilian
R&D expenditures (11.8 trillion yen) are almost equal to the total R&D expenditures, but still
lags behind the United States total by about 7 trillion yen. It is thus evident that the United States
is also dominant in civilian-use R&D.

R&D Expenditures of Industrial, Academic and Government Sectors
In comparing R&D expenditures by sectors (industrial, academic and government), two aspects
need to be examined; providers of resources for R&D (sources), and users of such resources

(performers). Focusing on R&D sources, industry is the major contributor in Japan
(about 70 percent) and in Germany (about 60 percent).The importance of the industrial sector in
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Figure 1-1-1 National R&D Expenditures in Selected Countries
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Figure 1-1-2 Ratio of R&D Expenditures to GNP in Selected Countries
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those two countries (40-50 percent) far exceeds the role played by this sector in other Western
countries. Government bears the largest share in France (just over 50 percent), followed by the
United States and the United Kingdom. Thus, it becomes clear that in J apan, the proportion of
the R&D borne by government is small compared to other Western countries. Furthermore, the

Japanese government's share in R&D has fallen almost 10 percentage points in the past 10
years.

Industry uses the largest amount of R&D resources both in Japan and the United States.In Japan,
industry's share in R&D has increased by almost 10 percent, up from just over 60 percent in
1970 to nearly 70 percent in 1989. This tendency has even accelerated since 1987, whereas the
share of academia (colleges and universities) has been constantly decreasing, down by 9
percentage points in the same period. In the United States on the other hand, industry takes up a
slightly larger share than in Japan with over 70 percent in 1989. Over time, industry's share has
either remained static or has recorded minimal increases.

R&D expenditures flow from source to performer as shown in Figure 1-1-3. In Japan, industrial
R&D expenditures are borne almost entirely by industry. Thus, while a large part of Japanese
R&D resources flow from industry to industry, in the United States a large amount of R&D

Figure 1-1-3 Sectorial Flows of R&D Expenditures by Source and Performer (FY 1989)
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resources flow from government to industry. In 1989, over 50 percent of governmental R&D
resources were provided to industry, representing about 30 percent of total industrial R&D
expenditures. It can therefore be observed that the U.S. government provides a much larger
proportion of industry's R&D expenditures than in Japan. Similarly, considerable flows of R&D
resources from government to industry are recorded in Germany, France and the United
Kingdom.

National R&D Expenditures by Characteristic of Work

R&D activities can be classified into three work characteristics; basic research, applied research
and development. Looking at R&D expenditures by R&D characteristics in selected countries
(Figure 1-1-4), basic research takes up 13 to 14 percent of total R&D in Japan and the United
States, while in W. Germany (1987) and France, the share of basic research amounts to almost
20 percent of total R&D, largely surpassing the levels of the two former countries.

Figure 1-1-4 R&D Expenditures by Characteristics of Work
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Since increasing attention is being paid these days to basic R&D expenditures, international
comparisons should look at expenditures by sector for Japan and the United States. First,
expenditures for basic research in industry represent about 6.5 percent of total R&D in Japan,
and about 3 percent in the United States. The share of basic research in colleges and universities
in Japan has been declining constantly in the past decade, falling under 50 percent in 1988. In
the United States meanwhile, the academic sector uses over 60 percent of total basic R&D
expenditures and the share continues to increase.

R&D Personnel

The numbers of R&D S/E in major industrialized countries are as follows; in Japan, 535,000 in
1989 and 560,000 in 1990; in the United States, 950,000 in 1988; in Germany, 166,000 in
1987; and in France, 115,000 in 1988. These numbers show that the United States has far more
R&D S/E than the other countries shown. Concerning changes in the numbers over time (Figure
1-1-5), the United States has not only been dominant in the 1970's and 1980's, but it even
accelerated the increase since the late 1970's. Japan has the second largest number of R&D S/E, a
figure which has been steadily increasing. Looking at the changes in the number of R&D S/E by
sector in each country through the 1970's and 1980's, the number has increased both in Japan
and the United States in industry by about 200,000, thus contributing to the overall expansion of
R&D S/E personnel. On the other hand, the increases in Germany (50,000) and in the United
Kingdom (less than 30,000) have been much smaller in scale than Japan and the U.S. In France,
the number of R&D S/E in both industry and in government facilities has increased by 20,000
during the same period. Colleges and universities in Japan have recorded a major increase of
80,000 R&D S/E in the past two decades.

Figure 1-1-5 Nufnber of R&D Scientists and Engineers in Selected Countries
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In making an international comparison on the number of R&D S/E, their relative number in
relation to the labor force and to total population are as important as their absolute number. In this
sense, the following two indices have been adopted; the number of R&D S/E per 10,000
employees (hereinafter referred to as number of R&D S/E per labor force) and number of R&D
S/E per 10,000 persons (hereinafter referred to as number of R&D S/E per population). Japan is
ahead of the United States in each of these two indices. In 1988, the number of R&D S/E per
labor force was 83 in Japan and 65 in the United States, while the number of R&D S/E per
population was 42 and 33 respectively. Indices in Germany and in France also show upward
tendencies.

Finally, because Japan does not adopt the same measurement methods as undertaken in other
OECD countries concerning the number of R&D S/E personnel and the amount of R&D
expenditures, direct international comparison is difficult. In fact, simple head counting of the
number of R&D S/E is used in Japan, whereas other OECD countries utilize a ratio referred to as
Full-Time Equivalent (FTE); the number of R&D S/E calculated on the basis of their actual time
devoted to R&D activities and thus the FTE concept draws a distinction between R&D and other
activities. The result is that in countries like Japan, where the FTE convention is not adopted, the
number for R&D S/E and R&D expenditures end up being comparatively overestimated.
However, simple head-counting is as important as FTE adjusted statistics. It is thus
recommended for Japan to use the FTE concept in addition to the traditional head counting
method, and in turn for the other OECD members to report head count as well as FTE adjusted
R&D S/E personnel data.

Calculations applying the FTE conversion ratio to the latest Japanese data for the purpose of
international comparability are shown. Conversion of Japanese data to FTE adjustments for
number of R&D S/E is tentatively made using the following coefficients; 0.7 for R&D S/E in
industry, 0.5 for college and university R&D S/E and 1.0 for government sector R&D facilities.
As a result, Japan's R&D expenditures for 1990 amount to about 10.1 trillion yen, representing
85 percent of the non-FTE modified figure for R&D S&E cited previously. The ratio of FTE
adjusted R&D S/E to GNP is about 2.5 percent (2.9 percent in the non-FTE figure), a similar
level to that of the U.S. The number of R&D S/E converted to FTE is about 360,000 in 1990,
'65 percent of the original non-FTE calculation, indicating that there are over 50 R&D S/E per
labor force, and less than 30 per population; both figures do not reach the U.S. FTE-adjusted
levels. .




1.2 Human Resource Development in Science and Technology

Science and Technology activities are fundamentally nurtured by promotion of human resources.
This section looks at trends in three crucial aspects of S&T education: educational achievement in
primary and secondary schools, higher education resource trends and employment of graduates
from higher education.

Primary and Secondary Education

Science and Technology related curricula are included in the mathematics and science subjects of
elementary, junior and senior high schools. In recent years there has been little change in the
number of lessons in these two subject areas, which are supervised in accordance to the study
guidelines established by the Ministry of Education. '

An international comparison of student performance at the primary and secondary levels shows
Japanese students outperform all others in mathematics but this favorable position changes in
science with performance deteriorating at higher grade levels. In international comparisons of
mathematics subjects, Japanese junior high school students have the highest correct answer
percentages while senior high students are ranked a close second. In science related subjects,
Japanese and Korean student performances are highest at the primary level, while at the junior
high level Japan is second to Hungarian students who maintain a slight lead. At the senior high
school level, although the performance of students in the Social Science and Humanities-Focus
Group is ranked third in Required Science, Natural Science-Focus Students are ranked only
between 5th and 11th respectively, with considerable difference in correct answers compared
with those who ranked first (Figure 1-2-1). '

Figure 1-2-1 Performance in Science Subjects by Primary and Secondary
School Students: International Comparison
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The installation of computers for pedagogic purposes at the primary and secondary levels is
expected to give students more interest in and familiarization with computers thereby raising
interest and knowledge concerning science and technology. Computer related education can also
contribute to meeting the increasing demand for information engineers by promoting professional
capabilities from an early stage. Subsidies for the installation of computers in government
elementary and junior high schools have been initiated by the Ministry of Education in 1985 and
again more recently. As a result of this governmental support, as of March 1989 more than 20
percent of the elementary schools and almost 50 percent of all junior high schools are equipped
with computers. Nevertheless, the number of computers installed in elementary schools is on the
average only 3 per elementary school and just over 4 for junior high schools. In commercial and
industrial senior high schools, introduction of computers for education started a little earlier than
in elementary and junior high schools, and consequently, over 96 percent of those schools are
now equipped with computers, though their number per school (just over 25) is still considered
to be modest.

Information science €ourses are expanding at the senior high school level in order to meet
changing social demands. At this level of education, both the number of courses related to
information science and data processing and the number of students in these courses have nearly -
tripled from fiscal year (FY) 1980 to FY 1989. Furthermore, as demands for information
engineers become more pressing, human resource development needs related to higher education
are expected to increase. Because of the expansion of these information science and data
processing subjects, the focus of human resource development in vocational education is -
expected to change.

Technical courses at senior high schools, especially at technical high schools play a
fundamentally crucial role in the support of education and development of engineers. The number
of students in these schools peaked in 1965, surpassing 620,000 due greatly to the large
enroliment of students born in the baby-boom period after World War II. While the ratio and the
enrollment numbers in senior high schools have both increased rapidly in the 1960's, the
proportion of technical high school students to total students has shown a downward trend after
hitting a peak in 1970. A time lag of five years between peaks of absolute number and relative
proportion seems to reflect the relative emphasis placed on vocational education in certain
prefectures and the general attractiveness of technical high schools in general.

The decline in the number of students and courses in technical high schools is coming to a
temporary halt, as students born in the second baby-boom period are currently of high school
age. But with a rapid decrease of high school students expected after 1995, enrollment in
technical high schools is expected once again to decline.

Higher Education

Academic department preferences by aspirants to college and university education can gage the
popularity of science and engineering departments and in general reflects the popularity of S&T
related professions. The number of students seeking entrance to engineering departments has
fluctuated in the 1965-1989 period; increasing in the late 1960's, recording a constant decline
until the late 1970's, then expanding rapidly until the late 1980's, only to make a downward turn
after hitting a peak in 1988. The increase in the late 1960's can be explained in part by a period of
economic boom and expansion, the constant decline from the early 1970's by a recession in the
manufacturing industry due to the oil crisis, and the upward trend in the early 1980's by
conditions of economic prosperity. However, in 1988 and 1989, despite favorable conditions for
manufacturers and consequently for graduates from engineering departments, applications from
new students to engineering departments have decreased. Similar tendencies can be Noted for
applicants of natural sciences departments.

Enrollment statistics for colleges and universities (Figure 1-2-2) indicate an upward trend in the
late 1970's, a static trend after a peak in 1978, and a rapid increase since 1985. Factors such as a
stable business climate and improved conditions for receiving students in colleges and
universities are reflected in these enrollment changes.
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Figure 1-2-2 Number of Students in Colleges and Universities
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Of all the departments in colleges and universities, social sciences departments receive the largest
number of students, followed by engineering, humanities, medical and pharmaceutical sciences,
agriculture and natural sciences. There are twice as many students enrolled in social sciences
departments as there are in the second ranking engineering departments. Statistics also suggest
that the number of students in social sciences and humanities have recorded an increase similar to
the increase in the total number of college and university students in the late 1980's, while those
of engineering and natural sciences have remained almost static. The waning popularity of
science and engineering is conversely reflected in an increase of students entering the social

sciences and humanities.

Human resource development in higher education requires infrastructure investments.
Educational infrastructure can be assessed in terms of expenditures for education and R&D. As
for national and local government colleges and universities, growth in the scale of higher
education is translated in increases of expenditures for education and R&D. The largest increase
(about 550 billion yen) is seen in the period from 1975 to 1980. In 1987, expenditures for
education and R&D increased 5.1 times. In nominal terms, it has increased by 2.2 times the 1970
level. Also the number of students and real expenditures per student have both grown 1.5 times.

Looking at expenditures by department, hospitals attached to universities not only spend an
increasing amount of resources, but their share in expenditures is larger than that of other
departments. Expenditures for all natural sciences and engineering related departments are
increasing constantly both in real terms and in proportion to expenditures, reflecting a policy
which emphasizes education and R&D in natural sciences and engineering.
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Examination of expenditures for education and R&D by private colleges and universities shows
how these institutions play an increasingly important role in Japanese higher education.
However, it is only after 1980 that their expenditures have come to surpass those of national and
local government colleges and universities. The share of R&D expenditures by science and
engineering and other natural science related departments is much the same in national and local
government as well as private colleges and universities.

Employment of University Graduates and Enrollments in Graduate Schools

In 1970, 68 percent of the graduates from higher education science and engineering departments
of higher education were employed in the manufacturing sector. This proportion dropped to 43
percent in 1980, recovered to 57 percent in 1985, but made a downward turn after 1986 to 51
percent in 1988. Trends until the early 1980's may be ‘explained by improving economic
conditions, but in the late 1980's, they reflect a tendency of alienation by science and
engineering graduates from manufacturing towards service sector employment.

The number of students enrolled in master's degree courses (Figure 1-2-3) shows an increase
since 1979, reaching 58,228 in 1989. The total number of master's level students in engineering-
related departments has been increasing since 1979 to 26,777 in 1989 or a 46 percent increase.
The number of students in agricultural departments has fluctuated considerably since 1980, but
after peaking at 5,500 in 1987, their numbers have declined to 3,800 in 1989. In other
departments, the number of students has remained nearly steady.

The number of students enrolled in doctorate courses has increased yearly, reaching the 27,000
mark in 1989. Medial departments have a large and steadily increasing share (43 percent in
1989) in the total number of students (1,500 in 1989). Within these departments, medical
sciences takes up the largest proportion (79 percent in 1989). Engineering related departments
account for 2,600 students in 1977, but only 2,200 in 1982. This number is currently showing
an upward movement and has risen to 3,900 in 1989. These trends in doctorate and master's
courses reflect favorable conditions in the manufacturing sector and the rising demand for
students with sophisticated professional knowledge.

The number of degrees conferred to students reflects the results of developing human resources
for science and technology and is used as an indicator of S&T activities (Figure 1-2-4). The
number of master's degrees conferred to candidates has doubled in 15 years; up from 11,605 in
1971 to 22,354 in 1986. Engineering departments confer the largest number of master's degrees
(10,361 in 1986), representing 46 percent of the total.

As is the case of master's degrees, growth in the number of doctorate degrees has doubled in the
same period; up from 4,407 in 1971 to 8,533 in 1986. 5,281 Dissertation Doctorate degrees
(61.9 percent of the total) were conferred, representing 1.5 times the number of Course-work
Doctorate degrees. Dissertation Doctorate degrees awarded in medical sciences (2,713) take up
51 percent of the total number of conferred degrees, followed by engineering, agriculture,
dentistry, pharmaceutical and health sciences, and humanities and social sciences.




Figure 1-2-3 Number of Students in Graduate Courses
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1. 3 Supports for R&D

Social supports for R&D refers mainly to financial support provided to institutions engaged in
R&D activities. A characteristic of R&D in Japan shows that the private sector conducts R&D
activities using primarily industry resources with little help from other sectors. In fact, R&D
resources provided by the government for the private sector represent less than 2 percent of the
total budget for science and technology in Japan. In contrast, R&D activities in colleges and
universities and in national R&D institutes are mainly supported by governmental R&D
expenditures which are secured in the budget for science and technology. Most R&D activities in
these academic institutions are not directly regulated by market principles, thus academic R&D *
calls in principle for government support. In addition, financial support from foundations and the
activities of academic communities such as learned societies are considered social supports for
science and technology, specifically for academic R&D. In the context of support from the
public, learned societies provide both needed financial support and also are important in that they
~ provide a forum for information exchange among scientists and engineers. These R&D
promotion functions are considered to supplement government support for academic R&D.

Governmental Budget for Science and Technology

In Japan, the budget for science and technology consists of the General Account and Special
Accounts. The budget for science and technology included in the General Account is divided into
Expenditures for the Promotion of Science and Technology, R&D Expenditures Includéd in the
Energy-related Expenditures, and Other R&D Related Expenditures. The following are
descriptive details of items included in the science and technology budget.

(1) The Budget for the Promotion of Science and Technology consists of expenditures for
national R&D facilities and various subsidies.

(2) The Energy Budget for R&D item includes new energy technology and energy conservation
technology. This budget area was part of Expenditures for the Promotion of Science and
Technology until 1978, after which it was established as a new budget category.

(3) The category of Other R&D Related Expenditures include the costs for educational support,
for economic assistance, and for small-to-medium-sized enterprises, among others.

(4) Science and Technology Related Expenditures in the Special Accounts consist of the Special
Account for National Schools, for the Promotion of Power Resource Development, and for
Coal and Oil and Alternative Energy, as well as the Expenditures for R&D included in the
Special Account for Industrial Investment.

The budget for science and technology represents about 3 percent of the General Account in the
national budget, a percentage which has changed very little in the past decade. The S&T budget
ratio to GNP is 0.4-0.5 percent. In the United States, W. Germany, France and the United
Kingdom, the ratio of science and technology budget to GNP is between 1.0 and 1.2 percent.

In Japan, implementation of large scale projects such as energy development and space
development take up a large portion of the budget for science and technology. R&D expenditures
of national R&D facilities and colleges and universities are dependent on the governmental
budget, and funds spent on R&D activities in these institutions represents about 50 percent of the
total budget for science and technolagy. Colleges and universities are engaged in academic R&D
in basic research as well as in other aspects of higher education, while the principal task of
national R&D facilities is to conduct experimental R&D in line with administrative needs. R&D
activities in these academic institutions are not directly determined by market mechanisms and
therefore have a different characteristic from industrial R&D activities. On the assumption that the
budget of national colleges and universities and R&D facilities represent a direct support for basic
research by the central government, about 50 percent of the total budget for science and
technology is estimated to be spent for basic research. In FY 1989, this sum was approximately
910 billion yen, representing only 8 percent of total R&D expenditures in Japan.
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In the past two decades, the budget for science and technology (in the General and Special
Accounts) has increased over 6 times in nominal terms, up from 300 billion yen in FY 1971 10
1.9 trillion yen in FY 1990 (Figure 1-3-1). Considering inflation in this period and calculating
expenditures in real terms using GNP deflators (benchmark: 1980 figures), in the last five years
(FY 1985-90), the share by component in the total budget for science and technology has been as
follows: 14-15 percent for national R&D facilities, 35-36 percent for national colleges and
universities (including subsidies for private and government schools), 47-49 percent for the
category of various subsidies and governmental investment, and 1 percent for administrative
costs. These shares have changed very little in the last five years. As regards allocation of the
science and technology budget among ministries and agencies, the Ministry of Education has the
largest share with 47 percent, followed by Science and Technology Agency with 26 percent,
and the Ministry of International Trade and Industry with 13 percent. Expenditures by these three
government agencies represent over 80 percent of the total budget for science and technology in
Japan. Each of the other ministries and agencies uses no more than 5 percent of the total budget
for science and technology: the Defence Agency with 5 percent, the Ministry of Medical and
Welfare with 3 percent, the Ministry of Agriculture, Forestry and Fisheries with 4 percent, the
Ministry of Posts and Communications with 2 percent and the Ministry of Transportation with 1
percent. These figures have remained almost unchanged in the past five years.

Figure 1-3-1 Budget for Science and Technology in Japan
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Science and Technology Agency, "Indicators of Science and Technology"
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Promotion of S&T by Foundations and Learned Societies

Support for R&D activities from various foundations and the activities of learned societies are
considered to have functions complementary to government support for academic R&D related to
science and technology.

In FY 1988, 246 incorporated foundations are reported to be mainly engaged in supporting R&D
activities. In addition, one corporate judicial body and six social welfare corporations are
providing similar R&D subsidies, which brings the total number of incorporated bodies engaged
in this kind of support to 253 (Figure 1-3-2). These foundations concerned with science and
technology implement a total of 642 projects. However, taking into account the fact that some
projects take multiple execution forms, the aggregate number of such projects comes to 708
(Figure 1-3-2). Foundations providing support for R&D are increasing in number recently as
shown by the fact that 87 have been newly established since 1980. In FY 1988, the total
operating expenditures of these support foundations amounted to 16.87 billion yen, of which
7.27 billion yen (about 43 percent) was spent as subsidies for R&D. This amount is smaller in
scale compared with the Grant-in-Aid for Scientific R&D provided by the Ministry of Education,
but is considered nonetheless to play an important part as a source for basic research funds.
Engineering and medical sciences are the two most prominent beneficiaries of these R&D
subsidies, followed by natural and agricultural sciences, social sciences and humanities. When
subsidized projects are classified according to their R&D subjects, medical sciences comes out on
top (taking up 39.6 percent of the total project number and 36.7 percent of the total resources in
1989), followed by engineering (24.1 percent and 24.7 percent respectively) and natural science
(10.5 percent, 13.9 percent).

The number of registered learned societies in 1976 was 785, 1,003 in 1980 and 1,236 in 1986
for an increase of over 200 for each period. Humanities-related are the most numerous learned
societies, closely followed by medical sciences. In total, 2,096,000 individuals and 90,000
organizations comprise these societies with 151 for natural science, 143 for engineering and 122
for agriculture. Concerning the number of individual members in these societies, medical
sciences has the most with 870,000 persons, followed by engineering with 520,000, humanities
with 250,000 and natural science with 220,000. The learned societies with the highest average
number of members is engineering (3,600 members) followed by medical sciences (2,500).

Figure 1-3-2 Number of S&T Support Foundations and Scale of Activities
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1. 4 R&D Activities in Industry, Academia and Government

Industrial R&D

Intramural R&D expenditures by Japanese industw in FY 1989 amounted to a little more than 8.2
trillion yen, representing 70 percent of total R&D and largely exceeding the amounts spent in
academia and government.

Figure 1-4-1 R&D Expenditures in Industry (by Industrial Sector)

Ré&D Expenditures
(Trillion Yen)
10 Industrial Classification
9k (selected industries)
g |- A Non-Manufacturing
0 oer Manufacturing
r Iron and Steel
6 General Machinery
s |- & Transportation Equipment
B hemica Products
ir Blectrical Machinery
3 -
2 -
l -

197 1972 1974 1976 1978 1980 1982 1984 1986 1988 Year

1971 1973 1975 1977 1979 1981 1983 1985 . 1987 1989

Statistics Bureau, Management and Coordination Agency, ‘Japan, -"Report on the Survey of
Research and Development"” ‘

and electronics equipment products take up almost 30 percent of total with 2.25 trillion yen, an
equipment products is due to growth of R&D expenditures originating from its corresponding

industry (i.e. communication and electronics equipment industry). Moreover, this product
category has the largest amount of “penetrated R&D expenditures” (expenditures originating from
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Figure 1-4-2 R&D Expenditures by Product Categories (FY 1989)
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The non-core business ratio of R&D expenditures, which indicates the diversification level of
R&D expenditures by a specific industry, forms the other side of the coin to the penetrated R&D ‘
expenditures ratio by a product category. The electrical machinery, chemical and transport
equipment industries; the three industries with the largest R&D ‘expenditures, are also the
industries with the lowest non-core business ratio of R&D expenditures (electrical machinery ,
with about 8 percent, chemical products with close to 10 percent, transportation equipment
machinery with about 11 percent). ' The non-core business ratio of R&D expenditures in these
industries has been low since the late 1970's. It can thus be observed that these three key
industries in the Japanese manufacturing sector spend large amounts of R&D funds primarily for
their core businesses.




In 1971 the number of manufacturing industry R&D Scientists and Engineers (R&D S/E)
surpassed 100,000. In the following two decades, the number increased three-fold to 300,000 in
1990, a fact which reflects a constant upward trend and underlines a great importance attached to
R&D in the manufacturing industry. According to Figure 1-4-3, which shows trends by selected
industries, the share of the industrial chemicals and synthetic fibers industry, and the electric
machinery equipment and supplies industry decreased in 1990, despite high levels in 1970. The
communications and electronic equipment industry, on the other hand, has witnessed a
significant increase in the number of R&D S/E (by a factor of 6) and in its industrial share (by
1.6 times), whereas increases in the motor vehicles industry were by a factor of 5 in absolute

terms and by 3 percent in total share. In 1990, 60 percent of all R&D S/E specialized in
engineering.

Figure 1-4-3 Number of R&D Scientists and Engineers in vIndustry (by selected industry)
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The ratio of R&D expenditures to sales and the ratio of number of R&D S/E per 10,000
employees are adopted in order to measure "R&D intensiveness”. In all of manufacturing, R&D
expenditures relative to sales remained almost static in the 1970's but recorded significant
increases in the 1980's. The number of R&D S/E per 10,000 employees has stayed
approximately at the same level in the past two decades. As a consequence, a constant growth of
R&D intensiveness in the manufacturing industry is observed.

The R&D intensiveness in R&D expenditures by industry in decreasing order is as follows:
drugs and medicines, communication and electronics equipment, electric machinery equipment
and supplies and precision instruments. The order of R&D intensiveness in R&D expenditures is
different from that of R&D intensiveness in R&D S/E. R&D S/E intensiveness is highest in the
oils and paints industry, followed by the other chemical products industry, the communication
and electronics equipment industry and the industrial chemicals and chemical fibers industry.
R&D intensiveness in expenditures is highest in chemical-related industries which can be
classified as process-dominant industries.

Figure 1-4-4 R&D Intensiveness
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An R&D facility is an indispensable element in the infrastructure supporting R&D activities. A
large number of these facilities can be found in the chemicals and electric machinery industries.
The number of R&D facilities per enterprise is largest in the communications and shipping
industries. The two dominant R&D subjects areas on the other hand, are chemistry and
electricity/electronics.




R&D in Academia

As regards the amount of R&D expenditures by establishing academic body, since 1974 the
increase in private colleges and universities has been larger than that of national colleges and
universities. From FY 1970 to FY 1980 expenditures in national, local government and private
colleges and universities increased by a factor of 5, 4.5 and 7 respectively. The breakdown of
R&D expenditures at national, local and private colleges and universities in FY 1989 was 0.9,
0.1, 1.1 trillion yen respectively. R&D expenditures in private colleges and universities are the
largest for the three categories. These increases underscore the growing prevalence of private
educational institutions in the total R&D effort.

Figure 1-4-5 R&D Expenditures in Colleges and Universities
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Looking at R&D expenditures by academic field, it becomes clear that growth in agriculture is
stagnating. Compared to the FY 1970 levels, the FY 1989 levels of R&D were higher by factors
of 7 in natural sciences, 6 in engineering, 4 in agriculture and 6 in medical sciences. In ail natural
sciences and engineering and in humanities and the social sciences, comparable levels were 6
and 5.5 times higher in FY 1989. R&D expenditures in FY 1989 were nearly 200 billion yen in
natural sciences, a little less than 500 billion yen in engineering, 100 billion yen in agriculture,
nearly 550 billion yen in medical sciences. In other words, in all nataral sciences and
engineering, total R&D expenditures were 1.3 trillion yen. R&D expenditures in agriculture are
lowest of all academic fields.
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R&D S/E in academic institutions, including teaching staff and medical staff, totaled nearly
200,000 in 1990. Over 70 percent of these R&D S/E (150,000 persons) are teaching staff with
the number of students and medical staff at 30,000 each. The trend in the total number of R&D
S/E personnel shows a constant upward movement,

By academic field, 130,000 R&D S/E (about 65 percent) are engaged in natural sciences, while
70,000 focus on humanities and social sciences. In 1961, the ratio of R&D S/E in all natural
sciences and engineering versus humanities and social sciences was 48:52 in favor of the latter.
In the subsequent years, however, this ratio was reversed (54:46) and the share of all natural
science and engineering R&D S/E has been increasing gradually ever since. Within all natural
science and engineering subjects, medical sciences have the largest share (40 percent) with
80,000 R&D S/E, recording a 6 percent increase over the last 15 years. Engineering, natural
sciences and agriculture follow in order with 30,000, 10,000, and 8,000 R&D S/E respectively.
Medical sciences have a high growth rate as well as a high share, while natural sciences,
notwithstanding a small share, are showing an even larger growth rate than that of medical
sciences.

By establishing body, intramural R&D expenditures per R&D S/E have increased rapidly in
private colleges and universities since 1971. In the period from FY 1970 to FY 1989, these
expenditures increased 2.5 times for national and local government colleges and universities and
by almost 3.5 times for private colleges and universities. In FY 1989, this number amounted to
only 9.6 million yen and 8.5 million yen respectively for national and government colleges and
universities, while their private higher education counterparts spent 11 million yen. Intramural
R&D expenditures increased almost 4 times in natural sciences and engineering respectively,
doubled in medical sciences and grew over 2.5 times in all natural sciences and engineering.
These trends indicate medical sciences grew slowest by academic subject area. Expenditures in
FY 1989 amounted to 14 million yen for both natural science and engineering, 13 million yen for
agriculture, 7 million yen for medical sciences and 10 million yen for all natural sciences and
engineering areas.

The number of departments, defined as a unit of a R&D organization in colleges and
universities, exceeds 2,000. A majority of departments (1,200) belong to 4-year colleges and
universities, followed by junior colleges with 600, and departments attached to universities with
200. Organizationally, over 600 departments belong to national colleges and universities, while
1,400 (over 60 percent) belong to private colleges and universities. There are 900 humanities
and social science departments, which take up 40 percent of the total number, followed by all
natural sciences and engineering departments. The analysis shows, engineering-related
departments have the largest share within all natural sciences and engineering.

R&D in Governmental Institutes and R&D Foundations

This category of R&D organization includes (1) national R&D institutes, (2) semi-governmental
corporations which conduct R&D as their principal activity (hereinafter referred to as semi-
governmental R&D organizations) (3) public R&D organizations established by local
governmental authorities, and (4) private R&D institutes mainly foundations.

The amount of R&D expenditures spent in these R&D organizations was 1.45 trillion yen in
1989, representing more than 10 percent of total R&D expenditures, but this percentage has
been declining in recent years. Private and semi-governmental R&D organizations have a large
amount of R&D expenditures compared to local government institutes. The growth rate of R&D
expenditures is high among private facilities and low among national and local government
institutes.

40,000 R&D S/E or 7 percent of the total work in these R&D facilities, but recent trends show
that their increase is smallest compared to R&D S/E in industry and colleges and universities. In
particular, R&D S/E in national R&D institutes are increasing very slightly, and the number of
R&D S/E in local government R&D facilities has remained almost static since 1970. R&D S/E in
private R&D institutes increased rapidly, particularly in the 1980's.
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Looking at the number of R&D S/E and the amount of R&D expenditures in detail, self-
government R&D organizations and private R&D institutes have currently a larger share in the
total amount of R&D expenditures than in the number of R&D S/E. National and local
government institutes, on the contrary, have a larger ratio of R&D S/E than of R&D
expenditures. These facts reflect the particular characteristics of R&D activities in each type of
institute. For example, national R&D institutes show a propensity to use R&D expenditures for
equipment and facilities more than local government R&D institutes.

The number of national and self-governmental R&D institutes has changed little over time. The
number of local government institutes, however, has fluctuated to a certain degree, and is
currently showing a downward trend after a peak at 642 in FY 1983. The number of private
R&D institutes has been increasing greatly with a significant increase since FY 1983. When
classified according to academic field (natural sciences, engineering, agriculture and medical
sciences), engineering and agriculture are dominant in national R&D facilities, agriculture at
national R&D institutes, agriculture in local government institutes and natural sciences in self-
- government R&D institutes.
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1.5 Regional R&D Activities

Interest in regional science and technology activities is growing in recent years. Policies such as
the Fourth Comprehensive National Development Plan have focused on regional development
wherein the main objective is to reverse the tendency to concentrate activities in Tokyo and
consequently to promote a multipolar pattern of national land use throughout Japan.
Concurrently, developments in science and technology have been significant, contributing for
example to the rapid formation of new social infrastructures including information and
communication networks. In addition, the important role of technological innovation in the
advancement of industrial technology and in the development of the economy as a whole are
gaining widespread recognition, and as a consequence, science and technology are considered to
be main contributors to the revitalization of regional economies. In recent years, local government
authorities are drawing up regional development plans centered upon R&D activities and are
implementing regionally oriented policies for the promotion of science and technology, including
the establishment of councils for that purpose.

In this section, the discussion will focus on some of the features of technological activities in
Japan by adopting indicators based on science and technology related data in each region.

Human Resources for R&D in Colleges and Universities

There is no significant regional gap in the number of teaching staff in engineering departments at
national colleges and universities, though compared with the national average, the number is
slightly smaller in the regions of Shikoku and Kanto, excluding the Tokyo Regional Area, and
slightly higher in the Hokuriku region. For private colleges and universities however, the Tokyo
Regional Area (TRA - Tokyo Municipality and Kanagawa Prefecture) has twice the number of
both teaching staff and students as the national average, indicating a concentration of private
academic institutions in the TRA.

While comparisons of the number of students in undergraduate courses show no major regional
gaps for national colleges and universities, a significant concentration of undergraduates in the
TRA is seen for private colleges and universities. As for the number of students at the graduate
level, most students in doctorate courses are concentrated in the TRA and Kinki region, while in
masters courses, trends show a mixture of undergraduate and doctorate courses, reflecting a

_certain extent of imbalance among regions. Graduate students, along with teaching staff, are
considered to contribute to R&D activities; therefore, the TRA and the Kinki region show the
highest potential for R&D activities as estimated from their human resources available for R&D in
colleges and universities.

Regional Distribution of Private Sector R&D Facilities

There are 3,179 private R&D facilities in Japan as of FY 1989 (Figure 1-5-1) Tokyo Municipality
has one quarter of those facilities (763), followed by Kanagawa Prefecture with 13 percent 417)
and Osaka Prefecture with 12 percent (374). Taking into account the fact that the head offices of
most enterprises are concentrated in these three areas, it can be understood that factors such as
availability of information, human resources and R&D equipment are essential in determining the
location of R&D facilities. A study on the relationship between industrial production and R&D
expenditures indicates that R&D activities and production facilities are not always located close to
each other. Particularly, R&D facilities in metropolitan areas tend to be located separately from
production facilities. The number of R&D facilities in metropolitan areas is 1,554, representing
almost one-half (49 percent) of the total number of private sector R&D facilities. :

R&D facilities in places other than metropolitan areas are considered to have somewhat stronger
ties to production activities, i.e. they tend to be located closer to production facilities. 1,096 R&D
facilities are located in these areas, representing over one third (34.5 percent) of the total private
R&D facilities.




Figure 1-5-1 Number of Private R&D Facilities
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R&D Activities in Private R&D Facilities by Region

41 percent of the R&D Scientists and Engineers (R&D S/E) in private R&D facilities are
concentrated in the TRA, followed by the Kinki region with 21 percent, Kanto with 15 percent,
Tokai with 14 percent, Chugoku with 4 percent and Kyushu with 3 percent. Each of the other
regions (Hokkaido, Tohoku, Hokuriku and Shikoku) have no more than 1 percent each of the
total number of R&D S/E (Figure 1-5-2).

Looking at R&D expenditures by region, of all private R&D facility expenditures, 36 percent is
spent in the TRA followed by Kinki with 20 percent, Kanto with 17 percent, Tokai with 15
percent, Chugoku with 7 percent and Kyushu with 3 percent. As shown in Figure 1-5-3, the
share in the remaining regions does not exceed 1 percent each. Thus R&D S/E and R&D
resources are concentrated to a considerable extent in the TRA, and the Kinki, Kanto and Tokai
regions. The share of R&D S/E is almost proportionate to that of R&D expenditures, though the
amount of R&D expenditure per R&D S/E are somewhat larger in the Kanto and Tokai regions
than the national average.
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- Figure 1-5-2 Regional Shares in Total Number of R&D Scientists and Engineers
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Figure 1-5-3 Regional Shares in Total R&D Expenditures
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R&D S/E age composition show similarities in all regions. On the national average, 12 percent
of all R&D S/E are less than 25 years old, 43 percent are 25-34 years old, 29 percent are 35-44
years old, 14 percent are 45-54 years old, and 2 percent are over 54 years old. In the TRA, the
proportion of R&D S/E between 25 and 34 years of age is slightly larger than on the national
average, while the 35-45 age group has a larger share in the Kinki region compared to the
national average. When classified according to characteristics of R&D, on the national average,
10 percent of all R&D S/E are engaged in basic R&D, 36 percent in applied research and 55
percent in development. The proportion of R&D S/E engaged in basic research is around 10
percent in the TRA, Kanto, Tokai and Kinki regions. Again, compared with the national average,
the TRA has a higher percentage of R&D S/E engaged in applied research, whereas in the Tokai
region, more R&D S/E are engaged in development.

R&D subjects can be classified into chemicals and fibers, bio-medical and pharmaceuticals,
materials-related, mechanical engineering, electronics and electrical engineering. 41 percent of all
the R&D S/E in Japan are located in the TRA. In the national total of R&D S/E engaged in
chemicals and fibers, bio-medical and pharmaceuticals and materials-related subjects, 30% are
concentrated in the TRA. 40 percent of the national total engaged in mechanical engineering and
50 percent of those in electronics and electrical engineering are also concentrated in the TRA. In
the Kinki region, on the other hand, bio-medical and pharmaceuticals R&D S/E are
underrepresented.

On the national average, the shares of basic research , applied research and development in total
R&D expenditures are 9 percent, 34 percent and 57 percent respectively (Figure 1-5-4). The
share of basic and applied R&D is higher in the TRA than in the Kinki region, whereas
development expenditures indicate a larger share in the latter region. The share of basic R&D
expenditures is smaller in the Tokai region than the national average, while it is approximately at
the national average in the TRA and the Kanto and Kinki regions. As far as development
expenditures are concerned, however, the share is much higher in the Tokai region than at the
national average.

Figure 1-5-4 R&D Expenditures by Characteristic of R&D
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In the Kanto region, more R&D expenditures go to chemicals and fibers, bio-medical and
pharmaceuticals and materials-related subjects than for mechanical engineering and electrical
engineering. An extremely high percentage of R&D expenditures are being spent for electronics
and electrical engineering in the TRA. In the Tokai region, mechanical engineering R&D has the
largest share, while in the Kinki region, chemicals and fibers and materials-related R&D have
even higher shares than in TRA.

From regional standpoints, R&D activities of private sector R&D facilities are concentrated in the
TRA and Kinki. This seems to be because metropolitan areas provide more advantages than
other regions in carrying out R&D activities such as access to science and technology information
and relative ease in recruitment of R&D personnel.




1.6 Achievements of R&D Activities

This section discusses R&D output indicators.These include the number of scientific papers and
their citation frequencies, the number of application grants and number of new botanical species,
and the number of technological standards and awards for scientific and technological
achievement.

Scientific Papers

Indicators concerning scientific papers are essential in revealing the level of achievement in R&D
and the contributions to expansion of human knowledge of science and technology. This section
employs indicators relative to scientific papers based on a data base compiled by Computer
Horizons Inc. (CHI).

In 1986, Japan ranked 3rd behind the United Kingdom in output of scientific papers,
representing 7.7 percent of the world total. Japan is the only country among major industrial

countries that is currently increasing its world share of scientific and technical papers, and its
growth has been significant (Figure 1-6-1).

Figure 1-6-1 Country Share Trends in the Output of Scientific Papers
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Japan has a large share of scientific papers in the so-called 'substance series' sciences such as
engineering, chemistry and physics, while in mathematics and earth and space science, its world
share is relatively small. The Japanese share in engineering recorded a particularly significant
increase in the 1976-86 period, doubling in that decade. In the same period, the increase of
publications in life sciences such as medical sciences and biology surpassed the increase of the
Japanese share in all other subjects combined.

The output of scientific and technical literature concerns only quantitative aspect of R&D
achievements. It is therefore necessary to present qualitative indicators of scientific publications.
The premise taken is that the impact of papers depends on the number of times they are cited
in other articles, and that this frequency of citation

per scientific paper represents recognized "quality". Japanese scientific papers are the third most
cited in the world, cited more than those from Germany and other countries, reflecting their large-
scale global impact. On the other hand, the frequency per paper is rather low, thus indicating that
their quality has not quite reached international standards. However, quality seems to be
impro)ving as Japanese papers are being cited recently far more frequently than in the past (Figure
1-6-2).

A separate result indicator which reflects the status and extent of internationalization in R&D is
the number of international scientific and technical publications in a country. The following are
statistics concerning the number of such journals and magazines published in each country based
on the CHI data base. Japan's share in the number of scientific journals and magazines does not
reach even one half of its share in the output of papers, which suggests that only a small number
of international scientific publications are published in Japan. Thus, it appears that Japan needs
to make greater contributions in publishing of international scientific literature, which is
important for global distribution of R&D achievements. '

Cross-border submissions of scientific and technical papers are frequently made these days. The
level of internationalization of papers and scientific magazines in a country may be measured by
the number of papers carried in overseas publications and the number of foreign origin papers
carried in domestic publications. Many Japanese papers are published in foreign publications and
their number is increasing, which means that Japan is not only increasing but also
internationalizing its output of science. Conversely, it can also be said that only a small number
of non-Japanese origin papers are contributed to scientific publications published in Japan.

Citation frequencies of papers at the international level show that even though many Japanese
papers are being carried in scientific and technical publications overseas, they are much less
frequently cited in foreign publications. This low citation frequency, however, is reversing
significantly, reflecting a dramatic improvement of the international status of Japan in science and
technology.




Figure 1-6-2 Citation Frequency Trends of Scientific Papers in Selected Countries
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Patents

Among R&D achievements, patents have a close relationship with industrial competitiveness.
Statistics concerning patents are relatively reliable, as applications and grants of patents are made

through governmental organizations. This section analyzes patenting in Japan and other selected
countries.

The number of patent applications in Japan recorded a particularly remarkable increase in the
1980's, while the number of patent grants remained relatively unchanged over the same period.
By categories, patent applications were highest for both physics and electricity, whereas the two
categories of chemistry/metals/fibers/treatment and operations/transportation have the largest
shares of patent grants.

Each country has its own patent system, thus direct comparison of patents is difficult at the
international level. Comparison here is made on the number of patent applications submitted
externally by country (Figure 1-6-3). Most patent applications in Japan are made by Japanese
applicants and the number of patents submitted abroad is relatively small. In total number of
external patent applications, Japan does not reach the levels of the United States and Germany.
More than 30 percent of Japanese-origin patent applications made abroad are in the United
States, followed by Germany, the United Kingdom, France and South Korea.

Figure 1-6-3 The Number Domestic and External Patent Applications and Grants in Selected

-Countries
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In order to clarify the status of Japanese-origin patents applied for in countries with different
patenting systems, analysis is by country showing the number of patent applications and grants
in the United States” aid the European Patent Offices. According to the analysis, 20 percent of
all patent applications made in the United States are from Japan, the largest source of foreign
applications in that country. The United States has the largest share of patent applications in the
European Patent Office, followed by Germany, Japan, France and the United Kingdom.

The growth in the number of foreign patents granted in the United States is mainly due to the

increase of Japanese-origin patents, reflecting the relative importance of Japanese- origin patent

activity in that country. In order to compare patent quality, analysis is on the frequency of each

patent cited by examiners in the U.S. patent screening process. The share ‘of Japanese patents

<(:iFted wai g6rea)ter than in the share of patent grants, reflecting the high quality of Japanese patents
igure 1-6-4).

Figure 1-6-4 Frequency of Patents Cited in the United States
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R&D activities in Japanese industry can be measured by the number of patent applications made
by Japanese companies. The analysis shows the largest number of patent applications come from
the electric machinery industry, followed by the transportation, precision and general chemicals
industries. Furthermore, the electric machinery industry has a considerable share in almost every
category of patents, particularly in patent categories related to electricity. On the other hand, the
transportation machinery and general chemical industries make patent applications in their related
industrial categories. However, the integrated chemicals industry and other related industries
such as the medical products and oil and paints industries, are recently applying for patents in
non-related industrial categories. , ’

Registration of Botanical Species

A different R&D result indicator is registration of botanical species. The number of such
registration grants increased by 200-300 cases each year from FY 1984 to FY 1990.
Registrations are made mainly from individuals, botanical nursery companies and local
governments. In recent years, the share of individuals and agricultural cooperatives has been
declining in favor of botanical nursery companies, which are known to have specialized and
organized R&D activities. Flowering plants represent 50 percent of newly registered species,
followed by decorative trees and vegetables. Development of botanical species in the past was
made principally through classical crossbreeding methods. In recent years however, bio-
technology methods such as cell and tissue culture, embryo and ovule culture and cell fusion are
more frequently utilized and could result in an even larger number of registered species in the
foreseeable future ‘ ' :

Industrial Standards

The number of JIS (Japanese Industrial Standards) can be used as an indicator of the public
property value place on R&D activity achievements by the government. By sectors: chemistry,
general machinery, electronics equipment and electrical equipment have a large number of
standards included in the JIS. Most of the standards in the chemical sector were established in the
early 1950's, but for the general machinery and public works and construction sectors, the
establishment of standards is spread out over several years. A large number of standards were
established in the 1980's for electronics equipment and electrical equipment as well as for data
processing, a fact which indirectly reveals the rapid changes in the forms of industrial production
caused by the advancement of electronics. A large number of standards for medical safety
devices were also established in the 1980's, possibly reflecting the growing interest in safety
related technology. ‘

Awards for Scientific and Technologica! Achievement

Science and technology can also be evaluated through discussion of scientific award systems,
specifically through the "Award for Persons of Scientific and Technological Merit,"an award
given by the Minister of State for Science and Technology. In the 31 year period from the
establishment of the award system in 1959 to 1989, 637 awards related to science and technology
were included. The trends in each decade can be examined according to available data. In the
1960's, most of the awards went to techniques in categories of "precision machinery," "organic

chemistry," "transport machinery” and "iron and steel," reflecting the fact that science and
technology in heavy ' ' 0

industries played a central role in that period. In the 1970's, “electronics and parts" of
telecommunication equipment came on top of the list, underscoring the advancement of electronic
technology as compared to the 1960's. In the 1980's, chemistry-related awards show a low
representation. ’




1.7 Internationalization of Research &Development
Exchange of R&D Personnel

For several years, voices in the United States and other countries have pointed out the imbalance
in the exchange of researchers and engineers (R/E) (See original text Chapter 7) The argument is
that Japan dispatches a large number of R/E abroad while itself being relatively closed to non-
Japanese R/E. This criticism, however, is not based on the quantitative analysis on the situation

research exchange. This section analyzes the actual conditions concerning the exchange of R/E -

between Japan and other countries, according to the "Statistics on Immigration Control"
published by the Ministry of Justice.

Figure 1-7-1 shows the number of Japanese R/E leaving Japan and of non-Japanese R/E entering
the country. The number of both leaving and entering R&E personnel increased gradually from
the 1970's to the mid-1980's, has been growing rapidly since the late 1980's. Although the
increase in the number of leaving exceeded that of those entering, the ratio of the latter to the
former has shifted from 1:1.1 in 1985 to 1:1.7 in 1989,

Figure 1-7-1 Number of Researchers and Engineers Leaving and Entering Japan
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Looking at the destinations and origins, Japanese R/E almost always go to North America or
Europe, while most non-Japanese R/E coming to Japan come from other Asian countries,
indicating a considerable disparity among regions. By country, about half of the R/E personnel
leaving Japan are bound for the United States, whereas R/E from the U.S. represent less than 10
percent of the personnel entering the country, underscoring the significant imbalance in R/E
exchange between the two countries. As far as R/E from Japan to Europe and North America are
concerned, the U.S. receives 60 percent of the total from the two regions. On the other hand,
R/E from the U.S. represent 50 percent of those entering Japan from Europe and North
America. Thus, it can be understood that Japan undertakes more active exchange of R/E with the
United States than with Europe. : ‘ '

It should be Noted that Japan makes efforts to absorb new knowledge by dispatching a large
number of R/E to industrialized countries, particularly in Europe and North America trying at the
same time to transfer technological knowledge to other Asian countries.

Cross-border Flows of Research and & Development

Flows of R&D are indicated by trends in the R&D activities of Japanese company affiliates
abroad. Flows of R&D are also indicated by examining the R&D activities of foreign affiliates in
Japan and of trends in technology trade by industry.

According to the "Statistics on Foreign Investment" published by the Ministry of International
Trade and Industry, 367 Japanese affiliates abroad (almost 6 percent of the total Japanese
affiliates abroad) are engaged in R&D activities as of FY 1989. The total R&D expenditures in
these affiliates amounted to 64.6 billion yen in that same year, and almost 60 percent was spent
in electrical machinery, general machinery, chemistry and precision instruments. R&D
expenditures of manufacturing industries increased by 20 percent in 3 years (from FY 1986 to
FY 1989), while those of non-manufacturing industries decreased by 20 percent. As a result,
the share of manufacturing industries in total R&D expenditures increased from 76 percent in FY
1986 to 82 percent in FY 1989.

As of the end of FY 1989, there were 222 R&D facilities of Japanese affiliates, of which about
90 percent are located in North America, Asia and Europe (Figure 1-7-2). Manufacturing
accounts for more than 90 percent of these R&D facilities in Asia, and 70 percent of the
facilities in Europe. As for facilities in North America, about 50 percent were engaged in R&D in
non-manufacturing in FY 1986, but according to a survey in FY 1989, almost 70 percent of
them are now engaged in R&D in manufacturing.

Thus, Japanese R&D corporate facilities, manufacturers in particular, are becoming more actively
involved in R&D. However, the ratio of R&D sales for Japanese affiliates of manufacturers is
much lower than the similar ratio for their parent companies and even for establishments of
foreign-affiliated companies in Japan.

In Japan, foreign-affiliated chemical and electronic companies are also active in the creation of
R&D facilities.

In 1989, National Institute of Science and Technology Policy (NISTEP) conducted a survey of
the R&D activities of 132 foreign-affiliated companies in Japan. Most of the facilities (research
centers, technical centers etc.) of foreign-affiliated companies have been established in the
periods from the mid-1960's to the early 1970's (1st period), and from the early 1980's on (2nd
period); the same two periods in which Japanese private enterprises were actively engaged in the
establishment of their own R&D facilities. It seems typical of foreign-affiliated companies which
established operations after the mid-1970's, to set up R&D facilities in relatively early years in
their business operations in Japan. Most of the foreign-affiliated companies which established
their R&D facilities in the 1st period started as "business-type” companies; engaged mainly in
importing and market development, and gradually expanded. Those established after the mid-
1970's, companies of the 2nd period, are increasingly becoming "R&D- type" companies, opting
for R&D activities from the start of their Japan presence.
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Figure 1-7-3 Trends in the Number of R&D Facilities of Foreign-Affiliated Companies in Japan
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Technology trade (international commercial transactions involving compensations for patents,
utility models, know-how) is also an indicator of flows of R&D activities. The ratio of the total
amount of trade in technology to the balance of total trade in Japan has been increasing, indicating
that the growth of the former is exceeding the increase of the latter. According to the data
calculated by the Bank of Japan, Japan's balance of trade ratio in technology (exports of
technology divided by imports of technology) has gradually increased in the past 15 years, but
still is at a lower level compared with that of the United States, the United Kingdom, France and
Germany. '

Looking at Japanese technology trade by industry, imports and exports of technology trade have
approximately balanced in the drugs and medicines industry since the mid-1980's. It can
therefore be said that competitiveness in technological development in this industry reached the
international level at that time.

As far as the motor vehicle industry is concerned, after technology exports surpassed technology
imports for the first time in the early 1980's, there has been a large trade surplus in this
technology area, owing to a rapid increase in the exports since the mid-1980's. From the late
1970's to the early 1980's, 60-70 percent of the motor vehicle technology imports came from the
United States. This tendency, however, was reversed in FY 1984, and Japan has been holding a
large trade surplus in automobile technology with the United States. The increase in technology
exports from Japan has been accompanied by the development of Japanese automobile
production in the United States. The increase in the number of production facilities abroad as
well as the improvement in the competitiveness in technological development are therefore
considered to be main factors leading to a large trade surplus for the Japanese automobile
industry.




Figure 1-7-4 Japanese Technology Trade by Industry (FY 1989)
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1.8 Science, Technology and Society
Industrial Robot Use and Corporate Technical Executives

According to data published by Japan Industrial Robot Manufacturers Association, the number of
industrial robots in Japan has greatly increased since the late 1970's. In 1988, 55,900 industrial
robots (5.5 times as many as in 1978) were shipped, for a total value of 324.5 billion yen (12.8
times the amount in 1978).

This remarkable growth has occurred against the backdrop of technological advancement which
has subsequently led to reductions in robot prices. Figure 1-8-1, which shows the price index of
robots (a weighted average of price indices by robot types according to their respective shipment
value), clearly illustrates this situation. It is widely understood that in the past introduction of
robots improved quality and technology development. But at present in Japan, introduction of
robots by manufacturers is principally for their economic efficiency.

A much discussed question is whether robots in industry are attaining greater improvements in
operational sophistication. According to our analysis, there certainly is such a tendency towards
improvements, but the rate of improvements being observed at present are not as great as those in

the past .
Figure 1-8-1 Wage Index and Robot Price Index
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This section also classifies executives from 2,064 registered companies according to the
undergraduate departments they graduated from and calculates the ratio of graduates from science
and engineering related departments. This is used as an indicator for analyzing the level of
corporate utilization of scientific and technical personnel. The analysis shows a relatively high
ratio of scientific and technical personnel in the principal manufacturing industries in Japan,
namely in the electrical and machinery, transport equipment and chemical industries.
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Impact on Life Styies

In recent years, significant developments in the field of communications have been considered to
be contributing to the improvement of life styles. The relationship between achievements in

science and technology on the one hand and life styles on the other can be measured by the level
of information media use.

First examined is the total amount of information supplied in forms acceptable to receivers
(consumers) and the amount of information actually consumed. The total amount of information
supplied has grown considerably in the eighties due to a large increase in communications media
such as facsimile and VAN/ data communications. The total amount of information consumed,
however, has had a slight downward tendency, as a gradual decrease in the consumption of
information from terrestrial TV broadcasting services, which still supply about 50 percent of the
total information consumed, has not been fully offset by an increase in the consumption of
information supplied by newspapers, magazines and books.

The impact of changes in the amount of information on social activities can be measured by the
number of newspaper articles on science and technology. The number of specialized articles on
science and technology increased rapidly in the mid-1980's, while those of general science and
technology-related articles has stayed at the same level. This phenomenon reflects increasing
demand for detailed explanations on scientific matters and an increased awareness by
- publishers of the need to supply detailed information to their readers. The results of surveys,
along with public opinion polls conducted by the Prime Minister's Office, indicate increasing
opportunities to obtain scientific and technological information.

Figure 1-8-2 Supply and Consumption of Science and Technology Information
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Contribution to Global Environmental Conservation -

In Japan, consumption of petroleum increased rapidly in the 1960's, due to the expansion of
industrial activities particularly in heavy industries such as mining and manufacturing. This
industrial activity had also resulted in serious environmental pollution in the mid-1960's. The -
Japanese government has addressed the problem of environmental conservation by establishing
relevant laws and regulations as well as by developing technologies for the prevention of
environmental pollution through industrial technology development schemes.

Figure 1-8-3 Trends in the Number and Total Capacities of Fluegas Desulphurization Units

200 -
«f Treatment Capacity —
-4
§ 150 -
g
i
2 " Number of
g 100 .S 2,000 - Instaliations
7
Py 200
; AV NI
: M
: AN
af 1m0 o
A
A
ol o
S .
7 i
0. 7 Z WADNANDNNNGN Y
1970 | 1972 | 1974 | 1976 1978 ' 1982 1982 1984 1986 1988
‘ o ' Year
Environment Agency, "White Paper on the Environment 1990"




One such preventive technology is fluegas desulphurization. Figure 1-8-3 shows the progress in
the installation of fluegas desulfurization units, This technique and other measures for
environmental preservation such as use of low-sulphur crude oil have resulted in a lower level of
SOx discharges (in proportion to primary energy) in comparison to other industrialized countries,
as well as in the improvement in lower density of sulphur dioxide in the atmosphere (see Figure
1-8-4). NOx discharges from fixed origins such as factories have declined due to improvements
in burning methods and denitrification of fluegas, but the increase in automobile traffic has
caused a rise in NOx discharge levels, causing NOx density in the atmosphere to remain almost
unchanged. As for water pollution, despite development of preventive methods in factories and
establishments, households have increasingly become polluters of water in recent years.

An important global environmental issue is the phenomenon of global warming caused by rising
discharge levels of carbon dioxide. Since the oil crisis, countries have promoted changes in their
energy dependency structures (i.e. lowering dependence on petroleum) and have introduced
energy saving measures. However, in Japan and other countries, the switch to non-fossil fuel is
proceeding very slowly as is reflected in the discharge level of carbon dioxide (in proportion to
primary energy). Energy conservation progressed for 10 years until the early 1980's, but has
slowed down. This analysis shows how a reduction in carbon dioxide discharge could be made
possible through changes in the energy supply structure, and concludes that a switch to non-
fossil.cnergy sources needs to be further encouraged as a preventative measure of global
warming.

Figure 1-8-4 Changes in the Annual Average Concentration of SO3 and NO,
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Science, Technology and Culture

The public is increasingly exposed to the changes in world events. Japanese newspaper
publishing companies are now printing abroad through data transmission systems, using
satellites, thus enabling a steady information supply without tarnishing news "freshness”. In
addition, broadcast images sent to Japan via satellite are seen daily in TV news programs,
indicating large annual increases of images received (Figure 1-8-5). Japanese broadcasts are
also being sent abroad and are functioning as excellent sources of information, especially for
viewers in Asia who wish to have opportunities to get in touch with Japanese news and culture.
This growth in transmission and reception of broadcast illustrates how science and technology
contributes to international exchange of information and culture. ’

In artistic aspects, achievements in science and technology can be utilized to promote creative

television viewer interpretations. In this sense, computer graphics (CG) when used in

broadcasting programs, play an important role in aiding viewers comprchensmn and enabling
individuals to understand how media design and illustration work.

Figure 1-8-5 International Transmission of Images via Satellite
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1.9 Public Opinion on Science and Technology

An important indicator reflecting scientific and technological activities is public perception of
science and technology. Public opinion polls on science and technology are used to measure
these perceptions. Many of these polls concern energy (atomic energy in particular), life sciences
including organ transplants, and information sciences and the environment. Subjects in public
opinion polls reflect particular social problems surrounding the polling period, as can be
understood from the fact that a large number of these polls conducted after the 1985 Exposition
of Science and Technology focused upon public perception of science and technology in general.

General Opinions on Science and Technology

Public perceptions of science and technology which are reflected in these opinion polls indicate
public interest in science and technology has shifted in to U-shaped curve, and is recently
showing an upward trend reflecting greater interest (Figure 1-9-1). According to a survey
conducted in 1990, 10.2 percent of those interviewed are "very much interested” and 45.7
percent "somewhat interested" in science and technology, which means over half (55.9 percent)
of those polled show an interest in S&T issues. Previous polls also indicate men tend to be more
interested in science and technology issues than women.

Figure 1-9-1 Interest in Science and Technology
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Interest in science and technology is deeply related with the collection and dissemination of

information. Surveys indicate about 90 percent of those polled obtain information on science

and technology from such mass-communication media as TV, radio, newspapers and general
magazines (Figure 1-9-2).

Figure 1-9-2 Sources of Information on Science and Technology
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According to a survey concerning recognition of terms related to science and technology, while
terms such as GNP and computer software are well known by the public, only a small
percentage of those polled recognize the word DNA. As far as knowledge of science and
technology is concerned, more than 80 percent of those polled think that "continents are moving
little by little in a span of thousands of years," while those who believe "an electron is smaller
than an atom" represent less than 40 percent of the pollees. Results of these surveys depend on
the level of education and newness of knowledge as well as the frequency of appearance in the
media and level of specialization for each term.
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More than half those polled reflect positive images of science and technology through expressed
levels of interest and knowledge. However, the results of a survey on the relationship of the
advancement of science and technology with human satisfaction and individual fulfillment
suggests that more and more people have come to feel that the former does not necessarily lead to
the latter (Figure 1-9-3). Furthermore, many of those polled in a survey on the contribution of
S&T to working and living conditions see positive contributions resulting but concerns about
negative impacts such as abuses and mistakes in the utilization of science and technology were
concurrently expressed. It can be concluded that even though the public has positive opinions on
science and technology in general, there is also a concern about some aspects of scientific and
technological progress.

Figure 1-9-3 Public Perceptions on Achievements in Science and Technology
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Figure 1-9-4 Categories of Science and Technology to be Developed
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question about what sort of science and technology should be developed in the future. The result
60

is that "development of products to assist elderly and handicapped persons" and "development of

Desired paths on the promotion of science and technology are reflected in the answers to the
alternative energy sources" have broadest support among the public (Figure 1-9-4).
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Opinions on Individual Categories of Science and Technology

This séction examines public opinion on four selected categories of science and technology:
Information, Energy, Life Sciences and the Environment.

Information

The term "information society" (joho sShakai) is now recognized by over 80 percent of the
population, a figure which has increased by more than 10 points in the last 5 years. In addition,
the idea that modern society is becoming an information society has come to be broadly shared
among the public. However, those polled are divided on the perception of just what an
information society is, as the number of positive opinions is matched by that of negative ones.

Development and spread of computers are major factors contributing to the progress towards an
information society. According to a survey concerning the necessity of computers, approximately
80 percent of the respondents regard computers as indispensable in modem society. On the other
hand, a public opinion poll on the use of computers suggests that many people feel that
advantages and disadvantages of computers are not intrinsic to the technology itself but in the
human beings who use them. However, the poll also indicates that a large number of people also
agree with opinions which point out negative aspects of computers.

Invasion of individual privacy is one negative aspect pointed out in public opinion polls. More
than 60 percent of those polled are interested in the protection of privacy, and this percentage is
growing. Those who point out that the increase of privacy invasions are growing in number, and
represent almost 50 percent of those polled. Furthermore, over 70 percent expect further
increases in cases of privacy invasion in the future. If improvement and spread of computer
systems lead to their use by more people, especially by the younger generation, there may be a
sense of growing crisis among the population concerning invasions of privacy.

Energy

Many surveys have been conducted since the 1st oil crisis regarding energy conservation and
other energy problems and their solutions. In general, most of those polled are of the opinion that
energy conservation should proceed concurrently with an improvement in living standards, and
that possible energy shortages in this process are expected to be compensated for by new energy
developments.

Nuclear power generation is the most frequent theme in opinion polls on energy. According to
surveys on the promotion of nuclear power generation, a gradual decrease in opinions supporting
promotion since the late 1970's has resulted in a reversal of the situation in the 1986 poll, with
against nuclear power promotion becoming the majority and the gap between the two opinions
has been widening ever since (surveys conducted by Asahi Shimbun). It should be Noted here,
however, that opinions against the promotion of nuclear power generation represent those who
do not support the construction of new nuclear power plants, and include the opinion that the
current level of nuclear power generation is acceptable. In fact, the same Asahi-Shimbun poll
indicates that majority of those polled are of the opinion that nuclear power generation should
remain at current levels.

Incidents such as the Chernobyl disaster seem to affect public opinions on the promotion of
nuclear power generation. The same is true with the answers to questions concerning the safety
of nuclear power generation.

Survey results on future desired methods of electric power generation are also important in
determining the public image of nuclear power. The number of answers indicating nuclear power
as a main source of electricity generation in the future has shifted in a U-shaped curve, turning
upward after having bottomed out in 1980, and accounting for more than half of the total answers
in recent years. According to results mentioned above, it can be concluded that the general
public, despite opinions against the promotion of nuclear power generation, expect a careful
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development of nuclear energy, admitting the necessity for nuclear power generation to play a
central part in light of the energy resource situation in Japan and global environmental problems.

Life Sciences

Survey results indicate that 80 percent of those polled recognize the term "life sciences.” As for
more concrete terms, "in-vitro fertilization" and "artificial heart implants" are recognized by more
than 70 percent of the people.

80 percent of those polled have high expectations on advancement of life sciences, particularly
for treatment of cancer and hereditary diseases. The medical aspects of the achievements in life
sciences consist of contributions to prolonging human life. However, more than 60 percent
advocated for a natural death with minimal artificial intervention, more than double those who
advocate utilizing maximum means of science and technology to prolong human life.

Brain death and organ transplant issues are the most disputed subjects in the life sciences. More
and more people have come to accept the condition of brain death as death of a human being
(accounting for over 40 percent of the total responses in the 1985 survey), and those who do not
define real death at brain death are in the minority.

Concerning R&D in life sciences, which is also seeing broad interest, less than 1 percent of
those polled believe in the total freedom of R&D and use of technology. The majority of those
polled would require broad consensus in the R&D process concerning life sciences and in the
effect these achievements have on society.

Environment

Global environment issues are also of increasing public concern in recent years. There are thus
increasing expectations for science and technology to help make greater contributions to the
preservation of the environment.

About half those polled are of the opinion that we should seek a symbiosis between human
beings and nature, subjecting ourselves to the principles regulating life and nature but at the same
time using nature for the benefit of all. On the relationship between technological progress and
environmental problems, those polled are divided among three opinions; those who are
concerned about possible environmental problems resulting from technological progress, those
who believe in the "cleanliness" of new technology, and those who feel obliged to pay a certain
price in exchange for the benefits from advancement in science and technology. This situation,
plus a considerable number of "don't know" responses illustrate lack of consensus regarding the
proper relationship between technological progress and the environment.
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CHAPTER 2
HUMAN RESOURCE DEVELOPMENT FOR SCIENCE AND TECHNOLOGY

Human resource development is one of the most important fundamentals in scientific and
technological activities. Educational infrastructure is stratified according to the age of students
into primary, secondary and higher education. It starts with elementary education, at which point
the human resource development related to science and technology is considered to have already
commenced, and ends with such institutions as high schools, colleges, universities and post-
graduate schools, which provide personnel for R&D in the industrial, academic and public
sectors.

This chapter discusses the indicators of educational infrastructure, which plays an important role
in scientific and technological activities, in order of age of students. As indicated in the
introductory chapter, the indicators were chosen on the basis of a solid system called cascade
structure. Thus, these choices were made systematically though subject to the availability of
statistical data.

The chapter is composed of three sections; educational achievement in primary and secondary
education, higher education resource trends and employment graduates from higher education.
Concerning the primary and secondary level, an international comparison of performance in
science and mathematics, diffusion level of personal computers and technical courses in senior
high schools among others are provided as indicators related to science and technology education
in elementary schools and high schools. In higher education, such factors as number of
applicants for admission and enrollment and expenditures for education are adopted as indicators
of science and technology in colleges and universities. The section concerns employment of
higher education graduates and discusses employment of college and university graduates,
enrollment in post-graduate schools, and number of master's and doctorate degrees conferred.

2. 1 Primary and Secondary Education

The total number of students at the primary and secondary levels (elementary schools and high
schools) is currently showing a downward trend. At the peak of the second baby-boom period,
almost 2 million babies were born each year, but since then, the drop in the number of newly
born chilgge(x)l has been accelerating. For example, only 1.2 million children were estimated to be
born in 1990.

Thus, enrollment at the primary and secondary levels has been decreasing. At these levels,
mathematics and science are considered to be the subjects having a close relationship with science
and technology. The number of lessons in these subjects is supervised in accordance with the
study guidelines established by the Ministry of Education. These guidelines seem to be well
observed though slight differences may exist according to educational policies in each school.
The standard teaching hours specified in the course of study have changed very little in the past
as far as these two subjects are concerned. Lessons in mathematics account for 175 unit hours
(see Note) from the 3rd through 6th grade in elementary schools and 105-140 unit hours in junior
high schools. Situations in senior high schools vary from 350 to 560 unit hours according to
whether they are general or technical schools.

Lessons in science, on the other hand, account for 105 unit hours in elementary schools and 105-
140 unit hours in junior high schools. In senior high schools, the total lessons in optional
scientific subjects such as physics, chemistry and earth science account for 210-350 hours in the
three years.

Note: A standard unit hour at the primary and secondary levels corresponds to 45 minutes in elementary schools and 50
minutes in high schools.
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2. 1.1 Student Performance in Mathematics and Science

What is the performance of Japanese elementary and high school students in mathematics and
science? An international comparison of performance at the primary and secondary levels is
difficult due to the differences of educational systems and policies among nations. The IEA (see
Note (1)) makes comparisons in mathematics and science education. This international
cognparative research indicates that Japanese students have relatively good marks in both
subjects.

In mathematics, Japanese junior high students have the highest scores in every category (Source
1, Figure 2-1-1). Compared with the international median score (which can be considered as the
international average), Japanese students have high correct answer percentages in algebra,
geometry, probability/ statistics and measurement. Japan leads the country ranked second by a
very comfortable margin in each of these categories. Therefore, Japanese junior high students can
be considered internationally to have excellent performance in algebra, geometry, probability/
statistics and measurement. Incidentally, Dutch students are in second place in mathematics.

Figure 2-1-1 Performance of Elementary and Junior High School Students in Mathematics:
International Comparison
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As far as senior high school students are concerned, Japanese students are ranked second in each
category (Source 1, Figure 2-1-2). However, it cannot necessarily be conclude from this fact that
the performance of Japanese students declines relatively as they move from junior high to senior
high schools. In fact, Japanese student performance exceeds the international standard in each
category, even though it is only in second place. Furthermore, Japanese students are close to
Hong Kong students, ranked first, in all categories but numerical systems and analysis. In
making such comparisons, differences in curricula need consideration. If you allow for such
differences to be represented by the percentage of students studying each category of subject,
countries with large number of students studying algebra and analysis tend to have good
performances as regards these two respective categories (Source 1).

Figure 2-1-2 Performance of Senior High School Students
in Mathematics: International Comparison
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Concerning performance in science (Source 1, Figure 2-1-3), Japan is ranked first at the primary
level along with South Korea, and second at the junior high level, with Hungary holding a small
edge. At the senior high level, Japanese students in the Social Science and Humanities-Focus
group are in third position in required science, whereas the Natural Science-focused group
students are ranked between 5th and 11th. No international scores are available in science.
Compared with the correct answer percentage of the country at the top, Japan trails by more than
10 points in all categories but total science subjects, and in biology and chemistry, the margins
exceed 20 points. These facts suggest that the performance of Japanese students is relatively
lower in science at higher educational levels. Students in the U.K., Singapore and Hong Kong,
on the contrary, show top-level performance at the end of their secondary education,
notwithstanding fairly mediocre scores in elementary and junior high school (Source 1).

It is currently pointed out that the performance of Japanese students declines relatively as they
grow older, and that their correct answer percentages are considerably lower in subjects calling
for much thinking than in subjects focusing on calculation. It is true that the performance of
Japanese students is generally at a high level, but problems remain in maintaining that
performance at higher educational levels and in nurturing in students a more creative ability.

Figure 2-1-3 Performance of Primary and Secondary School Students
in Science: International Comparison
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Note:

(1) The IEA (International Association for the Evaluation of Educational Achievement) is an international academic
research body established in 1960, composed of educational R&D organizations representing member countries and
specially recognized individuals. Currently, 31 organizations in 28 countrics are members of this academic society with
its headquarter located at Stockholm University in Sweden.

(2) Outline of research conducted by the IEA is as follows;

In Mathematics:

20 countries including Japan, the U.S. and France participated in this research concerning the following two groups of
students. .
(2) Students in a grade composed for the most part of 13 year-olds (corresponding to junior high school students).
(b) Students directly before entrance into colleges and universities who regularly receive lessons of at least 5 unit hours
per week in mathematics (corresponding to junior high school students).

The research was conducted from 1980 to 1982 (in FY 1980 in Japan). The number of students subject to the research
differs by country. In the case of Japan, 8,091 junior high school students and 7,954 senior high school students

participated in the research. The total number of participants was about 80,000 in junior high schools and about 45,000

in senior high schools.

In Science:

22 countries including Japan, the U.S., the U.K. and Canada participated in the research concerning the following three
groups of students:

(a) Students in a grade composcd for the most part of 10 year-olds (elementary school pupils).
(b) Students in a grade composed for the most part of 14 year-olds (junior high school students).
(¢) Students in the final grade of the secondary education (senior high school students).

The research was conducted from 1983 to 1986 (in FY 1983 in Japan). The number of students subject to the research
differs by country. In the case of Japan, 7,924 elementary school pupils, 7,610 junior high school students and 6,500
senior high school students participated in the research. The total number of participants was about 72,000 in clementary
schools, 73,000 in junior high schools and 54,000 in senior high schools. All of the above data were adopted from
Source 1.

2. 1. 2 Diffusion of Personal Computers in Primary and Secondary Education

The installation of personal computers for pedagogic purposes at the primary and secondary
levels is expected to enhance student interest in and familiarization with computers and
consequently to strengthen their interest and knowledge in science and technology. It is also
useful in developing professional skills from an early stage in order to meet the increasing social
demand for information engineers.

It has only been several years since the Ministry of Education adopted the diffusion of computer
related education at the primary and secondary levels as a national policy with budget allocation.
Actually, governmental subsidies for the installation of computers in public elementary and junior
high schools started in FY 1985. Therefore, as of March 1989, 21.6 percent of the elementary
schools and 44.8 percent of the junior high schools are equipped with computers for pedagogic
purposes. However, the average number of computers per school is only 3.0 for elementary
schools and 4.3 for junior high schools (Source 2, Figure 2-1-4).

Introduction of computers for pedagogic purposes in commercial and technical courses at the
senior high schools is growing.The above-mentioned support activities for public schools started
in FY 1983 for vocational senior high schools, and in FY 1985 for other high schools. These
support activities were extended to private vocational high schools in FY 1985. As a result, 96.3
percent of the schools are equipped with computers for pedagogic purposes, but their number
remains at a modest level of 25.5 per school.

With the expectation of further expansion of computer use for pedagogic purposes, the

improvement of in-service training has been in progress in order to develop computer related
abilities of teachers.
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Figure 2-1-4 Installation of Computers for Pedagogic Purposes in Primary and Secondary
‘ Schools
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2 1.3 Information-Related Courses in Senior High Schools

As a form of vocational education in senior high schools, expansion of information science
related courses has been promoted to meet social needs. The numbers of courses related to
information technology and data processing and of high school students in these courses have
both incréased by almost 3 times from FY 1980 to 1989 (Source 2, figure 2-1-5). h

Social needs for engineers in information science related sectors are expected to increase further

in the future. Because of the expansion of these information science and data processing subjects,
the focus of human resource development in vocational education is expected to change.
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Figure 2-1-5 Numbers of Information Science Courses and Students in High Schools
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2. 1. 4 Technical Courses in Senior High Schools

One of the educational bases for science and technology is engineer development course,
particularly technical courses in senior high schools. Figure 2-1-6 (Source 2) shows us changes
in the number of students in technical courses and their share in the total number of high school
students. The number of high school students in industrial courses hit a peak in 1965 at over
620,000. At this time, those who had been born in the baby-boom period just after World War II
were in high schools. In addition, the number and rate of enrollment in high schools both
recorded sharp increases in the 1960's. The peak reflects such social background at that time.
The ratio of technical high school students to the total number of high school students increased
until 1970, when it hit a peak, and has been declining ever since. This 5-year lag between the two
peaks can be explained by the remaining attractiveness of technical courses in that period.

As the Japanese economy grew rapidly a large-scale demand in industry for engineers and
technicians followed. In order to respond to these needs, a large number of technical courses
were newly established at that same time (Source 2, Figure 2-1-7). The peak in the establishment
corresponds to that of enrollment, at which point the number of technical high school courses
exceeded 925, accounting for 10.7 percent of the total high schools. This percentage continued to
climb even after that, hitting a peak at 11.0 percent in 1975. Personnel thus provided by technical
courses can be said to have played an important role, filling societal needs.
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Figure 2-1-6 Number of High School Students in Industrial Courses
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Figure 2-1-7 Number of Technical Courses in Senior High Schools
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The situation in the 1960's is represented by the "7:3 educational policy" adopted by certain
prefectures. The 7:3 policy meant placing 7 students in technical courses for every 3 students in
general courses and is a clear reflection of strong emphasis on vocational education in this period.
However, as the enrollment rate in colleges and universities increased, a higher percentage of
students came to seek entrance to general high schools. Consequently, as mentioned above, the
number of students in technical courses has been declining, causing a drop in their share of the
total number of high school students.

The decline in the number of courses and students has come to a temporary halt, as the second
baby-boom generation is currently of high schoo! age. However, a sharp drop in the number of
high school age students after 1995 is expected to bring about a rapid reduction of students in
technical high schools, which in tum will bring a severe shortage of engineers and technicians to
meet futures demand in industry.

2. 2 Higher Education
2.2.1 Number of Applicants for University Admission

This section examines choice of academic department (see Note) made by those seeking entrance
to higher educational institutions (Reference 2, Source 2, Figure 2-2-1). Application for
departments related to science and engineering is an indicator of commitment to scientific and
technological fields. Figure 2-2-1 shows fluctuations in the number of applicants for engineering
departments from 1965 to 1989, increasing in the late 1960's, gradually decreasing until the late
1970's, sharply rising until the late 1980's, and declining after hitting a peak in 1988. The
increase in the late 1960's can be explained by an economic boom and expansion, the constant
decline from the early 1970's by a recession in the manufacturing industry due to the oil crisis,
and the upward trend in the early 1980's during a period of economic prosperity. However, in
1988 and 1989, despite favorable conditions for manufacturers and consequently for graduates
from engineering departments, fewer students have applied to these departments. Similar
tendencies can be Noted for applicants of natural science departments. Applicants for engineering
departments are estimated to decrease from 133,000 in 1987 to 118,000 in 1989, down by 11
percent. As far as new high school graduates are concerned, applicants declined by 13 percent,
down from 93,000 to 81,000. Applicants for physical science departments are also estimated to
decrease from 17,000 in 1987 to 14,000 in 1989, down by 15 percent. The move away from
science and engineering therefor begins as early application for entrance to colleges and
universities.

The share of applicants for economics, law and commerce departments in the total number of
applicants for colleges and universities showed an upward trend in the recession period from the
mid-1960's to the late 1970's, but it remained flat or even declined slightly after the early 1980's.
Recently however, applicants for these departments have been increasing again since 1986,
contrary to the case of science and engineering departments.

Note: Numbers of applicants for selected departments were estimated based on the statistics on the number of submitted
applications reported in the "Report on Basic Survey on Schools.” The estimation concerns engineering, physical
science and science and engineering for scientific departments, and law, economics, commerce and management for social
science and humanities departments.
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Number of Applicants by Department (1,000 person)
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2. 2. 2 Higher Education Enroliment

Enrollment statistics for colleges and universities (Source 2, Figure 2-2-2) show an upward trend
in the late 1970's, a remaining static trend after a peak in 1978, and a rapid increase since 1985.
The upward trend in the late 1970's can be attributed to expansion of capacities in colleges and
universities to cope with the rising enrollment rates, whereas the increase in the late 1980's is
mainly due to higher educational achievement especially of women and of improved conditions
for receiving students in colleges and universities. In fact, the total number of students in FY
1985 was 11.5 percent larger than in FY 1980, with women recording a sharper increase (25.1
percent) than men (6.9 percent). .

In examining the trend by department, there are 7 groups; 6 department groups and others (see
Note). Figure 2-2-3 (Source 2) indicates numbers of students calculated in this way. The social
science group has the largest number of students followed by engineering, humanities, health
science, agriculture and physical sciences. It is characteristic in Japan that the enrollment in social
science departments is twice as large as in engineering departments which rank second. Statistics
also suggest that the number of students in social sciences and humanities have recorded an
increase similar to the increase in the total number of college and university students in the late
1980's. In other words, the increment in the total number of students in this period is mostly
produced by increases in social sciences and humanities. In the same period, enrollments in
engineering and physical sciences have recorded relatively small increases. This trend becomes
clearer when we look at the changes in enrollment from FY 1985 to 1989. Total enrollment rose
by 11.2 percent in this period. By department, the number of students increased by 17.6 percent
in humanities, 13.2 percent in social sciences; both exceeding the average rate of growth.
Enrollments rose by 10.2 percent in engineering, 8.2 percent in agriculture and 7.2 percent in
physical science, which are all below the average. In the case of health science departments,
enrollment dropped by 0.1 percent. This tendency seems to reflect the capacity of each college or
university.

Note: Departments are divided into the following groups.

Humanities group: literature, history, philosophy etc.

Social sciences group: law and politics, commerce and economics, sociology etc.

Natural sciences group: mathematics, physics, chemistry, biology, earth science etc.

Engineering group: mechanical engineering, electrical and telecommunication engineering, civil and construction
engineering, applied chemistry, applied mathematics, applied science, atomic engineering, mineralogy, metal
engineering, fiber engineering, ship engineering, aviation engineering, business engineering, technical art etc.
Agriculture group: agriculture, agricultural chemistry, agricultural engineering, agricultural economics, forestry,
woodcraft, veterinary and stock breeding science, fishery etc.

Health sciences group: medical science, dentistry, pharmacology, nursing science, specialized medical sciences etc.
Others: mercantile marine, housekeeping (domestic science, food science, clothing, housing, child science etc.),
education, art etc.

2. 2.3 Expenditure for Education and Research in Colleges and Universities

Educational infrastructure can be assessed in terms of expenditures for education and R&D. The
expansion of higher education in national and public colleges and universities is reflected in rising
expenditures for education and research. As shown in Figure 2-2-4 (Source 2), such
expenditures have increased most significantly from 1975 to 1980, up by almost 550 billion yen
in nominal terms. From 1970 to 1987, the period in which data have been collected, expenditures
for education and research rose by 5.1 times. In nominal terms (Note 2, Figure 2-2-5), however,
it has increased by 2.2 times, due mainly to the inflation which accompanied the oil crises. In
light of the rise in enrollment by 1.5 times, expenditures per student have increased by about 1.5
times. ,

Looking at expenditure by department (Note 3, Figure 2-2-5), hospitals attached to universities
not only spend an increasing amount of resources but their share in the total expenditure is larger
than that of the other departments. This is because funding for national colleges and universities
comes from the Special Account for National Schools which is operated in principle on the basis
of self-supporting accounting, and that increasing amount of resources are being mobilized for
activities to obtain more income. Elsewhere, departments related to natural sciences including
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Figure 2-2-2 Number of Students in Colleges and Universities
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Figure 2-2-3 Enrollment by Department Groups
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science and engineering have steadily increased their share in expenditures for research and
education since 1980, reflecting the emphasis attached to education and research in this domain.
On the other hand, the share for research institutes attached to colleges and universities has
remained small and static.

Expenditures for education and research in private colleges and universities indicates that such
private institutions are no less important than national and public colleges and universities in
higher education in Japan. In fact, they have been spending larger amount of resources for
education and research than national and public colleges and universities since around 1980
(Source 2, see Figures 2-2-6 and 2-2-7).

The share of science and engineering departments and other natural-science-related departments
in expenditures for education and research in private colleges and universities is not much smaller
than their national and public counterparts. Rather, it is the large expenditures in amount and in
share in other departments (including junior colleges) that constitutes the characteristic of private
colleges and universities. The expenditures in research institutes attached to private colleges and
universities and in private technical colleges are significantly smaller than in national and public
institutions.

Note:

(1) The notion of expenditures for education and research is adopted as it is difficult to distinguish between expenditures
for education and expendltures for research in the Report of Basic Survey on Schools (Source 2). As for higher education,
only expenditures in the Special Account for National Schools are taken into consideration. As a result, Grant-in-Aid for
Scientific Research, scholarships and reimbursement of debts are not included in expenditures in higher education. For
research expenditures in colleges and universities, sce Chapter 4. )

The classification standard for 1970 is different from that of other years. Consequently, the classified results for 1970
cannot be compared with data for other years. This also applies to Figures 2-2-6 and 2-2-7.

(2) GDP deflators are used according to Economic Planning Agency reports(based upon the 1980 level, Reference 3).

(3) In calculating expenditures for education and research, it is impossible to make a strict classification of departments,
for many of them concemn two or more subjects. In the case of national and public institutions, departments are classified
as follows:

Science and engineering group: physical science, humanities and sciences, engineering, basic engineering, technical art,
art engineering, electrical engineering, mineralogy, fiber, mercantile marine, -science and engineering, information
engineering.

Other natural sciences group: agriculture, horticulture, veterinary science, stock breeding, fishery, life production, life
resources, medical science, dentistry, pharmacology, nursing-related sciences.
Others: all the other departments and departments in junior colleges.

Expenditures are not classified according to their components in each department groups at the University of Tsukuba.
Therefore expenditures for education and research from the department and enrollment in each of the groups is estimated.
As a result, 38 percent of total expenditures goes to the science and engineering group, 28 to the other natural sciences
group, and 34 percent to other departments.

(4) Reimbursement of debts is included in the expenditures of private colleges and universities, but not in that of national
and 'public institutions. In the case of private colleges and universities, departments are classified as follows.

Science and engineering group: humanities and sciences, physical science, science and engineering, engineering,
production engineering, art engineering.

Other natural sciences group: hygienic, agriculture, horticulture, dairy farming, veterinary and stock breeding science,
veterinary science, agricultural and veterinary science, fishery, oceanography, medical science, dentistry, health,
pharmacology, nursing, environment and health, acupuncture and moxa cautery.

Others: all the other departments and departments in junior colleges.
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Figure 2-2-4 Expenditures for Education and Research in National and Colleges and Universities
by Department (nominal terms)
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Figure 2-2-5 Expenditures for Education and Research in National and Public Colleges and
Universities by Department (share)
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Figure 2-2-6 Expenditures for Education and Research in Private Colleges and Universities by

Fiscal Year
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Figure 2-2-7 Expenditures for Education and Research in Private Colleges and Universities by
Department (share)

Fiscal year
1970 BB
1975 e
1980 3
X, oeees, X : ::l‘w
1985 G
1987 :
30 S
] ] ] |
0 20 40 60 80 100
(%)
Science and engi- 3228 Other natural science Other Head offices, farms,
necring departments related departments departments libraries, etc. -

Hospitals attached [ .
to universities . - // Technical colleges

N\ Research institutes
\\\\\ attached to universities

" Source: Mihistry of Education, "Report of Basic Survey'on' Schools", various editions
See Table 2-2-4 . : :




2. 3 Employment of Higher Education Graduates
2.3.1 Employment of University Graduates

Education in colleges and universities can be evaluated by looking at employment trends of
graduates. According to research on the employment of graduates from science and engineering
departments conducted from 1965 through 1988, 68 percent of graduates were employed in the
manufacturing sector in 1970. This percentage dropped to 43 percent in 1979, recovered to 57
percent in 1985, but declined to 51 percent in 1988.

Recent trends indicate that relatively smaller number of graduates from science and engineering
departments are employed in the manufacturing sector, compared to those employed in the
banking and insurance sector. This tendency also emerged at the time of the oil crisis and the
ensuing period of economic recession, for manufacturers were obliged to reduce the recruitment
activities. However, it is typical in recent years that the increase in employment of those
graduates in banking and insurance sectors is taking place against the backdrop of active
recruitment in the manufacturing sector. This reflects a tendency of alienation of science and
engineering graduates from manufacturing sector towards service sector employment.

Figure 2-3-1 Employment of Science and Engineering Graduates

100 25

90 -

80 - 420 g g
£ Manufacturing Industry A8
g, °F =8
£f g%
R 2
< 2k

on
s £ £ 2
[>] Gt
& 8 o
g 8 . o 8
g et B
g § 0 Service Businesses ottt g.8
& 2 \‘“"\“‘"“ 15 g g
\t“.‘ A E
10k ‘,.-"‘ Financial & Insurance Businesses ___ .~
vevnaes®t — T e — —
0 il nndis St R ! | L —— | ]
1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989
Fiscal Year

National Institute of Science and Technology Policy, "Employment Trends of Science and
Engineering Students" (NISTEP Report No.1l), 1989
See Table 2-3-1

85




2. 3.2 Enrollment in Graduate Schools

Enrollment in master's degree courses (Source 2, Figure 2-3-2) has been increasing since 1979
to 58,200 in 1989, up by 1,600 from the previous year. Enrollment of foreign students and
previously employed students is mainly responsible for the increase. By department group
(NOTE, Source 2, Figure 2-3-3), students in engineering departments have increased since 1979
to 26,800 in 1989, accounting for 46 percent of the total students. Unlike the case of
undergraduates, this trend apparently reflects favorable conditions in the manufacturing sector
and the rising demand for students with sophisticated professional knowledge.

Elsewhere, the number of students in agricultural departments has fluctuated considerably; it had
been growing after 1980, but after peaking at 5,500 in 1987, has declined to 3,800 in 1989. This
seems to be due to the adoption of 6-year undergraduate courses in veterinary departments. In
other faculties, the number of students has remained nearly steady.

The number of students in doctorate courses (Source 2) has increased yearly, reaching the
27,000 mark in 1989, up by 1,200 from the previous year.

By department groups (NOTE, Source 2, Figure 2-3-4), students in health-related departments
not only have a large share (43 percent in 1989) in the total number of students, but are also
increasing steadily (1,500 in 1989). Within these departments, medical science takes up the
largest proportion (79 percent in 1989).

In other department groups, engineering and physical science departments have experienced
slight fluctuations. In the case of engineering departments, the number of students had dropped
from 2,600 in 1977 to 2,200 in 1987, but has regained its upward trend and reached 3,900 in
1989. These trends in doctorate courses, as in the case of masters courses, seem to reflect
favorable conditions in the manufacturing sector and the rising demand for students with
sophisticated professional knowledge. As for the other groups of departments, there has not been

significant changes in enrollment.

Figure 2-3-2 Number of Students in Graduate Courses
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Figure 2-3-3 Number of Students in Master's Courses
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Figure 2-3-4 Number of Students in Doctorate Courses
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Note: Considering actual industrial structure, graduate course departments are classified into the following groups;

Humanities: literature, history, philosophy etc.

Social sciences: law and politics, commerce and economics elc.

Physical sciences: mathematics, physics, chemistry, biology, earth science, atomistics.

Engineering: mechanical engineering, electrical and telecommunication engineering, civil and construction engineering,
applied chemistry, atomistic engineering, mineralogy, metallography, fiber engineering, ship engineering, aviation
engineering, business engineering, technical art etc. ’
Agricultural sciences: agriculture, agricultural chemistry, agricultural engineering, agricultural economics, forestry,
woodcraft, veterinary and stock breeding science, fishery etc.

Health sciences: medical science, dentistry, pharmacology etc.

Others: mercantile marine, housekeeping, food science, clothing, housing, child science, pedagogy, teacher
development, athletics, art, design, music, social and natural sciences, humanities and social sciences etc.

2. 3.3 Number of Degrees Conferred

The number of degrees conferred to students not only shows the extent of success in education
but is also an indicator of human resource development for science and technology. Furthermore,
the number of doctorate degrees conferred is an indicator of scientific and technological activities
in that they are conferred as recognition for achievements of sophisticateéd research.

22,354 master's degrees were conferred in 1986 (Source 3, Figure 2-3-5), up from 11,605 in
1971, which means that the number has doubled in 15 years. Engineering departments conferred
the largest number of master's degrees (10,361) in 1986, followed by humanities and social
sciences, physical science, agriculture, pharmacology and health science, and art and science
(Figure 2-3-6). The order has not changed since 1971, but the share of engineering departments
has increased from 43 percent in 1971 to 46 percent in 1986, reflecting a change in enrollment.
The increase in the number of master's degrees conferred in engineering was reversed in 1973
and in 1979, probably as a result of the oil crises. '

8,533 doctorates degrees were conferred in 1986 (Source 3). Doctorate degrees in medical
sciences take up the largest share (49 percent) in the total number of conferred degrees with
4,215, followed by engineering, physical science, dentistry, agriculture, pharmacology and
health science, and humanities and social sciences (Figure 2-3-7). As in the case of master's
degrees, the number of doctorate degrees has almost doubled in 15 years, from 4,407 in
1971 The share for medical sciences has increased from 41 percent in 1971 to 49 percent in
1986. A smaller share for humanities and social sciences may be explained by difference in social
needs and in the practice of conferring degrees.

5,281 dissertation doctorate degrees in 1986 (61.9 percent of the total) were conferred through .
submission of a doctorate theses (Source 3, Figure 2-3-8), representing 1.5 times as many .
degrees conferred through actual completion of courses. Medical sciences has the largest share
(51 percent) in the total number of dissertation doctorate degrees with 2,713, followed by
engineering, agriculture, dentistry, pharmacology and health science, and humanities and social
sciences. The share of medical science rose by 6 points in 15 years, from 45 percent in 1971.
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Figure 2-3-5 Number of Degrees Conferred
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Figure 2-3-6 Number of Master's Degrees Conferred
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Figure 2-3-7 Number of Doctorate Degrees Conferred
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Figure 2-3-8 Number of Dissertation Doctorate Degrees Conferred
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CHAPTER 3
SUPPORTS FOR R&D

Supports for R&D refer mainly to financial support provided to institutions engaged in R&D
activities. A characteristic of R&D activities in Japan shows the private sector conducts R&D
activities using mostly industrial resources with little help from other sectors. In fact, R&D
resources provided by the government for the private sector represent less than 2 percent of the
total budget for science and technology in Japan. By contrast, in colleges and universities and
national research institutes, R&d activities are financed by governmental R&D expenditures,
secured in the budget for science and technology. Most R&D activities in these academic
institutions are not directly regulated by market economy principles. Promoting this type of
academic research therefore calls for public support. In addition, financial support from
foundations and the activities of academic organizations such as learned societies also constitute
social supports for science and technology, specifically for academic research. In the context of
non-financial support form the public, learned societies are important in that they provide a forum
for research exchange among scientists and engineers. These functions are considered to
supplement public support for academic research. In this chapter, Section 1 covers the budget for
science and technology, while Section 2 discusses financial supports for R&D activities from
various foundations.

3. 1 Governmental Budget for Science and Technology

In Japan, the budget for science and technology consists of the General Account and Special
Accounts. The budget for science and technology included in the General Account is divided into
Expenditures for the Promotion of Science and Technology, R&D Expenditures included in the
Energy-Related Expenditures, and other R&D Related Expenditures. The following are
descriptive details of the science and technology budget.

(1) The Budget for the Promotion of Science and Technology consists of expenditures for
national R&D facilities and various subsidies.

(2) The Energy Budget for R&D includes expenditures for the promotion of research on atomic
energy for peaceful purposes, and of the R&D expenditures for new energy technology and
energy conservation technology. This budget item had been part of the Expenditures for the
Promotion of Science and Technology until 1978, after which it was established as a new budget
item.

(3) The category of Other R&D-related expenditures include the expenditure for educational
support, for economic assistance and for small-to-medium-sized enterprises, among others.

(4) Science and Technology Related Expenditures in the Special Accounts consist of the Special
Account for National Schools, for the Promotion of Power Resource Development, and for Coal
and Oil and Alternative Energy, as well as the Expenditures for R&D included in the Special
Account for Industrial Investment.

In Japan, the budget for science and technology represents about 3 percent of the General
Account in the national budget, a percentage which has changed very little in the past decade. Its
ratio to GNP is 0.4-0.5 percent. On the other hand, in the United States, Germany, France and
the United Kingdom, the ratio of science and technology budget to GNP is between 1.0 percent
and 1.2 percent. A simple international comparison on budgets for science and technology is
difficult to make as each country has its own budget system. However, it can be safely said that
in Japan, the ratio of the S&T budget to GNP is less than half the level of other Western
countries, which leads us to believe that science and technology is severely underrepresented in
the national budget (Note 1).




In Japan, implementation of large scale projects such as energy development and space
development takes up a large part of the budget for science and technology. R&D expenditures of
national research facilities and colleges and universities are completely dependent on the
governmental budget, and the expenditures set aside for the R&D activities in these institutions
represents about 50 percent of the total budget for science and technology. Colleges and
universities are engaged in academic R&D in the field of basic science, as well as in higher
education, while the principal task of national research institutes is to conduct experimental
research in line with administrative needs. R&D activities in these academic institutions are not
directly regulated by market mechanisms and have different characteristics from industrial R&D
activities. Therefore, the promotion of academic research calls above all for public support.

In recent years, one of the major preoccupations in science and technology policies in Japan has
been the need to strengthen basic research. Colleges and universities are expected to take a major
role in basic research, whereas national research institutes have been reorganized for greater
emphasis towards basic research. On the assumption that the budget of national colleges,
universities and R&D institutes represent a direct support for basic research by the central
government (Note 2), about 50 percent of the total budget for science and technology is estimated
to be spent for basic research. In FY 1989, it amounted to about 910 billion yen, representing
only 8 percent of the total R&D expenditures in Japan.

Note:

(1) The Budget for science and technology in total accounts for 15 percent of R&D expenditures in Japan. According to
Recommendation No.11 of the Council for Science and Technology (November, 1984), research investment should
represent 3.5 percent of national income.

The relation between national income (NI) and gross national product (GNP) can be expressed as follows.
NI = GNP - (capital consumption) - (indirect tax - subsidy)

The comparison of the scale of the budget for science and technology with NI follows the examples of the past. However,
capital consumption, indirect taxes and subsidies are also related to economic activities, and it is difficult to consider NI,
which leaves out those factors, as precisely reflecting national economic activities. In this sense, it is better to determine
the scale of the budget in comparison with GNP, a method used internationally. For FY 1989 Total R&D expenditures
were 11, 815.5 billion yen, the budget for S&T was 1,815.6 billion yen, NI was 318,342.4 billion yen and GNP was
406,244.9 billion yen. Research investment accounts for 3.7 percent of NI, achieving the goal set by the council, but
most of the investment comes from the private sector.

(2) The Budget for science and technology is not classified into categories of basic research, applied research and
development. The budget for national colleges and universities includes the Research Grant Program and Other R&D
Expenditures, while such expenditures as Subsidies for Current Expenditures in Private Colleges and Universities are not
clearly delineated in terms of characteristic of R&D activity.

3. 1.1 General Trends in the Budget for Science and Technology

In the past two decades from FY 1971 to 1990, the budget for science and technology (in the
General and Special Accounts) has increased over 6 fold in nominal terms, up from 300 billion
yen in FY 1971 to 1.9 trillion yen in FY 1990 (Figure 3-1-1). Considering inflation in this period
and calculating expenditures in real terms by using GNP deflators (benchmark: 1980 figures), the
growth rate falls dramatically. The increase in the budget has slowed down in both nominal and
real terms in last 10 years compared to the decade preceding FY 1981. This-is mainly due to the
zero-ceiling policy adopted to balance the budget, the effects of which were most remarkable
from FY 1982 to 1984. '

In the past five years from FY 1985 to 1990, the share of each component in the total budget for
science and technology has been as follows; 14-15 percent for national R&D facilities, 35-36
percent for national colleges and universities (including subsidies for private and public schools),
47 - 49 percent for various subsidies and governmental investment, and 1 percent for
administration cost and others (Figure 3-1-2). These shares have changed very little in last five
years. Subsidies and governmental investment are provided for corporations having special status
and for R&D activities related to science and technology, and hold the largest share in the budget
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Figure 3-1-1 Budget for Science and Technology in Japan
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for science and technology. In the last five years, expenditures for national research institutes and
for national colleges and universities have both increased slightly in nominal terms, by about 1§
percent and by 2 percent respectively. But in light of inflation, these two expenditures have

decreased in real terms.

As regards the allocation of the science and technology budget among ministries and agencies in
FY 1990, the Ministry of Education has the largest share with 47 percent, followed by Science
and Technology Agency with 26 percent, and the Ministry of International Trade and Industry
with 13 percent (Figure 3-1-3). Expenditures for these three governmental agencies represent
over 80 percent of the total budget for science and technology in Japan. Each of the other
ministries and agencies uses no more than 5 percent of the total budget for science and
technology; the Defense Agency with 5 percent, the Ministry of Health and Welfare with 3
percent, the Ministry of Agriculture, Forestry and Fisheries with 4 percent, the Ministry of Posts
and Telecommunications with 2 percent and the Ministry of Transportation with 1 percent. These
figures have remained almost unchanged in the past five years.
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Figure 3-1-2 Budget for Science and Technology by Itern
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Figure 3-1-3 Budget for Science and Technology by Governmental Agency
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3. 1.2 Budget for Science and Technology in Japan and OECD Classifications
For the purpose of international comparisons, the Organization for Economic Cooperation and

|

; Development (OECD), classifies budget for science and technology in the national budget into the
l 12 items shown in Table 3-A.
)

|

|

|

|

l

i

|

" Table 3-A OECD Budget Classifications for Science and Technology by Socioeconomic

Objectives
1 Development of agriculture, forestry and fishing
2 Promotion of industrial development
3 Production and rational use of energy
4 Transport and telecommunications
5 Urban and rural planning
6 Protection of the environment
7 Health
8 Social development and services
9 Exploration and exploitation of earth and atmosphere
10A Advancement of research
10B General university funds
11 Civil space
} 12 Defence

Table 3-B Correspondence of Japanese Budget for Science and Technology by
Governmental Agency to OECD Socioeconomic Classifications

Diet

Science Council

National Police Agency
Hokkaido Develop. Agency
Defence Agency

Economic Planning Agency

Science & Technology Agency

Environment Agency
National Land Agency
Ministry of Justice

Ministry of Foreigh Affairs
Ministry of Finance

Ministry of Education
Ministry of Health & Welfare
Ministry of Agri., F.& F. (*)
MITI (**)

Ministry of Transport.
Ministry of Posts & Telecom.
Ministry of Labour

Ministry of Construction
Ministry of Home Affairs

(*) : Ministry of Agriculture, Forestry & Fisheries
(**) : Ministry of International Trade and Industry
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Adjustments are made by budget item in order to make Japanese governmental agency budgets
correspond to OECD classifications shown in Table 3-A. This recalculation is needed because the
items in each governmental agency budget are not necessarily the same for each fiscal year. Table
3-B shows the relation between the budget of each governmental agency and OECD
classifications. (For an explanation of the classification method in the case where a ministry or
g§ency budget for science and technology corresponds to multiple items see Note, References 4,

Figure 3-1-4 classifies the Japanese budget for science and technology from FY 1985 to 1991,
according to socioeconomic purposes. General expenditures for colleges and universities hold the
largest share in the total budget for science and technology with about 50 percent, followed by
energy with about 30 percent. This tendency has remained almost the same in the last five years.

Figure 3-1-5 compares budgets for science and technology in OECD member countries
(according to 1985 data). Each country's budget for science and technology cannot be compared
directly because of differences in financial systems. Therefore, comparison is for each
component in the science and technology budget. It is notable that the share of energy in the
Japanese budget is the largest among major countries and that a large percentage of the budget is
also spent for promotion of research. Here, promotion of research means items 10A (promotion
of research) and 10B (general expenditure for colleges and universities) in Table 3-B combined.
Promotion of research has the smallest share among major countries in the U.S., where the
category of general expenditures for colleges and universities does not exist. National defense
has the largest shares in the U.S., the UK. and France, and Japan is ranked last among major
countries in this category.

Figure 3-1-4 Budget for Science and Technology by Socioeconomic Purpose

Defence
Civil space :
College/Univ,

] Knowledge . I 1
2 ;
9 Earth/Atmosphere x E 1
L -
8 Social dev./Services 1988
o Health RO
E Environment { B
5 |
e Urban/Rural | (MR
0 &
o Trans./Telecom B
123
3 Energy

Industrial dev. Fam

Agri./Forest./Fish, s

0.0 01 [} 0.3 [ [ 0.6 0.7 [ [ ]
Trillion Yen

Source: Science and Technology Agency
See Table 3-1-4
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Figure 3-1-5 Budget for Science and Technology in Major Countries by Socioeconomic Purpose




Note:
The Budget for science and technology is reclassified as follows.

(1) Science and Technology Agency

The total of Energy-Related Expenditures included in Expenditures for the Promotion of Science and Technology and
Special Account for the Promotion of Power Resource Development ---> Energy

Sea-Related Expenditures and Expenditures for National Research Institute for Earth Science and Disaster Prevention,
included in Expenditures for the Promotion of Science and Technology ---> Earth and Air

Space-Related Expenditures included in Expenditures for the Promotion of Science and Technology ---> Exploration and
Development of Space for Civilian Purposes

Remaining Items ---> Promotion of Research
(2) Ministry of Foreign Affairs
Energy-Related Expenditure ---> Energy

Remaining Items ---> Social Development and Services

(3) Ministry of Finance
Expenditure for Research Institute of Brewing ---> Promotion of Industrial Development

Research Institute of Printing Bureau (Special Account of Printing Bureau) ---> Social Development and Services
(4) Ministry of Education

National Institutes (Expenditure for the Promotion of Science and Technology) ---> Social Development and Services

Contribution to International Deep-Sea Excavation Programme and Expenditures for Observation Activities in the
Antarctic Area ---> Earth and Air

Special Accounts for Private, Public and National Schools ---> General Expenditures for Colleges and Universities
Remaining Items ---> Promotion of Research

(5) Ministry of International Trade and Industry

The total of Special Accounts except for Special Accounts for Alcohol and for Industrial Investment ---> Energy

Special Research (space) included in Expenditures for the Promotion of. Science and Technology ---> Exploration and
Development of Space for Civilian Purposes

Remaining items minus the half of the Expenditures for The Japan Key Technology Center ---> Promotion of Industrial
Development

(6) Ministry of Transportation

Space-Related Expenditures included in Expenditures for the Promotion of Science and Technology ---> Exploration and
Development of Space for Civilian Purposes

Expenditures for Meteorological Research Institute ---> Earth and Air
Remaining items ---> Transportation and Electrical Telecommunication
(7) Ministry of Posts and Telecommunications

Space-Related Expenditures included in Expenditures for the Promotion of Science and Technology ---> Exploration and
Development of Space for Civilian Purposes

Remaining items minus half of the Expenditures for The Japan Key Technology Center ---> Transportation and Electrical
Telecommunication
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3, 3 Promotion of R&D by Foundations, Learned Societies

Direct financial support from various foundations and indirect support from learned societies and
other academic communities, which provide a forum for research exchange among scientists and
engineers, are considered as social supports for science and technology. These kind of supports
have functions complementary to public support for basic research related to science and
technology.

It has only been about 130 years Japan first introduced the Western-style academic system. This
relatively short period is partly responsible for the insufficient public support and understanding
in Japan concerning academic research. International contributions through science and
technology call for adequate social supports in addition to governmental support. This section
“analyzes the activities of foundations related to science and technology, whose principal task are
to provide financial support, and of learned societies, which provide a forum for exchange of
opinions on scientific activities.

3.2. 1 Foundations Related to Science and Technology

Support for R&D activities from various foundations is considered functions complementarily to
public support for basic research related to science and technology. The history of Japanese
foundations starts in 1914. However, those foundations in the early years were principally
engaged in social and cultural activities and their support for science and technology had not been
very active until World War IL. Support from foundations for science and technology was active
in the 1960's, and many large foundations were established by private companies in the 1970's.

In Japan, non-profit corporate bodies are classified into non-profit foundations, social welfare
corporations, medical corporations, educational foundations, religious corporations and others.
Non-profit foundations are 