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S cience and engineering (S&E) research in the United States has
helped to build our economy, improve our standard of living, and

ensure our quality of life. It is vital to our Nation’s future. For many coun-
tries, science and technology (S&T) investments are also a major priority
in their development strategies. As we face the crossroads of a new cen-
tury with unknown opportunities and challenges, it is essential that we
invest wisely in S&E research and education to provide our diverse popu-
lation with the knowledge and skills needed to function effectively in an
increasingly knowledge-based society. The investment is also vital as a
means to develop new ideas, improve productive capacity, and ensure an
environment that stimulates innovation and entrepreneurship. 

Many countries, including the United States, are facing economic
pressures and budgetary constraints. Although widespread consensus
exists regarding the importance of investment in research and develop-
ment (R&D), it is difficult to know what the optimal level of investment
should be and which areas should receive the investment. This report
provides a basis from which to analyze these issues, presenting a wide
range of S&T indicators that show trends over time and across countries. 

Decisionmakers in all sectors are striving to be more effective and
productive. They are interested in benchmarking and evaluating their
performance in relation to past efforts and in comparison with others, a
particularly difficult task when applied to research. This report provides
information about the output of science and technology and how
research results influence daily life. This information is helpful because
it provides aggregate data on which to set the framework for more spe-
cialized performance measures. 

Because S&T capabilities and economic activity are global in nature,
this report describes U.S. science, engineering, and technology trends
in a global context and provides insight on how investments and priori-
ties are changing over time. It provides data and analyses on U.S. and
foreign S&T capabilities and presents trends on international coopera-
tion and competition.

Since S&T human resources, in all their diversity, are essential to our
economy and national security, the report presents information on the
S&E pipeline: precollege education, higher education, and the S&E
workforce. In addition, the report presents information on the economic
and societal context of science and technology. It discusses public atti-
tudes and understanding of science and technology, and a new chapter
analyzes some of the social and economic impacts that science and tech-
nology have on our lives.

This overview section highlights some of the cross-cutting themes
and findings in this report.

❖

“Through scientific discovery and

technological innovation, we enlist

the forces of the natural world to

solve many of the uniquely human

problems we face—feeding and

providing energy to a growing

population, improving human

health, taking responsibility for

protecting the environment and the

global ecosystem, and ensuring our

own Nation’s security. Scientific

discoveries inspire and enrich us,

teaching us about the mysteries of

life and the nature of the world.”

PRESIDENT WILLIAM J. CLINTON AND

VICE PRESIDENT ALBERT GORE, JR.

❖
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The United States is maintaining world leadership 
in science and technology, but other countries 
are increasing their capabilities.

l The United States is a world leader in S&T, but, based on a variety
of indicators, that leadership has narrowed in relation to other
countries, which have major commitments and capabilities in S&E
and have increased their resources over the past 2 decades.
Despite this trend, there has recently been a slowdown in the
growth in most industrialized countries. 

l The worldwide distribution of R&D performance is highly concen-
trated in several industrialized nations. Of all the countries belong-
ing to the Organisation for Economic Co-operation and
Development (OECD), only seven spend about 90 percent of the
approximately $380 billion in total R&D expenditures. The United
States alone accounts for about 44 percent of the OECD total. In
1993, the United States spent more than the next four largest per-
formers—Japan, Germany, France, and the United Kingdom—com-
bined. Canada and Italy are also considered major R&D performers,
representing 2 and 3 percent of the OECD total, respectively.

l Total U.S. expenditures for R&D were $171 billion in 1995, or 2.4
percent of the gross domestic product (GDP). In 1993, the
R&D/GDP ratio in the United States was 2.6 percent, compared
with Germany’s ratio of 2.5 percent and Japan’s ratio of 2.7 percent. 

l In the 1990s, growth in R&D funding in the United States has not
kept pace with inflation. Although national R&D investments
reached an all-time high in 1995, this amount actually represented
a 2-percent decline in constant dollars compared with the 1990
level. Neither of the two major sources of R&D support—industry
(which finances roughly 60 percent of the total) and the Federal
Government (which provides 36 percent of the total)—matched
the rate of inflation. Industry funding was essentially flat between
1991 and 1995. Federal funding has been falling annually (in real
terms) since 1987.
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❖

“The important truths [are] that

knowledge is power, knowledge is

safety, knowledge is happiness.”

THOMAS JEFFERSON

❖



l In the early 1990s, total R&D expenditures stagnated or declined in
each of the largest R&D-performing countries. In many countries,
the R&D/GDP ratio has fallen from recent peaks. Economic reces-
sion and general government budgetary constraints have slowed
R&D support in both industrial and government sectors in Japan,
resulting in a drop in the R&D/GDP ratio from 2.9 percent in 1990
to 2.7 percent in 1993. In Germany, the integration of the new
Laendern (former East Germany or GDR) has resulted in a slow-
down of investments in research, after the initial increase in
resources at the time of reunification; Germany’s ratio fell from 2.9
percent at the end of reunification to 2.5 percent in 1993. The U.S.
ratio declined from 2.8 percent in 1991 to 2.4 percent in 1995. 

l Between the early 1980s and 1993, growth in U.S. nondefense R&D
spending was similar to growth in other countries, with the excep-
tion of Japan, whose nondefense R&D grew notably faster than that
of the United States. Nondefense expenditures have become espe-
cially relevant now that the Cold War is over.

l Japanese nondefense R&D spending grew to 53 percent of U.S.
nondefense R&D in 1993 from 42 percent in 1981. In 1993, the com-
bined nondefense R&D spending in Japan, Germany, France, and
the United Kingdom was $119 billion constant dollars—8 percent
more than in the United States ($106 billion constant dollars).

l National S&T capabilities are influenced by financial investments,
and are also undergirded by the education systems that develop
human S&E qualifications. In 1992, more than one million students
worldwide successfully completed their first university degrees in
natural science and engineering (NS&E) fields. The number of
NS&E degrees produced in Europe and North America combined
was approximately equal to the number of NS&E degrees pro-
duced in six Asian countries. 

l The United States remains one of the leading countries worldwide
for supporting a system of higher education that reaches a broad
spectrum of citizens. Almost one-third of the college-age popula-
tion earns a bachelor’s degree in some field. In Japan, about one-
fourth of all 24-year-olds obtain college degrees. Only a few
countries with smaller populations, such as Canada and Norway,
have participation rates in university education that are similar to
the United States. However, Japan, Canada, the United Kingdom,
and some Central European and Asian countries have higher par-
ticipation rates in NS&E degrees than the United States.
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❖

“Knowledge humanely applied

makes human progress possible.”

FRANK H.T. RHODES

Chairman
National Science Board

❖



l In the 1980s, the size, in absolute numbers, of the college-age popu-
lation began to decline in the United States and the highly industri-
alized countries of Western Europe. In the United States, a decline
in the size of the 20- to 24-year-old age group has been mirrored by
a decline in the number of NS&E degrees produced. However, this
decline has not taken place in Europe. In Asia, India and China’s
growing populations have translated into an increase in the number
of NS&E degrees produced.

l Japan has only 55 percent of the number of scientists and engi-
neers engaged in R&D as the United States. However, Japan has
surpassed the United States in the proportion of such researchers
to their respective workforces. In 1993, the ratio of R&D scientists
and engineers per 10,000 laborforce was 79.6 in Japan compared
with 74.3 in the United States. The latest ratio was 61.5 for
Germany, 54.8 for France, and 48.0 for the United Kingdom.

l The U.S. share of the world’s influential scientific publications far
exceeds the share of any other country, but it has been declining
gradually as other countries have been developing their S&T capa-
bilities. In 1993, the United States contributed 34 percent of the
world’s S&T articles published in a set of peer-reviewed interna-
tional journals. Other major producing countries were Japan (9
percent), the United Kingdom (8 percent), Germany (7 percent),
and France (5 percent). The newly independent states of the for-
mer Soviet Union contributed about 5 percent of the total. 

l In terms of regional production of scientific articles, North
America accounted for 38 percent; Western, Northern, and
Southern European countries combined for 34 percent; the former
Soviet Union, along with Central and Eastern European countries
produced another 8 percent; and Asia accounted for 14 percent.

l Research portfolios differ among regions. U.S. scientific publications
are concentrated in the fields of clinical medicine, biomedical
research, and earth and space sciences. Major European nations
place relatively more emphasis on chemistry and physics, and less
on the medical and life sciences. Publications from Asian nations are
concentrated in chemistry, physics, engineering, and technology.

l Foreign researchers cite U.S. articles more frequently than articles
by researchers in their own countries, which is an indication that
U.S. scientific and technical articles are considered to be very use-
ful to the world’s scientists.

❖
“Research is one of the Nation’s very

greatest resources and the role of the

Federal Government in supporting and

stimulating it needs to reexamined.”

FRANKLIN D. ROOSEVELT

❖
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Newly industrialized economies (NIEs) are improving 
their scientific and technological capabilities.

l NIEs have assigned a high priority to building a human resource
capacity in science, mathematics, and engineering, and they are
succeeding. For example, Taiwanese and Korean elementary and
secondary students scored the highest on international mathe-
matics and science assessments. In 1992, more than half of all
university degrees in China were in NS&E fields; while about one-
third of all degrees in Singapore, South Korea, and Taiwan were
in these fields.

l Students from NIEs frequently come to the United States for grad-
uate training. Many are now returning home after graduation. The
percentage of Korean and Taiwanese S&E doctoral recipients with
firm plans to stay in the United States after receiving their doctor-
al degrees has declined in large part because these students have
more opportunities to apply their knowledge and skills in their
home countries.

l NIEs have substantially increased their own investments in R&D
and have attracted foreign investment in R&D. U.S. investment in
R&D in both Singapore and Indonesia surpasses the investment
that the U.S. makes in several European nations.

l South Korea, Hong Kong, Taiwan, and Singapore increased their
production of scientific publications in the world’s influential jour-
nals from about 1,000 in the early 1980s to more than 6,000 in
1993. China produced 5,000 S&T articles in 1993, up from 1,100 in
1981. This represents an increase from approximately 0.3 percent
to 1.5 percent each in world share for China and other industrializ-
ing economies in East Asia.

l NIEs, notably Taiwan and South Korea, dramatically increased
their patent activity in the United States during the last half of the
1980s and the early 1990s. Inventors from Taiwan and South
Korea are earning an increasing number of U.S. patents in technol-
ogy fields related to communications and electronic components.

l Several newly industrialized Asian economies are purchasing U.S.
advanced technology products at levels that rival those of more
advanced European countries. In 1993, South Korea became the
second largest consumer (after Japan) of U.S. technology sold as
intellectual property.
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Science and technology globalization 
trends are intensifying.

l International industrial research/technology partnerships contin-
ue to grow in the 1990s. Although the rate of growth in the total
number of known international multifirm R&D alliances may have
tapered off since the late 1980s, such partnerships are still
expanding in several core high technologies, notably in informa-
tion technologies.

l International coauthorship of S&T publications has increased
markedly. In 1993, roughly half of all journal articles in a selection
of the world’s most influential S&T journals had more than one
author and about one-quarter of these involved international coau-
thorship. The number of such coauthored articles increased by
150 percent from 1981 to 1993, from 21,000 to 52,500. In contrast,
the total number of articles in S&T journals increased by only 20
percent during the same period.

l The United States is a major participant in much of the internation-
al scientific collaboration. From 20 to 25 percent of all internation-
ally coauthored papers by European researchers involved U.S.
authors. For Japan, India, and China, the U.S. proportion of their
international collaborative papers ranges between 30 and 45 per-
cent. For the NIEs of Asia, half of all their international coauthor-
ship was with U.S. researchers. In contrast, U.S. patterns of
international cooperation are not concentrated in any one country;
no single country’s authors exceed 12 percent of the United States’
internationally coauthored papers.

U.S. national science priorities continue to shift. 

l Government R&D funding priorities continue to shift; they are cur-
rently subject to political uncertainty. Defense accounts for 53 per-
cent of the estimated 1996 Federal R&D effort, down from its
69-percent peak share in 1987. Most growth in Federal R&D fund-
ing since then has been for health (particularly AIDS-related) and
space programs. 

l Since 1990, industry-related applied research programs and agen-
cies with a focus on environmental research/natural resources
issues have experienced considerable growth in Federal R&D
funding. Both of these Administration funding priorities are being
closely scrutinized in current budget deliberations.
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“The United States is in the midst 

of many spirited political debates

about national priorities and 

public spending… However, we

have found that science is an 

area where both political parties

can find common ground, and in

which political change does not

necessarily create discontinuities.”

JOHN GIBBONS

Director, Office of Science and
Technology Policy

❖



l The decrease in defense funding and efforts to reduce the budget
deficit have had major impacts on Federal R&D funding. The De-
partment of Defense (DOD) and the Department of Energy (DOE),
two of the seven Federal agencies that support more than $1 billion
of R&D activity, had constant-dollar reductions in R&D obligations
during the 1990s. In fiscal year (FY) 1995, DOD accounted for
roughly half of all Federal R&D obligations. This figure is down
from nearly two-thirds of the total in 1986, at the height of the
defense build-up. DOD funding priorities now emphasize increased
support for dual-use technology development. 

l Federal investment in civilian R&D activities has increased,
including support for research aimed at technology advancement
and improving health and the environment. The Department of
Health and Human Services (HHS) had the largest absolute
increase—$3.0 billion—in Federal R&D obligations during the
1990s. The proportion of all U.S. R&D funding devoted to health-
related projects has been increasing continuously for nearly a
decade. 

l The Commerce Department registered the largest percentage
increase in Federal R&D obligations during the 1990s, but this was
from a very small base. Nearly all of this gain was attributable to
rapid expansion of the National Institute of Standards and
Technology (NIST) Advanced Technology Program (ATP), a pro-
gram likely to be cut back or eliminated in the near future.

Interagency coordination of R&D budgets 
has received increased emphasis.

l There is increased emphasis on reviewing and coordinating Federal
R&D budgets, including basic research, with a focus on broad nation-
al goals in addition to agency missions. The cabinet-level National
Science and Technology Council (NSTC)1 established broad national
goals for Federal science and technology investments which include
the following2:

—Maintain world leadership in science, engineering, and 
mathematics;
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1President Clinton established the National Science and Technology Council by
Executive Order on November 23, 1993. The Council has Coordinating Committees in
R&D in the following areas: Fundamental Science; International Science; Engineering and
Technology; Health Safety and Food; Environment and Natural Resources; Education and
Training; Information and Communication; Civilian Industrial Technology; Transportation
Research and Development; and National Security.

2Office of Science and Technology Policy, Executive Office of the President, August
1994, Science in the National Interest, Washington D.C.



—Promote long-term economic growth that creates jobs;
—Sustain a healthy, educated citizenry;
—Improve environmental quality;
—Harness information technology; and
—Enhance national security.

l In the Administration’s budget for FY 1996, six cross-cutting initia-
tives, amounting to a total of $7.8 billion, were proposed in the fol-
lowing priority areas identified by the NSTC:

—Technology and Learning Challenge—$335 million;
—Partnership for a New Generation of Vehicles—$333 million;
—Construction and Building—$169 million;
—Physical Infrastructure for Transportation—$321 million;
—Environment and Natural Resources—$5.5 billion; and
—High Performance Computing and Communications—

$1.1 billion.
Congress is deliberating on the levels of funding and priority areas
they deem appropriate.

Basic research has widespread support.

l Research is often motivated by the quest for fundamental knowl-
edge; often it also contributes to strategic projects and/or national
goals. Basic research and education are the domain of universities
and are seen as investments in the future. Therefore, it is not sur-
prising that the academic sector performs almost 60 percent of the
Nation’s basic research. 

l There is widespread consensus in the Congress and the Adminis-
tration on the importance of basic research. National expenditures
in this area of investment have increased, both in terms of absolute
levels of funding and as a proportion of total R&D expenditures.
Since the mid-1980s, the share of national R&D funding devoted to
basic research has risen from 13 percent to 17 percent. 

l In 1995, an estimated $29.6 billion was spent on basic research per-
formed in the United States. The Federal Government supplied 58
percent of these funds. Federal funding of basic research per-
formed in the academic sector increased during the 1990s, but the
average annual real rate of increase—3.2 percent—was about half
the rate registered between 1985 and 1991.
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“In order for technological

revolution to continue, a strong

science base is needed.”

ROBERT S. WALKER

U.S. Congress

❖



Cooperative R&D partnerships are viewed as an 
effective tool to develop and leverage S&T resources 
in the United States. 

l In FY 1994, Federal agencies spent approximately $2.7 billion on
cooperative technology programs. In addition, most states
increased their spending on these activities. In 1994, states spent a
total of $385 million on cooperative technology programs, 22 per-
cent more than the previous year. Thirteen states budgeted more
than $10 million each for such programs in 1994; the state with the
largest budget was North Carolina.

l The annual number of new joint industrial research ventures has
been growing fairly steadily for nearly a decade; more than 450 of
these efforts were registered under the National Cooperative Re-
search Act (NCRA) between 1985 and 1994. Most of the research
conducted by these joint ventures has been process oriented.
Telecommunications and environmental research appear to be the
most predominant focus areas for joint research ventures. 

l These cooperation patterns are reflected in coauthorship between
sectors. Almost one-quarter (23 percent) of all academic S&T arti-
cles in 1993 involved collaboration between authors in different
sectors: 8 percent with authors in Federal Government organiza-
tions, 8 percent with nonprofit institutions, 5 percent with industry
(double the 1981 percentage), 3 percent with federally funded
research and development centers (FFRDCs), and 2 percent with
other sectors including state government.

Academia is increasingly important to the national 
R&D effort; it is the only sector that experienced 
real growth in 1995.

l The 1990s saw a continuation of a trend that has been observed
over the past several decades—toward an increasing role for aca-
demic performers in total U.S. R&D. In 1995, academic R&D was
estimated to be $21.6 billion, an increase from 10 percent in 1980
to 13 percent in total U.S. R&D performance. The academic sector
continues to be the largest performer of basic research in the
United States.

❖

“Science cannot live by science

alone. Research needs education,

just as education thrives when 

it is conducted in an atmosphere 

of inquiry and discovery.”

NEAL LANE

Director
National Science Foundation

❖
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l During the 1984–94 period, average annual growth was much
stronger for the academic sector, an estimated 5.8 percent, than for
any other R&D-performing sector. This compares with about 2.8 per-
cent for FFRDCs and other nonprofit laboratories, 1.4 percent for
industrial laboratories, and 0.7 percent for Federal laboratories. The
academic sector is the only one for which real growth is estimated
to have occurred between 1994 and 1995.

l The Federal Government continues to provide the majority of
funds for academic R&D, but this share has decreased from the
early 1980s. In 1995, the Federal Government financed an estimat-
ed 60 percent of the R&D performed in academic institutions.
During the 1991–95 period, Federal support of academic R&D
grew faster than nonfederal support for 2 or more consecutive
years for the first time since the early 1980s. This trend may not
continue given current Federal budget constraints. 

l Federal obligations for academic R&D are concentrated in three
agencies: the National Institutes of Health (NIH) (53 percent), the
National Science Foundation (NSF) (15 percent), and the DOD (12
percent). Together these agencies provide approximately 80 per-
cent of total Federal funding for academic R&D. The National
Aeronautics and Space Administration (NASA) experienced the
highest average growth in its funding of academic R&D over the
past 10 years. The support of these agencies is concentrated in
different academic fields; therefore, budget cuts or increases influ-
ence R&D funding and graduate education support in different
academic fields. 

l After the Federal Government, the second largest share of aca-
demic R&D support comes from academic institutions themselves.
From 1980 to 1995, universities’ financial support of academic R&D
expenditures grew from 14 percent to about 18 percent. However,
this growth appears to have slowed.

The condition of the Nation’s academic physical 
infrastructure has improved.

l Total space for academic S&E research increased by almost 14 per-
cent between 1988 and 1994, from about 112 million to 127 million
net assignable square feet. Modest changes in the condition of
space for academic S&E research facilities have occurred over the
same time. The percentage of space suitable for use in the most sci-
entifically sophisticated research increased to 26 percent from 24
percent; the percentage effective for most uses (but not the most
scientifically sophisticated) declined to 33 percent from 37 percent;
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the percentage of space needing limited repair/renovation 
remained at about 23 percent; and the percentage of space requiring
major repair/renovation or replacement remained at about 
16 percent. 

l The country’s research universities have recently begun to show a
decline in the amount of money spent on academic R&D instru-
mentation. This decline follows large increases in investment
throughout most of the 1980s. Constant dollar expenditures
declined by 7 percent annually between 1989 and 1993. Research
equipment expenditures as a percent of total R&D funds declined
from 7.2 percent in 1986 to 5.2 percent in 1993. 

Academic and industrial research are increasingly linked.

l Industrial R&D support to academic institutions has grown more
rapidly than support from other sources since 1980. Academic
R&D financed by industry increased in constant dollars by an esti-
mated 250 percent from 1980 to 1995. Industry’s support of aca-
demic R&D grew from 4 percent of the total to about 7 percent of
the total during this period.

l In 1993, 38 percent of S&T articles authored by industrial
researchers involved collaboration with academia, up from 22 per-
cent in 1981. Citations in industrially authored articles referred
more frequently to academic articles (48 percent) than to industri-
al articles (36 percent). This reliance on academic research is
most pronounced in biology and biomedical fields. In physics and
engineering, however, citations in industrially authored publica-
tions more frequently refer to industrial articles, possibly indicat-
ing a major industrial strength in these fields.

l Patents are dominated by the industrial sector, patenting being
viewed as one of the output indicators of scientific and innovative
activities in the economy. Citations from patents to the scientific
and technical literature show a strong connection to scientific
research; they have increased threefold since 1987–88. Roughly
half (almost 50,000 in 1993–94) of these citations referred to scien-
tific articles from academic institutions; one-quarter of the cita-
tions were to industrial research articles. About two-thirds of the
citations made reference to biomedical research and clinical
medicine publications.

❖

“The more one observes, the more

clearly does he see that it is in the

soil of pure science that are found

the origins of all our modern

industry and commerce. In fact, our

civilization is wholly built upon our

scientific discoveries.” 

HERBERT HOOVER

❖
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l The academic sector’s share of all U.S. patent awards rose to 3 per-
cent, from less than half that in 1991 and 1 percent in 1980.
Academic patents reflect the field distribution of academic research.
In 1993, three patent use classes accounted for one-quarter of all
academic patents. All three were related to biomedical activity.

l Income from royalties and licensing agreements to universities,
while still modest when measured against R&D expenditures,
increased substantially in the 1990s. 

Major shifts are occurring in industrial R&D.

l The United States remains the leading performer of industrial R&D
by a wide margin, despite a 2-decade decline in its international share
of all industrial R&D. U.S. industrial R&D expenditures are greater
than the combined R&D performed in the industrial sectors of the
European Union and twice the industrial R&D performed in Japan. 

l U.S. industrial R&D performance remained flat during the early
1990s and has experienced a recent decline, largely as a result of
the defense drawdown. Federal purchases of R&D performed by
companies has been falling steadily in both current and constant
dollars since the late 1980s. Federal R&D support to firms that per-
form R&D in states like California and Texas that are heavily
dependent on the defense industry dropped dramatically between
1989 and 1993.

l U.S. industry is spending less on basic research and relying more
on universities and government laboratories for this work.
Between 1991 and 1995, the amount of funds spent by industry to
perform basic research declined at an average annual rate of 4.6
percent. Basic research constituted about 6 percent of total indus-
trial R&D performance.

l Many companies are downsizing and redirecting their central
research facilities as part of an effort to cut costs; they are moving
applied research and development activities to individual business
units in an attempt to speed up the commercialization process.

l Industry receives considerable indirect Federal R&D support.
Between 1981 and 1994, an estimated $24 billion has been provid-
ed to industry through tax credits on incremental research and
experimentation expenditures, an amount equivalent to about 3
percent of direct Federal R&D support during this period. Most of
the credits have been claimed by manufacturing firms, but the
nonmanufacturing share has risen from less than 20 percent to
about 24 percent of the total.
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“The advance and perfecting of

mathematics are closely joined to the

prosperity of the nation.”

NAPOLEON BONAPARTE
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l Over the past decade, there were some significant changes among
the 100 largest publicly held R&D-performing companies, although
the four leading firms were the same in both 1984 and 1994.
During the decade, more pharmaceutical and computer hardware
and software companies ranked among the largest R&D perform-
ers. At the same time, several large defense contractors and chem-
ical and petroleum companies fell in the rankings.

l The ratio of U.S. company R&D funds to net sales for all R&D-per-
forming manufacturing companies has been fairly stable since the
late 1980s, despite changes in the sector and a lack of growth in
manufacturing companies’ R&D financing. In 1993, this ratio aver-
aged 3.1 percent. The general stability of the R&D/sales ratio in
the 1990s indicates that little change has occurred in the level of
importance accorded R&D, relative to other discretionary spend-
ing. The pharmaceutical industry had the highest, and only dou-
ble-digit, R&D-to-sales ratio in 1993 (12.1 percent).

l One of the most striking recent trends in industrial R&D perfor-
mance has been the increase in the proportion of total R&D per-
formed by companies classified as nonmanufacturing industries. In
1993, nonmanufacturing firms accounted for more than one-quar-
ter of all industrial R&D performed in the United States.

l Since 1973, R&D performance in Japanese manufacturing industries
has grown at a higher annual rate than R&D performance in the
United States, and, since 1980, faster than R&D performance in all
other industrialized countries. Unlike the declining share of total
industrial R&D observed for manufacturing industries in the United
States, Japanese manufacturing industries consistently accounted
for 95 percent of all R&D performed by Japanese industry. 

l German industries included in the top five R&D performers reflect
the country’s prominence as a supplier of world-class machinery
and motor vehicles. As in Japan, manufacturing industries continue
to perform more than 95 percent of all industrial R&D in Germany. 
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The service sector is becoming increasingly important 
for science and technology worldwide.

l In five of the seven major industrialized countries, the service sec-
tor is the leading employer of scientists. Germany3 and the United
Kingdom are the exceptions—in both countries, the manufactur-
ing sector is the leading employer of scientists.

l Although R&D performance by U.S. manufacturers has not kept
pace with inflation since the mid-1980s, R&D performance by U.S.
service-sector industries grew rapidly. The service sector’s share
of overall U.S. industrial R&D performance rose from only 4 per-
cent in 1982 to more than 25 percent by 1993. 

l More than half of U.S. industrial S&E employment is in nonmanufac-
turing. S&E employment in nonmanufacturing increased at an aver-
age annual rate of 3.2 percent in the early 1990s, faster than total
employment in nonmanufacturing. In 1993, two-thirds of S&E
employment in nonmanufacturing industries were in engineering
and management services, business services, and financial services.

l The number of science jobs in the U.S. nonmanufacturing sector
increased by 26 percent between 1990 and 1993. Computer-and
mathematics-related specialties were largely responsible for this
growth; the number of jobs in these fields increased by over 50
percent during that period.

l Japan’s industrial R&D expenditures continue to be predominately
in the manufacturing sector; the service sector has a very low pro-
portion of R&D. The share of total industrial R&D performed by
German service-sector industries has actually declined since 1984.

Computer and electronic information technology 
usage is widespread, resulting in major economic 
and social impacts.

l Computer use has increased steadily over the past decade in the
United States. In 1995, more than half (55 percent) of all
American adults reported using a computer at home or at work.
This is substantially correlated with level of education; 82 percent
of college graduates in the United States indicated that they used
a computer at work or at home, compared with 59 percent of high
school graduates and 17 percent of individuals who did not com-
plete high school. 
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l One in five American adults has a home computer that includes a
modem, and 7 percent of adults reported in 1995 that they used an
on-line computer service during the preceding year. About 15 per-
cent of adults in the United States have a home computer with a
CD-ROM reader, allowing for additional information acquisition
opportunities. Nearly half the Americans with a graduate or profes-
sional degree have a home computer with a modem, and 23
percent of these individuals reported that they use an on-line
computer service.

l Almost all academic researchers have access to computers. Over
96 percent of S&E Ph.D. faculty with research as their primary
activity have access to a personal computer; 87 percent rated their
personal computers as “good” or “very good.” About 71 percent
also have access to both centralized computer facilities and com-
puter networks with other institutions and rated the quality of their
computers as “good” or “better than good.” 

l Electronic communication is greatly facilitating scientific commu-
nication. Electronic scientific journals, such as the one published
by the American Astronomical Society, are emerging. In addition,
scientists can transfer information about ongoing work and use
data sharing and “virtual” samples. Electronic communication is
facilitating the development of “virtual” research teams who are in
different institutions or even different countries.

l Many more computer hardware and software companies—some
that did not exist or barely existed a decade ago—are now among
the leading R&D-performing companies. Intel jumped from 54th
place in 1984 to 15th place in 1994.

l In 1993, computer-aided design or computer-aided engineering
technology was the technology most commonly used by U.S. man-
ufacturing establishments; this technology was used by 59 percent
of the surveyed establishments. The next most commonly used
advanced technology was the numerically controlled machine,
which was used by 47 percent of establishments. 

l Trade in technologies used to automate the manufacturing process
(computer-integrated manufacturing technologies) and trade in
software technologies generated a large trade surplus for the
United States during the 1990s. The U.S. trade surplus in software
technology doubled over a 5-year period.
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Foreign and domestic technology capabilities are growing.

l The patenting activity of U.S. inventors began increasing in the late
1980s; U.S. inventors received 54 percent of the U.S. patents grant-
ed in 1993. Patenting in the United States by foreign inventors was
highly concentrated by country of origin; inventors from the
European Union and Japan accounted for 80 percent of all foreign-
origin U.S. patents. 

l Foreign inventors receive patents focused on several commercially
important technologies. For example, Japanese and German inven-
tors earn large numbers of U.S. patents in information technology. 

l U.S. manufacturers are increasing their use of advanced technologies.
A 1993 survey of U.S. establishments found that 75 percent used at
least one advanced technology and 29 percent used at least five tech-
nologies, up from 68 percent and 23 percent, respectively, in 1988. 

l Larger U.S. plants that produce higher priced products and U.S. estab-
lishments that compete in foreign markets were more likely to use
advanced technologies than were other U.S. establishments. About 94
percent of U.S. establishments where exports represented 20 to 49
percent of total shipments use at least one advanced technology. 

l Use of advanced technologies was 10 to 22 percent higher among
those U.S. establishments with foreign ownership (10 percent of
voting stock or other equity rights). As the number of advanced
technologies increased, the incidence of foreign-owned establish-
ments increased.

l U.S. trade in products that incorporate advanced technologies
accounted for 17 to 19 percent of all U.S. trade (exports plus im-
ports) in goods and services in the 1990s. Advanced technology
products make a positive contribution to the overall balance of
trade. However, the trade surplus in advanced technology prod-
ucts has declined every year since 1991.

l U.S. technology trade is highly concentrated. Of total U.S. technolo-
gy product exports in 1994, information technologies comprised 35
percent; aerospace comprised 29 percent; and electronics repre-
sented 21 percent. Japan and Canada are U.S. industries’ largest
national customers for advanced technology products. European
and other OECD countries are also important customers.

lThe United States is a net exporter of technological know-how sold
as intellectual property. While the surplus generated by U.S. interna-
tional transactions involving technological know-how regarding the
use of industrial processes is far smaller than that generated by
advanced technology product trade ($1.7 billion vs. $27 billion in
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1993), the spread between exports and imports is much wider. The
ratio of exports to imports in U.S. trade involving technological
know-how transactions is 3:1 compared with a ratio of 1.3:1 for trade
in advanced technology products.  

Needed improvements in science and mathematics 
education are occurring at the precollege level.

l Mathematics and science achievement test scores for precollege
school students have improved for all age groups in both mathe-
matics and science. Average mathematics scores in 1992 for all
three National Assessment of Educational Progress age groups
were at least as high as the 1973 scores. Average science scores in
1992 were higher than in 1970 for 9- and 13-year-olds, but were
lower for 17-year-olds. 

l High school graduates are completing substantially more mathe-
matics and science courses than in the early 1980s. Enrollment has
grown rapidly in more advanced courses like trigonometry, calcu-
lus, chemistry, and physics.

l Student achievement scores show greater gains over the high
school years among students who take more mathematics and sci-
ence courses. Among students who continue their education,
those who complete higher levels of high school mathematics and
science are less likely to drop out of college.

l Many mathematics and science teachers have very little training in
those subjects, particularly among elementary and middle-grade
teachers. In 1993, less than 4 percent of elementary mathematics
and science teachers had majored in mathematics, mathematics
education, science, or science education. At the high school level,
the picture is better: 63 percent of high school math teachers and 72
percent of high school science teachers had in-field majors in 1993.

l U.S. students do not test as well in mathematics and science at the
precollege level as their international counterparts. In an interna-
tional assessment of mathematics, U.S. students ranked at or near
the bottom and were significantly lower than Korea, Hungary,
Taiwan, the former Soviet Union, and Israel. A similar pattern
occurred for science; Korea and Taiwan again scored at the top of
both the 9- and 13-year-old age groups.

l While international comparisons of mathematics and science
achievement rank U.S. students below most other industrial
nations, students in some states are at about the same level as the
average students in the higher-achieving nations.
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The United States is a leader in S&T higher education.

l In 1993, there were 3,611 institutions of higher education in the
United States (1,566 public and 2,045 private). These institutions
enrolled 14.7 million students in that year, more than double the
number enrolled in higher education in 1967. Two-year colleges
had the highest rates of growth in student enrollments.

l U.S. higher education institutions awarded more than 2 million
degrees, one-quarter of these in S&E fields. The bulk of these S&E
degrees were earned at the bachelor’s level. The largest propor-
tions of these S&E baccalaureates continue to be awarded by
research and doctorate-granting institutions. These institutions
account for more than half of bachelor’s degrees in the social and
natural sciences and for more than 80 percent of the bachelor’s
degrees in engineering.

l The number of S&E degrees awarded at the bachelor’s level
increased at a 3-percent annual growth rate between 1989 and 1993.
The natural sciences and social sciences account for most of this
recent increase; the number of degrees in engineering, mathematics,
and computer sciences are stabilizing after several years of decline. 

The integration of education and research is most 
prominent at the graduate education level and efforts 
are underway to make this experience more relevant. 

l Since 1985, doctoral degree production in the United States has
continued to increase in S&E fields. The number of doctoral S&E
degrees, which was level at about 18,000 degrees from 1975 to
1985, had increased to 25,000 by 1993. However, the number of
these degrees obtained by U.S. citizens during that period
increased only slightly. The number of U.S. citizens receiving doc-
toral degrees in S&E fields as a proportion of the relevant group
has remained constant over the past 20 years. 

l In 1993, 89,700 full-time graduate students in S&E fields—27 per-
cent of all students enrolled full-time—received their primary sup-
port from research assistantships. Roughly half of these were
federally funded. 

l Most faculty who make substantial time investments in research
also have teaching responsibilities. About one-third of faculty
taught undergraduates in the fall of 1992, and the remainder
taught graduate courses. The type of institutional setting—
research universities versus other types of academic institutions—
had little effect on these patterns.
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l The number of doctoral scientists and engineers with research as
their primary or secondary work responsibility rose rapidly
through the 1980s, but in 1993 this number stood at about 150,000,
roughly the same as in 1989.

l Other countries, including Japan, France, Germany, and the
United Kingdom, are undergoing reforms in graduate education.
They are attempting to make doctoral training relevant to a wider
range of occupations than academic careers. They are also trying
to expand their graduate enrollments, link them to industry, and
attract foreign students.

The job market is more favorable for college 
graduates and those with S&E training.

l In 1993, recent college graduates encountered a job market that
was more favorable than the market for non-college-graduates.
The 1993 unemployment rates for students who graduated in
either 1991 or 1992 were 4.4 percent for baccalaureate degree
recipients and 3.5 percent for master’s degree recipients. By com-
parison, the unemployment rate for the U.S. labor force as a whole
in 1993 was much higher at 6.8 percent.

l With few exceptions, salaries are higher for S&E graduates than
for non-S&E graduates at each degree level. This is true even in
the relatively lower paid life and social sciences fields. Science and
engineering Ph.D.s earn 23.0 percent more than those with mas-
ter’s/professional S&E degrees, and 42.9 percent more than those
with bachelor’s S&E degrees. Median salaries for Ph.D.s in science
and engineering rise steadily with years since completion of the
doctoral degree.

l Most people with degrees in science and engineering work at jobs
at least somewhat related to their degrees. A majority (52.8 percent)
of those with bachelor’s degrees in engineering work as engineers,
and just 19.4 percent work in unrelated non-S&E occupations. The
social sciences have the lowest proportion of bachelor’s graduates
working in the same field as their degree, 1.5 percent, but many
more work in what they describe as closely related fields and only
34.9 percent work in unrelated non-S&E occupations.
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l A majority of those with Ph.D.s in S&E fields works in the same
field as their degree—ranging from 57.4 percent in the life and
physical sciences to 74.3 percent in mathematics/computer sci-
ences. Large numbers of science and engineering Ph.D.s do, how-
ever, work in other fields of science or in various non-S&E
occupations. Notably, in the physical sciences, 15.8 percent of
Ph.D.s work in some other S&E field. The percent working in a
non-S&E occupation unrelated to the field of their highest degree
ranges from 8.3 percent in mathematics/computer sciences to 19.8
percent in the life sciences.

l Recent S&E doctoral recipients in sociology, geoscience,
physics/astronomy, and mechanical engineering were more likely
to be working outside their field or part-time (in either case not by
choice) than recent S&E doctoral recipients in other fields. Except
for mechanical engineering, these fields also have relatively high
unemployment rates. 

l Most scientists and engineers at the bachelor’s, master’s, and
doctoral levels are employed in the private sector. Scientists and
engineers with doctorates are more likely than scientists and engi-
neers with bachelor’s or master’s degrees to work in academia.
Still, the education sector is not the most common sector of
employment for S&E doctorates.

l Although the overall number of S&E jobs in industry increased by
about 2.5 percent between 1990 and 1993, employment in many
engineering fields declined, with the largest percentage cutbacks
occurring in aeronautical/astronautical engineering. Employment
of engineers in manufacturing fell about 12 percent between 1990
and 1993 (in part as a result of defense downsizing). Substantial
growth in the number of computer- and mathematics-related jobs
was the principal factor contributing to the increase in total indus-
trial S&E employment.

l Academic employment of doctoral scientists and engineers grew
by approximately 3 percent annually during the 1980s, but slowed
markedly after 1989; it was estimated to be 213,000 in 1993. Full-
time employment in traditional faculty ranks—full, associate, and
assistant professor plus instructor—was static, at about 172,000,
with growth confined to other types of positions.
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l The aging of the academic research workforce, observed since
the early 1970s, has ceased. The proportion of academic
researchers who received doctorate degrees within 3 years
declined steadily from 24 percent in 1973 to 14 percent in 1989,
where it has stabilized. The gradual replacement hiring suggested
by these data for the 1990s contrasts with the preceding decade,
when the number of full-time faculty positions increased at a fairly
steady rate and when fewer doctorates were awarded than in
recent years. These trends have contributed to a tightening of the
academic labor market. 

l Scientific and engineering advances are having dramatic effects on
manufacturing operations, reducing factory-floor employment,
while increasing job openings in technical occupations, such as
computer programming clinical technicians. Furthermore,
because of advances in information technology, manufacturing is
becoming more integrated, requiring employees to have a greater
understanding of how an entire process runs. 

Women and minorities participated more in science 
and math education at all levels and experienced 
increased employment in both the academic 
and nonacademic sectors.

l The average mathematics scores of male and female 9- and 13-
year-olds did not differ in 1992, and the difference between the
sexes for 17-year-olds is small. Differences in average science
achievement test scores between the sexes have diminished, but
males score higher at each age level.

l Non-Hispanic white youth continue to score much higher than
African-American or Hispanic youth on standardized tests of math
and science. However, the differences declined from the late 1970s
to 1992. Since the average scores of all groups have increased over
this period, the convergence is a real improvement and not a
“leveling down” of scores toward greater equality.

l At the undergraduate level, minority students have increased their
interest in majoring in S&E fields. By 1994, underrepresented
minorities, especially females in these groups, made up around 11
percent of freshmen planning a major in the physical sciences, 15
percent of those planning a major in biological fields, 18 percent in
the social sciences, and 18 percent in engineering. 
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l Graduate enrollment of women and minorities accelerated in the
1990s. By 1993, women represented 38 percent of all graduate stu-
dents in the natural science fields and 15 percent of the graduate
students in engineering. The large percentage increases in gradu-
ate enrollments of minority students, however, are from a very low
base. Minority students’ proportion of all graduate S&E students
increased by only one percentage point, from 6.3 percent in 1991
to 7.3 percent in 1993.

l About 46,500 female doctoral scientists and engineers worked in
academia in 1993. Women’s academic employment grew steadily
in the 1970s and more than doubled from 1981 to 1993. The num-
ber of women active in academic R&D tripled from 1979 to 1993. In
1993, it stood at 30,500, about 20 percent of all academic
researchers.

l The overall number of African-American, Hispanic, and Native
American researchers in academia, though increasing, remains
low. In 1993, their combined academic employment was 10,800,
about 5 percent of the total—the same as their fraction of academic
researchers. The slowly increasing share of underrepresented
minorities in academic employment roughly reflects the increase in
their Ph.D. conferral rates.

l About 21,000 Asian doctorates held U.S. academic positions in
1993. They constituted 10 percent of academic employment, up
from 8 percent in 1979. Asian doctorates constituted 12 percent of
academic researchers in 1993. Their share of academic
researchers has consistently been about two percentage points
above their employment share.

l Participation rates of women and underrepresented minorities have
also improved outside of academia. The proportion of women among
nonacademic scientists and engineers increased from 13 percent in
1980 to 22 percent in 1990. The proportion of black and Hispanic
nonacademic scientists and engineers also increased during that
period, to almost 8 percent from 5 percent, but it remains low.

l The Federal S&E workforce increased by 6 percent between 1989
and 1993, and as it grew, a larger percentage was made up of
females and minorities than in the past. However, these data do
not reflect the recent cutbacks in Federal employment. 
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l Salaries of doctoral scientists and engineers differ less by race or
ethnicity than they do by sex. Although the median annual salary of
all African-American scientists and engineers is 85 percent of the
median annual salary for whites, the median salary for recent
African-American graduates (in 1991–92) was 9 percent higher than
for their white counterparts.

l The United States has had more success than other industrialized
nations in attracting women into the nonacademic S&E workforce.
It has the highest proportion of female scientists in the labor force
(54 per 10,000 workers). Canada ranks second with 48, followed by
Sweden with 43, France with 36, and the United Kingdom with 32.
Among these countries, the United States has the second highest
proportion of female engineers (13 per 10,000 workers) after
Sweden, which has 16 per 10,000 workers.

Fewer foreign students are now entering U.S. universities
for advanced training in S&E fields, but foreign 
participation in the S&E workforce is significant. 

l The participation rate for foreign students in S&E degrees at U.S.
universities rises by level of degree. Foreign students obtain a
small fraction of S&E degrees at the bachelor’s level, about one-
fourth of the S&E master’s degrees, and nearly one-half of all S&E
doctoral degrees. 

l After a decade-long increase, total graduate enrollment by foreign
students decreased by 4 percent each year in 1993 and 1994, mainly
in engineering and computer science. Foreign students now repre-
sent slightly less than one-third of graduate engineering students.

l The number of master’s degrees in all S&E fields obtained by for-
eign students more than doubled in the past 15 years, from around
8,000 in 1977 to 20,000 in 1993.

l In contrast to declining numbers of engineering degrees earned by
foreign students at the bachelor’s level, the number of foreign stu-
dents obtaining engineering degrees at the master’s level is increas-
ing. In 1993, foreign students obtained 34 percent of master’s
degrees in computer science and 33 percent of master’s degrees in
engineering, up from 11 and 22 percent, respectively, in 1977. 
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l Foreign students accounted for an increasing proportion of S&E
doctoral degrees from 1985 to 1992, especially in computer science
and engineering. By 1993, foreign students on temporary visas
obtained 44 percent of the computer science doctoral degrees and
50 percent of the engineering doctoral degrees. If non-U.S. citizens
with permanent residence in the United States are added to for-
eign students on temporary visas, the percentages increase to 47
percent of the computer science doctoral degrees and 57 percent
of doctoral engineering degrees.

l Of the 8,000 foreign students earning S&E doctoral degrees in U.S.
universities in 1993, about 30 percent received firm offers to
remain in the United States after completing their program. About
400, or 5 percent, received firm offers for academic employment.
Almost 500, or 6 percent, received firm offers for industrial
employment; and a larger group of almost 1,500, or 18 percent,
obtained a postdoctoral research appointment for 1 year.

l Less than one-half of the foreign students who earned doctoral
degrees in S&E fields in the 1980s, and who were on temporary
visas at graduation, were working in the United States in 1992. The
retention rate varied by field—engineering had the highest reten-
tion rate and social sciences and life sciences had the lowest. The
retention rate also varied by country of citizenship—students from
India and the People’s Republic of China had retention rates well
above average, and students from Korea and Japan had retention
rates below average.

l Foreign-born scientists and engineers represented almost one-
quarter of doctoral level scientists and engineers in the United
States in 1993. Although a majority received their degrees from
U.S. institutions, more than one-third received their doctorates
from foreign universities and colleges.

l More than half (53 percent) of all S&E postdoctoral appointees in
1993 were non-U.S. citizens. The proportion varied by field, with
engineering (65 percent) and physics (62 percent) having above
average concentrations of foreign postdoctoral positions. Foreign
researchers represented 53 percent of mathematics postdoctor-
ates, 45 percent of computer science postdoctorates, and 50 per-
cent of biological science postdoctorates. Foreign researchers
represented 37 percent of all social science postdoctoral positions.
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l The majority of funding support for foreign students at all levels of
higher education is from non-U.S. sources. In 1993, two thirds of
the foreign students in the United States said their families were
their primary sources of support. An additional 7 percent said they
were supported by their home governments, universities, or for-
eign private sponsors. In contrast, U.S. sources are the primary
funding support for 80 percent of all foreign S&E doctoral students.
Over three-quarters of foreign S&E doctoral students receive their
primary funding support in the form of research assistantships,
teaching assistantships, or university fellowships.

l Other countries also educate a considerable number of foreign stu-
dents, including France, Germany, and the United Kingdom. Japan
is seeking the best engineering students from Asia and has made
the attraction and training of foreign students a competitive strate-
gy. In 1993, foreign students obtained 40 percent of NS&E doctoral
degrees in Japan. Almost one-half of doctoral degrees in the
United Kingdom and 40 percent of doctoral degrees in France
went to foreign students.

Research and education have major economic and 
social impacts, although they are sometimes difficult 
to trace and measure.

l Although estimates vary, economists have found high rates of
return to private R&D investments. These estimates are on the
order of 20- to 30-percent annual return on investments to firms
and approximately 50 percent to society overall. For some specific
products, rates of return have been remarkably high. Returns from
information technology are estimated to have exceeded 80 percent
per year between 1987 and 1991.

l Recent academic research plays a key role in enabling technologi-
cal advances in the private sector, especially in medicine and elec-
tronics. Studies show that approximately 10 percent of the new
products and processes developed by firms depend on recent aca-
demic research and that the association between academic and
industrial research has been strongest in medicine and electronics.
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l Academic research frequently exerts its impact over extended
periods of time. There is often a significant delay between the ini-
tial publication of fundamental knowledge in academic journals
and its eventual effect on market outcomes. One analysis estimates
the lag between academic publication and commercial production
to be on the order of 10 years for new knowledge in computer sci-
ence and engineering and 20 years for new knowledge in science
and engineering in general. This may change in the future, as
more scientific communication occurs by electronic media.

The U.S. public generally has positive views 
of science, but can improve their understanding 
of science and technology.

l More than 70 percent of Americans believe that the benefits of sci-
entific research outweigh any present or potential associated draw-
backs. This level of positive assessment has been fairly stable over
the past 2 decades. Americans also hold the scientific community in
high regard; about 40 percent of Americans are very confident in
the leadership of the scientific community and the medical commu-
nity. These levels of national esteem are higher than those reported
for the leadership of most other major institutions in society.

l Despite their positive general views of science, Americans are
evenly divided when it comes to assessing the development and
impact of several important technologies, including nuclear power
generation, genetic engineering, and space exploration.

l There is wide distribution in U.S. adults’ level of understanding of
scientific terms and concepts. On 10-point indices for both natural
and economic sciences, the mean score was 5; almost one-quarter
of adults earned a score of 7 or more.
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