
DOCUMENT RESUME

ED 301 465 SE 050 187

TITLE The Science and Technology Resources of Japan: A
Comparison with the United States. Special Report.

INSTITUTION National Science Foundation, Washington, D.C. Div. of
Science Resources Studies.

REPORT NO NSF-88-318
PUB DATE 88
NOTE 79p.; Charts and graphs may not reproduce well.
PUB TYPE Reports - Descriptive (141)

EDRS PRICE MF01/PC04 Plus Postage.
DESCRIPTORS College Planning; College Pole; *College Science;

*Comparative Analysis; Expenditures; Financial
Support; Foreign Countries; Graduate Study; Higher
Education; *Industry; *Research and Development;
Research and Development Centers; Research Design;
*Scientifi:: Research; *Technological Advancement;
Technology; Technology Transfer; Undergraduate
Study

IDENTIFIERS *Japan

ABSTRACT

Japan's postwar research and development (R&D)
efforts have passed through several phases to bring the nation to
what may be called "relative parity" with the United States. This
document examines the characteristics of Japanese and U.S. R&D
efforts. Topics compared include: national science resource patterns;
science and engineering personnel; government R&D; higher education;
and outputs and impacts. Selected highlights show that R&D
expenditures in Japan increased nearly fivefold between 1965 and
1985, while U.S. expenditures rose 63%; less than on percent of
Japan's R&D expenditures were devoted to defense in 1985 while the
Laited States devoted 30%; Japan had 28% as many scientists in 1985
as the United States had in 1986, while Japan had 187 engineers per
10,000 labor force compared to 183 in the United States; nearly 31%
of Japan's natural scientists and engineers engaged in R&D in 1985
were in higher education compared with 14% for The United States;
while the Japanese higher education system annually graduates about
the same number of engineers as the United States, it graduates only
about one-tenth as many first-degree students in the natural
sciences. Included are detailed statistical tables, a listing of
Japanese government research programs, and awards of the
distinguished research program of the Ministry of Education. (MVL)

Reproductions supplied by EDRS are the best that can be made
from the original document.



1111MilM,

the science and
technology resources
of japan:
a comparison with
the united states

surveys of science resources series
national science foundation

BEST COPY AVAILABLE

3

special report
NSF 88-318



Telephonic Device for the Deaf

The National Science Foundation has Telephonic Device for the Deaf (TDD) capability which
enables individuals with heanng impairment to communicate with the Division of Personnel and
Management for information relating to NSF programs, employment, or general information This
number is (202) 357-7492.

Availability of Publications

Single copies may be obtained gratis from the National Science Foundation, Washington, D C
20550

Suggested Citation

National Science Foundation, The Science and Technology Resources of Japan A Comparison with the
United States (NSF 88-318)(Washington, D C , 1988;

4

ii



foreword

The Division of Science Resources Studies of the National Science Foundation
has initiated efforts to obtain more recent and detailed quantitative information on
foreign science and technology (S/T) capabilities and activitiesprincipally in the
large research and development (R&D)-performing industrialized nations. This re-
port presents a statistical profile of Japan's S/T efforts since 1965 and compares it
with that of the United Elates. R&D trends in Japan at the national level as well as
for individual sectors are presented, and data on S/T outputs are discussed.
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introduction

Japan's postwar research and development (R&D)
efforts have passed through several phases to bring the
nation to what may be called "relative parity" with the
United States ?timost all key aggregate indicators show
that Japan now expends money and supports R&D per-
sonnel in the same proportions as does the United States
when the size of the national economies and populations
are taken into account. In some instances, such as the
ratio of company-funded R&D to gross national product
(GNP) and nondefense R&D to GNP, Japan's perform-
ance has exceeded that of the United States for a number
of years.

Given the Japanese postwar economic record, this
achievement is not surprising. What is remarkable, how-
ever, is that the rate of growth in Japanese R&D expend-
itures exceeded the high average annual increase in GNP
by more than 3 percentage points during the years 1965
to 1986. Such a financial commitment, coupled with Ja-
pan's strong emphasis on education, has enabled the
country to expand its science and technology (S/T) re-
sources from a fraction of the United States to one of
relative parity.

The Japanese R&D system is characterized by some
major differences from that in the United States. In Ja-
pan, private industry plays a more dominant funding
role: industry is by far the largest source of national R&D
funds, accounting for 69 percent of R&D funding and
67 percent of R&D performance in 1985. In contrast, U.S.
industry provided 49 percent of R&D funds and ac-
counted for 73 percent of R&D performance. These fig-
ures suggest an additional distinction in corporate R&D
between the two countries; in Japan, industrial R&D is

97-98 percent company-funded compared to 66 percent
in the United States (to some extent, this reflects the
higher levels of U.S. Government funding of defense-
related R&D in industry).

The Japanese Government plays a relatively smaller
role in the direct funding of R&D in Japan than does the
Federal Government in the United States. In Japan, the
government was the source of 21 percent of R&D funds
in 1985, whereas the U.S. Federal Government was the
source of 48 percent of R&D funds in the Unitt.d States.
This significant difference is largely attributable to two
factors. First, defense expenditures typically have been
low in Japan and in fact were restricted from 1976 to
1986; consequently, less than 1 percent of Japanese R&D
expenditures was devoted to defense purposes, com-
pared to 30 percent in the United States.' Second, the
Japanese Government traditionally has not provided R&D
funding to industry, a policy which, combined with Jap-
anese fiscal restraint, has resulted in a fairly limited transfer
of R&D funds between these two sectors.

'Under the Japanese conshtuhonwhich was designed by Amencan officials
controlhng Occupied JapanJapan renounred the threat or use of force Con-
sequently, Japanese military forces are er,senhally limited to defensive capabil-
ities Two subsequent U S -Japanese se_runty treaties (in 1951 and 1960) outlined
the nature of the nuhtary/defense relationship between the two countries.
Throughout the postwar era, Japan has made pohcy decisions hmitmg the scope
of its domestic defense forces and defense industry, culminating in the 1976
policies of restricting defense expenditures to 1 percent of GNP and prohibiting
most arms sales abroad Although the "1.percent rule" was revoked in 1986,
there are no immediate plans to Increase defense expenditures significantly
above 1 percent of GNP !apanese defense expenditures consistently have been
equivalent to about 1 percent of GNP since 1965
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For virtually all other major S/T indicators, Japan
and the United States now demonstrate similar char-
acteristics. For example, both countries have virtually
the same ratio of R&D to GNP (2.7-2.8 percent); both
distribute their R&D funds in similar proportions across
basic and applied research and development; both have
approximately the same number of R&D scientists and
engineers per 10,000 labor force; and so on. In the years
since World War II, Japan has turned itself into the world's
second largest market economy, and its srr indicators
reflect the level of effort of a mature industrial economy.

Unlike the major S/T input indicators, Japan and the
United States have less similar experiences with their
output and impact indicator performance. Japan's share
of the world's scientific literature increased slightly (from
5 percent to 7 percent) during 1973-82, while the U.S.
share remained fairly constant at 37-39 percent. Over
the 1970-86 period, Japan's share of patents granted an-
nually in the U.S. patent system increased from 4 per-
cent to 19 percent; the U.S share declined from 73 percent
to 54 percent during this period. The trade performance
of the two nations in technology-intensive products was
similarly inverse: the United States' share of world ex-
ports of technology-intensive goods declined slightly from
28 percent in 1965 to 24 percent in 1985; Japan's share
almost tripled from 7 percent to 19 percent.

Japan's accomplishments have been the result of
several phases of national effort. The first phase of Ja-
pan's S/T efforts, which occurred from the immediate
postwar period through the early sixties, did not involve
indigenous R&D investment so much as a reorientation
of Japanese industry. Throughout tne period, there was
large-scale financial investment aimed at transforming
Japan's economy from light manufactures to heavy in-
dustry. The acquisition of foreign technology was an
integral part of this strategy, and technology was pur-
chased which would allow Japan to both manufacture
new products and introduce new techniques for the pro-
duction of existing goods. Once the new industrial base
was established, Japan embarked on its own research
and technology development.

This report is concerned with Japanese S/T efforts
following the "pre-R&D" era, and provides a quantita-
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tive comparison of U.S. and Japanese S/T activity prin-
cipally for the period 1965-85. (Comprehensive data are
available on Japan only through 1985; where 1986 data
are available, they are so reported.) The patterns over
the 20-year period reveal two distinct phases of R&D for
both countries. In 1965, the United States' R&D effort
was beginning to peak in terms of total constant R&D
expenditures and concentration of R&D personnel in the
labor force; this level of performance bottomed out in
the mid- to late seventies and was not regained until the
early 1980's. In contrast, Japanese R&D grew throughout
the period, increasing substantially from 1965 to the mid-
seventies, slowing slightly at that time, and then rees-
tablishing its momentum, as did the United States' R&D.

Much quantitative information is available on Ja-
pan's scientific research and experimental development.
While most data for the United States and Japan are
directly comparable, there are some definitional differ-
ences in particular statistical series; in such cases, em-
phasis is placed on each country's trends rather than on
absolute values. Appendix A, "Technical Notes," details
such differences and any adjustments that were made
to the Japanese or U.S. data to make them more com-
parable.

Anothe-: comparative problem arises when Japanese
expenditures are converted into U.S. dollars. Yen-dollar
market exchange rates have become rather volatile, re-
flecting dynamics that are increasingly independent of
the relative purchasing power of the currencies. To avoid
the distortions that arise froth market exchange rate con-
versions, purchasing power parities calculated by the
Organisation for Economic Co-operation and Develop-
ment are used to convert yen to dollars. Additionally,
GNP implicit price deflators are used to convert current
dollars into constant 1982 dollars in order to provide time
series data that reflect real, rather than nominal, trends
in expenditures. A brief discussion of purchasing power
parities is included in appendix A.

This report profiles patterns in the major R&D per-
forming sectors and analyzes S/T output and impact in-
dicators in order to provide a comprehensive comparison
of Japanese S/T resources with those of the United States.
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highlights

national science resource patterns

The pr_ce of Japanese R&D expenditures exce °ded that
of the growth of the Japanese economy over the period
1965-85. The average annual rate of increase in R&D
was 9.3 percent compared to 6.0 percent for the GNP.
In the United States, R&D efforts expanded at a slightly
slower rate than GNP: about 2.5 percent and 2.8 per-
cent, respectively. R&D expenditures in Japan in-
creased nearly fivefold between 1965 and 1985, from
constant (1982) $6.1 billion to $36.0 billion dollars.
During the same period, U.S. investments in R&D
rose 63 percent, increasing from constant $59.4 billion
to $96.5 billion. (See pp. 1-2.)
Although U.S. investments in R&D are nearly three
times as high as those of Japan in absolute terms,
Japan's investment is now comparable based on the
size of its economy. The Japanese R&D/GNP ratio rose
consistently during the past 2 decades, reaching a level
of 2.8 percent in 1985 and 1986. The U.S. ratio, which
was 2.8 percent in 1965, steadily declined to a low of
2.1 percent in 1978 before rising to its 1985-86 level of
2.7 percent. (See pp. 1-2.)

Slightly less than 1 percent of total Japanese R&D
expenditures was devoted to defense purposes in 1985,
a significant contrast to the 30-percent figure for the

United States. Consequently, Japan has a higher ratio
of nondefense R&D expenditures to GNP than does
the United States. In 1985, the ratios were 2.8 percent
and 1.9 percent, respectively, i.nd Japan has main-
tained a lead in this indicator since at least 1971. In
absolute terms, Japan's nondefense R&D expendi-
tures were one-half of U.S. nondefense R&D expen-
ditures in 1985. Of Japanese Government R&D
expenditures, 4 percent were devoted to defense-re-
lated R&D, compared to 68 percent in the United States.
(See pp. 2 and 14.)

In Japan, industry is the major source (69 percent) of
R&D funds; in the United States, R&D is financed
almost equally by the Federal Government and in-
dustry (48-49 percent each). Both countries exhibit
similar patterns of R&D by performer: in 1985, in-
dustry expended the majority of R&D funds (67 per-
cent for Japanese industry and 73 percent for U.S.),
higher education accounted for the second largest share
of R&D expenditures (20 percent and 12 percent, re-
spectively), and government accounted for nearly all
of the remainder (9 percent and 12 percent, respec-
tively). (See pp. 2-4.)
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The share of Japanese R&D devoted to basic research
has dedined over the past 10 years. In 1975 and 1980,
basic research accounted for 15 percent of Japanese
R&D expenditures; however, by 1985 this share had
declined slightly to 13 percent. In the United States,
basic research as a share of total R&D remained con-
stant during 1975-85 at 12-13 percent. (Note that the
data for japanese and U.S. basic research .re some-
what less comparable than those for total R&D ex-
penditures.) (See p. 4.)

By 1985, the distribution of total R&D funds within
the two countries by character of work was very sim-
ilar. In 1985, Japan devoted 25 percent of its R&D to
applied research and 62 percent to development; these
shares for the United States were 22 percent and 66
percent, respectively. (See p. 4.)

Japan traditionally has imported foreign technology
to supplement its own R&D efforts. Japan's expen-
ditures on royalties, licensing fees, and other expenses
related to imported technology in 1970 were 57 per-
cent of what the United States spent in the same year
for technical know-how. Although Japan has contin-
ued to purchase a substantial volume of technical know-
how (payments for royalties and fees increased 71
percent between 1970 and 1985), R&D has outpaced
such expenditures. Consequently, the ratio of Japa-
nese payments for technical know-how to R&D de-
creased from 11 percent in 1970 to 7 percent in 1985.
Japan's exports of technical know-how increased
threefold during 1970-85, improving the percentage
of receipts to payments from 14 percent in 1970 to 30
percent in 1985. (See pp. 7-8.)

science &ix!
engineering (s/e)
personnel

With about one-half of the U.S. population and labor
force, Japan had slightly more than 1.5 million em-
ployed nonacademic scientists and engineers in 1985,
compared with almost 3.6 million in the United States
in 1986. Japan has fewer nonacademic scientists and
engineers relative to its labor force than does the United
States. This condition is attributable to the lower ab:
solute and relative levels of scientists in Japan than in
the United StatesJapan had 28 percent as many sci-
entists in 1985 as the United States had in 1986. How-
ever, Japan had 187 engineers per 10,000 labor force
compared to 183 in the United States. (See pp. 5-6.)

Both countries experienced significant increases from
1980 to 1985/86 in the stock of nonacademic scientists
and engineers relative to increases in the labor force.

x

The Japanese stock of scientists and engineers grew
61 percent, with the number of scientists doubling
(mostly due to increases in computer specialists) and
a 50-percent increase in the number of engineers (prin-
cipally increases in electrical/electronic engineers). The
U.S. experience was similar: increases of nearly 50
percent or more were registered in most categories of
scientists and engineers, with computer specialists in-
creasing 119 percent and electrical/electronic engi-
neers increasing 50 percent. During this 5-year period,
the size of the labor force in both countries increased
5-10 percent. (See p. 6.)

The total number of Japanese R&D scientists and en-
gineers engaged in R&D has tripled since 1965; in
1986, it was 405,600one-half the U.S. 802,300 full-
time equivalent. The ratio of Japanese R&D scientist
and engineers per 10,000 labor force was about one-
third the U.S. ratio in 1965, but by 1986 the two ratios
were comparable at 67-69 scientists and engineers per
10,;,00 labor force. (See p. 6.)

government r &d
The Japanese Government's share of total national
R&D funding reached its peak (33 percent) in 1972;
since then, it has declined fairly steadily to its 1985
level of 21 percent. The U.S. Government's share of
national R&D funding is much higher, although it also
declined between 1970 and 1985, dropping from 57
percent to 48 percent. (See p. 9.)

Despite its declining relative contribution to total na-
tional R&D resources, the value of Japanese Govern-
ment expenditures steadily increased during the last
2 decades, reaching constant $7.6 billion in 1985, com-
pared to U.S. Federal funding of constant $46.0 bil-
lion. (See p. 9.)

The Japanese Government's S/T budget has received
high priority in the last 5 years in spite of an envi-
ronment of fiscal restraint, and has expanded faster
than overall government funding. From 1980 to 1985,
Japanese Government R&D funding increased at an
average annual rate of 3 percent compared with a
higher 6-percent average annual rate in the United
States; however, 90 percent of this growth in U.S.
federally funded R&D is accounted for by defense-
related R&D expenditures. (See p. 9.)

S/T policy in Japan is largely the result of four insti-
tutions: the Prime Minister's Council for Science and
Technology; the Science and Technology Agency (STA);
the Ministry of Education, Science, and Culture (Mon-
busho); and the Ministry of International Trade and
Industry (MITI). Monbusho and STA have the largest
budgets, accounting for 47 percent and 27 percent,
respectively, of the Government's total R&D budget.

11



MITI is the :hird largest funder (13 percent). (See pp.
9-13.)

Besides its funding and policymaking roles, the Jap-
anese Government also performs R&D through more
then 80 national institutes and public corporations
which conduct ongoing research. There are a number
of large-scale, special R&D programs that have been
initiated by STA and MITI; these focus primarily on
basic research and development of new technologies.
(See p. 15.)

industrial r&d
Industrial R&D has always been the most prominent
sector in the Japanese system, accounting for 69 per-
cent of all R&D funds in 1985 (compared with 49 per-
cent in the United States). Less than 2 percent of direct
industrial R&D funds comes from the Japanese Gov-
ernment, compared to 35 percent in the United States.
(See p. 17.)

Japanese industrial R&D expenditures increased at an
average annual rate of 11 percent from 1965 to 1985;
U.S. total industrial R&D increased at a rate of 3 per-
cent and company-funded R&D at a rate of 5 percent
for the same period. Consequently, Japanese indus-
trial R&D expenditures increased from less than one-
tenth of the U.S. level in 1965 to one-third of the total
U.S. level and one-half of the company-funded level
in 1985. Japanese industrial R&D expenditures were
constant $24.4 billion in 1986; total U.S. expenditures
were constant $73.3 billion with company-funded R&D
expenditures of constant $47.9 billion. (See p. 18.)

As a percentage of GNP, Japanese industrial R&D
more than doubled from 1965 to 1986. In 1986, this
ratio was comparable to that of the United States: 1.9
percent and 2.0 percent, respectively. Since Japanese
industrial R&D is almost entirely (98 percent) financed
by companies themselves, Japanese company-funded
R&D as a percentage of GNP has surpassed the U.S.
ratio every year since 1970. In 1985 and 1986, the ratio
of company-funded R&D to GNP was 1.9 percent for
Japan and 1.3 percent for the United States. (See p.
18.)

Electrical machinery, chemicals, general machinery,
and the motor vehicles industries are the four largest
performers of manufacturing R&D in Japan. These
industrial sectors together accounted for 68 percent of
manufacturing R&D in 1965 and 73 percent in 1985.
The United States has a slightly different set of the
largest company-funded R&D performers of manu-
facturing R&D (electrical machinery, chemicals, motor
vehicles, and professional and scientific instruments);
they accounted for 70 percent of manufacturing R&D
in 1985. (See p. 19.)

The ratio of R&D to net sales for all Japanese manu-
facturing industries in 1985 was 2.7 percent, compared
to 2.8 percent for company-funded R&D in the United
States. The ratios for the two countries were similar
for many manufacturing industries. Drugs and med-
icines, communications and electronic equipment, and
professional and scientific instruments wer, e most
R&D-intensive industries in both countries. (See p.
20.)

R&D is slightly less concentrated in Japan than in the
United States. In 1985, the top five Japanese R&D
firms accounted for 18 percent of total manufacturing
R&D, compared to 23 percent for the top five U.S.
firms. For most manufactunng industries, the levels
of industrial R&D concentration are lower in Japan
than in the United States; an appreciably higher level
of Japanese industrial R&D dominance is found only
in the iron and steel industry. (See p. 20.)

During the past 2 decades, the number of Japanese
industrial R&D scientists and engineers has increased
at an average annual rate of 7.1 percent; in the United
States, this increase was 2.5 percent. By 1985 Japan
employed 231,000 scientists and engineers engaged in
industrial R&D, two-fifths as many as the U.S. 570,000
full-time equivalent. (See p. 21.)

Although Japan has a lower absolute number of in-
dustrial scientists and engineers, its ratio of manufac-
turing R&D scientists and engineers per 10,000
employees is higher than that of the U.S. (which uses
full-time equivalent scientists and engineers). The Jap-
anese ratio in 1985 was 470, compared to 400 for the
United States. (See p. 21.)

higher education
In contrast to the U.S. system of relying principally
on separately budgeted R&D project awards, Japan
depends principally on a system of institutional fund-
ing in which universities and colleges receive general
university funds (GUF) from the national Government
for teaching, research, and facilities and equipment.
Three-quarters of all Japanese higher education R&D
funds are received through such general funds, whereas
an estimated three-quarters of U.S. higher education
R&D funds are obtained from specifically budgeted
project items. (See p. 24.)

Nearly 31 percent of Japan's natural scientists and
engineers engaged in R&D in 1985 were in higher
education (60 percent of these were in health-related
fields), compared with 14 percent of such personnel
in the United States. As a share of total R&D, higher
education R&D expenditures account for 20 percent
in japan and 12 percent in the United States. Both in
Japan and the United States, however, the higher ed-
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ucation sectors conduct comparable shares of national
basic research efforts (55-56 percent). (See p. 24.)

R&D expenditures in the )apanese higher educatii..
sector more than tripled in constant terms from 1965
to 1985. These expenditures increased at an average
annual rate of 6.1 percent, compared with 3.2 percent
in the United States. In 1986, R&D expenditures in
Japanese higher education totaled constant 57.3 bil-
lion, compared with constant $12.7 billion in the United
States. (See p. 24.)

For sepo.ately budgeted higher education R&D funds.
the funds distribution among fields is significantly dif-
ferent in Japan than in the United States. The highest
concentration of Japanese separately budgeted fund
is in the physical sciences (36 percent compared to 12
percent in the United States); in the United States, the
concentration is in the life sciences (54 percent com-
pared to 26 percent in Japan). Japan spends about 20
percent of its separately budgeted R&D in engineer-
ing, compared to 14 percent in the United States. (See
pp. 26-27.)

The Japanese ratio of all first university degrees as a
proportion of the 22-year-old population was 22.6 per-
cent in 1985. This proportion was 25.3 percent in the
United States. Although the United States confers a
much higher total number of doctorates than does
Japan, the overall ratio is similar in both countries (0.5-
0.7 percent) when the number of doctoral degrees is
measured as a proportion of the 27-year-old age group.
(See p. 27.)

While the Japanese higher education system annually
graduates about the same number of engineers as the
United States, it graduates only about one-tenth as
many first-degree students in the natural sciences.
The distribution of Japanese first university degrees
among fields is dissimilar from that in the United States:
there is relatively less emphasis on the natural sci-
ences (3 percent and 11 percent, respectively) and rel-
atively more on engineering (19 percent and 7 percent,
respectively). (See pp. 27-28.)

outputs and impacts
Accr- .'ing to the Science Citation Index, T-nanese re-
searchers increased their share of the world's SiT ar-
ticles from 5.1 percent 'n 1973 to 7.6 percent in 1984.
Japan's shares of publications are largest in the fields
of chemistry, engineering, and physics; they are low-
est in the earth and space sciences. (See p. 32.)

The Japanese share of S/T articles during the 1973-82
period was greatest in the pharmacy subfield, with
Japanese publications accounting for 25 percent of the
articles written in that subfield. The next largest shares
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were in polymers (18 percent) and marine biology and
hydrobiology (14 percent). (See p. 32.)

Japan accounts for the largest share of foreign-origin
patents in the U.S. patent system. From 1970 to 1986,
the share of U.S. patents annually granted to the Jap-
anese increased from 4 percent to 19 percent As a
share of Standard Industrial Classification (SIC) prod-
uct fields, Japanese patent shares are highest in the
office computing machinery, aircraft and parts, and
communications equipment and electronic compo-
nents product groups. (See p. 33.)

Given their total representation in the U.S. patent sys-
tem, Japanese patents account for 45 percent more of
the top 1 percent most highly cited U.S. patents than
expected. The highest citation rates for Japanese pa-
tents are in the automotive, semiconductor electron-
ics, photocopying and photography, and
pharmaceuticals patent classes. (See p. 34.)

Japan has made rapid progress in manufacturing pro
ductivity during the past decade; its manufacturing
output per orker-hour increased 68 percent from 1977
to 1986, compared with a 26-percent increase in the
United States for the same period. (See p. 34.)

Japan's technological balance of payments worsened
in dollar terms from a deficit of constant $1.2 billion
in 1970 to constant $1.7 billion in 1985; however, re-
ceipts increased threefold from constant $194 million
to constant .5721 million. In 1985, 42 percent of Japa-
nese sales and 99 percent of technical know-how pur-
chases were with the United States and Europe; East
Asian nations accounted for about 40 percent of Jap-
anese technical know-how sales. (See p. 35.)

For several manufacturing industries (textiles, chem-
icals, iron and steel, and motor vehicles), Japan's tech-
nical know-how receipt to payment ratio exceeded 100
percent in 1985. For the iron and steel industry, re-
ceipts for Japanese technical know-how exceed Japa-
nese payments by almost 6 to 1. In no industry other
than ceramics did Japanese purchases of technical
know-how exceed 8 percent of the respective indus-
try's R&D expenditures; in most industries, it was 5
percent or less. (See p. 36.)

Japanese technology-intensive trade with the United
States has markedly improved over the 1965-85 pe-
riod. The Japanese trade surplus with the United States
in technology-intensive goods increased from current
$143 million in 1965 to current $13 billion in 1985.
Large trade surpluses existed in 1985 in radio and
television receiving equipment, communications
equipment, office and computing machines, and
professional and scientific instruments; however, Ja-
pan had a negative trade balance in aircraft and parts,
industrial inorganic chemicals, agricultural chemicals,
and drugs. Japan similarly has increased its world
share of technology - intensive truce from 7 percent in

13



1965 to 19 percent in 1985; during the same period,
the U.S. share declined from 28 percent to 24 percent.
(See pp. 36-38.)

The U.S. deficit with Japan in high-technology (a slightly
different definition than technology-intensive) trade

grew fivefold from 1980 to 1986, increasing from cur-
rent $3.8 billion to current $21.9 billion. Telecommun-
ications equipment and electronic components
accounted for about 75 percent of the high-technology
trade deficit. (See p. 37.)



chapter 1.

national r&d patterns

total r&d
expenditures

Over the past 2 decades, Japan has
substantially increased its invest-
ments in R&D. Starting at a rela-
tively small base, R&D expenditures
in Japan increased nearly fivefold
between 1965 and 1985, growing
from constant (1982) $6.1 billion to
$36.0 billionan average annual rate
of increase of 9.3 percent (chart 1).
During the same period, U.S. in-
vestments in R&D rose 63 percent,
from constant $59.4 billion to $96.5
billion, increasing at an average an-
nual rate of 2.5 percent. In constant
terms, U.S. R&D expenditures ex-
perienced virtually no net growth
between 1965 and 1975, while Jap-
anese expenditures during the pe-
riod more than doubled. U.S
expenditures increased from 1965 to
1968, but declined during most of
the 1968-75 period. By 1975, U.S.
R&D spending was just barely above
its 1965 total. Although U.S.
expenditures increased by 61 per-
cent from 1975 to 1985, this gain rep-
resents only slightly more than one-
half of the Japanese increase of 116
percent for the period. During 1980-

86, U.S. R&D expenditures in-
creased 37 percent; Japanese R&D
expenditures increased 58 percent.

Although U.S. investments in R&D
are nearly three times as high as those

of Japan in absolute terms, Japan's
investment is now comparable based
on the size of its economy. The Jap-
anese R&D to GNP ratio rose con-
sistently during the past 2 decades,

United States

15 1



reaching a level of 2.8 percent in 1935
and 1986 (chart 2).2 In contrast, the
U.S. ratio, which was 2.8 percent in
1965, steadily declined to a low of
2.1 percent in 1978; by 1985, it had
again risen to 2.7 percent.

Between 1965 and 1985, the in-
crease in Japanese R&D expendi-
tures outpaced the growth of the
Japanese economy: Japan's avera,e
annual rate of increase in R&D was
9.3 percent; its GNP growth was 6.0
percent. In the United States, R&D
efforts expanded at a slightly slower
rate than did GNP-2.5 percent and
2.8 percent, respectively.

Less than 1 percent of Japanese
R&D expenditures was devoted to
defense purposes in 1985; this is a
significant contrast to the 30-percent
figure in the United States. Conse-
quently, Japan has a higher ratio of
nondefense R&D expenditures to
GNP (2.4 percent) than does the
United States (1.9 percent). Japan has
maintained a lead in this indicator
since at least 1971 (chart 3). In ab-

2Japanese reports o'ten give a different ratio be-
cause they use only natural science and engineenng
R&D and/or national Income Instead of GNP

United States

solute terms, Japan's nondefense
R&D expenditures were one-half of
Ir.S. nondefense R&D expenditures
in 1985.
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r&d expenditures
by source and
performer

The Japanese Government's
funding of R&D is substantially less
than that of industry, andal-
though steadily increasingit has
not kept pace with the growth in
industrially funded R&D. From 1970
to 985, government R&D funding
increased at an average annual rate
of 5 percent while industrial funding
increased at a rate of 9 percent. Also,
in 1970, the government supported
29 percent of all R&D, but by 1985
its share had decreased to 21 percent
(chart 4). This decline is attributable
both to Japan's strict deficit reduc-
tion policy and to the growing rel-
ative share of industrial R&D
funding. Nevertheless, the govern-
ment allowed a higher growth rate
for R&D support than for many other
program areas.

Compared with the United States,
the Japanese Government supports
a smaller proportion of national R&D



Japan

United States

Government

expenditures while Japanese indus-
try supports a greater share (chart
5). In 1985, the U.S. Government
funded 48 percent of R&D; the Jap-
anese Government funded 21 per-
cent. Much of this difference in

AO

so

40

Japanese-U.S. Government shares
of total funding derives from the U.S.
Government's strong support of de-
fense-related R&D. On the other
hand, Japanese industries provide a
relatively larger share of national

by sum tins

R&D fundingin 1985, Japanese in-
dustry funded 69 percent of total
R&D compared to the U.S. industry
share of 49 percent.

Although there are major differ-
ences in the primary sources of R&D

MI Japan

III United States

17

100

80

so

40

20

0

3



funding in Japan and the United
States, both countries exhibit similar
patterns of R&D by performer. In
1985, industry expended the major-
ity of R&D funds (67 percent for Jap-
anese industry and 73 percent for
U.S.), higher education accounted
for the second largest share of R&D
expenditures, and government ac-
counted for nearly all of the remain-
der (chart 6). In terms of the flow of
R&D funds from source to per-
former, there is a higher level of funds
transfer among sectors in the United
States than in Japan, especially from
government to industry. In Japan,
the flow from government to higher
education is greater.3

'Japan and most European countries Include in
R&D a category of expenditures called "general uru-
versity funds" (GUF), which are nationally allocated
funds for the general operating expenses of colleges
and universities The United States has no equiv-
alent to GUF, since nearly all nationally allocated
R&D monies are "separately budgeted R&D Thus,
the larger Japanese flow from government to higher
education is mainly due to the component of gen-
eral university funds in government expenditure
statistics U S State Governments support more than
one-half of all American universities, but virtually
none of the general operating expenses of these
State universities are included in U S R&D expend-
itures (For a more detailed discussion of these dif-
ferences, see appendix A )

r&d by character
of work

While conceptual distinctions can
be established between basic and
applied research and between R&D,
there are obvious difficulties in mea-
suring and assigning specific R&D
aciivities to the respective catego-
ries. These difficulties are increased
when making international compar-
isons of absolute levels of R&D by
character of work. Therefore, greater
stress should be placed on evaluat-
ing trends within each country over
time.4

By 1985, the overall distribution of
total R&D funds within the two
countries by character of work was
very similar, although it appears that
the share of Japanese R&D devoted
to basic research has declined some-
what over the past 10 years. In 1975
and 1980 basic research accounted
for 15 percent of R&D expenditures;

'For a discussion of differences in U S and Jap-
anese definitions and treatments of basic research,
see appendix A

Japan

United States
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,
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by 1985, however, this share had de-
clined slightly to 13 percent (table B-
6).5 In the United States, basic re-
search as a share of total R&D re-
mained constant during 1975-85 at
12-13 percent. In 1985, Japan de-
voted a marginally higher propor-
tion of R&D to applied research than
did the United States (25 percent and
22 percent, respectively); in con-
trast, the United States devoted rel-
atively more expenditures to
development-66 percent and 62
percent, respectively (charts 7 and
8). This difference largely reflects the
greater U.S. defense R&D effort,
which is primarily development.

The distribution of R&D by char-
acter of work among performing
sectors is also very similar for the
two countries, with higher educa-
tion placing nearly equal emphasis
on basic research (56-58 percent) and
industry placing similar emphases
on basic research (4-6 percent), ap-
plied research (20-22 percent), and
development (72-76 percent).

For the past several years, Japa-
nese research leadersincluding the
Prime Minister's Council for Science
and Technologyhave urged an in-
creased emphasis on "fundamental
research." (The combination of basic

`Because of changes in the methodology of the
key Japanese national R&D surve, , It is not possible
to calculate basic research from these data pnor to
Japan fiscal year 1974 Howe er, in the Science and
Technology Agency's White Paper on Science and
Technology, 1983 (Tokyo, Japan, 1983), It was esti-
mated that basic research was 28 percent of R&D
expenditures in 1967

This relative decline in basic research expendi-
tures in Japan has occurred exclusively in the higher
education sector Here, basic research declined from
72 percent in 1975 to 56 percent in 1985, in turn, the
share of applied research Increased by the same mag-
nitude, using from 20 percent to 36 percent. How-
ever, real higher educahon expenditures on basic
research doubled during this period, indicating that
the relative decline is pnnopally the result of a higher
rate of growth in applied research expenditures. It
is also possibk that, over time, Japanese researchers
view the distinction between basic and applied re-
search in a manner more similar to U S percep-
tions (See appendix A ) This would imply that the
relative decline of basic research (and the concom-
Want increase in applied research) is also a func-
tion of a reclassification of research activity, rather
than simply a reflection of a shift in research focus



and applied research is sometimes
called "fundamental research" in Ja-
pan to distinguish research from de-
velopment.) Funds supporting this
effort have come from industrial R&D
initiatives because of the recent fis-

cal restraint of the Japanese Govern-
ment. Between 1980 and 1985, the
proportion of Japan's industrial R&D
funds devoted to basic and applied
research combined increased from
25 percent to 28 percent.

Development

Applied research

Basic research

100

20,
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scientists and
engineers

Stock of scientists and engineers.
Given their central role in the R&D
process, the number of scientists and
engineers in a country provides a good
indication of that country's S/E capa-
bility. The stock of scientists and en-
gineers represents the total number
of people in a country wi o are qual-
ified to be scientists and engineers,
regardless of their caployment sta-
tus. International data on scientist
and engineer stock are difficult to
obtain, however, because most
countries do not account for those
scientists and engineers who are un-
employed or employed in fields other
than science and engineering. Em-
ployment data derived from na-
tional censuses are the best source
of information on the stock em-
ployed in S/E capacities, with the
understanding that these data un-
derstate the total stock of scientists
and engineers because of the above
factors.

Japan had slightly more than 1.5
million employed nonacademic sci-
entists and engineers in 1985, com-
pared with almost 3.6 million in the
United States in 1986 (table 1). Japan
has fewer nonacademic scientists and
engineers relative to its labor force
than does the United States. This
condition is attributable to the lower
absolute and relative levels of sci-
entists in Japan than in th.. United
States: Japan had 28 percent as many
scientists and one-half as many en-
gineers in 1985 as the United States
had in 1986, even though the Japa-
nese labor force is slightly more than
one-half that of the United States.6

'Including social scientists and scientific person-
nel Data are from Peter 0 Way and Ellen Jamison,
Characteristics of .Scientific and Technical Manpower in
the United States and Four Other Industrialized Coun-
tries (Washington, DC.US Bureau of the Census,
1986), U S Bureau of the Census, Center for Inter-
national Research, Recent Data on Scientists and En-
gineers in Industrialized Countries (Washington, D C
February 1988), and the National Science Founda-
tion

5



Table 1. Stock of scientists and engineers:1 1980 and 1985 or 1986

Scientists and engineers

Japan United States

1980 1985 1980 1986

Sc.c:itists and engineers, total 940,301 1,514,200 2,369,200 3,583.300
Per 10,000 labor force . . 164 251 218 300

Engineers . . 744,380 1,124,300 1,486,400 2,190,400
Per 1 J,000 labor force 130 187 137 183

Civil . . . 351,929 485,400 214,300 313,100
Electrica'electromc . 119,499 233,100 351,600 528,100
Industrial and mechanical 272,952 405,800 920,500 1,349,200

Scientists . . . 195,921 389,900 882,800 1,393,000
Per 10,000 labor force 34 65 81 117

Natural .. , . 63,729 67,100 471,400 652,300
Computer . .. 129,764 320,500 192,100 420,900
Social . .. , . . 2,428 2,300 219,400 319,800

'Nonacademic scientists and engineers employed as scientists and engineers See text footnote 7 (p 6 ) for an explanation of why academics
are excluded

NOTE Because of rounding figures may not add to totals shown

SOURCES Peter 0 Way and Ellen Jamison, Characteristics of Scientif ic and Technical Manpower in the United States and Four Other Industnalued

Countries (Wasnogton, DC US Bureau of he Census, 1986). U S Bureau of the Census Center for International Research, "Recent Data
on Scientists and Engineers in Industnalized Countries" (Washington, 0 C February 1988), U S Bureau of Labor Statistics, and the National
Science Foundation

Comparative data for engineers in-
dicate higher relative levels of en-
gineers per 10,000 labor force in
Japan: in 1985, there were 187 en-
gineers per 10,000 labor force com-
pared with 183 in the United States
in 1986. Japan had 65 scientists per
10,000 labor force compared with 117
in the United States.

Both countries have experienced
significant increases in the stock of
nonacademic scientists and engi-
neers relative to overall labor force
increases. The Japanese stock of sci-
entists and engineers grew 61 per-
cent from 1980 to 1985; during this
period, the total labor fore grew by
only 5 percent. Concurrently, the
number of scientists doubled, largely
because of a 147-percent increase in
the number of computer specialists
(the proportion of natural scientists
per 10,000 labor force remained con-
stant from 1980 to 1985). Also, the
number of engineers increased by 50
percent, with the stock of electrical/
electronic engineers nearly dou-

6

bling. The U.S. experience was sim-
ilar: increases of nearly 50 percent or
more were registered in most cate-
gories of scientists and engineers,
with the largest growth (119 per-
cent) occurring in the stock of com-
puter specialists. In contrast, the U.S.
labor force increased only 10 percent
from 1980 to 1986.

R&D scientists and engineers.
Distinct from the total stock of sci-
entists and engineers is the number
who are currently active in R&D.'
Japanese and U.S. surveys on the

'Unlike data on the stock of scientists and engi-
neers, which exclude academics, data on scientists
and engineers engaged in R&D include academic
scientists and engineers Stock data are derived from
the occupational categones of national censuses,
which do not distinguish academics by discipline
Consequently, it is not possible to calculate only
that faculty in science and engmeenng from the
census data On the other hand, the numbers of
scientists and engineers engaged in R&D are ob-
tained from R&D surveys that do distinguish per-
sonnel by discipline

20

number of scientists and engineers
engaged in R&D are not strictly
comparable, because Japanese sur-
veys ask for the total number of sci-
entists and engineers engaged in
R&D regardless of the amount of time
devoted to R&D activities. U.S. sur-
veys, on the other hand, ask for ad-
justments to estimate full-time
equivalence. In order to adjust the
Japanese data, information here ex-
cludes data on the social sciences and
humanities and uses only data on
the natural sciences and engineer-
ing.8

Regardless of these differences,
there can be no dispute concerning
the rapid increase of Japan's S/E la-
bor force. The total number of Jap-
anese R&D scientists and engineers
engaged in R&D has tripled since
1965, and in 1986 was 405,600-one-
half of the U.S. full-time-equivalent
total of 802,300. Japan's scientists and
engineers are also much younger
than their U.S. counterparts: in 1985,
almost one-half of Japanese nona-
cademic scientists and engineers
were under 35 years old, compared
with 28 percent in the United Statcs.
The ratio of Japanese Ts&D scientists
and engineers per 10,000 labor force
was about one-third the U.S. ratio
in 1965; in 1986, however, the two
ratios were comparable at 69 percent
and 67 percent, respectively (chart
9). Within the R&D-performing sec-
tors, Japan has a slightly larger ab-
solute number of scientists and
engineers in 'Ile higher education
sector than the U.S. full-time equiv-
alent; however, the United States has
2.5 times as many industrial scien-
tists and engineers engaged in R&D
as does Japan and nearly three times
as many in government and non-
profit settings (chart 10).

By excluding social scientists from the Japanese
S/E data, It is possible to get a closer estimate of
those full-time scientists and engineers actually con-
ducting R&D For a more detailed discussion of this
adjustment, see appendix A
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technical know-how
expenditures and
receipts

Although receipts for and
expenditures on technical know-how
(royalties and fees) typically are
viewed as S/T outputs, Japan his-
torically has used licensed technol-
ogy to supplement its own R&D
efforts. Consequently, Japanese
trends regarding royalties and fees
are discussed here as an integral part
of the country's R&D efforts (they
are discussed again in chapter 5 on
S/T outputs and impacts).

In 1970, Japan spent constant $1.4
billion on royalties, licensing fees,
and other expenses related to im-
ported technology. These expendi-
tures were 57 percent of what the
United States spent in the same year
for technical know-how (chart 11).
Japan's expenditures for technical
know-how in 1970 were 11 percent
of total national R&D expenditures,
compared to 4 percent in the United
States.'

Japan has continued to spend a
substantial amount on technical
know-how. I° Between 1970 and 1985,

9These Japanese royalties and fees data are from
the Bank of Japan, which are most comparable to
U S data because they Include transactions for film
nghts, book royalties, and other cultural Items The
Japanese Statistics Bureau also provides technical
know-how data, but on manufactunng industnes
only These latter data are presented in chapter 5,
"Outputs and Impacts," and the differences be-
tween the two data senes are discussed in footnote
43 of that chapter

'°Increases in the dollar amount of technical know-
how purchases cannot be equated on a one-to-one
basis with increases in the actual volume of tech-
nology transfer Because of uncertainties about the
market valuation of technology, it is possible that
increasing expenditures on technical know-how re-
flect purchases of less, but more expensive, tech-
nology

7
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its payments for royalties and fees
increased by 71 percent; this was not
quite as large as the increase for R&D,
which nearly tripled. Consequently,
the share of Japanese payments for
technical know-how to R&D de-
creased to 7 percent in 1985.

8

In 1970, Japan exported constant
$194 million worth of technical know-
how; in the same year, the United
States had exports of constant $8.6
billion. Since 1970, Japanese tech-
nology has been in greater demand
by overseas customers and the Jap-

22

anese have been more willing to sell
their technology; by 1985, Japan was
exporting constant $721 million worth
of technical know-how, improving
the share of receipts to payments
from 14 percent in 1970 to 30 percent
in 1985.



chapter 2.

government r&d
The Japanese Government's share

of total national R&D funding
reached its peak in 1972 at 33 per-
cent. It has declined fairly steadily
since then to its 1985 level of 21 per-
cent. In comparison, the U.S. Gov-
ernment's share of national R&D
funding is much higher, although it
also declined from 1970 to 1985,
dropping from 57 percent to 48 per-
cent.

Despite its declining relative con-
tribution to total national R&D re-
sources, the actual value of Japanese
Government funds has steadily in-
creased, reaching constant $7.6 bil-
lion in 1985. U.S. Federal funding
which declined during 1970-75, but
has increased steadily since then
was constant $46.0 billion in 1985
(chart 12). Despite an environment
of fiscal restraint, the Japanese Gov-
ernment's S/T budget has received
a high priority in the last 5 years.
From 1980 to 1985, Japanese Gov-
ernment R&D funding increased at
an average annual rate of 3 percent
(a net increase of 16 percent) com-
pared with a 6-percent average an-
nual rate (a net increase of 33 percent)
in the United States. In the United
States, 90 percent of the growth in
government R&D funding is ac-
counted for by increases in defense-
related R&D.

organization of s/t
policymaking

In spite of its relatively small share
of total national R&D funding, the

Japanese Government plays an im-
portant role in science and technol-
ogy both by identifying new
directions for national R&D efforts
and by indicating R&D initiatives to
industry through a program of fi-
nancial incentives and selective
funding of particular R&D projects.
Chart 13 presents the governmental
structure of S/T administration in Ja-
pan.

S/T policy in Japan is largely the
responsibility of four institutions: the
Prime Minister's Council for Science
and Technology; STA; the Ministry

of Education, Science, and Culture
(Monbusho); and MITI.11 In one ca-
pacity or another, these four orga-
nizations: (1) develop national S/T
policy, (2) coordinate the policies of

"Much of this discussion is drawn from Har-
umitsu Yoshimura, The Organization of Science and
Technology in Japan, prepared for the International
Conference "The Organisation of Science and Tech-
nology in Western Industrialized CountriesAn
International Comparison" (Bonn, West Germany,
May 26-27, 1987) Mr Yoshimura is the Assistant
Director General for Administration, Science and
Technology Agency

23 9
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Chart 13. Administrative structure of science and technology In Japan: 1987
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all ministries and agencies involved
in science and technology, (3) direct
a system of more than 80 govern-
ment research institutes, (4) admin-
ister the national university system,
and (5) oversee an assortment of
public corporations.

The actual development of Japa-
nese S/T policy is a combination of
consultation, consensus, decentral-
ization, and coordination. The pri-
mary authority, the Council for
Science and Technology, consults
with the Prime Minister and Cabinet
and recommends long-term na-
tional policy objectives. STA is re-
sponsible for coordinating the
individual S/T policies of the various
ministries (except Monbusho) and
their affiliated research institutes.
STA also contributes to the devel-
opment of national S/T policy. Fi-
nally, Monbusho influences the R&D
activities of the national university
system and its associated research
institutions.

The council for science and tech-
nology. The Council for Science and
Technology is the foremost Japanese
institution for promoting a compre-
hensive national S/T policy; it also
bridges the activities of STA and
Monbusho. The Council is chaired
by the Prime Minister and is com-
posed of several cabinet ministers,
the Chairman of the Science Council
of Japan, and prominent experts on
science and technology. In fulfill-
ment of its role, the Council peri-
odically delivers key recom-
mendations to the Prime Minister.
In 1965, the Council recommended
that Japan should "seek relief
through indigenous research and
development from overdependence
on foreign technology"; this rec-
ommendation was followed by a
rapid increase in both government
and private R&D funding. The
Council's 1971 advice stressed the
need for research on means to pre-
serve the environment; the 1977 rec-
ommendation, following in the wake
of the oil shock, focused on energy
research. In November 1984, the
Council released its Eleventh Rec-
ommendation, which identified the

12

need for a "basic shift in Japan's R&D
effort towards the fostering of cre-
ative breakthroughs in fundamental
research that should benefit not only
Japan but the international com-
munity."' This latter recommen-
dation is expected to have a major
impact on future Japanese R&D
planning both in the character of re-
search supported and the involve-
ment of foreign researchers in its
performance.

The science and technology
agency. STA provides policy re-
search and planning input for the
Council, but its major res:
ties also include the management and
conduct of S/T activities in basic re-
search and the "big sciences." Most
of this work is carried out in research
institutes attached to the agency;
these perform work in such fields as
aerospace, inorganic materials, and
radiological science. Other work is
performed by quasi-autonomous
public corporations within STA's
authority such as the Institute of
Physical and Chemical Research (RI-
KEN) and the Japan Atomic Energy
Research Institute.

Affiliated with STA is the Japan
Information Center for Science and
Technology (JICST), which collects
S/T publications from around the
world, summarizes these, and stores
the abstracts in an on-line service ac-
cessible to most Japanese research-
ers and now available in the United
States.13 Another STA-directed pub-
lic corporation is the Japan Research
and Development Corporation,

'2Council for Science and Technology, Compre-

hensive Fundamental Policy for Promotion of Science and

Technology to Focus Current Changing Situations from
the Long-Term View Recommendation on the 11th In-
quiry (Tokyo, Japan, November 1984)

"The on-hne service provides abstracts both in
panese and English. It is available through the

National Technical Information Service, Spring-
field, Va 22161, phone number (703) 487-4819
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whose main function is to encour-
age the commercialization of prom-
ising R&D developed at the national
universities and research institutes.

Among numerous other projects,
STA publishes an annual "White Pa-
per on Science and Technology" and
sponsors a Delphi Survey adminis-
tered every 5 years. This survey is
sent to approximately 2,500 indus-
try, university, and government
leaders and asks them to identify
those research areas deserving the
highest emphasis. The results of the
most recent survey are presented in
chapter 6, "Possible Future Direc-
tions" (p. 39).

The ministry of education, sci-
ence, and culture. Monbusho is re-
sponsible for administering Japan's
system of 95 national universities and
their affiliated research institutes, and
accounts for the largest portion of
government R&D expenditures.14 In
order to foster interuniversity re-
search cooperation, Monbusho es-
tablished several research institutes
for joint use by staff from all uni-
versities during the seventies. These
institutes are both university-affili-
ated and independent national joint-
university centers; by- 1985, there
were 24 such institutes covering most
major fields of investigation (a list of
the institutes is provided on p. 24 in
c ...pter 4, "Higher Education ").15
Similarly, Monbusho issued a direc-
tive in 1983 urging universities to
open up their facilities to industrial
researchers; since then it has initi-
ated several programs promoting this

"Monbusho also sets the establishment and ac-
creditation standards for Japan's public and private
universities.

"An English-language description of these insti-
tutes is in the Tokyo Office of the U S National
Science Foundation, Directory of Selected Japanese Sci-

,fic Research Institutes Government, National Uni-
versities, and Special Corporations, Report
Memorandum #114, December 1986 The report may
be obtained from the National Science Foundation,
Office of International Programs, 1800 G Street, N W ,

Washington, D C. 20550



university-industry-government co-
operation in research. Also affiliated
with Monbusho is the Japan Society
for the Promotion of Science, a se-
niigovenunental organization which
provides (among other services)
funds for cooperative research proj-
ects and fellowships for interna-
tional scientific researchers.

Ministry of international trade and
industry. MITI is well known for its
role in industrial policy and regu-
lation; however, it also plays an ac-
tive part in promoting Japanese
industrial R&D. Within MITI, the
Agency for Industrial Science and
Technology (AIST) sponsors a vari-
ety of projects to develop technol-
ogies with potential commercial
value. (These projects are further
detailed on p. 66.) Much of this work
is carried out in 16 national and re-

gional industrial research institutes
administered by AIST. AIST is also
responsible for administering spe-
^ial incentivessuch as conditional
loans, tax deductions, and special fi-
nancingfor technology develop-
ment in the private sector. The Japan
Key Technology Center, a public
corporation affiliated with MITI/
AIST, helps finance certain joint in-
dustrial R&D projects.

government funding
Ministerial R&D budgets are com-

posed of: (1) funds for ongoing re-
search-related operations and
personnel costs of government re-
search institutes and higher educa-
tional institutions, (2) funds for
research promotion primarily in the

form of external grants, and (3) funds
for the special energy budget initi-
ated in 1977.

Monbusho and STA have the larg-
est budgets, accounting for 47 per-
cent and 27 percent, respectively, of
the Government's total R&D budget
(chart 14). MITI is the third largest
funder (13 percent); followed by the
Ministry of Agriculture, Forestry, and
Fisheries and the Defense Agency (4
percent each); and the Ministry of
Health and Welfare (2 percent). While
most of Monbusho's funds are com-
mitted to the ongoing operations of
the university system, STA's funds
are equally divided among the three
funding components listed above.

The Japanese Government spends
the largest portion of its budgetan
estimated 47 percent in 1985on the
general objective of "advancement

p7
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of knowledge," a function which in-
cludes general university funds
(GUF) spent on R&D as well as sep-
arately budgeted R&D, and should
also not be equated with basic re-
search (chart 15).16 The U.S. Gov-
ernment spends the preponderance
of its R&D budget (68 percent in 1985)
on defense.

The emphasis of the Japanese
Government on various R&D objec-
tives has been relatively stable over
the past decade, with the exception
of the shares of funds devoted to
energy and defense research. From
1975 to 1985, the proportion of ex
penditures for energy R&D dou-
bled, rising from 7.5 percent to 16.3
percent; defense expenditures in-
creased from 2.2 percent to 4.1 per-
cent. The relative shares of all other
categories declined to compensate
for these increases (chart 16). Japan
spends a greater proportion of its
budget on agriculture, industrial de-
velopment, energy, and civil space
objectives than does the United
States, largely because of its much
lower concentration of defense-re-
lated R&D expenditures.

' "As noted earlier, the United States does not have
the Japanese and European equivalent of general
university funds, the U S data on advancement of
knowledge do not include expenditures similar to
CUE Also note that approximately one-half of the
Japanese Government R&D budget goes to the Min-
istry of Education, Science, and Culture

IIIJapan

III United States
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government r&d
programs

In addition to its funding and pol-
icymaking roles, the Japanese Gov-
ernment is a performer of R&D
through the more than 80 national
institutes and public corporations
which conduct ongoing research.'
In addition to ongoing research at
the research institutes, there are a
number of large-scale, special R&D
programs that have been initiated by
STA and MITI which focus primarily
on basic research and the develop-
ment of new technologies.

The Exploratory Research for Ad-
vanced Technology program (ER-
ATO) was implemented in 1981 to
provide basic research in potentially
revolutionary technologies that are
of prohibitive research cost to pri-
vate industry. ERATO is directed by
the Research Development Corpo-

'7A listing and descnphon of the most significant
of these research institutes is in the Tokyo Office of
the U S National Science Foundation, Directory of
Selected Japanese Scientific Research Institutes, op at

ration of Japan, and research out-
puts are to be made publicly available
for commercial exploitation. Through
1986, 12 different projectswith av-
erage expected durations of 5 years
and average total budgets of con-
stant (1982) $8 millionhave been
adopted. These projects are listed in
table C-1.

Within MITI, AIST has estab-
lished several well-publicized joint
research enterprises with selected
industrial firms (e.g., the Large-Scale,
Sunshine, and Moonlight Projects).
MITI provides these projects with
partial funding and, in some in-
stances, also provides the facilities
of its research institutes; the firms
contribute key researchers and the
remaining funding. A list of major
AIST projects and their purposes are
presented in table C-2. MITI also
sponsors the Fifth Generation Com-
puter Program, a 10-year research
program instituted in 1982. Re-
search in conjunction with the Fifth
Generation Computer Program is
conducted at the specially created
Institute for New Generation Com-
puter Technology (ICOT), and fo-
cuses on advanced information

processing, especially parallel com-
puting and artificial intelligence.

Finally and most r7cently, the
Frontier Research Program was ini-
tiated in 1986 under the aegis of RI-
KEN, a major research institute
affiliated with STA. The program
aims to discover new knowledge that
will serve as the basis for technolog-
ical innovation in the 21st century;
the two research themes of the pro-
gram are (1) the biological founda-
tions of homeostasis mechanisms in
plant and animal life, and (2) fron-
tier materials. A 15-year research
agenda is tentatively being planned,
with teams of international scien-
tists conducting research at RIKEN's
laboratories in specific areas such as
chromosomes and bioelectronic ele-
ments and devices.18

'8For more information on RIKEN's program, see
the Tokyo Office of the U.S. National Science Foun-
dation, STA and RIKEN to Launch 'International Fron-
tier Research System', Report Memorandum #97, April
1986 Note that RIKEN's IFRP is not the same as
the yet-to-be Implemented Human Frontiers Pro-
gram The Human Frontiers Program has been a
highly publicized new research program, and is still
in the planning stage

79 15



chapter 3.

industrial r&d

Industrial R&D has always been
the most prominent sector in the
Japanese system, accounting for 69
percent of all R&D funds in 1985 (U.S.
industry accounted for 49 percent of
R&D funds). There are two primary
reasons for this sector's promi-
nence. First, Japan's postwar agree-
ments have limited Japan's defense
establishment; consequently, the
share of R&D funds accounted for
by government defense-related R&D
expenditures is very small in Japan.
Second, the Japanese Government
has maintained a policy of letting in-
dustry support its own R&D, with
the result that less than 2 percent of
industrial R&D funds comes from the
Japanese Government. In contrast,
in the United States, slightly more
than one-third of industrial R&D is
funded by the Federal Government;
these expenditures are concentrated
primarily in the defense, space, and
telecommunications industries.

Low levels of government R&D
expenditures relative to industry do
not mean that the Japanese Govern-
ment does not actively encourage or
promote industrial R&D. In fact, a
system of financing and tax incen-
tives operates to stimulate R&D in
the Japanese private sector. Project-
oriented incentives for encouraging
Japanese industrial RSrD include fa-
vorable interest rates from the Japan
Development Bank for the commer-
cialization of n,2.w technology, gov-
ernment coi.tracts for the
commercialization of the outputs of
public R&D institutions, capital in-
vestments, and conditional interest-
free loans. Tax incentiveswhich
allow Japanese businesses to main-
tain the confidentiality of their R&D
activities (unlike the project-ori-
ented incentives)provide special
tax credits for incremental increases
in corporate R&D expenditures (in
effect since 1967); the R&D per-
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formed by small and medium firms;
and the costs of depreciable assets
for R&D in "basic" technologies such
as new materials, biotechnology, and
high-performance robotics.19 In
comparison, the United States pro-
vides tax credits only for incremen-
tal corporate R&D expenditures and
industry funding of university basic
research; the credit was first initi-
ated in 1981 and later extended (in
a reduced and modified form)
through 1988.

'9A detailed discussion of Japanese industrial fi-
nancing and tax Incentives is in Ministry of Inter-
national Trade and Industry, AIST, 1987 (Tokyo,
Japan, 1987) A thorough discussion of the R&D tax
system is in the Tokyo Office of the U.S. National
Science Foundation, Preferential Tax Systems for R&D
in Japan, Report Memorandum #109, November 1986.

17



overall industrial
r&d trends

From 1965 to 1985, Japanese in-
dustrial R&D expenditures in-
creased at an average annual rate of
11 percent; total U.S. industrial R&D
increased at a rate of 3 percent and
U.S. company-funded R&D at a rate
of 5 percent for the same period.20

Consequently, Japanese indus-
trial R&D expenditures increased
from less than one-tenth the U.S.
level in 1965 to one-third of total U.S.
industrial R&D and one-half of U.S.
company-funded R&D expendi-
tures in 1986 (chart 17). Japanese in-
dustrial R&D expenditures were
constant $24.1 billion in 1985 (con-
stant $396 million were funded from
government sources) compared with
total U.S. industrial expenditures of
constant $70.4 billion (constant $23.8
billion from government sources).

As a percentage of GNP, Japanese
industrial R&D more than doubled
from 1965 to 1986. In 1986 this ratio
was comparable to the U.S. propor-
tion: 1.9 percent and 2.0 percent, re-
spectively (chart 18). Since Japanese
industrial R&D is almost entirely (98
percent) financed by companies
themselves, Japanese company-
funded R&D as a percentage of GNP
has surpassed the U.S. ratio in every
year since 1970. In 1985 and 1986,
the ratio of company-funded R&D
to GNP was 1.9 percent for Japan
and 1.3 percent for the United States.

niecause less than 2 percent of Japanese Indus-
trial R&D funds is from government sources, Jap-
anese company-funded R&D data are not discussed
separately

18

United States, total\ .,.*.,
United States, company-funded ..

-b.....................
.....................

...............

United States, total1.....,

United States, company-funded
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r&d by industry
Because of the congestion and

pollution created by the geographic
concentration of Japan's heavy in-
dustries, Japan's economic planners
have de-emphasized industries per-
ceived as environmentally disrup-
tive (e.g., chemicals, steel) and
introduced policies to replace them
with those perceived as environ-
mentally clean and/or information-
based (e.g., electronics, scientific and
professional instruments). Indus-
trial R&D investments appear to ha ..e
been somewhat responsive to these
priorities.

In 1965, the chemical industry in
Japan was the principal performer
of R&D, accounting for 28 percent
of total manufacturing R&D; it was
followed by the electrical machinery
industry, which accounted for 23

percent (chart 19).21 By 1975, elec-
trical machinery had overtaken the
chemical industry as the primary
R&D performer, andby 1985the
electrical machinery industry was
outspending the chemical industry
2 to 1. In both 1965 and 1985, the
electrical machinery; chemicals,
general machinery, and motor vehi-
des industries were the four largest
sources of Japanese manufacturing
R&D, together accounting for 68 per-
cent of manufacturing R&D in 1965
and 73 percent in 1985. The industries

"The Standard Industrial Classihcation for Japan
Includes computers under the "electrical machin-
ery" classification as communications equipment and
electronic components, whereas the United States
and the Organisation for Economic Co- operation
and Development classify such equipment under
"general machinery "
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with the largest real R&D growth from
1965 to 1985 were communications and
electronic equipment, rubber (includ-
ing plastics), motor vehicles, and
professional and scientific instru-
ments.

The United States has a different
ranking of the top sources of man-
ufacturing R&D depending on
whether total or company-funded
R&D is examined. For total manu-
facturing R&D, aircraft and missiles
account for 23 percent of R&D per-
formance; electrical machinery, gen-
eral machinery, and chemicals
industries combined account for an-
other 47 percent of the total manu-
facturing R&D.22, 23 For company-
funded manufacturing R&D, the
electrical machinery industry is the
single largest source of manufactur-
ing R&D (34 percent), followed by
the chemical (16 percent), motor ve-
hicle (12 percent), and professional
and scientific instruments (9 per-
cent) industries.24

Unlike the United States, Japan does not have
a separate Industry category for aircraft and mis-
siles, probably because these industries are so small
Missiles are not mentioned at all in the product
classifications, ordnance is included in genera/ ma-
chinery and aircraft are Included in the category for
transportation equipment other than motor vehi-
cles In 1985, R&D expended by "other transpor-
tation" Industries was constant 5561 million with
an R&D to net sales raho of 2 6 percent

"Much of the total U S manufacturing R&D is
not available on a sufficiently disaggregated basis
to allow for a detailed Industry comparison with
Japan

"Note that the U.S manufacturing Industry data
have been adjusted to be more comparable with the
Japanese data Computers have been reclassified
from general machinery to communications and
electronic equipment under electrical machinery.
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By 1985, most Japanese manufac-
turing industries were investing at
least one-half of the company-funded
R&D amount of their U.S. counter-
parts (chart 20). In the textiles, ce-
ramics, and iron and steel industries,
actual Japanese R&D expenditures
exceeded U.S. levels by nearly 2 to
1 or more. In only two industries
petroleum and professional and sci-
entific instrumentswere Japanese
R&D expenditures significantly less
than one-half that of the U.S. These
high levels of industrial R&D
expenditures are particularly im-
pressive if it is recalled that in 1985
Japan's GNP was little more than
one-third of the United States'.

Japan

20

A

r&d to net sales and
r&d concentration

The relative importance of R&D
can be gauged by measuring the
proportion of available resources
being invested in R&D. The ratio of
company-funded R&D expendi-
tures to net sales provides a measure
of R&D intensity which can be com-
pared across industries and coun-
tries. This ratio for all Japanese
manufacturing industries in 1985 was
2.7 percentslightly less than the
2.8 percent reported for company-
funded R&D in the United States
(chart 21). Generally, those Japanese
industries with R&D expenditures

United States
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equivalent to about 60 percent or
more of their U.S. counterparts had
the same or higher R&D to net sales
ratios as the U.S. industries; Japa-
nese industries with R&D expendi-
tures equivalent to less than about
60 percent of U.S. industries had ra-
tios lower than those for the United
States. Drugs and medicines was the
most R&D-intensive industry in Ja-
pan with an R&D io net sales ratio
of 7 percent; it was followed by com-
munications and electronic equip-
ment (5.3 percent) and professional
and scientific instruments (4.5 per-
cent). In the United States, the
professional and scientific instru-
ments (9 percent), drugs and med-
icines (8.4 percent), and
communications and electronic
equipment (7.6 percent) industries
were the most R&D intensive.

Evidence indicates that R&D is
slightly less concentrated in Japan
than in the United States. In 1985,
the top five Japanese R&D firms ac-
counted for 18 percent of total man-
ufacturing R&D compared to 23
percent for the top five U.S. firms
(table B-18). For most manufactur-
ing industries, the levels of indus-
trial R&D concentration are lower in
Japan than in the United States; an
appreciably higher level of Japanese
industrial R&D dominance is found
only in ti- . iron and steel industry.
U.S. company-dominance of R&D is
much higher than Japan's in the in-
dustrial chemicals, ceramics, fabri-
cated metals, general machinery,
motor vehicles, and professional and
scientific instruments industries.

In Japan, the greatest levels of
company concentration of manufac-
turing R&D occurred in the iron and
steel (78 percent of R&D accounted
for by the top five R&D firms), pe-
troleum and coal (71 percent), motor
vehicles (69 percent), and rubber (60
r,,-rcent) industries. In the United
States, the concentration was high-
est in the motor vehicles (96 per-
cent), petroleum and coal (71
percent), industrial chemicals (70
percent), and professional and sci-
entific instruments (65 percent) in-
dustries.



Japan

United States

The most R&D-intensive indus-
tries were not the most R&D-"mo-
nopolized" industries in either
country. In Japan, the most R&D-
intensive industries (pharmaceuti-
cals, communications and electronic
equipment, and professional and
scientific instruments) had less than
60 percent of their R&D accounted
for by the top five firms. In the United
States, the most R&D-intensive in-
dustries (professional and scientific
instruments, pharmaceuticals, and
communications and electronic
equipment), had 65 percent or less
of their R&D accounted for by the
top five firms.

I I I

industrial scientists
and engineers
engaged in r&d

Accompanying the growth of in-
dustrial R&D expenditures is the in-
crease in industrial scientists and
engineers engaged in R&D. In 1965,
there was a total of 59,000 Japanese
scientists and engineers engaged in
industrial R&D; this represented
about one-fifth the U.S. 348,000 full-
time equivalent. During the past 2
decades the number of Japanese in-
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dustrial R&D scientists and engi-
neers has increased at an average
annual rate of 7.1 percent, com-
pared to 2.5 percent for the United
States. Thus, by 1985 Japan em-
ployed 231,000 scientists and engi-
neers engaged in industrial R&D
two-fifths as many as the 570,000 full-
time equivalent in the United States
(table B-19). Although Japan has a
lower absolute number of industrial
scientists and engineers, Japan's 1985
ratio of manufacturing R&D scien-
tists and engineers per 10,000 em-
ployees was 470 compared to the 400
full-time equivalent for the United
States (chart 22).
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chapter 4.

higher education

Because the Japanese and U.S.
higher education systems are very
different, it is difficult to make in-
ternational comparisons of the re-
sources devoted to R&D in the higher
education sector. For the purposes
of this discussion, the Organisation
for Economic Co-operation and De-
velopment (OECD) definition cf
higher education is used: it com-
prises all universities, colleges of
technology, and other institutes of
post-secondary education whatever
their legal status or source of fund-
ing; and includes all research insti-
tutes, experimental stations, and
medical facilities operating under the
direct control of, administered by,
or associated with higher education
establishments. For instance, in the
United States, R&D expenditures in
the higher education sector include
those funds spent not only in uni-

versities and colleges but also in fed-
erally funded research and
development centers (FFRDCs) ad-
ministered by individual universi-
ties and colleges and by university
consortia.

Japan's university research sys-
tem is composed of three !ypes of
institutions: universities, research
institutes attached to universities,
and National Interuniversity Re-
search Institutes.25 The university
system consists of 96 national uni-
versities established under the au-
thority of the Ministry of Education,
Science, and Culture (Monbusho);
34 public institutions established by
local governments; and 331 private

23The above discussion of the Japanese higher ed-
ucation research system is drawn from the Ministry
of Education, Science, and Culture, The University
Research System in Japan (Tokyo, Japan, 1986)

36

institutions. R&D is also conducted
at an assortment of junior and tech-
nical colleges which account for about
10 percent of the academic staff in
the entire higher education system.

Research at the university level is
also conducted in research institutes
established within the universities
as well as in the National Interuniv-
ersity Research Institutes. Recent
policy emphasis has been on the co-
operative use of research facilities:
of the 69 institutes attached to the
national universities, 12 are avail-
able for joint use. The more than 500
research institutes affiliated with
public and private universities are
devoted primarily to the humanities
and social sciences.

To promote research and aca-
demic cooperation in those fields of
science which require large-scale fa-
cilities and equipment or collective
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research, Japan established 12 Na-
tional Interuniversity Research In-
stitutes :1 the 1970's (table 2). These
institutes are not attached to specific

Table 2. Joint university and national
interuniversity research institutes

Institutes Location

Joint university research
Institutes:

University of Tokyo ..... .

Institute for Cosmic Ray
Research

Institute for Nuclear Study
Institute for Solid State

Physics

Ocean Research Institute

Tokyo University of Foreign

Studies.

Institute for the Study of
Languages and Culture of
Asia and Africa

Kyoto Univeisity

Research Institute for
Fundamental Physics

Research Institute for
Mathematical Sciences

Research Reactor Institute
Primate Research Instaute

Nagoya University .

Insttute of Plasma Physics
Osaka University . . .

Institute for Protein Research

Welding Research Institute

National Interuniversity Research
Institutes:

National Laboratory for High
Energy Physics .

National Museum of Japanese

History
National Center for Science

Information System ..
National Institute of Polar

Research .........
Institute of Space and

Astronautical Science

National Institute of Japanese
Literature

Institute of Statistical
Mathematics

National Institute of Genetics
Okazaki National Research

Institutes

Institute for Molecular
Science

Institute for Basic Biology
Institute for Physiological

Sciences

National Museum of
Ethnology

Tokyo

Tokyo

Kyoto

Nagoya

Osaka

Tsukuba

Sakura

Tokyo

Tokyo

Tokyo

Tokyo

Tokyo

Mishima

Okazaki

Osaka

SOURCE Ministry of Education, Science, and Culture. The University

Research System in Japan (Tokyo. Japan, 1986)
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universities, are open to all univer-
sity researchers, and are of the same
legal classification as the national
universities.

While the U.S. system relies mostly
on separately budgeted R&D project
awards, Japan principally depends
on an institutional funding system
in which universities and colleges
receive GUF from the national Gov-
ernment for teaching, research, and
facilities and equipment. Three-
quarters of all Japanese higher ed-
ucation R&D funds are received
through such general funds, whereas
over three-quarters of U.S. higher
etiucation R&D funds are obtained
from specifically budgeted project
items.'

overall r&d
trends

The higher education sector ap-
pears to play a larger role in the Jap-
anese R&D system than that in the
United States. In 1985, 31 percent of
Japan's natural scientists and engi-
neers engaged in R&D were in higher
education (60 percent of Japanese
natural scientists and engineers en-
gaged in R&D are in health-related
fields). In contrast, 14 percent of the
U.S. natural scientists and engineers
engaged in R&D were in higher ed-
ucation. As a share of total R&D,
R&D performance in 1985 in the
higher education sector accounted

26These data are presented in Ben Martin and John
Irvine, An International Comparison of Government
Funding of Academic and Academically Related Research
(Sussex, England University of Sussex, Science Pol-
icy Research Unit, 1986) The United States does
not have the equivalent of GUF, Martin and Irvine
have attempted to identify and include those U S
funds that are comparable to GUF
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for 20 percent in Japan and 12 per-
cent in the United States.27 In both
Japan and the United States, the
higher education sector conducts
comparable shares (55-56 percent) of
the nation tl basic research effort.

From 1965 to 1986, R&D perfor-
mance in the higher education sec-
tor more than tripled in constant
dollar terms in Japan and doubled
in the United States (chart 23). Jap-
anese expenditures increased at an
average annual rate of 6.1 percent,
compared with 3.2 percent in the
United States. In 1986, R&D
expenditures in Japanese higher ed-
ucation totaled constant $7.3 billion;
U.S. expenditures totaled constant
$12.7 billion. As a share of total R&D,
Japanese higher education R&D de-
clined from 36 percent in 1965 to 20
percent in 1986 (chart 24). This was
largely because of the higher aver-
age annual rates of increase in R&D
expenditures by industry, govern-
ment, and private research insti-
tutes. In comparison, U.S. higher
education expenditures as a share of
total R&D increased slightly, rising
from 11 percent in 1965 to 13 percent
during 1975-81; expenditures have
remained at 12 percent since 1982.

In Japan, as in most European
countries, higher education statis-
tics relating to R&D revenues and
expenditures include a sizable por-
tion of GUF, which includes normal
operating expenses. A recent study
by Martin and Irvine28 illustrates the
implications of including a propor-
tion of such funds for computing
government-funded academic re-
search. Of Japan's government-
funded academic research, the study
found that 75 percent is allocated for
GUF, compared with the study's es-

271f the United States had data on and included
data from State and local governments, this 12-per-
cent share for the higher education sector would
likely be higher

26Marhn and Irvine, op at
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timated 23 percent for the United
States (table 3). Monbusho reports
that of its budget for promoting sci-
entific research, equal shares (38
percent each) go to research insti-
tutes and national university facili-
ties; 13 percent is allocated for
scientific research grants; and the re-
maining 11 percent goes to all other
programs including, for example, the
Antarctic program and subsidies to
public and private universities.

Private higher educational insti-
tutions occupy a major place in the
Japanese system, employing about
one-half of all university researchers
(38 percent of the scientists and en-
gineers engaged in R&D in the nat-
ural sciences and engineering) and
accounting for nearly three-quarters
of all student enrollments. Further,
they account for a substantial pro-
portion of the funds expended on
higher educational R&D: 53 percent
of the 1985 total. The research activ-
ities of private universities place
greater relative stress on applied
topics, especially in medicine and the
social sciences, than do national uni-
versities. In general, the national
universities are viewed as centers for
the most significant basic research

Table 3. Government funding of
academic research: 1982

[Percent]

Item

Total

United States

Separately budgeted

academic

research . ....
General university

funds' . .

100 0

Japan

100.0

77.2

22.8

25 1

74.9

'The United States does not have a system of genera university
funds (GUF) like that of Japan and most of Europe Martin and Irvine

attempted to identify those U S R&D funds that were similar to GUF

in order to distinguish separately budgeted research funds from those

of a more general nature

SOURCE Ben Martin and John Irvine, An Intemahonal Companson

of Government Funding of Academic and Academically Related Re-

search (Sussex England University of Sussex, Science Policy Re-

search Unit, 1986)
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r&d by field
Because the basic infrastructure of

Japanese higher education is heavily
influenced by private universities in
terms of number of institutions, dis-
tribution of faLulty, and share of stu-
dent enrollments, the distribution by
field of total higher education R&D
expenditures is concentrated in the
social sciences, humanities, and other
related fields since these are the ma-
jor areas of instruction and research
at private institutions. Conse-
quently, the national patterns of
Japanese higher education expend-
itures reflect the emphasis of private
institutions: 40 percent of R&D ex-
penditures in Japanese higher edu-
cation are in the social sciences,
humanities, and other liberal arts
fields (chart 25).29 In contrast, the
United States expended only 5 p er
cent in social sciences R&D; it does
not include liberal arts and related
fields in its R&D data.

Japan's separately budgeted R&D
figures are more comparable to those
of the United States because they do
not include GUF expenditures, which
help to support infrastructure. The
share of academic separately bud-
geted R&D in Japan going to fields
other than the natural and social sci-
ences and engineering was 8 per-
cent in 1982a sharp contrast to the
27- percent figure for total higher ed-
ucation I'AD. The distribution of
separately budgeted R&D among
fields is significantly different in Ja-
pan than in the United States. For
example, the highest concentration
of Japanese separately budgeted
funds is in the physical sciences (36
percent compared to 12 percent in
the United States); in the United
States, concentration is in the life
sciences (54 percent compared to 26
percent in Japan) (chart 26). Japan

29More than one-half of the R&D conducted at
pnvate Japanese universities is in fields other than
science and engineering, compared with only 22
percent at the national universities

III Japan

111 United States
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spends about 20 percent of its sep-
arately budgeted R&D on engineer-
ing, compared to 14 percent in the
United States.

s/e degree
production

The higher education system is by
definition responsible for advanced
education as well as research. This
education is closely coupled with re-
search, especially at the postgrad-
uate level; moreover, the output of
trained scientists and engineers is a
significant contribution to a nation's
S/T capabilities.

Japan's undergraduate education
system is one of the largest in the
world in proportion to the size of its
college-age population. In 1985, the
Japanese ratio of all first university
degrees as a proportion of the 22-
year -old population was 22.6 per-
cent, compared to 25.3 percent for
the United States (chart 27). The
United States confers a significantly
higher total number of doctorates
than does Japan; however, when the
number of doctoral degrees is mea-
sured in proportion to the 27-year-
old age group, the overall ratios are
close: 0.5 percent for Japan and 0.7
for the United States. The difference
is in part due to the higher U.S. pro-
portion of natural sciences docto-
rates (chart 28).''

While Japan's higher education
system annually graduates about the
same number of first-degree engi-
neers as does the United States, it
graduates only about one-tenth as
many first-degree students in the
natural sciences. The distribution of
Japanese first university S/E degrees
among fields is dissimilar to that of
the United States, but both coun-
tries grant about the same relative

)(Note that an increasingly higher proportion of
doctorates granted in the United States go to non-
U S citizens In 1985, 28 percent of all S/E doctorates
were granted to noncitizens, the proportion was 57
percent for engineenng doctorates

Flrakelvers111 dellnes Is 11 1111Porthe
pspeilitic

MI Japan

1.11 United States

Chart 211. Dedwal dsgrees u a prsporlkm et

the 27-year4ld populsgen: 1914 if 10E5
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proportion of degrees in fields other
than scienc and engineering.31 Ja-
pan grant., 19 percent of its first uni-
versity degrees in engineering (7
percent in the United States) and 3
percent in the natural sciences (11
percent in the United States). Anal-
ysis of the career histories of uni-
versity graduates suggests that many
of the graduates of Japan's engi-
neering and agriculture courses as-
sume jobs analogous to those taken
on by U.S. science graduates.

With a population size just over
one-half that of the United States,
Japan in 1976 first exceeded th'
United States in the granting of first-
degree engineering degrees; it re-
tained this lead through 1982, after
which time the number of engi-
neering degrees granted in the
United States surpassed that of Ja-
pan. (In 1985, the United States con-
ferred 9 percent more engineering
degrees than did Japan.)32

"There are some difficulties in comparing social
sciences In the United States, undergraduate social
sciences include a narrow range of specialties, in
Japan, the range is broader and Includes such fields
as commerce and law Compansons of the "social
sciences" and "all other" categories should be treated
with some caution, however, the two categones
combined do provide comparable representations
of activity in fields other than natural sciences and
engineering

"Note the difficulties of cross- natioal compari-
sons of numbers and proportions receiving first-
degree engineering degrees. Some maintain that
Japanese train,,,3 in engineering is at a lower level
than U S training. Most Japanese educators dispute
this view, and maintain that Japanese engineering
students receive greater exposure to both basic sci-
ence subjects and laboratory work

28

While figures on engineering de-
grees by detailed field are not avail-
able for Japan, it is possible to
compare enrcllments. Both Japan and
the United States have about the
same shares of engineering enroll-
ments in mechanical and electrical/
computer engineering combined (49-
52 percent), but greater emphasis is
on mechanical engineering in Japan
and electrical engineering in the
United States. The distributions 01
enrollments among engineering
fields are also generally different (ta-
ble 4). The actual number of Japa-
nese students enrolled in engineering
significantly exceeds U.S. enroll-
ments in the fields of mechanical,

chemical, civil, and metallurgical/
materials engineering. U.S. enroll-
ments in electrical and computer and
aeronautics/aerospace engineering
are much higher than in Japan (the
aerospace industry in the United
States is much larger than ir, Japan).
One major qualifying factor to these
comparisons is that the United States
has a much higher proportion of "all
other" engineering majors (half of
which are undeclared majors) than
does Japan (table 4).

Foreign students have tradition-
ally constituted an exceptionally
small portion of Japanese under-
graduate enrollments (less than 1
percent in 1984); at the graduate level,

Table 4. Enrollments in first-degree engineering programs by field of
study:' 1985

Field of study

Japan United States

Number Percent Number Percer,t

Total ... . 343,590 100 0 384,191 100 00

Mechanical .. .. 74,354 21 6 66,738 17.4
Electrical and computer 95,429 27 8 132,917 34 6
Chemical ... .. 39,679 11 5 23,423 61
Civil . .. .. 75,801 22 1 37,556 9 8
Engineering science 5,966 1 7 7,092 1.8
Nuclear 1,551 5 1,857 5

Mining .... 1,623 5 2,431 .6
Metallurgical and materials . 7,226 2 1 3 204 8
Marine ... 1,003 3 2,068 5
Aeronaubriaerospace 2,428 7 15,699 4 1
Industri ... . 19,829 5 8 16,434 4 3
All others .... 18,701 5 4 277,781 20 2

'Full -time students only

2Half of this group are undeclared engineering majors

SOURCES Government of Japan Ministry of Education, Science and Culture Annual School Survey 1984 (Tokyo Japan, 1985), and Engineering
Education (October 1986) p 59
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foreign students in Japan constitute
approximately 7 percent of enroll-
ment. In 1984, Monbusho an-
nounced a plan to increase the
number of foreign students tenfold
by the year 2000. If this occurs, for-
eign students will constitute ap-
proximately 5 percent of all students
in Japanese higher education, and
possibly one-quarter of all graduate
students. Currently, foreign stu-
dents of Western origin in Japan are
most likely to specialize in the hu-
manities and social sciences, while
those from Asia and the Third World
are most likely to specialize in the
sciences and engineering.33

"Factors influencing foreign student enrollments
in Japan are discussed in Joseph Hicks, "The Situ-
ation of Asian Foreign Students in JapanCan Jap-
anese Universities Handle a 10-Fold Increase?",
Higher Education Expansion m Asia (Hiroshima, Ja-
pan, Research Institute for Higher Education, Hi-
roshima University, 1985), pp. 141-150

postgraduate
education

Postgraduate education is not as
strongly emphasized in Japan as in
the United States and most of Eu-
rope; however, statistics may not
fully reflect the number of Japanese
receiving some form of postgrad-
uate education. Many of Japan's sci-
entists and engineers leave the
university for industrial or other em-
ployment immediately upon com-
pletion of their first degree. While
pursuing a career at a new location,
they usually maintain contact with
their former professor. If they com-
plete a research project that meets
with the professor's approval, they
may submit a report as a basis for
obtaining a thesis degree.

In Japan, the major constraint on
graduate enrollment is the lack of
associated employment opportuni-

It 2

ties. For example, in 1983, 51.0 per-
cent of science and 44.9 percent of
agriculture doctoral graduates could
not get jobs, but this situation is ex-
pected to change. 4'4 During the past
2 decades, employment opportuni-
ties for engineers with master's de-
grees have improved: engineering
now accounts for 44 percent of all
master's degrees granted. At the
doctoral level, the most popular fields
are medicine and dentistry. Mon-
busho would like to see more stu-
dents enrolled in graduate education,
and has developed a program that
would lead to a threefold increase in
master's degree level enrollments and
a fourfold increase in doctoral en-
rollments by the year 2000.

mKeuctu Yamada, "Kagukusha Yosei no Arikata
Buneki Suru. Ova-Dokuta Mondai, Chushin ni,"
Shim, January 1984, pp 76-83
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chapter 5.

outputs and impacts

New knowledge resulting from
R&D is sometimes identifiable by
discrete events which can be used
as measures of the output of R&D
activity. Scientific literature and pa-
tents are two sich output indicators.
Scientific publications reflect re-
search of significance to the schol-
arly community; patent registration
reflects inventive activity of poten-
tial commercial consequence.

The impact of new knowledge re-
sulting from R&D is more difficult
to measure, especially with regard
to basic research. R&D would, how-
ever, be expected to have an impact
on such economic factors as pro-
ductivity, demand for technological
know-how, and international trade.
These factors are, in turn, quantifi-
able in the form of manufacturing
output, royalties and fees, and tech-
nology-intensive trade; these can be
used as rough measures of the im-
pact of a nation's R&D efforts.

scientific literature
The measurable outputs of S/T lit-

erature include journal articles, con-
ference papers, technical reports, and

literature citations. Conventions for
measuring the volume and impor-
tance of these various outputs differ
among countries,35 and Japanese-
developed indicators for most of the
outputs tend to assign higher levels
of absolute and relative productivity
to Japan than do similar U.S.-de-
veloped indicators.

A recent Japanese study by the
Mitsubishi Research Institute (MSK)

l'There are a number of reasons for national dif-
ferences in indicators Regarding scientific publi-
cations, for example, U S and European researchers
use the SCI for many of their analyses Cntics of
this data base argue that It (1) overemphasizes so-
ence relative to technology, (2) relies on a limited
set of the world's influential scientific journals (over
3,500 since 1981), and (3) the majonty of these pub-
lications are in English However, coming from the
prestigious, world-class journal set which publishes
articles from a variety of countneE (country-of-au-
thor is assigned at the individual article level), the
articles do represent a standard of quality and po-
tential Impact Another benefit of the SCI data base
is that It provides citation date. with which to mea-
sure an article's subsequent usage or impact

A bibliometnc data base has t r.en developed by
MSK which Includes more than 10,000 ii.urnals with
greater representation of technology and of non-
English journals The MSK system reviews all ar-
ticles from this broader base, including those articles
which present a minimal level of new data collection
and/or original analysis For more information on
MSK study, see footnote 36 in this chapter
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estimated the world volume or sci-
entific literature output for the years
1972, 1977, and 1982 and found that
the amount of such literature rap-
idly increased over this 10-year pe-
riod.36 During 1972-82, the volume
of Japanese scientific literature grew
at a faster rate than the world total,
slightly increasing the Japanese share
of each type of literature (table B-25).

This growth was most substantial in

36MSK surveyed SIT publications in the fields of
mathematics, physics, biology, geology, medicine,
engmeenng, and agnculture Data were collected
to cover several newly industrializing countries in-
cluding Korea, Taiwan, Thailand, and Indonesia, as
well as the major industnalized nations For sci-
entific publications, MSK drew from field-specific
data bases Mathfile, INSPEC A for physics, CA
Search for chemistry, BIOSIS Preview for otology,
GEOREF for geology, Excerta Medics for medicine,
COMPENDEX for engineenni.;, and CAR Abstracts
for agnculture For technical reports, a data base
was created from reports listed by the U S National
Technical Inf armation Service, Bntein's System of
International Gray Literature and several Japanese
sources The pnncipal sources for the conference
papers Included the Conference Paper Index, ISI's
Index to Scientific and Technical Proceedings,
Chemical Abstracts, the El Engineenng Meeting
Bulletin, and JICST's International Conference file
For more detail, see Mitsubishi Sogo Kenkyusko,
Kagaku Gnutsu Joho no KoAusin-feks ibrutsu no Ankata

Kansuru (Tokyo, Japan MSK, March 1984), p 7ff
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the presentation of conference pa-
pers, which nearly quadrupled over
the period; and in the output of tech-
nical reports, which tripled (chart 29).
Although there was a nearly two-
fold increase in U.S. conference pa-
pers, the U.S. share of this literatui
declined from 45 percent to 41 per-
cent, and there was an absolute as
well as relative decline in the num-
ber of U.S.-zuthored technical re-
ports.

According to the Science Citation
Index (SCI), Japanese researchers
produced 5.1 percent of the world's
SIT journal articles in 1973 and 7.3
percent in 1982; U.S. shares were 39.2
percent and 37.2 percent, respec-
tively (table 5). Py 1984, the Japa-
nese share had increased to 7.6
percent, compared to 36.8 percent
for the United States.37 The MSK se-
ries (see footnote 36) shows a larger
Japanese share-10.3 percent in 1973
and 13.1 percent in 1982-but this
difference may be partially ac-

37-these SCI figures are based on a constant 1973
journal set which includes psychology

Table 5. Share of world's science and technology articles written by Japanese
and U.S. researchers, by fieli: 1972-73 and 1982

[Percent]

Field

SCI' MSK

Japan United States Japan United States

1973 1982 1973 1982 1972 1982 1972 1982

Agriculture . NA NA NA NA 11.5 11 0 31.3 33.6
Biology . . 5.3 6.6 46 4 44.0 10.4 10.4 36.4 36.4
Biomedicine 4.0 6.5 39 2 41 1 ;0.7 12.1 32.2 34.5
Chemistry . 94 11.6 23 3 21 9 8.3 17.9 38.3 31.6
Clinical medicine 3.5 5.6 42 8 42 1 NA NA NA NA

Earth and space . 2.0 2.1 46.7 43 1 5.0 4.3 43.0 45.1
Engineering . . 5.4 7.9 41 8 41.5 13.4 13.4 36.4 36.4
Mathematics . . 39 6.0 47 9 38 7 7.9 8.0 37.6 37.4
Physics .. .. 6.5 9.0 32 7 29 6 11.3 13.4 32.4 24.1
All fieldss2 ... . 5.1 7.3 39 2 37 2 10.3 13.1 35.7 33.8

'Based on articles. notes, and reviews in a xed set of about 2,300ioumals covered by the Science Citation Index since 1973

2lncludes psychology

NOTE NA Not separately available

SOURCES SCI data from Computer Honzons, Inc. unpublished findings, MSK from Mitsubishi Sogo Kenkyusho, Kagaku Giptsu Jolo no
Kokusai-teki Ryutsu Ankata ni Kansuru (Tokyo, Japan MSK, March 1984), p 12

counted for by the more select range
of journals covered by SCI, which
has fewer journals in the fields of
engineering and agriculture.

Although the MSK data show
considerably higher Japanese and
slightly lcwer U.S. shares of the sci-
entific literature, both data sets gen-

Journal articles

Journal articles

Conference papers

Technical reports

Ccnference papers \
Technical reports
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erally retlect similar trends and
distributions among fields. Both
sources indicate that Japanese re-
searchers' shares of publications are
largest in the fields of chemistry, en-
gineering, and physics; and lowest
in the earth and space sciences. Both
also indicate that the U.S. share of
the world's scientific literature
slightly declined from 1972 to 1982
by 2 percentage points.

According to the SCI data, the
Japanese share of S/T articles during
the 1973-82 period was grei.test in
the pharmacy subfield, with Japa-
nese publications accounting for 25
percent of the articles written in that
subfield (table 6). The next largest
shares were in polymers (18 per-
cent) and marine biology and hy-
drobiology (14 percent).

Journal citation rates are one mea-
sure of the quality of articles being
published. On this indicator, Japa-
nese authors have done slightly less
well than expected overall, but have
improved significantly over the 1973-
83 period and performed strongly in
the engineering subfield. Using share
of total citations to share of total pa-
pers as a relative citation indicator,
a value of 1.0 reflects expected per-
formance: articles are being, -ited at
the same rates at which they are



Table 6. Japan's share of world
!once and technology articles, by

selected subfleld:1 1973-82
SC

Subfield Percent

Pharmacy 25

Polymers 18

Marine biology and hydrobiology 14

General chemistry 13

Electrical engineering and

electronics. 12

Applied physics 12

Agriculture and food science 11

Microscopy 11

Organic chemistry 10

General physos . 10

Analytical chemistry 10

Embryology 10

Nuclear technology 10

Subtields in which Japanese articles represented 10 percent or more

of subfield Data are from a fixed set of about 2,300 journals covered

by the Science Citation Index since 1973

SOURCE Francis Nann and Dominic Ohvastro, Activity Analysis Us.

Mg SIC Categones and Scientific Subhelds, intenm report by Com-

puter Horizons. Inc , to the National Science Foundation, May 1986

published. On this basis, total Jap-
anese-authored artides have slightly
less of an impact than would be ex-
pectedin 1983, the relative citation
ratio for all Japanese articles was
0 91.38 However, this ratio was up
significantly from its 1973 level of
0.77, and in engineering it increased
from 0.76 in 1973 to 1.25 in 1983. In
comparison, the U.S. citation ratio
for all articles was 1.36 in 1973 and
1.34 in 1983.

patent indicators
Patents are often considered an

indicator of the vigor of individual
scientists and engineers, corpora-
tions, or nations in developing new
products and processes. However,
national practices regarding domes-
tic patent applications ami grants of-
ten make comparisons of absolute
numbers of patents problematic. For
example, in Japan and Germany both

75See Francis Nann and Dominic Oliva stro, iden-
tifying Areas of Leading Edge Japanese Science and Tech-
nology, Final Report to the National Science
Foundation, Division of Science Resources Studies,
April 1988, p. 170.

actual inventions and practical de-
signs are acceptable as the basis for
a patent application; in the United
States, the more stringent criterion
of actual invention customarily is re-
qaired for a patent application. Also,
in some countries (including Japan),
patent applications are viewed as a
key indicator of a laboratory's pro-
ductivity. Under such circum-
stances, and especially when the cost
for submitting a domestic applica-
tion is modest, companies may sub-
mit a number of applications for
inventions that have little likelihood
of ever being implemented.39

On the other hand, since submit-
ting applications to foreign coun-
tries is more costly, companies
usually make foreign app'ications
only for those inventions that are
genuinely believed to have com-
mercial value in the foreign market.
Based on this tendency, compari-
sons of patent applications abroad
can indicate the most important or
potentially profitable inventions.

Japan accounts for the largest share
of foreign-origin patents in the U.S.
patent system. Analysis of Japa-
nese-invented U.S. patents granted
between 1970 and 1986 demon-
strates substantial Japanese patent-
ing activity: during the period, the
share of U.S. patents annually
granted to the Japanese increased
from 4 percent to 19 percent. As
shown in table 7, the Japanese share
of patents by SIC category also has
risen dramatically. In 1975, Japa-
nese-origin patents accounted for 9
percent of U.S. patents granted for
all SIC categories; by 1985, this share
had doubled to 19 percent. In most
SIC categories, the Japanese share
of total patents granted was nearly

39The standard legal text companng international
patent systems is John P Sinnott, World Patent Law
Patent Statutes, Regulations, and Treaties (New York,
New York. Matthew Bender & Co , Inc , 1974), and
is updated annually See also Stephen Ladas, Pa-
tents, Trademarks, and Related Rights, N "tional and in-
ternational Protection (Cambridge, Mass Harvard
Um Press, 1974). Note that there hz-,e been recent
changes in Japanese patent law, including the re-
moval of single-claim restrictions
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Table 7. Japanese-invented U.S.
patents by SIC category: 1975

and 1965

IPe rcentj

SIC category

Share of total
patents

granted

1975 1985

Food . 8 11

Textiles . 10 17

Chemicals and allied

products 10 15

Petroleum . 3 6

Rubber .. 10 18

Ceramics' . 8 20

Primary metals .. 13 23

Fabricated metals ... . 5 12

General machinery . ... 7 15

Office computing and

accounting machines2 13 33

Electrical machinery . . . 10 21

Communications equipment
arid electronic components 13 26

Motor vehicles .... ... 7 23

Aircraft and parts 10 30

Professional and scientific
instruments . .. 12 23

All fields ... 9 19

'Stone. clay, and glass products

2Includes computers

SOURCE Office of Technology Assessment and Forecast, U S Pa-

tent and Trademark Office, unpublished data

20 percent or more; the shares were
highest in the office computing ma-
chinery (33 percent), aircraft and
parts (30 percent), and communi-
cations equipment and electronic
components (26 percent) category.

In terms of patent class (as op-
posed to SIC group), Japanese pa-
tenting activity during 1975-84 was
concertrated in the internal com-
bu ion engines, radiation imagery,
and photography patent classes;
more than 2,000 patents were granted
in each of these three classes during
the 1975-84 period (table B-26). The
Japanese shares were highest in the
photography (53 percent), dynamic
magnetic information storage (38
percent), photocopying (36 per-
cent), and radiation imagery (35 r .-
cent) patent classes.

Table 8 indicates several technol-
ogy areas in which Japanese pa-
tenting activity has been especially
vigorous. In all technological areas,
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Table 8. U.S. and Japanese shares of total patents granted in the United States
for selected technologies: 1975 and 1986

[Percent)

Selected technologies

United States Japan

1975 1986 1975 1986

Lasers .... .. . 63 50 14 35
Telecommunications 66 52 14 26
Steel and iron . 48 37 18 29
Internal combustion engines ... 54 28 17 44
Semiconductor devices and manufacture 68 57 13 29
Jet engines ... ... 66 60 4 9
General purpose programmable digital computer systems 77 69 5 19
Robots . . . .. 63 50 20 29
Machine toolsmetalworking 65 51 8 17
All technologies .... 65 54 9 19

SOURCE Office of Technology Assessment and Forecast, U S Patent and Trademark Office, ungiblished data

Japan's share of U.S. patents granted
has increased. The largest gains have
been in internal combustion en-
gines, which rose from 17 percent of
the patents granted in 1975 to 44 per-
cent in 1986; and lasers, which rose
from 14 to 35 percent. Other tech-
nological areas of extensive Japa-
nese patenting activity are
semiconductors, computer systems,
and machine tools.

Japanese-origin patents are also
among the most highly cited U.S.
patents; in fact, Japan has one-third
more of highly cited patents than ex-
pected based on the total number of
U.S. patents granted to Japanese in-
ventors. Citations to earlier relevant
patents are assigned by U.S. patent
examiners to new patents, and as
such, define the boundaries of the
technology preceding and contrib-
uting to the new invention. A high
number of patent citations il -
peated references to a technological
predecessor of a new patentis (es-
sentially) the indicator of a very sig-
nificant invention. For the top 1
percent of the most highly cited U.S.
patents, Japanese patents account for
45 percent more of the top 1 percent,
most highly cited U.S. patents than
expected. The highest citation rates
for Japanese patents are in the au-
tomotive, semiconductor electron-

34

ics, photocopying and photography,
and pharmaceuticals patent clas-
ses.40

4°Narin and Olivastro, op at

industrial
productivity

Recent assessments41 of Japanese
technology have observed that one
of Japan's strengths has been in ap-
plying technology to production
processes. One study indicates that
Japanese industries invest their R&D
much more heavily in improved
process technology than do their U.S.
counterparts, and notes that "pro-
cess R&D tends to have a bigger ef-
fect on an industry's own rate of
productivity increase than does
product R&D."42

Japan has made rapid progress in
manufacturing productivity during
the past decade; manufacturing out-
put per worker-hour increased 68
percent from 1977 to 1986, com-
pared with a 26-percent increase in
the United States for the same pe-
riod (chart 30). In recent years, U.S.

1See, for example, Lowell W Steele and N. Bruce
Hannay, The Competitive Status of U S Industry An
Overview (Washington, D C National Academy
Press, 1985)

42Edwin Mansfield, Industrial R&D in Japan and the
United States A Comparative Study, unpublished pa-
per, 1987
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manufacturing productivity has in-
creased more rapidly (at an average
annual rate of about 4 percent from
1980 to 1986) than in the late 1970's;
this still has not been as fast as Ja-
pan's (which increased at an aver-
age annual rate of about 6 percent
from 1981) to 1986). Although Japan
started from a lower absolute pro-
ductivity base in the fifties and six-
ties, a recent Japanese study indicates
fat T-Danese levels of actual value-
added per worker equaled or sur-
passed the U.S. level in several key
industriesincluding autos and
steelby 1980, primarily because of
the rapid productivity gains made
during the seventies.43

royalties and fees
National trends in technology

transfer. Data on international
transactions in royalties and fees are
often used as indicators of technol-
ogy transfer and demand for com-
mercially attractive technology.
Royalties and license fees are pay-
ments for the use of intellectual
property, including patents, inven-
tions or processes, copyrights, etc.
Although data on royalties and fees
are only partial measures of tech-
nology transfer, they do provide in-
formation on the direction of
technology flows.

Data on international receipts and
payments for technical know-how
for Japan and the United States
demonstrate the major differences
between these two countries. The
United States is a net exporter of
technology whereas Japan is a net
importer, and Japan purchases far
more technical know-how from the
United States than the United States
does from Japan. Although Japan's
technological balance of payments

43Kazuluyo Kurosawa, International Comparison of
Productivity, Paper presented to the International
Productivity Symposium, May 11, 1983 (Tokyo, Ja-
pan).

worsened in dollar terms from a def-
icit of constant $1.2 billion in 1970 to
constant $1.7 billion in 1985, receipts
as a share of payments improved,
rising from 14 percent to 30 percent.
This indicates a possible shift in Ja-
pan's dependence on imported
technology, an increase in the sala-
bility of Japanese technology, and/
or a greater willingness by the Jap-
anese to sell their technology. In 1970,
Japan received constant $194 million
in payments for its technology; this
increased to constant $721 million by
1985 (chart 31). Most Japanese tech-
nical know-how sales are to newly
industrializing countries; most pur-
chases are from industrialized na-
tions. In 1985, 42 percent of Japan's
sales ...nd 99 percent of its purchases

were with the United States and Eu-
rope (table 9). East Asian countries
also purchase a significant share of
Japanese technologynearly 40
percent in 1975 and 1985. Sales to
the United States increased from 10
percent in 1975 to 22 percent in 1985;
payments also increased, rising from
63 percent to 71 percent.

Manufacturing technology trans-
fer. A review of natior.al patterns
indicates that Japan invests heavily
in foreign technology. Over the past
decade, however, Japan's industrial
expenditures on foreign technology
relative to other indicators have de-
creased, as Japan's performance on
two technical dependency indica-
tors shows. First, payments for tech-
nical know-how as a percentage of

1985

000 9,000 12,000 15,000

9,000 12,000 15.000

1970
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Table 9. Japanese receipts and
payments for technical know-how,
shares by country: 1975 and 1985

[Percent)

Receipts and payments 1975 1985

Receipts from:

Total 100 0 100.0

United States . 10 4 22.1

Europe 21 1 19.4

South America . 88 3.7

East Asia .... .. 39 2 37.4

All other countries .. 20.5 17.4

Payments to:

Total 100 0 100.0

United States 63.1 71.2

Europe 35 4 27.8

All other ccuntries 15 1.0

SOURCE Government of Japan. Science and Technology Agency

R&D expenditures declined signifi-
cantly from 1975 to 1985 for all man-
ufacturing industries except ceramics
(which increased by 1 percentage
point) and food processing (which
remained the same) (table B-28).44 In
1975, the ratio of payments to R&D
for all manufacturing industries was
11 percent; in 1985, 5 percent. By

44There are two senes of data available for Japa-
nese technology transfer One senes is provided by
the Bank of Japan and the other by the Govern-
ment's Statistics Bureau, and there are some major
differences between the two senes The Bank of
Japan data are on all economic sectors (government,
services, etc.), and reflect only transactions involvi
ins the payment of royalties and fees. Statistics Bu-
reau data are denved from the annual R&D survey
(see appendix A, "Technical Notes") and on the
industnal sector only Additionally, the Statistics
Bureau data include not only royalties and fees, but
services and sales of whole manufactunng plants if
technology is transferred in the transaction The
consequence is that the Statistics Bureau data show
a higher volume of technology exports (32 pe-cent
higher in 1985) and a lower volume of imports (51
percent lower in 1985) than do Bank of Japan data

The data discussed in this section are from the
Statistics Bureau, as disaggregated manufactunng
data are not available from the Bank of Japan (the
Bank of Japan royalties and fees data are presented
in chapter 1, "National Patterns") For more infor-
mahon on technology transfer data from Japan, see
Leonard H Lynn, "Technology Transfer to Japan.
What We Know, What We Need to Know, and What
We Know That May Not be So," in Nathan Rosen-
berg and Claudio Fnschtak, eds , International Tech-
nology Transfer Concepts, Measures, and Comparisons

(New York, New York Praeger, 1985), pp 255-276
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1985, in no industry other than ce-
ramics did Japanese purchases of
technical know-how exceed 8 per-
cent of the respective industry's R&D
expenditures, and in most indus-
tries this ratio was 5 percent or less.

As Japanese industry's overall de-
pendence on foreign technology ap-
pears to have decreased over the past
decade, some interesting industrial
patterns have emerged. For several
industries (textiles, chemicals, iron
and steel, and motor vehicles), the
technology know-how receipt to
payment ratio exceeded 100 percent
in 1985 while real payments for tech-
nology declined or remained the
same: this indicates that the attrac-
tiveness of Japanese science and
technology in these areas is increas-
ing. In fact, for the iron and steel
industry, receipts for Japanese tech-
nical know-how exceeded Japanese
payments by almost 6 to 1. The re-
ceipt to payment ratio for all Japa-
nese manufacturing industries was
36 percent in 1975 and 72 percent in
1985, and was about 50 percent or
higher for most industries by 1985
(table B-28).

technology trade
National R&D efforts are often as-

sociated with changing positions in
world trade. Comparative experi-
ence indicates that there is not a one-
to-one relationship between R&D
efforts and trade performance; rather,
a more indirect effect exists because
of the large number of variables af-
fecting international trade.45 Success
in international trade is only par-
tially dependent on having a good

°Raymond Vernon, Then Technology Factor in In-
ternational Trade (New York, New York National
Bureau of Economic Research, 1970), and Sherman
Gee, Technology Transfer, Innovation, and International
Competition (New York, New York. John Wiley and
Sons, 1981)
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innovation; products have to be pro-
duced efficiently and marketed ef-
fectively to have an impact on trade.
In addition, international differ-
ences in costs of production, trade
barriers, and exchange rates can ad-
versely affect the sales of otherwise
attractive products.

Given these caveats, it has never-
theless been shown that' R&D and
technological innovation do play a
major role in trade performance.46
Japan has improved its position in
international trade in tandem with
its R&D expansion to such a degree
that Japan's improved trade position
with the United States has been a
salient political issue for several years.
Japanese technology-intensive trade
with the United States has also
markedly improved over the 1965-
85 period. The Japanese trade sur-
plus with the United States in tec...-
nology-intensive47 goods increased
from current $143 million in 1965 to
current $13 billion in 1985 (chart 32).
Large trade surpluses existed in 1985
n radio and television receiving

equipment, communications equip-
ment, office and computing ma-
chines, and professional and
scientific instruments. On the other
hand, however, Japan had a nega-
tive trade balance in aircraft and
parts, industrial inorganic chemi-
cals, drugs, and agricultural chem-
icals (table 10). Japan has increased
its world share of technology-inten-

°See, for example, both Vernon and Gee, op cit.
Also see Rac'iel McCulloch, Research and Develop-
ment as a Deienninant of U S International Competi-
tiveness (Washington, D C National Planning
Association, 1978), and Regina K. Kelly, The Impact
of Technological Innovation on International Trade Pat-
terns, Paper presented at the Conference on Gov-
ernment Industry Cooperation in Technological
Innovation (Geneva, Switzerland, June 1977)

"'There is no universally accepted definition of
technology-intensive products. The definition used
here is one that was adopted by the Orgarusahon
for Economic Co-operation and Development and
the U S Department of Commerce (DOC2 defini-
tion) technology-intensive products are those prod-
ucts for which U S R&D expenditures exceed 2 36
Fercent of sales See table 10 for a fist of the product
fields included



Table 10. Japanese trade with the United States in technology-intensive
products:' 1985

Product group Balance

Exports to

United States

Imports from
United States

Total . . 13,024 0 21,252 2 8,228 1

Aircraft and parts . . .. . 1,931 1 113 0 2,044 1

Industrial inorganic chemicals 886 4 116 7 1,003 1

Radio and TV receiving equipment . 5,919 3 5,925.9 6.6
Office and computing machines 2,915 8 4,101 5 1,185 7

Electrical machinery and equipment 713.4 1,922 1 1,208 6

Communications equipment . 3,139 6 4,064 8 925 2

Professional and scientific instruments 2,660 0 3,270 6 610 6

Drugs 450 0 94 7 544 7

Plastic ratenals and synthetics 2 3 472 1 460 8

Engines and turbines 1,027 0 1,155 0 1)8 0
Agricultural chemicals 85 8 15 7 101 6

1Technologyrtntenswe products are defined as those for which U S R&D expenditures exceed 2 36 percent of sales (U S Department of

COMMOrre 00C2 and Organisation for Eton: ,.; C:. ;.;oration and Development definition) Data reflects information from 24 reporting countries

on exports to, and imports from, each of needy 200 pahner countnes

SOURC2 National Science roundation, DRI Serial Tabulations of !ntemational Trade 1987

sive trade from 7 percent in 1965 to
19 percent in 1985, while the U.S.
share declined from 28 percent to 24
percent (chart 33). Japan's share of

technology-intensive imports re-
mained extremely stable throughout
the 20-year period at about 5 per-
cent.
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In 1985, high-technology prod-
ucts accounted for 53 percent of U.S.
manufactures exports to Japan and
35 percent of U.S. imports of Japa-
nese-manufactured goods.48The U.S.
deficit in high-technology trade in-
creased fivefold from 1980 to 1986,
growing from current $3.8 billion to
$21.9 billion (table 11).49 According
to the Department of Commerce,
telecommunications equipment and
electronic components accounted for
about 75 percent of the high-tech-
nology trade deficit. Over the 1981-
85 period, the rising deficit in this
class constituted nearly 66 percent

"High-technology trade includes fewer (and
slightly different) product categones than technol-
ogy-intensive trade because it accounts for the R&D
contibuhon of upstream inputs (U S Department
of Commerce DOC3 definition)

"U S Department of Commerce, United States
Trade Performance in 1985 and Outlook (Washington,
D C Supt of Documents, U S Government Pnnt-
ing Office, 1986), p 79
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United States

of the total increase in the high-tech-
nology trade deficit. Within high-
technology trade, the U.S. runs sur-
pluses in the aircraft and parts,

Table 11. U.S. trade with Japan in
high - technology' manufactured

products: 1980.86

[Current dollars in billions]

Year Balance

Exports to

Japan

Imports
from

Japan

1980 $ 3 8 $4 1 $ 7 8
1981 59 49 107
1982 64 4 8 113
1983 88 56 144
1984 16 0 6.1 22 2
1985 18 6 6.6 25.2
1986 21.9 7 6 29.4

lifigh technology products are those U S products that embody

significantly more R&D than other products (U S Department of
Commerce DOC3 definition) High ter' iology trade includes fewer
(and slightly different) product categories than technology-intensive

trade because it accounts for the R&D contribution of upstream
inputs

SOURCE U S Department of Commerce, United States Trade Ps,

formance in 1985 and Outlook (Washington, D C Supt of Docu-
ments U S Government Printing Office, October 1986), and
unpublished data
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pharmaceuticals, and industrial in-
organic chemicals categories.

On a worldwide basis, Japan has
product dominance in the radio and

television receiver equipment trade,
accounting for 78 percent of world
exports in 1985 (table 12). It also has
large shares of the world's trade in
communications equipment (37 per-
cent) and professional and scientific
instruments (30 percent); the United
States has large shares of world trade
in aircraft and parts (51 percent), of-
fice and computing equipment (33
percent), and agricultural chemicals
(31 percent).

Overall, Japan has shown an im-
pressive performance in technology
outputs and impacts. During the
1975-85 period, the share of U.S. pa-
tents held by the Japanese doubled;
furthermore, patent citation data
suggest that not only are the num-
ber of Japanese-origin patents in-
creasing, but thatin particular
product classesthey also repre-
sent highly influential inventions.
Similarly, trends in technology-in-
tensive and high-technology trade
reflect the expanded R&D and other
efforts of Japan over the last few de-
cades, although the outputs of sci-
entific research as measured by the
two bibliometric data bases have in-
creased more modestly.

Table 12. World export shares of technology-intensive products:' 1975 and 1985

[Percent]

Product group

Japan United States

1975 1985 1975 1985

Total . 11 6 19 4 24 5 24 2

Aircraft and pails .3 4 61 9 50.9
Industrial inorganic chemicals 6 4 4 2 18 4 20.7
Radio and TV receiving equipment... 46 3 78 2 6.5 6

Office and computing machines . . 9 2 17 7 31.3 33.1
El vtrical machinery and equipment 8.7 18 4 21.2 21.9
Cemmunications equipment 14 9 37 0 24.4 16.1
Protossional and scientific instruments .. 15 3 30 0 19 6 16 9
Drugs . .. . 2.0 2 7 13.6 18.4
Plastic materials, synthetics 12 0 9 6 12.0 13.2
Engines and turbines . 8 7 17 7 25 9 29 4
Agricultural chemicals. 12 0 3 2 24.1 30.7

'Technology-intensive products are defined as those for which U S R&D expend' ures exceed 2 ist, ercent of sales (U S Department of
Commerce DOC 2 and Organisation for Economic Cooperation and Development definition) Data reflect information from 24 reporting countries

on exports to, and imports from, each of nearly 200 partner countries

SOURCE National Science Four dation, DRI Special Tabulations of International Trade 1987
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chapter 6.

possible future directions

As Japan's leaders look to the next
century, they have identified areas
of change for Japanese S/T efforts.
These areas are characterized by three
major policy themes involving (1) a
shift in research focus to more fun-
damental scientific research, (2) a re-
form of some of the more
constraining aspects of the Japanese
S/T system, and (3) greater partici-
pation within the international sci-
entific community.

shifts in focus
Perhaps the most important state-

ment concerning the need for change
is the Eleventh Recommendation by
the Council for Science and Tech-
nology, which reflects a growing
consensus sentiment in Japan that
the nation must become more self-
reliant in the production of science
and technology. This recommen-
dation acknowledges Japan's use of
foreign technology, but cautions:

Japan will no longer have any
model in the world to lead her fu-
ture. Therefore, it is abse!iitely
necessary for Japan to make ef-
forts, trials, and even errors. That

means Japan will have no way to
ensure the development of the na-
tion, without plentiful stocks of
fundamental basic research activ-
ities.'
The recommendation goes on to

stress the importance of "promoting
creativeness in science and technol-
ogy" by placing greater emphasis on
fundamental research and strength-
ening interaction with scientists from
other nations.

A second major concern of the
Council's recommendation is to pro-
mote new fields of scientific and
technological inquiry. Altogether, 103
S/T fields are given high priority: 33
in fundamental and leading science
and technology, 33 concerning sci-
ence and technology for economic
development, and 37 concerning
science and technology for improv-
ing the quality of society and life.

'Council for Science and Technology, Compre

hensive fundamental Policy for Promotion of Science arid

Technology to focus Current Changing Situations from
the Long-Term View Recommendation on the 11th In-
quiry (Tokyo, Japan, November 1984)
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The recommendation places great-
est stress on the first group, but
since the areas covered by the report
are so comprehensive and interde-
pendentit is difficult to judge w rich
specific needs will actually receive
the highest funding pnority.

Other sources do provide addi-
tional indicators of short-term prior-
ities, however. Concerning basic
research, the best resource is the list
of topics supported by the Ministry
of Education, Science, and Culture
(Monbusho) under the Specially
Promoted Distinguished Research
Program. (See appendix D.) These
topics have received exceptionally
careful competitive review and rep-
resent the highest quality and most
advanced Japanese basic research.
They are skewed towards biological
medicine and biology, physics, and
electrical engineering.

Another source for determining
future Japanese S/T directions is the
list of research areas considered most
important by the panelists of the 1986
Delphi Survey. The panelists, con-
sisting of some 2,500 individuals in
positions of research leadership from
all research sectors, rated research
areas in terms of their importance.
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Table 13 lists the areas ranked high-
est in the 1986 survey. On this, can-
cer represents four out of tlD top
rive areas of concern. Earlier suiveys
also showed strong emphases on life
science and health; however, in the
1986 survey areas related to elec-
tronics and computer communica-
tions are newly identified. The
research areas of major focus in-
volve health, industrial technology,
and energy.

Trends in the funding of scientific
research and of research leaders'
views on high priority areas are con-
firmed by a similar pattern in gov-
ernment focus: biotechnoloogy,
information science, and energy-re-
lated research also represent the ma-
jor ERATO and AIST research
programs. Thus, for the next several

years, these seem likely to be the
major areas of enhanced research
activity. At the same time, Japan
probably will continue to emphasiz"
other areas of current strength, such
as chemistry and advanced materi-
als.

structural reforms
Another areas of prospective

change in Japanese S/T concerns the
organization of research funding and
performance. The government's de-
clining role in terms of R&D funding
and expenditures is likely to con-
tinue in response to constrained

Table 13. Areas listed as most important in the 1986 Delphi Survey

Percent of leaders who
ranked area high Area

96
95
91

90

89

88
88

87

86

86

86

85

84
84

84

84
84

84
84

83
83

Preventive measures for cancer metastasis

Elucidate the biological cause and development of cancer cells
Development of technologies for major earthquake forecasting
Measures for controlling the growth of cancer cells
Clarify growth mechanism of cancer cells

Storage and disposal of high-level radioactive solid wastes

Automatic protocol conversions to facilitate information flows between
communication networks

Establishment of global integrated :Armes digital network with automatic
domestic access

Appiication of CAD technology to design logic LSI semiconductors of 1
million gates or more

Advanced software verification technology for rapid development of error-
free, large software systems

Introduction of fast breeder reactors and establishing complete nuclear fuel
cycle facilities

Widespread use of anti-virus agents for treatment of viral diseases

Industrial application of superconducting materials with Tc higher than 77K
Methodologies for analysis of protein structures so as to predict their

functions

Technologies for designing primary protein structures to fulfill specific
functions

Molecular biology of brain development and growth
New materials for use in "round-trip" space vehicles
Prevention of senile dementia

New railway materials to significantly reduce environmental noise and
vibration

Molecular biology of immunological responses

Establishment of commercial space production of semiconductors and
pharmaceuticals

NOTE Adapted from translation prov ded by the Tokyo Office of the U S National Science Foundation

SOURCE Government of Japan, Science and Technology Agency September 1987
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public spending.51 In addition to
limiting R&D funds, the Japanese
Government is currently promoting
two major reforms that aim to im-
prove the administration of public
research funds and stimulate edu-
cational diversity.

Administrative reform. As a cor-
ollary of fiscal reform, a special ex-
ternal committee has been
established to propose various mea-
sures of administrative reform, such
as the elimination of redundant
agencies and improved manage-
ment methods. One of the principal
targets of this committee has been
the large number of research insti-
tutes supported by the various gov-
ernment ministries. While it is
difficult to close down established
institutes, a recent trend in estab-
lishing new ones has been to set their
life span for a fixed period, often be-
tween 6 and 10 years. Another out-
come has been strengthening the role
of STA in science policy formation
by increasing its support responsi-
bilities to the Prime Minister's
Council for Science and Technol-
ogy.52

Educational reform. Japanese re-
formers wish to restructure the ed-
ucational system in order to foster a
more creative and international cit-
izenry. The major focus in this ini-
tiative is to alleviate the problems
associated with extreme educational
competition, among which is the ex-
cessive homogeneity in the upbring-
ing of young people, all of whom
strive to enter the same universities.
By restructuring the educational
system, it is hoped that more young

mln reaction to the heavy deficits incurred by the
large-scale public construction programs of the sev-
enties, the Japanese Government has been pursuing
a strict aeficit reduchon pohcy for the past few years.
SIT funding has, however, Increased very modestly
(about 3 percent a year) and has tended to do better
than many other government programs

52See the Tokyo Office of the U S National Sci-
ence Foundation, Reorganization of Japan's Science and
Technology Agency, Report Memorandum #85, Oc-
tober 1985, and Reorganization of Science and Tech-
nology Agency (STA), Report Memorandum #I05,
July 1986



people will feel free to develop spe-
cialized talents and a greater crea-
tivity. The reformers also urge for
the breakdown of barriers between
educational and other institutions.53

If carried out, these reforms will
have a profound effect on future
patterns in the funding and conduct
of Japanese R&D. The declining level
of government support means that
resources provided by other sec-
torsespecially industrywould
have to be more widely dispersed if
Japan's research resources are to be
fully utilized. If the educational re-
forms are successful, the Japanese
can encourage more flodElity and
creativity in their educational sys-
tem and, in turn, foster greater re-
search creativity for Japan's future
SIT needs.

University-industry-government
cooperation. While Japan's univer-
sities now have some of the best re-
searchers and some of the most
advanced equipment available, they
are relatively short of research funds
and, until recently, academic sci-
entists have been restricted in their
use of research funds from industry.
As Japan promotes fundamental re-
search, it will be necessary to draw
on the universities for joint projects
with industry. There already have
been some important initiatives along
these lines. A number of adminis-
trative reforms by Monbusho now
makes industry-university coopera-
tion easier; further, it is anticipated
that a variety of new arrangements
will emerge to promote university-
government research.M

"For a more detailed discussion of proposed ed-
ucational reforms, see U S Department of Educa-
tion, Japanese Education Today (Washington, D C
Supt of Documents, U.S. Government Pnnhng Of-
fice, January 1987)

s4See the Tokyo Office of the U S. National Sci-
ence Foundation, University-Industry Cooperation in
Japan: New Policy Gives Universities More Flexibility
with Funds from Industry, Report Memorandum #64,
January 1985; and Current Programs to Support Um-
versitylIndustry Cooperation in japan, Report Memo-
randum #69, March 1985. Also see Masalure
Collaboration Between University and Industry- -Japa-
nese Case, the Second Seminar on Japanese-German-
Swedish Cross-Country Studies on Structure and
Function of Basic Technology Research, unpub-
lished paper.

Additionally, during the late sev-
enties one of the most impressive
developments in Japan was the fos-
tering of new arrangements in which
government and business joined in
research projects. MITI's effort to
develop future technologies in semi-
conductors and fifth generation
computers is the most noted exam-
ple, and similar new government
programs aimed at basic research are
likely to plant the seeds for future
industrial commercialization.

Most government-initiated re-
forms of the Japanese S/T structure
are designed to leverage the R&D
funds of the three major R&D per-
formers. The decreasing contribu-
tion of government funds, combined
with an identifiable need for more
and often more expensivebasic
research has highlighted the neces-
sity for greater collaborative re-
search and access to resources among
the government, industry, and
higher education sectors. Many re-
cent and imminent reforms have
been aimed at removing the legal
obstacles inhibiting the joint use of
financial, human, and laboratory re-
sources to enhance the research po-
tential of R&D expenditures,
regardless of source.

internationalism
The third dominant theme in Jap-

anese S/T policy is a concern with
increased participation in interna-
tional scientific activities and in-
creased openness to foreign
participation in Japanese science.
Most of Japan's recent policy state-
ments acknowledge the country's
access to and use of Western science
and technology during the first cen-
tury of Japan's modernization.
Looking to the future, Japan's lead-
ers wish to reciprocate. Moreover,
they hope that increased generosity
on Japan's part will enable Japanese
researchers to maintain and en-
hance the quality 'of their profes-

sional contact with Western
colleagues.

Over the past few years, the level
of Japanese funding for scientific and
educational exchanges has in-
creased rapidly, and several new
programs have been initiated spe-
cifically for foreign scientists. Many
of tt.. government's new research
programs, induding ERATO and the
Frontier Research Program, also
make specific provision for the par-
ticipation of foreign researchers. Most
recently, the job classifications of civil
servants have been revised; this now
makes it possible for foreign schol-
ars to hold research and teaching
positions in Japanese universities and
in government laboratories. Finally,
many major Japanese corporations
have expressed a willingness to re-
ceive American researchers in their
laboratories.55

The Japanese are also trying to
make their S/T literature more ac-
cessible to other nations. The Japan
Information Center of Science and
Technology is establishing an Eng-
lish-language data base of research
reports issued by government agen-
cies and research institutes; this data
base will be integrated into the in-
ternational Science and Technology
Information Network.56 These ef-
forts derive from both Japan's as-
sessment of its needs and
responsibilities as well as from a cer-
tain amount of pressure by other in-
dustrialized nations.

55See the Tokyo Office of the U S Nahonal Sci-
ence Foundation, Directory of Japanese Company lab-
oratories Willing to Receive American Researchers, Report
Memorandum #92, January 1986

56A comprehensive listing of English-language re-
sources on Japanese science, technology, and en-
gutering hterature may be found in U.S. Department
of Commerce, National Technical Information Serv-
ice, Directory of Japanese Technical Resources 1987 The
directory may be obtained from the Nahonal Tech-
nical Information Service, Office of International Af-
fairs, U S Department of Commerce, Springfield,
Va 22161, phone number (703) 487-4819
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trends in r &d
expenditures

One of the key questions regard-
ing Japan's future R&D efforts is
whether the nation is willing and able
to sustain the growth rates that have
characterized the 1965-85 period. Of
some concern to U.S. policymakers
is Japan's willingness and ability to
follow through on its objective to in-
crease the level of basic research in
Japan.

The Japanese have proposed to
expand R&D funding to 3.5 percent
of national income, a ratio that had
not quite been achieved as of 1985.'7
However, given the trends in R&D
expenditures and the predominance
of industry as the major source and
performer of R&D, it would be sur-
pi 'sing if the level of R&D funding
suddenly stabilized once the 3.5-
percent figure was realized. Because
the rates of change in industry R&D
have been so consistently high for
so long, it would seem that real, an-
nual, and large increases in R&D are
an integral part of industrial activity
in Japan.

However, real growth in indus-
trial R&D from 1985 to 1986 was only
1.3 percent, the lowest increase in
the 1965-86 period except for 1974
75. (From 1%5 to 1970, industrial

________
1,n ,n, s,' ,, ', lakers use a ditterent R&D ' 1-

(11,tor ' ' t, eft , ' fsionmaking purposes than the
on, . ',,, '- l' ol 1., n .1,ld throughout this report
t ,f t l''fft, Lie 6,t 1,t, is MD in natural sciemes
Ind , 1-T,I1,. lint, f , national inionitt, this %as 2 4
p, n t it if, +,n ,'n'l ' 2 pen ent in 19i;

R&D spending expanded at a real
average annual rate of 20 percent;
from 1970 to 1980, 6 percent; and
from 1980 to 1985, 12 percent.) While
this low increase may reflect a new
phase in Japanese industrial R&D
effort, it more than likely is a re-
sponse to the se A ere economic sit-
uation in Japan during 1986.
Economic performance in that year
was the second worst in the entire
postwar period, surpassed only by
the oil shock of 1974. However, even
in 1986and except for the years
1971 and 1975-76real increases in
total Japanese R&D expenditures
matched or significantly outpaced the
real rate of change in GNP.

Concurrent with greater indus-
trial activity is the declining role by
government both as a source of R&D
funds and as a performer of R&D.
Although Japanese Government
R&D funding increased at an annual
average rate of 6 percent during the
seventies, this rate declined to about
3 percent from 1980 to 1985. Simi-
larly, government performance of
R&D is slowing down, from an an-
nual average rate of 7 percent during
1970-80 to 4 percent from 1980 to
1985.

The significance of industry in the
Japanese S/T system is reinforced
given the recent trends in basic re-
search expenditures:'" the Japanese
Government has increased its basic
research performance by barely 1
percent a year from 1980 to 1985,
compared with 3 percent from 1975-

'for a discussion of differences in U S and Jap-
anese definitions ut basic research, see appendix A
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80. In contrast, industry increased
its expenditures on basic research by
an average annual rate of 16 percent
during 1980-85, compared to 7 per-
cent during 1975-80. The higher ed-
ucation sector, which now performs
about one-half of Japan's basic re-
search, increased its basic research
expenditures by 10 percent annually
from 1975-80, but from 1980 to 1985
this rate declined to about 4 percent
per year.

Thus, for the 1980-85 period it ap-
pears that Japanese industry is ris-
ing to the challenge of continued
increases in Japan's total R&D and
basic research. Although the perfor-
mance of R&D in Japan has histor-
ically been compartmentalized (e.g.,
the flow of funds among sectors and
joint use of resources have been lim-
ited), as reforms are made through-
out the R&D system, the ability of
the Japanese to improve the effi-
ciency of their research funds may
be increased. Collaborative research
projects among sectors, the oppor-
tunity by industry to fund academic
research, and the leveraging of re-
search expenditures can enhance the
relative productivity of R&D in Ja-
pan, especially that of basic and ap-
plied research.

While the low real increase in R&D
expenditures from 1985 to 1986 is
some cause for concern, it is most
likely a reflection of the economic
contraction and "yen shock" of 1985
and 1986. The macroeconomic struc-
tural adjustments that took place in
Japan during 1986-87 have put the
economy on a stronger footing, and
any consequent revival of R&D
spending should begin to show up
in the R&D data for the years 1987-
89.

..... ..11...
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appendix a

technical notes

Differences in definitions, con-
cepts, and data collection and re-
porting practices make precise cross-
country comparisons difficult. How-
ever, much has been firne by the
Organisation for Economic Co-op-
eration and Development (OECD)
to establish uniform standards and
definitions for scientific_ and tech-
nical activity. The Jaiginese and U.S.
data presented here generally reflect
OECD definitions and guidelines.'
Differences between the U.S. and
Japanese data are discussed in more
detail below, together with addi-
tional technical information.

sources of science
resources data

Japanese science resources data are
principally available from two an-
nual publications, The Report on the
Survey of Research and Development
(issued by the Statistics Bureau of

'See Organisation for Economic Co-operation and
Development, The Measurement of Scientific and Tech-
nical Activities (Pans, France, 1981), commonly called
the Frascati Manual

the Management and Coordination
Agency) and Indicators of Science and
Technology (issued by the Science and
Technology Agency). Data in the
Survey are obtained from annual
questionnaires sent to the perform-
ers of research and development
(R&D) in Japan--industry, insti-
tutes of higher education, and gov-
ernment and nonprofit research
institutes. The data in the Indicators
are primarily a subset of the Survey
data: the Indicators presents much of
the same types of data but only for
the natural sciences and engineer-
ing. However, the Indicators also
presents additional information not
available in the Survey, such as stu-
dent enrollment and degree data, the
technological balance of payments,
and government budget data.

Science resources data for the
United States are derived principally
from reports and unpublished data
of the U.S. National Science Foun-
dation's Division of Science Re-
sources Studies. A list of available
data and publications may be ob-
tained from the Office of the Divi-
sion Director, Division of Science
Resources Studies, National Science
Foundation, 1800 G Street, N.W.,
Washington, D.C. 20550.
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Additional data sources are as
noted in the report text, tables, and
charts, and include the OECD, var-
ious U.S. Government agencies, and
scholarly works.

expenditure data
Expenditure data for both Japan

and the United States are performer-
based; that is, financial data on the
source of R&D funds and the amount
of expenditures are obtained from
surveys sent to the R&D perform-
ers. In general, there are two major
methods of calculating R&D
expenditureson a current operat-
ing cost basis and on a disbursement
basis. The United States uses the
current operating cost method, which
includes the costs of labor, materi-
als, and the depreciation of tangible
fixed assets. Capital expenditures are
excluded by definition as a current
operating cost.

An alternative method that Japan
and many European countries use
for calculating R&D expenditures is
on a disbursement basis, which also
includes the costs of labor and ma-
terials, but substitutes capital
expenditures (on facilities and
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equipment) for depreciation. Al-
though data are available to make
some estimates of Japanese R&D on
a current operating cost basis, these
estimates would still not be pre-
cisely comparable to the various U.S.
data series and in some instances of-
fer no advantage over disbursement
expenditure data. For consistency,
all Japanese data are on a disburse-
ment basis, with the understanding
that disbursement expenditi-re data
may be slightly higher than oper-
ating cost data.'

In terms of fields or coverage, both
Japan and the United Stites include
research in the natural sciences, en-
gineering, and the social sciences.
However, Japan, like many of the
European countries, also includes in
its R&D figures research activity in
the humanities and education. The
Japanese data in this report have not
been adjusted to exclude the hu-
manities and education, which con-
stituted 6 percent of total Japanese
R&D expenditures in 1985, 27 per-
cent of higher education expendi-
tures (this is discussed in more detail
in chapter 4, "Higher Education"),
and 4 percent of government and
nonprofit expenditures.

Japanese expenditure data for all
R&D performers are reported for the
fiscal year April 1 to March 31; U.S.
data are reported primarily on a cal-
endar year basis (industries and uni-
versities are allowed to report on their
own fiscal year basis, which may or
may not coincide with the calendar
year). However, any differences be-
tween the Japanese and U.S. data
series which result from noncoinci-
dent periods of time are certainly
slight, and do not affect trends over
time.

2An examination of Japanese Industry dita for the
penod 1980-85 showed that for all Industnes com-
bined, R&D expenditures based on operating costs
were consistently about 7 percent less than dis-
bursement expenditures
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personnel
The international convention for

reporting R&D personnel data is to
include only that portion of a re-
searcher's time actually devoted to
research. One of the more problem-
atic differences between the Japa-
nese and U.S. data is that the U.S.
numbers of scientists and engineers
engaged in R&D are reported on a
full-time-equivalent (FTE) basis; cor-
responding Japanese data report the
gross total of scientists and engi-
neers engaged in R&D. While this is
generally not a problem when com-
paring scientists and engineers in the
industrial and government sectors
(since they are presumably working
full-time on R&D), it does become a
problem for the higher education
sector where a researcher's time is
divided among research, teaching,
and administrative responsibilities.

To compensate somewhat for this
difference, this report excludes Jap-
anese scientists and engineers en-
gaged in R&D in the social sciences
and humanities. This adjustment re-
sults in a 21-percent understatement
of the total number of Japanese sci-
entists and engineers engaged in
R&D and a 40-percent understate-
ment for the university sector.3

3This method for estimating the number of FTE
scientists and engineers engaged in R&D yields sim-
ilar results to those obtained by a Japanese study
This study surveyed researchers affiliated with um-
versities and denved an FTE coefficient of 0 6 for
teaching staff See Institute for Future Technology,
Study on the Situation of Statistics k-lated to Research

and Development Activity in the United States and Eu-
rope, and a Comparison with the Situation in Japan (To-
kyo, Japan, March 1987)

currency
conversions

This report expresses most mon-
etary figures in terms of constant 1982
dollars while Japanese official doc-
uments publish R&D funding and
expenditure data in current yen. For
this report, current yen have been
converted into current U.S. dollars
using OECD purchasing power par-
ities (FPPs), and then converted into
constant 1982 dollars using the U.S.
Department of Commerce gross na-
tional product (GNP) implicit price
deflators.

Market exchange rates have not
been used for the currency conver-
sion because they have become in-
creasingly unsatisfactory in recent
years for international statistical
comparisons. Given the volatility of
contemporary international capital
markets, the international value of
a currency is not a consistent reflec-
tion of the price structure for goods
and services within a country, and
consequently does not fully reflect
the currency's purchasing power.
Quite simply, PPPs for Japan are the
number of yen needed to buy the
same quantity of goods and services
in Japan as a dollar can buy in the
United States.4 In this manner, Jap-
anese yen are converted into dollar
terms representing the same pur-
chasing power as a U.S. dollar in the
United States.

While PPPs provide more com-
parable data by equalizing how much
a respective currency can buy, they
are based on a broad index (or bas-
ket) of consumer goods and services

'The OECD has c, culated PI'f's for its member
countries, all PPPs are expressed in terms of units
of foreign currency per U S dollar



and thus do not exactly reflect price
structures specific to the costs of R&D
in a country. This is somewhat of a
limitation in terms of making precise
international comparisons with re-
gard to R&D; nevertheless, the use
of PPPs to convert R&D expenditure
data and national income data still
yields a more accurate picture of rel-
ative spending levels than the use
of market exchange rates. For a de-
tailed discussion of the methodol-
ogy for computing PPPs, see OECD,
Purchasing Power Parities and Real
Expenditures in the OECD (Paris: 1985).

basic research
Although basic research is de-

fined in virtually identical terms in
both the United States and Japan (i.e.,
research that is conducted foi the
purpose of advancing scientific
knowledge and without specific ap-
plications being directly sought), the
interpretation of this definition seems
to differ in Japan and the Onited
States. Understandably, the alloca-
tion of research as basic or applied
is a subjective process, and even in
the United States there is disagree-
ment over the distinction between
these two types of research.5

The conceptual differences be-
tween Japanese and American per-
ceptions arise in allocating research

5See Arthur Gerstenfeld, Science Policy Perspec-
tivec USA - japan, (New York, New York Academic
Press, Inc , 1982), especially "Part I Perceptions of
the Nature of Basic and Applied Science "

that is not "truly" basic research (e.g.,
particle physics). In the United States,
the relationship between basic and
applied research is typically seen as
both mutually exclusive and linear:
applied research cannot be basic, and
applied research occurs after basic
research in a unidirectional flow of
research activity. Once a goal or ob-
jective other than the pure pursuit
of scientific knowledge is assigned
to a research program, then it is tra-
ditionally seen as appliednot
basicresearch.

In Japan, however, basic and ap-
plied research are perceived in a more
multidimensional and interactive
way than in the United States. One
of the key differences between the
two countries seems to be that in
considering whether research is ap-
plied or basic, the type of science
(basic or applied) being used is also
considered. Thus, a long-term ap-
plied research program (one with a
problem or application in mind) that
extensively uses basic science ex-
perimentation for its problem reso-
lution might be classified as basic
research in Japan.6 Consequently,
Japanese data on basic research ex-
penditures probably include some
types of research that would be clas-
sified as applied research in the
United States. Note that the Japa-
nese exclude R&D in the social sci-
ences and humanities in the
allocation of research by character of
work.

'See Gerstenfeld, op cit , and Institute for Future
Technology, op cit

t) 0

manufacturing
industries

At the aggregate level, the Stand-
ard Industrial Classifications for
manufacturing industries in Japan
and the United States are very sim-
ilar, with a key exception being the
placement of compu rs in the clas-
sification scheme. In the United
States, computers are classified as
"office, computing, and accounting
machines" under general machin-
ery; in Japan, they are classified un-
der electrical machinery as
"communications and electronic
equipment." To make the R&D data
in this report as comparable as pos-
sible, the U.S. general machinery
subgroup "office, computing, and
accounting machines" data has been
moved to "communications and
electronic components" under elec-
trical machinery.

This adjustment was made be-
cause (1) the U.S. data were readily
available, and (2) only one straight-
forward statistical adjustment was
required to make the two categories
(general and electrical machinery and
their subgroups) completely com-
parable. To adjust the Japanese data
would have required several statis-
tical changes for which there were
insufficient data.

As a last note, the Japanese Stand-
ard Industrial Classification does not
contain a separate "3-digit level"
category for aircraft and missiles.
Aircraft are included under "other
transportation equipment"; missiles
are not identified in the classifica-
tion schedule.
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Table B-1. National expenditures for
the performance of R&D: 1965-86

[Constant 1982 dollars in millions]'

Year Japan

United

States

1965

1966
1967

1968

1969

1970

1971

1972

1973

1974
1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

$ 6,133

6,621

7,626

9,060

10,487

12,442

13,321

14,751

16,159

16,395

16,673

17,371

18,042

19,087

20,985

23,139

25,570

27,397

29,904

32,480

36,023

36,605

$ 59,351
62,589
64,406

65,458

64,672

62,405
60,385

61,414

62,427

61,467
59,883
62,134

6Z,653

66,769
70,077

73,235

76,610

73,316

83 891

90,541

96,532
100,398

'Based on Organisation for Economic Cc-operation and Development

purchasing power panties and U S Department of Commerce GNP

implicit once deflators

SOURCES Government of Japan, Management and Coordination

Agency, and the National Science Foundation

Table B-2. National expenditures for the performance of R&D as a percent of
GNP: 1965-86

[Constant 1982 dollars in billions]

Year

GNP R6D us a perai . ,;1 ::,,;)

Japan United States Japan United Stc:tes

1965 $ 405 $2,087 1 5 2 6

196E 453 2,208 1 5 2 8
1967 501 2,272 1 5 2 8
1968 565 2,366 1 6 2 8
1969 639 2,423 1 6 2 7
1970 671 2,416 1 9 2 6

1971 719 2,485 1 9 2 4

1972 794 2,609 1 9 2 3
1973 851 2,744 1 9 2 3

1974 833 2,729 2 0 2 2

1975 851 2,695 2 0 2 2

1976 891 2,827 2 0 2 2
1977 933 2,959 1 9 2 2
1978 956 3,115 2 0 2 1

1979 1,002 3,192 2 1 2 2
1980 1,040 3,187 2 2 2 3
1981 1,074 3,249 2 4 2 4

1982 1,108 3,166 2 5 2 5

1983 1,144 3,279 2 6 2 6
1984 1,247 3,502 2 6 2 6
1985 1,300 3.607 2 8 2 7

1986 1,317 3,713 2 8 2 7

NOTE Percentages calculated from national currencies

SOURCES Organisation for Economic Co-operation and Development Govemmen, of Japan Management and CUDar,2!,. IPnefiC), a-d 'ne
Nafional Science Foundation

Table B-3. Estimated nondefense R&D
expenditures as a percent of GNP:

1971-851

Year Japan

United

States

1971 18 16
1972 18 16
1973 19 16
1974 20 16
1975 19 1b
1976 19 16
1977 19 16
1978 20 16

1979 21 17
1980 22 18
1981 24 18
1982 25 19
1983 26 19
1984 26 18
1985 28 19

'Oats on nondefense RAO expenditures are rot ava able por to
1971

NOTE Percentages calculated from unrounded figures

SOURCES Organisation for Economic Co operation and Develop

ment and the National Science Foundation
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Table B-4. National R&D funding by source: selected years

[Constant 1982 dollars in millions]

Year Government 1 Industry
Higher

education Other'

1970 .
1975

1980

1983

1984

1985

Ja an

$ 3,663
4,899

6,462
7,169

7,315

7,566

$ 6,838
9,177

14,090
19,484

21,719
24,809

$1,861

2,498
2,425

3,024
3,188
3,333

$ 80

88

161

227

258

315

Percent

1970 29 55 15 1

197 29 55 15 1

1980 28 6 1 11 1

1983 . 24 65 10 1

1984 23 6 7 10 1

1985 21 6 9 9 1

United States

1970 $36,636 $24,851 $1,111 $807
1975 30,986 26,679 1,302 916
1980 34,548 36,066 1,555 1,066
1983 39,097 41,896 1,805 1,093
1984 42,007 45,544 1,871 1,119
1985 46,030 47,310 2,023 1,170

Percent

1970 .. 57 40 2 1

1975 51 45 2 2

1980 . 47 49 2 2
1983 47 50 1 2
1984 46 50 2 1

1985 48 49 2 1

'Nonprofit institutions and funds from abroad

NOTE Because of rounding. percentages may not add to 100 Percentages calculated from national currrencies

SOURCE Source of funds statistics are estimates based upon data from the Management and Coordination Agency and in collaboration with
)fficials of the Science and Technology kency
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Table B-5. Distribution of national R&D expenditures by performer:
selectee years

[Percent]

Year Government

1965 12

1970 11

1975 12

1980 12

1985 9

1965 15

1970 16

1975 15

1980 12

1985 . 12

Higher
Industry 1 education Other'

Japan

50 36
61 27

57 28

60 26

67 20

22

1

3

3

4

United States

71

69

69

71

73

11

12

13

13

12

3

4

4

3

3

'Nonprofit institutions

2Estimate made by the National Science Foundation

NOTE Because of rounding percentages may not add to 100

SOURCES Government of Japan. Management and Coordination Agency and the National Science Foundation

Table 8-6. National R&D expenditures by performer and character of work: selected years'

[Constant 1982 dollars in millions]

Performer

1975 1980 1985

Total

Basic

research

Applied

research

Develop-

ment Total
Basic

research

Applied

research

Develop-

ment Total

Basic

research

Applied

research

Develop-

ment

Japan

Total .. $13,332 $2,013 $2,848 $ 8,470 $20,284 $3,121 $ 5,138 $12,025 $32,775 $ 4,379 $ 8,164 $20,232

(Percent) (100%) (15%) (21%) (64%) (100%) (15%) (25%) (59%) (100%) (13%) (25%) (62%)
Higher education 1,670 1 209 339 122 3 383 1 957 1 194 231 4 332 2,415 1 570 347
Industry . 9,444 489 1,800 7,155 13,859 694 2,704 10,460 24,068 1,425 5,280 17,363
Government 1,837 291 630 917 1,410 337 695 378 1,592 352 79, 445
Other . 381 25 80 275 1,632 133 544 956 2,783 187 518 2,077

United States

Total 59,883 7,951 13,407 38,525 73,235 9,506 16,456 47,273 96,532 11,727 22,129 62,676

(Percent) (100%) (13%) (22%) (65%) (100%) (13%) (22%) (65%) (100%) (12%) (22%) (66%)
Higher education 7,642 4,727 1,938 977 9,803 5,679 2,822 1,302 11,669 6,675 3,257 1,737
Industry 40,781 1,231 7,705 31,845 51,920 1,546 9,858 40,516 70,350 2,364 15,212 52,774
Government 9,308 1,276 3,008 5,024 9,006 1,395 2,931 4,680 11,590 1,722 2,805 7,063
Other .... 2,151 717 755 679 2,509 887 846 776 2,924 967 855 1,102

'Not all Japanese R&D e penditures are allocated by character of work therefore the total R&D expenditures presented above are not the same as those in table B 1

NOTE Because of rounding, figures may not add to totals shown Percentages calculated from national currencies

SOURCES Government of Japan. Management and Coordination Agency and the National Science Foundation
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Table B-7. Scientists and engineers engaged in R&D: 1965-861

Year

Scientists and engineers

(in thousands)
Scientists and engineers engaged
in R&D per 10,000 labor force

Japan United States Japan United States

1965 117 6 494 6 24 6 64 7
1966 128 9 521 1 26 4 66 9
1967 . 138 7 534 4 27 8 67 2
1968 . 157 6 550 4 31 1 68 9
19:. 157 1 553 2 30 8 66 7
1970 . 172 0 544 2 33 4 64 1

1971 194 3 523 8 37 5 60 7
1972 .. 198 1 515 3 38 1 58 0
1973 226 6 514 8 425 56 4
1974 238 2 520 8 44 9 55 6
1975 255 2 527 7 47 9 55 3
1976 260 3 535 6 ,1 4 54 8
1977 . 272 0 561 0 49 9 55 7
1978 273 1 587 0 49 4 56 5
1979 . 281 9 614 8 504 577
1980 ?92 6 651 7 53 6 60 0
1981 317 5 683 7 55 6 62 0
1982 329 7 702 8 57 1 62 8
1983 342 2 722 9 58 1 63 8
1984 370 0 746 3 62 4 64 8
1985 381.3 772 5 63 9 65 9
1986 . .. 405 6 802 3 69 3 67 1

1U S figures are full-time equivalents wh le Japanese represent total numbers of scientists nd ;them engaged primarily in R&D in natural

science and engineering

SOURCES Government of Japan, Science and Technology Agency, and the National Science Foundation

Table B-8. Number of scientists and
engineers engaged in R&D by sector:

19851

[In thousands]

Sector Japan

United

States2

Total 381 3 772 5

Industry . 231 1 570 3
Higher education 118 0 109 8
Government and

non-profit 322 92 4

11.1 S figures are full-time equivalents while Japanese represent total

numbers of scientists and engineers engaged primarily in R&D in

natural sciences and engineering

2U S figures for 1985 are estimates

SOURCES Government of Japan Science and Technology Agency

and the National Science Foundatior
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Table B-9. Value of technical know-how receipts and expenditures:
1970 and 198E

[Constant 1982 dollars in millions]

Receipts and expenditures 1970 1985

Japan Uniteu Fates Japan United States

Receipts $ 194 $8,625 $ 721 $14,018
Payments 1,423 2,503 2,437 4.953

Balance (1,229) 6,122 (1716) 9,065

Ratio of receipts to paymentsi 136 3 45 296 2 83

'Ratios calculated frorn unrounded national currencies

SOURCES Government of Japan Science and Technology Agency ana the National Science Foundation Japanese data are statistics of the

Bank of Japan



Table B-10. Value of government R&D funding: 1970-85

[Constant 1982 dollars in millions]

Year

Japan United States

Government

R&D funding

As a share of
total R&D

Government

R&D

As a share of

total R&D

1970 . . . 83,663 29.4% $35,636 57.0%

1971 ... 4,307 32.3 33,966 56 1

1972 .... 4,873 33.0 34,146 55.5

1973 .... 5,020 31.1 33,478 53 4

1974 .. .. 4,732 28.9 31,726 51.3

1975 .... 4,934 29.6 30,986 51.4

1976 .... 5,108 29 4 31,813 51 0

1977 5,331 29.5 32,152 50 5

1978 . 5,752 30.1 33,172 49 6

1979 .... 6,196 29.5 34,271 48 8

'980 6,506 28.1 34,548 47 1

1981 .. 6,892 27.0 35,685 46 5

1982 .. 6,992 25.5 36,505 46 0

1983 .. 7,169 24.0 39,097 46.6

1984 7,315 22.5 42,007 46.4

1985 . 7,566 21 0 46,030 47 7

NOTE Percentages based on national currencies

SOURCES Government of Japan. Management and Coordination Agency, and the National Science Foundation

Table B-12. Distribution of
government R&D expenditures by

objective: 1985

[Percent]

Objective Japan'

United

States

Total 100.0 100 0

Agriculture,
forestry, and
fisheries .. 11 3 21

Industrial

development 59 2

Ener.,y . .. 16 3 48
Health .. . 26 11 2

Advancement of
knowledge2 . 47 3 37

Civil space . 68 55
Defense .. 41 67 5

AU others . 57 50

'NSF -adjust ftd figures

2The category **advancement of knowledge** includes general urn-

vanity funds spent on R&D and should not be equated with basic

research

SOURCES Japanese national sources and the National Science Foun-

dation

Table B-11. Distribution of Japanese
Government R&D budget among key

Japanese ministries and
agencies: 1985

[Percent]

Ministry/agency

Total . . .

Ministry of Education, Science,

and Culture
Science and Technology

Agency . . . . .

Ministry of International Trade

and Industry .. .

Ministry of Agriculture,
Forestry, and Fisheries .

Defense Agency .

Mirfstry of Health and Welfare
All others . .

Share of total

R&D budget

100

47

27

13

4

4

2

3

SOURCE Government of Japan. Science and Technology Agency

Table B-13. Distribution of Japanese Government R&D funding by objective:

selected years

[Percent]

Objective 1975 1980 1985

Total 100.0 100 0 100 0

Agriculture, forestry, and fisheries 13 0 12 0 11 3

Ind, ,trial development 6 7 5 8 5 9

Energy 7 5 12 4 16.3

Health 3 0 2 9 2 6

Advancement of knowledge' 54 7 52 5 47 3

Civil space 7 0 5 7 6.8

Defense 2 2 2 3 4 1

All others 5 9 6 4 5 7

'The category "advancement of knowledge* includes general university funds spent on R&D and should not be equated with basic research

SOURCES Organisation for Economic Co-operation and Development and Japanese national sources for (NSF - adjusted) 1985 data
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Table B-14. National Industrial R&D expenditures: 1965-86

[Constant 1982 dollars in millions]

Year
Japanese

industrial R&D'
U S. total

industrial R&D
U.S company-

funded R&D

1965 $ 3,043 $41,992 $19,079
1966 3,35: 44,474 20,641
1967. 4,114 45,590 22,315
1968 5,207 46,194 23,506
1969 6,190 46,023 24,779
1970 7,557 42,986 24,478
1971 7,781 41,280 24,006
1972 .. 8,602 42,056 24,812
1973 9,494 42,893 26,451
1974 9,592 42,415 27,181
1975 9,444 40,781 26,272
1976 .. 9,846 42,805 27,645
1977 . 10,424 ,14,330 28,746
1978. 10,808 46,115 30,622
1979 12,201 43,652 32,720
1980. 13,855 51,919 35,553
1981 . 15,515 55,140 37,705
1982 16,949 57,995 39,512
1983 . 18,991 61,047 41,268
1984 21,135 66,342 44,842
1985 .. 24,068 70,350 46,527
1986 24,370 73,268 47,851

'Because less than 2 percent of Japanese industrial R&D funds comes from governmentsources, a separate company-funded R&D data series
has not been provided

SOURCES Government of Japan, Management and Coordination Agency, and the National Science Foundation

Table B-15. National industrial R&D as a percent of GNP: 1965-86

Year
Japanese

industrial R&D
U.S tota;

industrial R&D
U S company-

funded R&D

1965 8 2 0 9
1966 .. 7 20 9
1967. 8 2.0 1 0
1968 . 9 2 0 1 0
1969 10 19 10
1970 11 18 10
1971 11 17 10
1972 11 16 10
1973 1 1 16 10
1974 12 16 10
1975 11 15 10
1976 11 15 10
1977 1 1 15 10
1978 11 15 10
1979 . 12 15 10
1980 13 16 11
1981 14 17 12
1982 15 18 12
1983 1 7 1 9 1 3
1984 17 19 13
1985 19 20 13
1986. 19 20 13

'Japanese industrial R&D is almost 98 percent company-funded

SOURCES Government of Japan, Management and Coordination Agency, and the National Science Foundation



Table 8-16. Japanese manufacturing R&D expenditures by industry: selected
years

[Constant 1982 dollars in millions]

Industry

1965 1975 1985

Amount Share Amount Share Amount Share

All manufacturing, total $2,737 100% $8,613 100% $22,462 100%

Food 109 4 259 3 541 2

Textiles 96 4 127 2 254 1

Chemicals and allied products 753 28 1,805 21 3,794 17

Industrial chem.::: 293 11 860 10 1,531 7

Drugs and medicines 176 6 534 6 1,385 6

Petroleum and coal 27 1 96 1 277 1

Rubber .. 43 2 160 2 589 3

Ceramics' .. 66 2 234 3 1 706 3

iron and steel 178 7 500 6 974 4

Non-ferrous metals 88 3 146 2 407 2

Fabricated metals 45 2 165 2 416 2

General machinery2 214 8 648 8 1,551 7

Electrical machinery2 616 23 2,245 26 7,853 35

Electrical equipment . 240 9 934 11 2,497 11

Communications and electronic

equipment' 376 14 1,311 15 5,357 24

Motor vehicles . 258 9 1,098 13 3,230 14

Professional and scientific
instruments 65 2 201 2 817 4

All others . 179 7 929 11 1,053 5

1Stone, day, and glass products

2Note that the Japanese industrial classifications for general machinery and electrical machinery do not correspond to those of the United

States except where the U S data have been adjusted in this report In Japan computers are classified under electrical machinery as

communcations and electronic equipment, whereas in the United States, they are classified under general machinery For more detail see

appendix A

NOTE Because of rounding. figures may not add to totals shown Percentages based on national currencies

SOURCE Government of Japan, Management and Coordination Agency
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Table 8-17. Manufacturing R&D activity by industry: 1985

[Constant 1982 dollars in millions]

Industry

Company-funded R&D

expenditures
Japan/U S ratio

(percent)

R&D expenditures as a
percent of net sales

Number of scientists and
engineers engaged in R&D

per 10,000 employed'

Japan United States Japan United States Japan United States
All manufacturing, total $22,462 $45,298 50 2 7 2 8 468 400

Food . . 541 937 58 8 4 225 NATextiles 254 135 188 1 2 5 213 40Chemicals and allied products 3,794 7,513 51 3 8 4 7 784 550

Industrial chemicals 1,531 3,254 47 2 8 4 0 711 420Drugs and medicines 1,385 3,189 43 7 0 8 4 796 NA

Petroleum and coal . 277 1,894 15 4 7 394 210Rubber . . 589 750 79 2 2 2 2 363 NACeramics, . 706 437 162 2 6 1 3 355 50Iron and Steel .. 974 334 292 1 9 5 177 150Non-ferrous metals 407 348 117 1 9 1 4 316 180Fabricated metals 416 524 79 1 6 1 3 260 NAGeneral machinery . 1,551 31,990 78 2 7 2 3 425 '520Electrical machinery 7,853 315,575 50 5 1 6 4 767 '500
Electrical equipment 2,497 1,817 137 4 8 2 9 647 NA
Communications and electronic

equipment . 5,357 313,758 39 5 3 7 6 836 '550
Motor vehicles 3,230 5,469 59 3 0 3 2 331 280Professional and scientific

instruments . 817 4,249 19 4 5 9 0 664 NAAircraft and missiles . NA 3,776 NA NA 4 1 NA 1,060

'Numbers of U S scientists and engineers engaged in R&D are in tu111 e equivalents Japanese are not

2StOne. clay, and glass products

3Note that these U S figures have been adlusted, computers have been removed tram the general machinery classification to electrical machinery under communications and electronic evipmen1 For more detail, seeappendix A

'These figures are not comparable to the Japanese because they represent different SIC product groupings

NOTE Percentages calculated from unrounded figures NA Not separately avai'able See appendixA

SOURCES Government of Japan, Management and Coordintion Agency, and the National Science Foundation
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Table B-18. Shares of manufacturing
R&D accounted for by the five largest

R&D firms by industry: 1985

[Percent]

Industry Japan

United

States

All

manufactunng . 18 23

Food .... 32 37

Textiles . 47 145

Chemicals and

allied prooucts
17 31

31 70

Industrial
chemicals

Drugs and
medicines

32 37

Petroleum and

coal .... 71 71

Rubber . 60 62

Ceramics2 35 157

Iron and steel 78 141

Nonferrous

metals 57 156

Fabricated metals 25 '36
General

machinery 28 240

Electrical

machinery 45 249

Communications
and electronic
equipment 56 355

Motor vehicles 69 96

Professional and

scientific

instruments .. 50 65

Aircraft and
miselles . NA 64

'Four largest firms only

°Stone, clay, and glass products

°Note that the U S figures have been adjusted, computers have been

removed from the general machinery classification to electrical ma-

chinery under communications equipment and electronic compo-

nents For more detail, see appendix A

NOTE NA Not separately available

SOURCES Government of Japan, Management and Coordination

Agency, and the National Science Foundation

R9

Table B-19. Number of industrial
scientists and engineers engaged in

Rt D: 1965 -85'

[in thousands]

United

Year Japan States

1965 59 0 348 4

1966 65 4 360 2

1967 69 2 372.0

1968 81 7 381 9

1969 82 5 385 6

1970 94 1 375 6

1971 111 2 358 6

1972 112 8 354 0

1973 124.8 358 9

1974 130 7 361 7

1975 146 6 363 9
1976 145 2 373 6

1977 151 4 393 6

1978 153 7 414 2

1979 157 3 437 3
1980 184 9 498 8

1981 157 3 437 3

1982 192 9 516 0

1983 201 1 533 3

1984 223 9 552 4

1985 231 1 570 3

plumbers of U S scientists and engineers are in full-time equiva-

lents, Japanese are not

SOURCES Government of Japan Management and Coordination

Agency and the National Science Foundation
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Table B-20. Higher education R&D expenditures: 1965.86

[Constant 1982 dollars in millions]

Year

Japan United States'

Amount
As d share of

total R&D Amount
As a share of

total R&D

1965 $2,214 36% $6,231 11%
1966 2,319 35 6,750 11
1967 .. 2,491 33 7,220 11

1968 .. .... . 2,669 30 7,712 12
1969 . 2,948 28 7,526 12
1970 ... ... . . 3,358 27 7,406 12
1971 .. 3,681 28 7,366 12
1972 . 3,940 27 7,345 12
1973 ... . . 4,187 26 7,655 12
1974 .... 4,332 26 7,454 12
1975 . 4,707 28 7,643 13
1976 4,886 28 7,854 13
1977 5,002 28 8,132 13
1978 .. 5,430 29 8,843 13
1979 .. 5,761 28 9,366 13
1980 . 5,910 26 9,802 13
1981 .. 6,179 24 9,983 13
1982 .. 6,464 24 9,755 12
1983 ... 6,870 23 10,116 12
1984 ... 7,094 22 10,741 12
1985. .. . 7,252 20 11,669 12
1986 ... 7,297 20 12,656 12

'Includes higher education institutions and federally funded researcn and development centers

NOTE Percentages calculated from national currencies

SOURCES Government of Japan, Management and Coordination Agency, and the National Science Foundation

Table B-21. Distribution of higher
education R&D expenditures among

fields: 1985

[Percent]

Field Japan

United

States

Total 100.0 100.0

Agriculture 48 10 8
Natural sciences 9.0 43.2
Engineering 20 7 14 6
Medical sciences 25 5 23 7
Social sciences 113 0 258

All other fields 326 9 19

'Law, political science, and "other social sciences

'Including psychology

'Home economics, education, and others

NOTE Because of rounding, percentages may not add to 100

SOURCES 'ovemment of Japan, Mananement and Coordination

Agency, and the National Science Foundation

Table B-22. Distribution of
separately budgeted R&D

1982

[Percent]

academic Table 8-23. First-university degrees by field and as a proportion of the 22-year-
by field: old population: 1985

Japan United States

Number Proportion Number PronnrtionTotal

Engineering

Physical sciences

Environmental
sciences .

Math and computer

science . .

Life sciences ..
Social sciences
Psychology .

All other'

100 0
Field

100 0

373,302 22.6% 1,066,439 25 3%20 2
35 9

68

10

26 1

18
6

77

Total
14 1

12 1 Natural sciences

74 Engineering

Agriculture

34 Social sciences'
Other

12,698

71,396

13,450
149,715

126,043

8

43
8

91
76

120,168

77,871

15,879

107,821

744,700

29
18

4

26
177

53 6
'There is not a one-to-one correspondence between social science42
NOTE Because of rounding, percentages may not add to totals18
SOURCES Government of Japan, Ministry of Education, Science,33

disciplines in Japan and the United States

shown

and Culture Basic Education Survey 1985 and the National Science Foundation

'Professional and vocational studies, arts and humanities

NOTE Because of rounding, percentages may not add to 100

SOURCE Ben R Martin and John Irvine, An International Compar-

ison cI Government Funding of Academic and Academically Related

Research, Science Policy and Research Evaluation Group Science

Policy Research Unit, University ot Sussex, United Kingdom Advisory

Board for the Research Councils, 1986
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Table B-24. Doctora' 'grees by field and as a proportion of the 27-year-old
population: 1984 or 1985

Field

Japan (1984) United Sta es (1985)

Number Proportion Number Proportion

Natural sciences and engineering, total 2,712 02% 12,101 0 30/0

Natural sciences 807 1 7,793 2

Engineering 1,291 1 3,251 1

Agriculture 614 1,057

Other2 34,765 3 20,871 5

All fields 7,477 5 32,971 7

'Less than 0 05 percent

2Including social sciences, hpmandies, and healthrelated fields

301 these Japanese doctorates 4,502 are in health-related fields

NOTE Because of rounding, percentages may not add to totals shown

SOURCES Government of Japan, Science and Technology Agency, and the National Science Foundation

Table B-25. Trends in scientific literature outputs: selected years

Scientific literature outputs 1972 1977 1982

;mime' articles
Japan 105,200 161,000 227,400

United States 365,800 45,,700 587,900

World . . 1,025,200 1,339,200 1,741,000

Technical reports
Japan ... . .. 3,370 5,400 10,320

United States 51,890 49,810 49,010

World .. . . 95,500 101,300 130.000

Conference papers
Japan .. . ... 7,210 15,050 26,800

United States , 33,600 50,330 90,000

World . . . 75,400 121,500 221,500

SOURCE Mitsubishi Sogo Kenkyusho (Mitsubishi Research Institute Kagaku Ginitsu Joho no Kokusai-teki Ryutsu no Ankara ni Kan-suru

1984

Table B-26. Japanese-invented U.S. patents by selected patent classes:1 1975-84

Patent classification

Number of
patents

Share of

patent class

123 Internal combustion engines . 2,706 31 50/0

430 Radiation imagery 2,273 34 7

354 Photography 2,167 52 5

424 Bioaffecting drugs 1,819 102
428 Stock materials 1,696 169
350 Optics, systems and elements 1,493 24 7

358 Pictorial communication 1,431 27 6

360 Dynamic magnetic information storage 1,244 37 3

355 Photocopying . 1,204 35 6

364 Electrical computers and data processing systems 1,202 152
204 Chemical, electrical, and wave energy 1,153 137
340 Communications, electrical . 1,046 152

'Those classes for which the total number of patents exceeded 1,000

SOURCE Francis Nann and Dominic Olivastro Patent Activity and Citation Analysts Using U S POC Class& Nnon interim report by Computer

Horizons, Inc , to the National Science Foundation, September 1986
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Table 8-27. Output per worker-hour in
manufacturing: 1965-85

[Index: 1977 = 100]

Year Japan
United

States

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986 (est )

35 0
38 5
44 2
49.8
57 5
64 8
68.6
75 3
83 1

86.5
87 7
94 3

100 0
108 0
114.8

122 7

127 2
135 0
142 3
152 5
163 7

168 2

76 6
77 4
77 4

79.8
80.8
80 8
85 3
89 0
93 4
90 6
92.9
97 1

100 0
101 5
101.4

101 4

103 6
105.9
112 0
116.6

121 7
126 0

SOURCE U S Department of Labor. Bureau of Labor Statistics

Table B-28. Japanese manufacturing use of technical know-how by selected industries: 1975 and 1985

[Constant 1982 dollars in millions]

Industry

1975 1985

Payments Receipts

Receipts/

payments

Payments/

R&D Payments Receipts

Receipts!

payments
Payments/

R&D

All manufacturing 924 330 36 11 1,169 833 72 5

Food $ 22 $ 3 15% 8% $ 42 $ 25 54% 8%
Textiles 13 7 59 10 13 16 122 5
Chemicals and allied

products . 151 121 80 8 151 155 102 4

Industrial chemicals . 96 101 105 11 55 80 146 4
Drugs ano medicines 32 7 23 6 53 53 100 4

Petroleum and coal 18 NA NA 18 21 2 1 I 8
Rubber , 20 4 18 13 26 16 61 4
Ceramics' . 42 10 24 18 131 38 29 19
Iron and steel 34 67 197 7 19 106 558 2
Nonferrous metals 19 3 15 13 21 8 38 5
Fabricated metals 10 3 34 6 16 10 61 4
General machinery 129 25 20 20 99 47 48 6
Electrical machinery 214 41 19 10 341 241 71 4

Electrical equipment . 117 18 15 13 98 72 74 4
Communications and

electronic equipment . 97 23 24 7 244 169 69 5

Motor vehicles .. . 77 24 31 7 46 105 228 1

Professional and scientific
instruments . . 16 1 8 8 20 7 34 3

'Stone. clay. and glass products

SOURCES Government of Japan. Science and Technology Agency and Management and Coordination Agency

rant

62



Table B-29. Japanese trade balance with the United States in technology-
Intensive products:' 1965-85

[Current dollars in millions]

Year Balance

Exports to United

States

Imports from

United States

1965.. ... .. $ 143 4 $ 501 8 $ 358 4

1966 304 2 712.1 407 9

1967 . 279 9 784.1 504 2

1968 . . . 482 9 1,104 1 621.2

1969... 724 8 1,502 2 795 4

1970 555 0 1,732.8 1,177 8

1971 . 822 1 2,064 8 1,242 6

1972 1,204 6 2,538 9 1,334 3

1973 1,174 5 2,869 5 1,695 1

1974... . 692 2 3,028 5 2,336 4

1975 .. . 962 6 2,907.6 1,945 0

1976 2,848 3 5,084.2 2,236 0

1977 3,444 0 5,823.1 2,379 1

1978 .. 4,159 1 7,238 8 3,079 7

1979 2,819 6 7,126 5 4,306 9

1980 ... ........... .. 3,108.3 8,412 6 5,304 3

1981 . 5,536 8 11,747 9 6,211 1

1982 5,204.7 11,428 6 6,223 8

1983 7,035.3 14,300 0 7,264 8

1984 13,323.1 21,345 0 8,021 9

1985 13,024.0 21,252 2 8,228 1

1Technology-intensive products are defined as those for which U S R&D expenditures exceed 2 36 percent of value-added (DOC2 and
Organisation for Economic Co-operation and Development dehmtion) Dala reflect information from 24 reporting countries on exports to, and

imports from, each of nearly 200 partner countries

SOURCE National Science Foundation, DRI Special Tabulations of International Trade, 1987

Table B-30. World export shares of
technology-intensive products:'

1965-85

[Percent]

Year Japan

United

States

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

72
83
85
95
107

109

11 6

12 7

124

120

11 6

137

14 5

152
136

14 3

174

16 2

178

20 2

19 4

27 5

27.1

28 2

29 1

27 8

27 0

26 2

23 7

23 7

24 4

24 5

23 5

22 0

21 3

21 9

22 9

25 0

24 7

25 1

25 2

24 2

ITechnology-intensive products are defined as those for which U S

R&D expenditures exceed 2 36 p.---ent of value-added (DOC2 and

Organisation for Economic Co-operation and Development defini-

tion) Data reflect information from 24 reporting countries on exports

to, and imports from each of nearly 200 partner countries

SOURCE National Science Foundation DRI Special Tabulations of

International Trade, 1987
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appendix c

Japanese government research
programs

Project Period

Ultrafine particles 1981-86

Amorphous and intercalation
compound

1981-86

Fine polymers 1981-86

Perfect crystals 1981-86

Mho tomes 1982-87

Bio-information transfer 1983-88

Superbugs 1984.89

Solid-state surface 1985-90

Nanomechamsm 1985-90

Quantum magneto flux logic 1986-91

Molecular dynamic
assemblies

1986-91

Biophotons 1986-91

Table C-1. ERATO' projects adopted through 1986

Purpose

To explore the characteristics of ultrafine particles for applications in recording media such as magnetic
memories, light absorbers, catalysts, and filters

To design and synthesize new inorganic materials for industrial use by modifying the atomic configuration
of existing metals, semiconductors, and ceramics

To develop a new generation of synthetic polymers by taking as models the sophistic9*:,,, functional
capabilities of living organisms.

To develop a new generation of semiconductors by combining perfect crystal growth technology with static
induction transistor technology.

To study "holonic" systems in biological organisms in which molecules, cell tissues, and organs interact
cooperatively at various levels of organization, and to build models of ouch systems.

To elucidate the mechanisms of action of neuroactive substances, such as prostaglandins and leukotrienes,
which play a crucial role in intercellular information transfer The project aims to apply these mechanisms
to medical problems and information technology

To search for micro-organisms that grow under extreme environmental conditions such as high acidity,
temperature, salinity, and pressure, and to analyze their tolerance mechanisms and metabolic pathways. A
possible result may be new bioreactors that can operate at higher temperatures.

Understand the behavior of atoms and molecules on the surface of solids, to investigate methods for the
chemical processing of surfaces at the molecular level, to synthesize and separate matters, and to explore
the possibilities for the composition of surfaces having information and energy conversion functions

Review the mechanisms and dynamics of matter in the nar.ometer (billionth of a meter) order from a
physical stanopoint, and to search for clues fc,r basic research and technology to measurement,
processing, fabrication, etc

To research the basic structure and characteristics of elements and circuits which handle quantum
magneto fluxes, the method of environmental control such as complete magnetic shielding, and the
simulation of circuit operation, the method of constructing an information processing system, etc.

Analyze fundamental dynamics Ly directly observing the motions of supramolecules and by measuring
inputs and outputs; search for methods of reconstituting supramolecules in vitro and exploring the
possibility of using them as biomolecular devices, and search for the principle of constructing
sophisticated systems that can sense, process, and judge external information

Famine methods that can become the basis for the measurement and analysis technology of biophotons;
analyze the substances that emit biophotons and study the photo-emission mechanism, measure and
analyze biophysical information on biophotons under various conditions, and explore the possibility of
applying the results to the measurement of biological organisms

'ERATO stands for Exploratory Research for Advanced Technology the program is directed by the Research Development Corporation of Japan, a public corporation aff iliated with the Science and Technology Agency

SOURCES Government of Japan Science and Technology Agency, and the Tokyo Office of the U S National Science Foundation
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Table C-2. Agency of Industrial Science and Technology (AIST) projects

Program/project Period

I Basic Technologies for Future Industries Varies per project

A. New materials 1981-93

B. Biotechnology 1981-90

C. New electronic devices 1981-95

II. The Large-Scale Project 1966+

A. Manganese nodule mining 1981-91

B. High-speed computing system for
scientific and technological uses

1981-89

C. Advanced robot technology 1982-90

D. Interoperable data base system 1985-91

E. Advanced material processing and
machining system

1986-93

III. The Sunshine Project 1974 +

IV. The Moonlight Project 1978-95

Purpose

To develop revolutionary basic technologies essential for establishing new industries Three
fields, with 13 subfields, are covered in the program, R&D in these categories are
conducted until the materials involved are ready for practical application

The seven projects are high-performance ceramics, synthetic membranes for new separation
technology, synthetic metals, high-performance plastics, advanced alloys with controlled
crystalline structures, advanced composite materials, and photoactive materials

The three projects in this category are bioreactor systeme, large-scale cell cultivation, and
utilization cf recombinant DNA

The three projects in this category are superlattice devices, three-dimensional integrated
circuits, and bioelectronic dev-

Under this program, AIST corm, D projects of particular importance to the nation.
Funds are contracted to participat __monies, which work closely with national
laboratories and universities Since 1966, 24 projects have been undertaken: 16 have been
completed, and 8 are in progress

R&D on a commercial scale hydraulic mining system

R&D on high-speed computing systems for applications that existing computers cannot
handle with adequate speed (e g , processing satellite information, simulation of nuclear
fusion).

R&D on advanced robot technology to support people working under dangerous conditions
(e.g , in nuclear power plants, disaster prevention)

R&D on technology for interoperable information systems with such features as distributed
data bases and multi-media technology

R&D on advanced surface processing using laser and/or ion beams for ultra-precision
mechanical processing for the energy, precision machining, and electronics industries

Ongoing R&D projects to develop alternative energy-generating te. nologies including solar,
geothermal, coal, hydrogen, wind, and ocean thermal energy

R&D on energy conservation technology including energy storage and discharge (e g ,
advanced battery storage, superheat pump energy accumulation system) and ultra-efficient
energy generation (e g , advanced gas turbine, fuel cell power generation, and high-
efficiency Stirling engines)

SOURCE Ministry of International Trade and Industry, AIST 1987 (Tokyo Japan 1987)
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appendix d

awards under the specially
promoted distinguished
research program of the ministry
of education

Year Project title Institution Field

1982 Studies on New Digital Integrated Circuits Using Bridge-Type
Josephson Junction Devices University of Tokyo Engineering

1982 Relationship between Polymorphism of DNA Double Helix and Base
Configuration University of Tokyo Pharmaceutics

1982 Synthesis and Physical Properties of Artificial Lattice All Kyoto University Chemistry

1982 Studies on the Mechanism of Secretory Production of Useful Proteins
by Molecular Breeding of Bacillus subtilis University of Tokyo Agriculture

1982 Restructuring of Antibody Genes and Information Transfer Mechanism
in the Lymphocyte Differentiation Process Osaka University Medicine

1982 Studies on the Molecular Abnormalities of Blood Coagulation and
Fibrino lysis Factors Kyushu University Science

1983 Elucidation of Social Interactive Processes by "Cognizance Theory" Hokkaido University Social Psycholowr

1983 Studies on Artificial Cleavages for the Exploitation of Deep Earth
Crystal Energy lohoku University Mechanical Engineering

1983 Studies on Communication and Instrumentation by Heterodyne
Coherent Type Optical Fibers University of Tokyo Electrical Engineering

1983 Studies on the Origin and Evolution of Various Substances on the
Earth by Lanthanum Geologic Ciccks, Rare Earth, and Radioisotopic
Tracers University of Tokyo Chemistry

1983 Direct Observation of Beauty Particles, and Detailed Studies on Ch2rm
Particles by Automatic Particle Tracing Systems Nagoya University Physics

1983 Studies on Clustered Ion Beam Processes (for Vapor Deposition and
Crystallinity Control) Kyoto University Electrical Engineering

1983 Studies on Behaviors of Microstructures of Magnetic Walls, and their
Application for Super-High Density Solid Memory Devices Kyushu University Electrical Engineering

1983 Nervous Processes for Memory in Cerebellum and Mechanism for
Learning of Motion University of Tok,,) Medicine
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Year Protect title Institution Field

1983 Molecular Genetic Studies on the Mechanism of Development of
Hypertension Kyoto University Immunology

1983 Studies on the Structure and Function of Acetylcholine Receptors and
Mechanism of Manifestation of Their Genes Kyoto University Medical Chemistry

1983 Biochemical and Genetic Studies on the Molecular Diversity of
Cytochrome P-450 Enzymes Osaka University Protein Physiology

1983 Systematic Search and Biochemical Studies of New Peptides with
Physiological Activity in Brain and Nervous Systems Miyazaki Medical College Biochemistry

1984 Systematic Studies on Dense Kondo State Materials University of Tokyo Physics

1984 Rare Gas Geoscience For Clarification of Evolution Processes of the
Earth Atmosphere, Ocean, and Mantle University of Tokyo Geophysics

1984 Determination of Physical Factors of Galaxy Structure by Newly-
Developed Quantitative Methods University of Tokyo Astronomy

1984 Investigation of Electronic Behaviors in Lattice-semi-matched
Heterostructures, and their Application to low Power and Very High
Speed Devices Tokyo Institute of Technology Electronic System

1984 Analysis of the Total Structure of Chloroplast DNA Nagoya University Biology

1984 Organization of Ionic Solutes in Solution and Their Fluctuation Kyoto University Polymer Chemistry

1984 Clarification of Molecular Mechanisms of Calmodulin, the Intra-cellular
Ionic Calcium-Receptor Protein Osaka University Higher Nervous Activity

1984 Studies on Expression of Genes by Chemically-synthesized Nucleic

Acid and on their Molecular Structural Recognition Osaka University Pharmaceutical Chemistry

1984 The Structure, Function and Medical Significance of the Inhibitor
Proteins Specific to Lysosmal-thiol-protease Tokushima University Enzyme Medicine

1985 Theoretical and Corroboratory Studies on Universality and Individuality
of Japanese Language Tsuda College Lin guistics

1985 Establishment of Methodology for Archaeohistorical Studies Based on
Analyses of Data of Chronological Variation Patterns of Old Tree Nara National Cultural Properties
Growth Rings Research Institute Archaeology

1985 Development of New Systems for Observation of Surface Atomic
Configurational Structure, and Studies on Semiconductor Surface
Superlattice Structures University of Tokyo Solid State Physics

1985 Search for Magnetic Monopoles and Other New Super Heavy Particles University of Tokyo Flementary Physics

1985 Quantum Hall Effects & Localization of Valence Electrons Quantum
Effects in Electrical Conduction Gakushuin University Physics

1985 Stud es on ?nysical Characteristics of Interfaces Between Chemical

Compound Semiconductors and Insulators, and on Their Applications Hokkaido University Electrical Engineering

1985 Dynamic Structure and Functional Regulation of Protein Synthesis
Systems University of Tokyo Biophysics
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Year Project title Institution Field

1985 Control Mechanisms in Biosynthesis of Blood-sugar-reducing and
Blood-pressure-lowering Peptides Tohoku University Medicine

1985 Elucidation of B-Lymphocyte Hyperplasia and Differentiation
Mechanisms and Studies on Their Anomaly Control Osaka University Cellular Engineering

1985 Studies on Animal Cell Division Mechanisms University of Tokyo Cell Physiology

1985 Molecular Biological Studies on Functions and Regulatory
Mechanisms of Enzymes in Higher Animals Kumamoto University Biochemistry

1986 Integrated Historical and Demographic Studies on Pre-Modern Society
in Japan Pn Analysis of Religious Denomination Cc. 'version Records
and Development of A Computerized Database Thereof Keio University Economic History

1986 Studies on Methodologies for International Comparison of Human
Perceptions Institute of Statistical Mathematics Statistical Mathematic;

1986 Studies on Microstructural Semiconductor Lasers and Two-
Dimensional Parallel Multi-layered Optical Integrated Circuits Tokyo Institute of Technology Laser Engineering

1986 Studies on Neutrino by Double Beta and Gamma Nuclear
Spectroscopy Osaka University Nuclear Physics

1986 Optical Properties of Quantum Wells Under Electrical Field and their
Applications to Ultra High Speed Optical Devices Hiroshima University Electronics

1986 Studies on Very Highly Ordered Molecular Systems to Achieve
Ult:mate Functions Kyoto University Organic Chemistry

1986 Studies on Muscle Contraction Mechanism by Cryoelectron
Microscopy Utilizing Molecular and Heavy Atomic Labels University of Tokyo Biophysics

1986 Mechanism of Protein Permeation and Secretion through Membranes Nagoya University Agricultural Chemistry

1986 Molecular Genetic Studies of Multiformity Expression in
Immunological Systems Kyoto University Medical Chemistry

1986 Genetic Information Retention Mechanism and Mutation Control
Mechanism Kyushu University Molecular Genetics

SOURCE Government of Japan Ministry of Education, Science and Ciilture
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