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Letter of Transmittal

November 21,1983

My Dear Mr. President:
I have the honor of transmitting to you, and through you to the

Congress, Science Iniiicators-1982, the sixth in a series of the Board's
biennial reports devoted to a quantitative assessment of the status of
science and technology in the United States. This document is being sub-
mitted as the initial response to the 1982 amendment of the Natior.<1.'
Science Foundation Act which requires for the first time that the Board
prepare such a report.

The expansion of national support for research and development by
both Government and industry in recent years demonstrates tha:science
and technology continue to receive priority for investment, reflecting their
importance to the economy and to national security. hrough the Science
Indicators series, the Board strives to contribute to a better yncierstanding
of the science and technology enterprise and to the formulation of related
policies.

This publication arralfzes science and technology activities in the
United States and their relationship to the efforts of other major indus-
.i
trialized countries. It provides for the first time a separate treatment of
academic science and engineering. The report also presents information on
public attitudes toward science and technology and recent accomplish-
mnts in research and development.

I hope that this report will be of special interest. to you and will
stimulate discussion and analysis in the science and technology policy
community.

.Respectfully yours,

The Honorable
The President of the United States
The White. House
Washington, D.C. 20500

1217i
Lewis M. Branscomb
Chairman, National Science Board
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Introduction

With the release of Science Indicators,-1972, the Na-
tional 5z:ience Board initiated a series of biennial reports
on the state of the U.S. scientific endeavor. The present
report. the sixth in the series, continues the presentation of
quantitative indicators of the many facets of organized
science and technologv. accompanied by trend analyses
and interpretation_

These quantitative measures aim to provide a broad base
of information to assist the planning, debate, and negotia-
tion which surround the specific issues faced by policy-
makers. They are not intended to replace the judgment of
such decisionmakers, but to inform them. As individual
measures, these indicators cannot capture the fullness of
the scientific enterprise; taken together, they reflect the
variety and character of U.S. science and engineering. When
considered as multiple indicators of a phenomenon, these
data and analyses present a more comprehensive picture
and encourage broader perspectives. As is true of all indi-
cators, they illuminate by providing it.direct reflections
of status, behavior, or performance.

A comprehensive appraisal of the American science and
technology system must include many areas: the inputs
to the system in terms of funds, personnel, and institutions;
the varying approaches taken in pursuit of different research
goals; the sophisticated equipment and instrumentation
by which our powers of observation are greatly expanded
and our scientific results put to use; the various forms of
i. umenting and disseminating research results; the impact

of i vsearch and development investment on the Nation's
general economic and social well-being; and many others.
A complete assessment of such characteristics r,,-'quires
examining thilvstem both from, internal and e-,11,..rnal
vantage pointg.

Such an effort involves many approaches, diverse data
sources, and a wide range of analytical and statistical
methods. Thus, the creation of sophisticated methodologies
for such an appraisal in itself raises major research ques-
tions. The complexity of the U.S. infrastructure for science,
yngineering, and technology makes the challenge of under-
standing its dynamics even more demanding. The diverse
settings For the performance of R&D, the multiple sources
of its support, its relation to scientific an',j technological
developments across the world, the disper, loci of policy-
making in science and engineering, and the multiplicity of
purposes servedall illustrate the importance of a multi-
dimensional approach to the -Understanding of the U.S.
science and technology enterprise..

ix

Because the substantive aspects of science and technology
are riot easily captured by quantitative indicators, this
report contains a chapter entitled -Advances in Science
and Engineering.- This chapter attempts to convey the
process and significance of research by describing a few
illustrative areas: prime numbers, the pursuit of funda-
mentality and unity, the science or sin-faces, man-made
baskets for artificial enzymes, opiate peptides and receptors,
plant disease, cognitive development in early-childhood,
and exploration of the ocean floor. These eight topics are
not intended to be fully representative of the wide scope
of modern research activity, nor are they necessarily the
most important areas being investigated; instead, they ex-
emplify recent trends in the cumulative development of a
few sample areas.

Science IndicatorsI982 presents one major innovation
in the organization of the publication_ In past reports,
material on academic science and engineering was covered
in a dispeised fashion in various chapters With the
present report, the National-Science Board is introducing
a separate chapter that corers in an integrated fashion
indicators of academic science and engineering. Since it
is in the Nation's universities and colleges that future sci-
entists and engineers are trained and a latT, 'roportion of
the rrn-Nre fttn,l,ame-ntal research is performed, It is important
that _yin.zikers han e a clear picture of the status
anti i trends in the a, .ademic sector.

The reports in the Science Indicgtors series have changed
gradually, as the informatiem needs of their audience have
becorue dearer and new data, methodologies, and analyses
have been clin Progress i-n this evolution results
from the contributions of those individuals who bring their
expertk.e and innovative ideas to fruition within the
purposes and scope of the Science Indicators concept.
Numerous reviews and the feedback from users of these
reports continue to illustrate the need for better indicators,
and specific suggestions are welcomed. In this regard, the
National Science Foundation' supports research to stimulate
developments in this area, with the expectation of improv-
ing future Science Indicators volumes.

As can he seen from the following cknowledgments
and npendix 11: marry individuals aided in the prepara-
tion of this report. The overall responsibility was that oc
the National Science Board, assisted by a special committee
of its members. The preparation of the report was assigned
to the tiirectorate for Scientific, Technological, and Inter-
national Affairs (STIA) and the manuscript was prepared
l," the Division of Science Resources Studies.
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International Science and Technology

HIGHLIGHTS

The indicators presented in this chapter demonstrate that
the United States still maintains an overall SIT leadership
position in terms of its absolute investments in R&D,
contribution to scientific and technical literature, positive
balance in R&D-intensive trade, and the sale of technical
knowledge_ On the other hand, U.S. inventive activity
appears to have decreased relative to some foreign com-
petitors, and the U.S. share of world exports in R&D-
intensive products has declined. During the early 1070's,
other nations, particularly Japan and West Germany,
increased their S/T investments and activities relative
to the United States and thereby narrowed the gap.
However since the mid-1970's, the United States has kept
pace with the R&D investment trends of other indus-
trialized nations.
In 1979 the United States spent about as much on research
and development (R&D) as France, West Germany, japan,
and the United Kingdom combined. Ten years earlier,
U.S. research and development expenditures were more
than twice as much as the combined R&D expenditures
of these countries. Among these countries the United
States accounted for about 70 percent of combined R&D
expenditures in 1969 and about 50 percent in 1979.
(See p. 3.)

The United States devotes a higher proportion of its
gross national product (GNP) to research and development
than almost anyther country. The U.S. ratio was as
high as 3.0 percent in 1%4. After a decline, the ratio
began rising again in the late 1970's and is estimated to
be :,bout 2.7 percent in 1983. Japan and West Germany
have increased their R&D/GNP spending ratios through-
out this period. Since the mid-1970's, We G.ermany's
ratio has been about the same as that of the Unitcl
States, while Japan's ratio in 1981 was 2.4 percent. (See\,
PP. 9-7.)
%Vest. Germany and Japan have the highegt percentages
of GNP devoted to national civilian R&D expenditure
and have continued to increase their investments in these
areas. West Germany's ratio reached 2.f; percent and
Japan.: was 2.3 percent in 1981, compared with 1.7 percent
for the United States. Although the U,S. civilian R&D-to-
GNI' ratio is lower, it has risen since the mid-1970's,
and is estimated to have reached about 1.8 percent in
1983. (See pp. 7-8.)

The number of scientists and engineers (S/Es) engaged
in R&D is higher in the United States than in almost any
other countryabout 720,000 in 1982. The Soviet Union
is the only country with a larger R&D work force. Even
when related to the size of its total labor force, the United

2

States has the highest proportion of R&D scientists and
er.gineeis (o3.8 per 10,000 persons in the labor force) of
any country exceptihe Soviet Union. Since the mid-1970's
the U.S. ratio has been rising, as have the Japanese and
West German ratios. (See pp. 4-5.)

* investments in R&D and technological innovation have
positive long-term effects on productivity and economic
growth. The United States maintains the highest overall
productivity level, but has experienced slower growth
rates in manufacturing productivity than have most
industrialized countries. From 1975 to 1982, productivity in
manufacturing industries in the United States increased
11 percent. Productivity rose more than four times faster in
Japan, more than three times faster in France, and over
twice as fast in West Germany and the United Kingdom.
(See pp. 17-18.)

New capital investments often embody new technologies
and/or R&D advances, and replacement of capital
equipment is an important factor in produCtivity growth.
Over the past decade, capital investment as a percent of
output has been smaller in the United States than in
other major industrialized countries. In 1980-1981, Japan
had a capital investment rate almost_ twice that of the
United States. (See pp. 18-19.)

Scientific and technical publication counts serve as an
output indicator of S/E research activity, In 1980, US.,
scientists and engineers contributed a high overall shre
(37 percent) of the world's articles in over 2100 highly
cited irfluential scientific and technical journals. Hovwirer,
biomedicine is the only field that actually increased from
1973 to 1980 in terms of the number of U.S. artides;
most of the other fields actually experienced declines,
whereas the number of non-U.S. articles rose in all but
two fields. U.S. scientific literature is widely respected;
U.S. articles published in 1978 have since been cited 45
percent more than could be explained solely by the number
of articles produced. From 1073 to 1978: foreign Ust: 7,f
U.S. literature increased in the fields of chemistry,
mathematics, and earth and space sciences, but decreased in
the fields of biomedicine, biology, physics, and engineering
and technology. (See pp. 11-12.)
Patent data (an be used as an indicator of inventive
activity. Between 1971 and 1982, U.S. domestic patenting
dropped, almetst 40 percent, and U.S. patenting abroad
also declined ,,..rbstantially. Foreign patenting in the United
States increa;ed between 1971 and 1974, remained\
relatively level afterwards, and in 1982 constituted over
40 percent of all U S. patents granted. Most of the increase
in foreign patenting was due to Japanese inventors.



Domestic patenting..inJapan increased over 70 percent
between 1971 and 1977 and has leveled off since. The
number of Japanese-origin patents granted by the United
Stales has increased steadily and has more than doubled
since1971. (See pp. 12 -15.1

1;.

Highly cited' patents can be used as an. indicator of
significant inventions. U.S. inventors have a larger
percentage of highly cited U.S. patents than foreign
inventors (and therefore a technical advantage) in the
product fieLls of ordnance except missiles, food and
kindred prodUcts, and primary metals, chemicals and
allied products, and electrical and electronic equipment.
HoWever, a greater percentage of U.S. foreign- origin,
patents are highly cited than are U.S. domestic patents
in a number of other produot fields, including engines
and turbines, aircraft and parts, professional and scientific
instruments, motor vehicles, and other transportation
equipment. (See pp. 14-15.)

The U.S. trade balance in R&D-intensive manufactured
products has been positive and growing over the past
decade, reaching'a surplus of $52.4 billion in 1980. Thus
the United-States has a competitive advantage in these
products. There have been some changes in this position.
The trade balance with Japan h'as declined since the mid-
1970's and registered -$3.6 billion in 1980. The ,U.S.
share of world exports of R&D-intensive manufactured
products .was 23 percent in 1970 and 20 percent in 1980.
Over the same period, the Japanese share increased from
10 percent to almost 15 percent. .U.S. worldwide market
shares have declined in aircraft, electronic components,
and Jet engines, biat have increased in computers. (See
pp. 20-23.)

Data on international transactions in royalties and Fees
are frequently used as indicators of technology transfer
and Show that, in dollar 'terms, ini981 the United States

Science and technology (S/T) transcend national borders.
both in terms of content and economic, societal, and cultural
impacts. The current S/T knowledge base has been
deyelOped by.!,cientists and engineers from many nations.In
light of the global nature of science and technology, this
chapter examines U.S. scientific and technical capabilities
and activities in an international context, by presenting
international comparisons of science and technology
resources, outputs, impact., and collaboration.

The first section, presents international comparisons of
investments in research and development and includes
various indicators concerning S/T personnel and the amount
of'ppenditures devoted to R&D. Absolute levels of these
ii*estments are discussed because the quantity of resources
a0ailable often influences tiiT.'breadth and scope of S/T
activities a count: y can support. However, in ordertO make
more meaningful compariscms between countries, indicators
that normalize for the size 3f a nation's economy or labor
force are also frl.und here.

Although it is difficult to quantify precisely all the,resu
of R&D investmenrs;Thc.- second section of this chapter
discusses some of the outputs of research and development.

3

.sold about nine times more technical know-how through
these channels than it bought; U.S. receipts for royalties
and fees rose more than 70 perceresince the mid-1970's
and in 1981 totaled $6.9 billion. The United States is a
net exporter of technology, while japan, West Germany,
and France arc all net importers of technical know-how.
About 80 perent of these transactions are with U.S.
subsidiaries abroad. This affords greater control by U.S.
firms over the use of their technology. There is likely to
be less control over technology transferred to unaffiliated
firms. In 1971, over 70 perclnt of the U.S.`transactions
with Japan were with unaffiliated firms; but by 1981,
U.S. receipts of royalties and fees were about equally
divided between unaffiliated Japanese companies and
U.S. subsidiaries in Japan. (See pp. 23-25.)

Publications produced jointly by scientists and engineers of
different countries constitute one measure of international
scientific cooperation. Such joint-authorship has increased
slightly in all fields combinedfrom 13 percent of all
multiple-authored publications in 1973 to 16 percent in
1980. By this measure, the most internationally cooperative
fields worldwide are mathematics, the earth arid space
sciences, and physics. The United States and Japan have
the lowest ratios of international cooperative authorship
of the major industrialized countries; in 1980 their ratios
were less than half those of West Germany, the United
Kingdom, and Canada. (See pp. 29-31.)

U.S. universities and colleges have long been involved
in a variety of international science and technology
activities, their main contribution being the education of
foreign students. About 22 perIcent of the S/E doctorates
granted by U.S. universities were awarded to foreign
citizens in 1981. In engineering alone, foreign citizens
constituted more than one-half of the graduating doc-
torates. (See pp. 28-29.)

Because the publication of scientific and technical literature is
one of the more direct outputS of research., the U.S.
contribution to, and impact on, world science is examined
in terms of the number and relative citation ratios of S/T
article!: published by U.S. scientists and engineers. Although
there are important limitations, patent data can be used as
output indicators of technological invention...as well as
commercial interest in foreign markets. This section also
presents measures. of U.S. and foreign patenting activity.

S/T activities have important long-term results, par-
ticularly economic Impacts. Unless R&D result's are utilized,
they canno effectively influence economic growth. The
third sectio his Chapter 'thus deals with prodUctivitiy
and technologic-al advances and compares pioductivify
growth and capital investment rates. It also presents
indicators on the insto!lation of robots and the production
of numerically controlled machine tools.

Countries are not limited to the cise, of their own R&D
investments. A great deal of .technical know-how flows
acrosti national borders, and these flows may have economic
and national security impacts. Trends in international

-Ci_ii-.1mol_ogy transfer and trade are discussed in the fourth
section of Iiiis-ti later because of their increasing impOrtance.



Intirnational S/Tinteraction has gained in importance
with' rising research and develpment costs And as other
countries have improved their capabilities.-Thus-,--it is
important that U.S. involvement in international scientific
Coclzeration also he examined. The last. section deals with
the VT57--rii-le. in international scientific cooperation and

presents information on the number of foreign S/T students
studying in the United States, trends in the number of
scientific visitors' to U.S. laboratories, and indicators of
international co-atithoi'ship and utilizatiOn of foreign science.

It should be noted that there are often difFf.r-mces between

countries in definitions, concepts, and data collection and
reporting practices. Therefore, attention is primarily' paid
to large changes and trends.. However, much has been
done to institute uniform definitions and standards by
international organizations such as the Organisation for
Et000mic 0J-operation and Development (OECD) and

the United Nations Educational, Scientific and Cultural
Olganifotion (UNESCO); thus; the data presented here
are broadly comparable.

.
NATIONAL INVESTMENTS IN RESEARCH

AND DEVELOPMENT

Although there 'is no known optimal level of R&D
/ investment, international comparisons can provide some

insight into the question of how much various countries
invest in R&D..The United State's spends more on research
and development (R&D) in absolute terms than any Other

country except the Soviet Union -and about .as much as
France, Wc:st Germany, the United Kingdom',' and Japan
combined. Large research and development investments
have enabled the United States to support a variety of
R&D activities in most fields and have contributed to a
leadership role in world science. While the United States

M absolute terms still spends more on research and deVel-
opment ltharh most other countries, its dominance in
investment in world science and technology activities has
diminished. (See figure 1-1.) In 1979. the United States
spent about as much as France, West Germany, Japan, and
the United KingdoM combined.. Ten years earlier, U.S.
research and development expenditures were more than
'twice as much as the combined R&D expenditures of these

same countries. The U.S. share of total R&D investment
among these five countries was about 70 percent in 1969,

and about 50 percent in 1979. If expenditures by the Soviet
Union are included, the U.S. proportion was close to 30
percent in 1979 and almost 40 percent in 1909. (See appendix

table 1-1.)
The number of scientists and engineers engaged in research

and development is also .higher in the United States than
in almost any other countryalMost.720,000 in 1982.1 The
Soviet Union is- the only country with a larger R&D work
force. In 1082, there were behJeen 1.3 and 1:5 million Soviet
5/E's in R&D.2

'These international ,:ontparisoris of R&D scientists and engineers are
ry tcrins of f ull-tirneequivalent SlE.'s in R&D.

'comparing U.S. and Soviet scientific personnel statistics is difficult'
Aue to diffeftnt es in data and .definitions. Rather than rely solely on
Soviet definitions, high and low estimates fear the Soviet Union cor-

re.pond ing. to U.17. definitions of full-time-equivalent scientists and
engineers were developed for this report. The question of research
VtIiciencv is not citall with here, hot it is believed that Soviet R&D
etticienty it, much lower than are the efforts of U.S. scientists and engi-

neers. See refs. 120, 121...and 123.
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Figure *11. .

Distribution of national expenditures on research &
develipinent in selected Industrialized countries
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See appendix fable t -1. Science indicators 1982

In 1979, the United States had more S/E's actively involved.
in R&D than France, West Germany, and Japan combined.
The United States had fib percent of all R&D scientists
and engineers in these countries in 1909, 10 years later the
U.S. proportion was 57 percent. If the Soviet Union is
included in this comparison, the U.S. share was about 25
percent in 1979 and about 35 percent in.19-69.3 This 10-
year shift was due not only to more rapid increases of
R&D 5/E's in each of the other countries, but Asp' to the
fact that in the United States the number of S/E's engaged

in R&D actually declined through the mid-1970's while all
the other- countries steadily increased their R&D personnel.

These indicators point out that with respect to R&D
investments a more balanced position now exists between
three major groups: a) the United States, b) WesterhEurope
and Japan, and c) the Soviet Union and Eastern Europe.

As other nations' S/T capabilities improve, the possibilities of
technical benefits for the United States resulting'from
international S/T interactions are increased.,

Scientific and Technical Personnel
Since one would not 'expect each country to invest the

same abSolute amount in research and development, intenSiy
indicators, which show levels of effort in terms of the size
of a nation's economy or population, are necessary: One
such way to compare the 5/T efforts of different countries
is to examine the number of scientists and engineers engaged
in R&D as a proportion of the work force. Figure 1-2
shows that these trends roughly parallel those of R&D as a
percentage of gross national product (GNP) in the following
figure 1-4. The United. States has one of the highest.

'
3s,Trendt ruble 1-3.
4St.t tin' international Scientific Cooperation set tion of this chapter.



Figure 1-2 "
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proportions of R&D scientists and engineers in the labor
force of any country. Six out of 1,000 people in the U.S.
labor force are R&D scientists and engineers. The Soviet
Union surpassed the U.S. ratio in the early 1970's, reaching a
level of 9 to 10 research and development S/E's per 1,000
people in the labor force. Rather than rely on Soviet
definitions, high JO low estimates for the Soviet Union
corresponding to U.S. definitions of full-time-equivalent
scientists and engineers are used in this report.

While the concentration of R&D scientists and engineers in
the labor force steadily increased in most other countries,;
the U.S. ratio decreased from the early to mid-1970's due
to a drop in the actual number of such S/E's. The U.S.
ratio hasbeen increasing since the mid-1970's, as have the
Japanese and West German ratios.

The s of the R&D labor force is not the only con-
sideratic r, n measuring a country's R&D capatity. Factors

5

such as level and type of specialization, utilization, or
productivity of a nation's S/T personnel aye also important.°
The level and sophistication of scientific and - technical
training of the general population, as well as of specialists,
influence the adetjuacy, of science and technology cap.:'!ities
and have been thesubject of several studies.°

It appears that Japan, West Germany, and the Soviet
Union have stressed scientific and mathematical proficiency
in their secondary educational institutions to a much greater
degree usaii has the United States or the United Kingdom.
Japan developed a science-based curriculum after World\
War II and has very high standaids of accomplishment,
both for students and science teachers." In an international
science test8 administered to 14.-year-ohis 'from 19 countries,
japanesekt;tu"dOnts ranked first in physics, chemistry, and
practical science, and first.overall. American students ranked
fifteenth. However, it should be pointed out that U.S.
publk high school students won the International Mathe-
matical Olympiad in 1981,9 an indication that a lower general
scientific literacy level may not preclude world-class
achievements by gifted individuals.

While the amount of required science instruction in West
Germany is roughly equivalent to that in the United States
in grades 5 and 6, the amount of physics, chemistry, and
biology training far surpasses-U.S.-requirements-in-grades
7 through 10. There are variations in the level of physics .--
apd,themistry curricula among the,threedifferent types..of----s-
secondary schools in West Germany. However, all three
types of German schools provide more-niithematics and
science training in grades 5 ..throligli 10 than do 50 percent
of U.S. schools.1°___.----<:

The Soviet Union has also put a high priority on precollege
science education. U.S. students usually take 9 year's to
complete arithmetic, while children in other industrialized
countries complete arithmetic in 6 year-S.-1n the Soviet
Union, arithmetic is covered in the first five grades, fol-
lowed by algebra and geometry. From' the fourth grade
on, teachers of mathematics in the Soviet Union are highly
trained (usually at least to the level of a U,S. master's
degree)." The top research talent of the Soviet Union has
been involved in the development of the science' -and
mathematics curricula for secondary education. In addition, to,
help develop and encourage a strong interest in science
and technology, the Soviet Union publishes a number of
high quality popular journals for yoting people and the
general public; many highly qualified and famous mathe-
maticians write for children's mathematics. and physics
journals that have a large readership, such as Kvant.'2 In
th.6 Soviet Union, secondary school students take 5 years
of compulsory physics, 4 years of chemistry, and 6 years
or biology. U.S. students usually take no niore tharr1 year
of each of these three subjects..

'See the chapter on Science and Engineering Personnel for a discussion
of many of ihese topics for the United States.

'See refs. 7'2 and 7o.
'See ref. 77.
'This test was administered in 1970. See ref. 11, pp. 159-160. Since

then, data. 1. rom a number of sources show declining achievement by U.S.
students in mathematics and science. See ref. 127, pp. 2-3.

9Sei: ref. 75. p. 02.
'°Sve ref. 80.
"See ref. 78, p. e0.
"See ref. 79, pp. 3-7.



These comparisons point out the disparity between the
United States and other countries in the amount, of time
devoted to science and mathematics training of the average
skilled worker or military recruit." The importance of
scientific literacy continues to grow as &ir society and
economy become more dominated by thew technologies.
The U.S. population does not seem to have as firm a basic

.5/T training as do those of other industrialized countries..
Field concentrations of students can provide insights

into the relative educational emphases accorded such fields,
although it should be rernembered that there are likely to
be-differences in the level and focus of training provided
in different count ',2s in a specific field. Figure 1-3 compares
the field distribution of first degrees conferred by" universities
and colleges in the United States, the Soviet Union, and
JapanOne-quarte'r more students graduated in the.United

-States than in the U.S.S.R. in 1980, but only about 190,000
(18 percent) of the U.S. students received their bachelOr's
degrees in natural science and engineering fields compared
with about 440,000 (53 percent) in the Soviet Union. The
number of Japanese graduates in natural sciences and
engineering (120,000) is somewhat less than that of the
United States, with the Japanese proportion of bachelor's

.degrees in such S/EK-fields (31 percent) greater than that
of the United States. In terms of specific S/E field concen-

Physical and
life sciences

& math

(9 \

Agriculture
/(2 3%)

Engineering
(6 9%)

Other
(46.6%)

Physical and
life sciences

& math
(6.4%)

Agriculture, Other
(7 9%) (73.9%)

Physical and
life sciences

& math _
(3.1%)

/Agriculture
,./(3.7%)

Engineering
(19.4%)

c ref. 76. p. 60.

(rations, the United States had a higher percentrof students
graduating in the fields of physical andlilife sciences; and
mathematics than did either Japan'or the SOviet Unyn.

One of the outstanding differences between the United
States and these other.two countries is the greaR4emphasis

. placed in these countries on engineering degrees. Alniost
40 percent of all Soviet graduates and 19. percent Of all
Japanese graduates received engineering degrees in 1980.
The U.S. proportion of engineering degree; was 7 percent.'
In the United Kingdom, 13 percent of all bachelor's degrees
were granted to engineers in 1979, and in West Germany
the share of engineering degrees was 7 percent in 1978." .

In 1080, the Soviet Union graduated almost five times
as many engineers as the United States, and Japan conferred
lo percent more engineering degrees. Not all of thesE grad-
uates are employed in engineering. In both Japan ,ici the
Soviet Union, national policies promote the training of
5/E's in greater numbers than are expected to engage in
scientific and engineering professions. In Japan and the
SoViet. Union managerial po'sitions in government and
industry are often filled by enginecrs.'5 For instance, in
Japan, about half of both the senior civil service and
industrial directors hold degrees in engineering or related
subjects. In the United States, engineers are more frequently
managers than are scientists, but engineers still represent
only a small proportion of all managers in the economy.15
Managers with technical backgrounds may be more receptive
to technological innovation and change than thOse with
financial or legal backgrounds." . .

,

A high concentration of graduates in S/T fields does not
.

automatically impact on overall national S/T capabilities.
It is important to examine data on the.relative proportions
of the college-age..population in these countries .receiving
training in natural science and engineering. Aiipendix table
1-4 shows that 9 percent of the 23 -year -olds in the Soviet
Union graduated in such S/E fields in 1980roughly twice -...:'

the corresponding pi=oportion in the United/ States (4
percent)." In Japan, 8 percent of the college agelpopulation
are receiving natural science and engineering training.

These trends in scientific and technical training reflect
wide differences between the So4iet Union and-tIke United
States in the proportion of R&D scientists and engineers in
the labor force. However, Soviet training programs are cone
sidered (0i:be more narrowly specialized, oriente toward theLi

specific needs of research institutes, and ge red toward
.applied science and development, while U.5. graduates
receive a broader based and more flexiblt -theore-tiCal

I -
.I

I

education."

R&D 1 xpenditures
A traditional method used to compare research and

(level )pment investments of countries of-v
1

-1rying sizes is
to x mine R&D expenditures related to the size of the
resp tive economies. The ratio of natior4 expenditures
to the gross national product reflects the prgportion of a
.natiOn:s resources devoted to R&D. R&D/GNP ratios are
co7venient for international comparisonslin another way.,

,

'See ref. 75, pp. 111-470 and 111-465.
''Sec ref. 72. pp. 203-21-1, and ref. 122.
"See ref. 73.
"See refs. 74 and no.

/ "See also ref. 100, pp. 62-6g.
"See ref. 10b, pp. 71-85, and ref. 107. p. lb.



because they attempt to compensate for fluctuating rates
of exchange and inflation, which differ considerably from
country to country. This adjustment for inflation may only be
partial, as there is some evidence that inflation may impact
more heavily on industrial R&D than on the general
economy.2° Fully adequate R&D deflators are still generally
not available.

The United States devotes a higher proportion of its
economy to research and development than almost any
other country. Figure 1-4 shows that after a period of
stability during the mid-1070's, the ratio began rising again in
the late 1970's and is estimated to be almost 2.7 percent
in 1983.

Other countries had similar patterns of leveling off in
the mid-1970's, with some growth beginning in the late

Figure 14 ,
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" The French Government in particular set a political
I aking its level of investment in research and

_opment,22 and in 1981 its R&D/GNP. ratio reached
2.0 percent. in West Germany, the ratio of R&D to GNP
has increased to the point where it is equal to or slightly
higher than the U.S, ratio.

,-- Up to the mid-1970's, Japan increase( its investments in
R &D at a faster rate than its economy was grOwing.. The
R& D/GNP ratio held steady in the late 1976's, but is again
on the increase, reaching 2.4 percent in 1981. The Japanese
Government has suggested that, in order to keep the economy
vital in a period of stable growth (as well as to meet other
goals), 2.5 percent of GNP should be invested in R&D by
1985 and up to 3 percent by the end of the 1980's.23

The R &D /GNP ratio for the Soviet Union has been
higher than that of any other country, but it suffered, a
decline in the late 1970's. This ratio now appears to be
increasing again and was an estimated 3.6 in 1982. It is
important to note that except for the Soviet Union (for
which data may not be strictly comparable), R&D per GNP in
these countries varied within the narrow range of 2.0 percent.
to 2.7 percent in recent years, despite earlier fluctuations.

An examination of annual grOwth rates of national R&D
expenditures in constant terms shows that the United States
lagged-behind most other countries during the 1970's.
Appendix table 1-2 shows that i51 the mid- to late 1970's,
the U.S. growth rate of R&D expenditures in real dollars.
averaged 2 percent compared to 6 percent for Japan, and 4
percent for West Germany.

Civilian R&D Expenditures
Although defense .and space 'R &D have important

economic impacts,24 civilian R&D probably is more directly
relevant to economic growth and other "social goals.25 Defense
and space R&D are aimed primarily at attaining other public
goals (e.g., national security). Figure 1-5 presents national
trends in (nonspace) civilian R&D expenditures as a percent
of GNP. Over the past decade, West Germany and Japan,
have had the highest ratios among these five countries.

Investments in civilian R&D in West Germarq, and Japan
have generally risen at a faster .rate than their economies
and reached 2.5 percent and 2.3 percent respectively in
1981, compared with -1.7 percent for the United States.
Post World War II restrictions limited defense R&D
expenditures in these two countries. Therefore, it is not
surprising that they have a high concentration of R&D
expendituresin civilian-areas-such as telecommunications,
energy productiOn, and manufacturing. Another factor
influencing the high rate of civilian R&D -expenditures is
the major role that industry has.played in supporting R&D:
as will be discussed in the next section."

"The United States has kept pace with the R&D inYestments of other
industrialized nations since the mid-1970's. For further discussion of
these trends, see ref. 126,pp. 1 0- 12.

'See rig. I, p. 140.
23..tieeref. p. 133.
"These imPacts can be both positive and negative, See ref: 21 and ref

22, pp. 22-0.
251.-iee ref. 23 for a discussion of the rationale and history of Gover'n-

:mut support for civilian R &D.
"Civilian R&D expenditures as defined here include all privately

funded R&D as well as publicly funded nondefense and nonspace R &D.
'See appendix table 1 -s.
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TI eelJnited States has a lower civilian R&D-to-GNP
ratio than Japan and Vest Germany. This is influenced by
the fact th t Government funds have constituted a majority.
of the Naiion's R&D expenditures until recently, and about
6.5 percent of the Government effort is in defense or space
R&D. The United States carries major international defense
obligations and these obligations require large R&D invest-
ments for future capabilities. f --

Af ter a period of stability in the mid-1970's, the U.S.
civilian R&L) ratio began a growth period in the late 1970's,
with increased Federal Government funding in areas such
as energy.. health, and environmental R&D and increased

8

Vipport of R&D.28 It has continued to increase
total R&D expenditures, and by 1983, the U.S.

, R&D expenditure ratio reached almost 1.8 percent.
Even though the U.S. civilian R&D/GNP ratio is lower
than those of West Germany.and Japan, in absolute dollars
the U.S investment is greater:\ In 1980, U.S. civilian R&D
expenditures equaled $49.8 billion compared io the equivalent
of $18.8 billion in West Germany and $25.1 billion in
Japan.

Government-Industry Funding Patterns
Countries differ in their priorities, policies, and practices.

The differences in funding patterns between public and
private sources can affect the amount of a nations civilian
R&L) and the contribution of R&D to economic growth-.
There is evidence that privately financed R&D expenditures
make a greater direct contribution to productivity growth
than do publicly financed .R&D expenditures.29 This is
natural since industrial R&D is generally aimed at projects
more likely to materialize into commercial use (and thus be
a direct influence on the economy). Government-supported
R&D does.have a social economic impact, but it is usually
long term or indirect." Government R&D expenditures
are often aimed at areas unlikely to receive support from
the private sectol but for which the Government has a
genuine interest or role. Such projects would include those
that have high risk, high social benefit, or high costs, or
those where the Government itself is a consumer of the
results. Forinstance, in the United States; the Federal role
in supporting R&D has been shifted to an emphasis on
basic research rather than slirt-term applied research or
development except in such-areas of Government concern
as defense, space, environmental regulation, and in some
heavily regulated industries such as nuclear research.3'

Gtmernmetc't R&D Funding.by Objective. Examination
of total Government R&D funding by specific national
objectives (excluding general university funds) points out
major national differences in R&D priorities." Figure 1-6
shows that defense R&D is the most important governmental
funding priority in the United States, the United Kingdom,
and France. In contrast, Japan only spends 5 percent of its
Government R&D budget on defense and West Germany
only 15 percent. TheSe two .countries spend about one-
fourth and one-fifth, respectively, of their Government
R&D funding on energy .R&D and about- 12 percent in
areas of industrial development. Japan also spends nearly,,x,
one- fourth of its specified Government R&D suppbrt on
agricultural projects:

The U.S. Government devotes a larger share (15 percent) of
its budget to spate and aeronautical R&D. than do other
OECD (Organisation for Economic Cooperation and ..:
Development) nations. Japan spends 12 perdnt Of its R&D
funds on space. and France and West Germany each spend 7'

"See ref. 25 'and the chapter On Support for U.S. Research and
Development.

"See rel. 5. pp. 115 - B20.
"bee ref. 3.
"'ice ret. o. pp. 4-8.

- "Unlike the United States. in most OECD countries just underhalf of
the government R&D funds go to general university research. The dis-
tributions of government' fund; presented here are on .the basis of those
government funds oriented towards R&D programs other than general
university research.



7

,Flgtice),-6:`,1'' ,- , r L '''' ,. . , r *3. ,.. ,, ,_.

-DIstilbutlokbliiiiivernment,R010 expimditureilimonCiatected'objecY,ies', by' country; 1980 /.

(Percent)

30

20

'1,,Excruding'prer

iripenimxt.itke -)`

percent, and the United Kingdom spends 2 percent. While
the United States is seen as the world leader in this area,
other countries (in addititin to the Soviet Union) are becoming
more promi nen t:33 .

The U.S. Government also differs from other countries
in the priority it gives to health researchover 12 percent
of the U.S. Government's R&D support is in this area.
This is consistent with the high priority Ilia merican
public has afforded' health research.34The States is
responsible (Or about 70 percent of all the health R&D
conducted by' OECD countries. ,

. After the 1973 energy crisis, the United States significantly
increased public support'of energy R&D. U.S. Federal
funding in this area increased sixfold from $0.6 billion in
1073, to $3:6 billion in 1980. Funding has subsequently
dropped to an estimated $2.6 billion in 1983.35 Appendix
table 1-7 shows that energy R&D now represents 11 percent
of U.S. Federal R&D funds compared with about 4 percent in
the early 1970's. However, Japan and West Germany spend a

.larger percentage of their funds on energy. R&D, which
constitutes 2b percent of public R&D funds in Japan and
2.1 percent in West Germany. Nuclear energyVe-c'erVeS the
lion's share of energy R&D funds in all of thee countries
except the United StateS.35 \

Industrial R&D. Table.1-1 presents R&D fundig patterns
between countries and shows that industry h\as been a:
More dominant direct contributor in Japan than in other
countries (although the Japanese Government also provides a

"For. instance. the French remote-sensing satellite SPOT, scheduled
for implementation in 1964-1985, may have more advanced capabilities
than the U.S. Landsat system.-See ref. 16, p. 5.

"See thechapter on Public Attitudes Toward Science and technology.
"See the chapter on Support for U.S. Research and Development,

appendix table 2-12, and ref. 105.
"see tcf. 1, pp. 00-93.
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great dull of support through indirect measures). In contrast,
the U.S. Government has been responsible for supporting
over half of all the. Nation's R&D effort." However, by
1979 the responsibility for funding research and development
was. more evenly divided than before, not only in the United
States, but in West Germany and France as well. Govern-
ments can and do contribute to R&D in ways other than
direct funding as is discussed later.

Much larger differences in funding patterns appear when
-one examines industrial R&D performance. Appendix table
1-8 shows fiat Japanese industry supports essentially all
of its resealLo with:its own funds. Over three-fourths of
West Germany's industrial R&D funds are provided by

37See the chapter on Support for U.S. Research and Development for
further discussion..
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industry itself. In the United Stales, the pattern has seen
quite different. In 1070. the United States had the lowest
ocii en Lige of industry- funded R&D investment of all of
these countries. By 1c70, U.S. industry had increased its
share of industrial R&D funding to o7 percent, nearly as
great as the French industry's 71 percent support of its
own research.38.

U.S. Government support of industrial R&D has been
significant. The U.S. and United Kingdom Cavernments
both have major contracts with aerospace and electronics
industries to support their substantial defense and aerospace
pro;:rants. The Government-financed portion of indust, ial
R&I) declined during the late 1970's to 30 percent in both
countries. but these trend:, are expected to reverse as defense
spending expands.39 The French Government's industrial
R&D support is heavy in defense area as well."

Government funding patterns can affect the R&D intensity
uI industries and the concentration of R&D by industries.
One measure of R&D intensity is the ratio of total industrial
expenditures for research and development to the domestic
industrial product (DPI).`" Appendix table 1-9 shows that
the United States and West Germany have the highest
ratios of industrial R &D to DPI at about 1,9 percent. France
and Japan have the lowest ratios (1.4 percent). West Germany
and Japan are the only countries in this group to increase
their industrial R&D intensity over 'the period..

The above ratios include large governmental support
for industrial R&D by the United States and the United
Kingdom,. When public funding is factored out, and
industry's own funds are examined, the United States has
a lower industrial R&D-intensity ratio (1.3 percent ) than
does Japan (1.4 percent) or West Germaiiy (1.6 percent)."

Another way to.compare a nation's industrial R&D 'effort
is to examine industries in which the R&D is concentrated.
Appendix table 1-10 shows that in 1979 about 70 percent
of U.S. private industrial R&D is concentrated in those
industries whi,..h i't ter R&D-intensive."
West tcrmany has a slightly higher percentage of its
industrial R&D is in these selected industries. Japan has
the lowest proportion of industrial R&D in these. selected
industries as a whole. Looking at specific industries, the
highest proportion of Japanese industrial R&D is in elec-
trical and electronics industries (23 percent) followed by
the chemical industries (2,.: percent). More than one-quarter
of West German industrial R&D is in each of these two
industrial groups. In the United States, industrial R&D 'is
more evenly spread across these R&D-intensive industry
groups, and a larger percentage is financed by-industry
itself in the aerospace industries (9 percent) and computer

"See ref. 2; p. vii. Also see ,..ne chapter on Industrial Science and
Tech I .stogy.

"Sae ref. , p.50.
"See ref.]. p...65-57.
4iResearch and development as a percentage of sales or as a percentage

of value added are also of ten used as measures of R&D intensity. Domestic
industrial product (DPI) is the value added measure used by the Organi-
sation for Economic Co-operation and Development. DPI is the sum of

. the value added of resident producers in industry.
-

"See ref.], p. 47.
"The indtries shown in appendix table 1-10 have an average of 25

engaged in R&D per 1,000 employees and total R&D funding
amounting to at least 3.5 percent of net sales. See the section on tech-
nology transfer and trade of this chapter for a more complete discussion
of the topic:
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industries (12 percent) than in any of the other countries
c,..a;,,tir,ed here.

If Government support for industrial R&D is included
(see appendix table 1-11), the United States has the highest,
percentage of total R &D in -these selected industries (75
percut) followed by the United Kingdom (73. percent).
In fact, about 70 to 75 percent of all industrial R&D is
performed in these industries in fourof the five countries ,
examined. japan's proportion was trytch lower at 55 percent
largely bt-cause it has a negligible industrial effort in
aerospace. Inclusion of Government-financed industrial
R&D raises the U.S. aerospace R&D concentration to 21
percent, higher than any other industry gvoup.

In. addition to direct funding, Government can support
(or discourage) R&D in a myriad of ways, such as tax
incentives ,44 fiscal and monetary policies affecting interest
rates and the availability of capital, regulatory policies,
procurement practices, patent policies, and antitrust policies.
General economic policies aimed at reducing inflation, or
unemployment can have an important impact on the amount
of industrial R&D conducted.

The U.S. Economic Recovery Tax Act of 1981 was
intended to revitalize American industry and general
economic conditions and to provide incentives for private
R&D investments. For instance, a new 25 percent tax credit
on incremental R&D expenditures was implemented to
encourage greater industrial R&D expenditures."

In Japan, the Government provides tax exemption for
extensive R&D investments and for income derived from
technology export, as well as low interest loans for R&D
investments. Extensive, interaction exists between the
Japanese Government, banks, and industries."

Another technique that the Japanese GovernMent has
used to stimulate innovation minsorShip of research
consortia which bri.'n I "T private:sector
scientists researclwi from lival companies) to
concentrate on a particular high priority effort. An important
example is the Very Large Scale Integration (VLSI) project
undertaken between 1976 and 1980 at an estimated budget
of about $360 million (70 percent financed by the Gov-
ernment) over 4 years.".

In West Germany, there is also a high level of cooperation
between industry and the Government in an effort to reduce
R&D costs for private firms and to encourage innovation
in:certain priority areas. For instance, interest-free forgivable
loans for up to 50 percent of the commercial development..
costs are provided by the Government for certain promising:,
new technologies.48 These types of policy measures may
be as effective in stimulating R &D and innovation in
industry as direct Government support."

"Countries differ greatly in their tax provisions related to R&D and
innovation. For a detailed comparison, see ref. 2o.

"See ref. lo, p. 34.
"See ref. 27, pp. 140-152.
"See ref. 34, pp, 34-30.
"See ref. 25.
"See refs. 20, 30, 31, and 33. Between 1070 and 1977, Britain attempted' .

to orient government-sponsored civilian R&D to meet/national needs,
but the effort has not been a total success. This experience points out the
difficulties a government has in identifying, communicating, and imple-
menting the best plan for industrial R&D. Also see ref. 32.



OUTPUTS OF R&D

It is difficult to quantify the results of R&D, much less
its value to the economy or to the society as a whole. Two
frequently used output measures of R&D efforts are scientific
and technical, literature and patents. In this section, the
U.S. position in world science is measured in terms of the
number and relative influence of U.S. scientific and technical
articles. U.S. and Foreign patenting trends are examined as
indicators of inventive activity,

Scientific Literature

Scientific literature is one of the major direct outputs of
research. '..4cientific and technical findings are generally
published in proliessional journals and thus add to the
body of world scieiltific knowledge since scientists and
engineers of all countries generally have access to this body of
knowledge. The findings may stimulate further research
or be used in a variety of, practical applications in other
fields, many of which are..unanticipated at the time of the
original research. Thus, publicationS can L,;., considered an
intermediate output as well as a final output of research.

Publication counts have long been accepted as output
indicators of scientific .1'tivity," although they do not indicate
the importance of individual publications. However, there
are several liMitatiOns in using publication counts for
international comparisons. National publication charac-
teristics may be affected by the number of journals published
in that country or language or by editorial practices such
as space availability within each journal and publication
cost policies. However, since about three-fourths of the
".;lerature i;(1. .mted in the indicators below was published in
journals of countries other than the authors' own,5'
differences in countries' publication characteristics should

5°An early but important discussion of the use of publications as
output indicators can be found in ref. 35. Also see ref. 3o.

" author s country is determined by the location of the author's
organization. and a journal's country is defined as the country where it is
published.

have little impact on international scientific literature
indicators, as a whole. This section presents literature
indicators based on a set of over 2,100 highly cited or
influential scientific and technical journals." Even though
there may be differences in the theoretical or practical
importance of individual articles, critical review prior to
their publication in these influential journals helps to ensure a
standard of quality and significance."

U.S. scientists and engineers are re' pons'ible fur a large
portion of the world's scientific literature-37 percent for
all eight fields together (clinical medicine, biomedicine,
biology, chemistry, physics, earth and space sciences,
engineering and technology, and mathematics) in 1980.
Table 1-2 shows that the highest U.S.-.share in 1980 was in
the field of clinical medicine (43 percent), and the lowest in
chemistry (21 percent).

The U.S. proportion of the world's most influential S/T
literature in all fields combined declined slightly from 1973 to
1980, and dropped in six out of eight of the individual
fields. Mathematics experienced the largest declines, both
in terms of shares and actual numbers. The-U.S. share of
mathematic's literature went from 48 percent in 1973 to 40
percent in 1978 whore it remained through 1980, and the
number of U.S.'matnematics articles decreased 36 percent
over the 7-year period, whereas .non-U.S. articles in this
field dropped only23 percent. The number of U.S. engi-.
neering 'and technology publications.alSo declined--9

data base is deYeloped from the Science Citation fnilex (SCI)
Lurporate Tapes of the In .titute for Scientific Informatet n. (Or journals
published in the industri,, !iced nations, the SC1 appears to' be, a fairly ..

well-balanced data base ft -4 the core of physical and biolo leariciences,
but there are still differences in national coverage of fielai'especially
for countries with non-Roman alphabets such as the Soviet Union, (see
ref. 37 and ref. 36). .

"Thi.. set of journals examined has been' held constant for the period
1073-1080 in order to facilitate more valid longitudinal comparisons. The
growth of publications in journals that have appeared since 1973 (or
whit h are not considered -influential,- as the term is used here) is not
reflected in the indicators. Even when an expanded set of journals is
examined. the U.S. share remains about the same-30 percent compared
with 37 percent for the' I ixed journal set.

Table 1-2. U.S. propOrtion of the world's SIT articles' by field: 1973180

..........

Field2
. ,

All fields
CliniCal medicine ..`....i.,..
Biomedicine . .

)q

Biology
CheMistry
Physics
Earth and spice sciences., _

Engineering and technology
Mathematics:.. .. . .... ,.;.: . '.- ..

(Percent) "::.

1973 . 1975 1977 i 1978
- .

"- 1979 1F 1980

-, =

'38
43:-
39
46
23
33
47 -
42
48 .'

; 37
, 43
39
45
22,
32'(,
44,'
41
44 ,

'37 (
43 ,

, 39
42 '
22
30 ,
45

' 4o
41,

,-

'
'

_

' 38
43
39
'42
;21

31

45
39
40

.- 37 "" 37
`43 '43

. ; =-40 , '40,
L-----=-43 '.' '": 42, ,

. _21 ---,'_$,21
, , 30 ,, ' 30

, 45 42
. : Al , 39

, . 40 , ' 40

1 Based on the articles notes,and reviews ki over 2,100 of the 10Am:cleft, journals carried on the 1973 Science CitatIon Index
Corporate Tapes of the Institutc,for Scientific Information.

2 See appendix table 1-13 for e deSMOtittin of the it:bre:tide included, in :vese
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percent-compared with 22 percent for the rest of the /yorld
and the U.S. proportion Of publications in this field dropped
fr,int 41 percent in 107, to 39 percent in 1980. .

The number of U.S. publications in biomedicine. increased
0 percent, helping to make biomedicine the only field in
which the U.S. annual share of publications actually rose
ovi.;r the 1073-1080 period. The category of biomedicine
inr.ludes such fast growing fields as genetics, physiology,
biomedical engineering, cell biology, biochemistry, and
microbiology." 'Hie number of U.S. articles published I 11
the field of clinical medicine rose o percent over the
1073-1080 period, but because publications from the rest
of the world also rose by about the same amount, the U.S.
share of literature in clinical medicine. remained at 43 percent.
I he fields of biomedicine and clinical medicine represent
mole than half of all the articles in this scientific literature
data base and so helped to support the overall U.S. share,
despite declines in the number of U.S. articles in the other six
fields. In contrast, the number of non-U.S. articles increased
inutile 7-year period in six of the eight fields, declining
only in matlynatics, and engineering and technology.

Science is a cumulative endeavor, with scientific progress
building on previous research.55 One of the ways that Si 's
acknowledge the contribution of former research and seek
to ek,,,lentiate or support their own findings is through
e king previous publications. Under the assumption that
the most significant literature will be' more frequently Cited
than routine literature., citation indicators are used to measure
the influence and quality of research. Some articles may be
cited for purposes of criticisms. but these are definitely a
minority. Other articles may not be readily available and
therefore infrequently cited. This situation is generally not
the case for the publications in the journal set examined in
this report.56

U.S. author:, are responsible for a large portion of the
worild"s influential scientific literature, and it is therefore
more likely that U.S. science and technology literature would
he widely used and highly cited throughout the world.
Table 1-3 presents citation ratios for U.S. articles adjusted
for the size of the' literature base; a ratio greater than 1.00
represents more citation and influence than could be
expected.57 By this measure, U.S. scientific and technical
literature is -di-s-prop-ortionally-influential,-being cited 45
percent more than could be expected. In fact, in each of
the eight S/E fields examined, U.S. \literature.published in
197858 was cited more frequently. than could Se explained
by the size of the U.S. literature bilse. U.S. chemistry and
physics articles were particularly highly cited (88 percent
and 57 perCent; respectively. above wh.kt could be expected).

Even when U.S. scientists.' and engineers' usage of their
own literature is factored out, three fields are more influential

"Appendix table 1-13 lists all the subfields.associated with each of
these fields and shows the number of U.S. and world articles in each.

"See the chapter on Advances in Science and Engineering for a
description of selected significant scientific achievements that offer
interesting examples of how science evolves.

"See refs. 37 and 35..
"Citation counts are taken from publications after the year being cited.

Publication counts are those of the cited year through 1980. The relative
citation ratio is derived as follows, for each major field separately: U.S.
citations AS a percentage of all citations 'to a given year divided by U.S.
publications as a percentage of all publications of the cited year.

"1078 is the latest year for which reliable subsequent citation ratio
patterns can he determined.
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Table 1-3. Relative citation ratios' for U.S. articles= by
-. field: 1973 and 1978

Field3 1973 1978

World citations to U.S.:
All fields . . 1.40 1.45

Clinical medicine 1.35 1.39
Biomedicine , . 1,42 1,36
Biology 1.07 1.09

Chemistry 1.66 1,88

Physics 1 53 1,57
Earth and space sciences 11.b9 1.46

Engineering and technology 1.28 1.33
Mathematics 1.23 1.37

NonU.S. citations to U.S,..
All fields 1.01 .96

Clinical medicine ..99 .98
Biomedicine 1.07 .90
Biology .67 .57

Chemistry 1.17 1.25
Physics . ... ,,, 1.1#. 1,04

EttrO 8*40°684,Gionotti . 1.06 1.11

Englotiering and technolclgy
Mathematics ........ ........,

\
.. .. \

.88

.85
.79
.90

I A citatiOn ratio' of 1.00 reflects no Over? or -citing of the U.S. waentifle.and technical :
. ,

literature. whereas a higher ratio indicates. greater influence, impact or utility than would
have been expected born the number 01 U.S. reticles for that year. For sample. the U.S..
chemistry Ntwature for 1973 received 66 percent more citations hem the world literature.;:.
01 later years than could be actounted by the, U.S. share Of the Worlds chemistry

2 Based on the sniciei. notes and In over 2.100 of the influential Journal' carried
on the 1973 Science Citation Index Corporate lapel of the Institute for Schntific Infor .
minion. For the size of this data base, tee. Appendix table 1.12. . ....? .-.: .

,
__'

3 See apPerodix table 113. for a description 01 the flubneidS included In Wear holds.
, .. .

See appendix table 1.11. I
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than could be expected from the size of the U.S. share of
the world's literature. In seven of eight fields, U.S. literature is
more highly cited than 'other nations' S/T literature when
self citation rates are discounted. U.S. literature in chemistry
is still the most highly cited of all the S/E fields examined
here, followed by earth and space sciences and physics.

Over the 1Q73 -1978 period, non-U.S. citations of .U.S.
literature increased in three fields-chemistry, earth and
space sciences, and mathematics -hut decreased overall and in
four indilvidual fields- biomedicine. biology, physics, and
engineering and technology. The largest decline in citations
occurred in the field of biology. which was already the
least influential field in U.S. research !iterature according
to this measure. U.S. biology (in contrast to biomedicine)
articles appearing in 1978 have been cited by non-U.S.
authors only a little more than half as much as what could
be expected from the size of the U.S. body of literature
in biology.

Foreign Patenting in the United States
Patent data can be used as output indicators of inventive

activity. Although there are some limitations there are'many
advantages in using patent data: they are available for
many different countries, at very disaggregated levels of
detail, and for extended periods of time. Numerous studies
support their value as output indicators.59

"See refs. 30, 40. 4 1. and 110.



Because patents represent a stage in the innovation process
prior to engineering design production and market intro-
duction, patent data are thought to indicate inventive activity.
Patent dttia do not reflect total inventive activity because
not all Ilf,W ideas or inventions are patented or patentable,
and those inventions that are do not necessarily reflect the
same level of technical or economic value. Patent laws and
practices vary from country to country, but patent laws,
perhart more than any other laws, have been harmonized
internationally." Foreign-origin patents within a given
country represent approximately the same degree of orig-
inality as domestic patents because they pass through the
some screening process and must meet the same requirements
ot novelty. In fact, foreign-origin patents may be more
signit leant than the average patent in terms of technical or
economic value ot the invention, since an invention that
seems to have little technical or commercial value would
generally not merit the expense and time required for
international patenting. V-liere is some evidence that foreign
patenting also can be an indicator of market interest as
well as of inventive ac tivity.6' The indicators presented
here generally foc as on foreign patenting activities in the
United States and U.S. patenting activities broad.

'Figure 1-7 shows that since 1071 U.S. domestic patenting
has decreased by about 40 percent. Foreign patenting in
the United States increased between 1971 and 1974, but
has remained relatively level since. Most of this increase in
foreign patenting can be attributed to Japanese inventors:
the number-of Japanese - origin patents granted by the United
States has, steadily increased and more than doubled from
l97t to 1082. West German patenting in the United States
increased through the mid-1, 70's and has been somewhat
level since. In 1082, over half of all foreign-origin patents
granted by the United States went to inventors from Japan
(34 percent) and West Germany (23 percent). Foreign-origin
patents now constitute over 40 percent of all U.S. patents,
compared with 20 percent a decade ago.

The use of trade secrets as alternatives to patenting may
have increased in the United States, but for obvious reasons it
is impossible to count them. The propensity, to use patents
or to use trade secrets differs among industries, firms, and
inventions. The propenSity to patent is highest it. :ndustries,
such as the drug industry, where technical advances can
be easily copied by competitors, and lowest where they are
technically difficult to imitate or where technological
advances occur very, rapidly. Therefore, one would expect
that trends in patenting activity would vary among industries
and product fields. However, this does not seem to be the

---case._Patenting activity by U.S. inventors has decreased in
almost all prOdirCt fields,"and therefore the U.S. drop in
patenting may actuallj., indicate a decrease in the production
rate of U.S. inventions rather than being primarily attribut-
able to increased use of trade secrets.

Many other countries also have experienced a decline in
their domestic patenting, particularly France and the United

60A recent investigation of the causes: of patenting activity abroad
found that tlifferems in patent laws were not a significant factor influ-
encing foreign patenting. See ref. o.

"Sue tel. 42.
"Declines occurred in most product fields. Clear increases in patenting

activity occurred only in the product fields of chugs and medicines,
plastics, and agrit Littoral chemicals. Soaps and perfume and engines and
turbines registered some growth over the period.
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Figure

U.S. patents granted to inventors from selected countries
by data of grant and nationality of inventor

(Thousands)

80

75

70

35

60

55

50

45

40

35

30

25

20

15

5

All U.S.
patents

To all U.S.
inventors

% / ,.. '\ "4/ ......,
N..v

To all
foreign inventors

United

West Kingdom

Germany

I .:Arrre"1
1214."142VINPg'-i iniadid;

4966 ' BB , 70 '--- 72 , 1:74

France

NOTE. The schist timber, of U.S. pitenle Issued
..

19T9 v i a s i d l t e i y K i v cIN to licit ol,

NM, to Printing approved patents, , , g,,=";'' :L 2,;'..,

,Srs'appendlitablet15 --:. ''' Sctenceindlistoni1082,,r

Kingdom. In sharp contrast, domestic patenting has increased
over 70 percent in Japan between 1971 and 1977 and in
West Germany rose 40 percent from 1971 to 1978. Since
the late 1070's, domestic patenting has leveled off or
decreased in these two countries. (See appendix table 1-18.)

Studies show that there is a significant correlation betWeen
foreign patenting activity in the United Siam; by selected
OECD countries and industrial R&D in those same countries.
The correlations are especially high for the manufacturing
sector as a whole, and for the chemical, electrical and
electronic, and nonelectrical machinery industries. High
correlations have also been found between export shares
of 10 OECD countries and their patenting activity in the
United States, particularly in chemicals, capital goods, and
durable consumer goods. This suggests that inventive activity
is an important element in international competitiveness.

The propensity to patent in another country is th Jught
to be related to the perceived market potential ci that
country.65 Foreign patenting activity in the United States
is probably influenced by certain attractive characteristics
of the U.S. patent and market system. U.5. patents provide

,
protectioU for the introduction of a new technology or

"See ref. 43.
6'l7icerc4.44.
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product into the large homogeneous U.S. market. Howdver, a
recent study comparing doir:estic patenting activity with
foreign patenting activity across 38 industrial sectot's in
the United Kingdom, Germany, France, and the Untied
States concluded that -market pull- or economic factors
were not the major factors influencing foreign patenting.
This conclusion was based on a close inter-industry
correlation between foreign and domestic patenting, together
with the close inter-country correlations between foreign
patenting and R&D investments discussed above,66

It coal be argued that both market pull and technology
push are strong forces influencing foreign patenting activity.
Perhaps economic promise is a strong determinant factor
of the level of foreign patenting in general, while tech-
nological inventiveness determines product areas in which
foreign patenting occurs.

Ir. the period 1970-1881, in each of four different product
fields, almost half of all U.S. patents granted were to foreign
inventors: drugs and medicines, primary metals, aircraft
and parts (inucting engines and turbines), and textile mill
products. (See table 1-4.) Foreign inventors were granted
40 percent or more of the U.S. patents in four additional
fields. Some of these foreign patents are assigned to U.S.
organizations -or,individuals. For example, although 49
percent of all U.S. patents in the field of drugs and medicines
are granted to foreign inventors, 14 percent of these
foreign-origin patents are actually owned by U.S. entities.
U.S. ownership of foreign-origin patents is significant in
die product fields of chemicals, drugs, communication
equipment, and petroleum and natural gas extractions. Many
of these are associated with industries in which there are
high levels of U.S. direct investment abroad. ft is x cry

Table 1-4. Percentage of total U.S. patents granted to
foreign invontors by product field: 1979-81 period.

Product field

Drugs and medicines
Primary metals
Aircraft and parts
Textile mill products
Chemicals. excluding drugs and medicines
Professional and scientific instruments
Nonelectrical machinery
Motor vehicles and other transportation
Communication equipment and electron'

components
Food and kindred products ........ ........
Electrical equipment except

communication equipment
Stone, clay, glass and concrete p ucts.

Foreign

U.S.-
owned
foreign'

49 14

49 4

49 3

48 8

44 12

42 6
42 4

42 3

.

Rubber and miscellaneous plastic Qrodutxs
Fabricated metal products
Petroleum and natural gas extraion and

petroleum refining

Patents with a foreign resident Inventor that are assigned to a U.S. organization, divided
by the total number of U.S. patents with foreign resident inventoc

SOURCE: Compiled fnem information in Office of Technology Miliistrient and Forecast
U.S: Patent and Trademark Office. indicators or the Patent Output of U.S. 1n-
Pushy. (1963-1981). June 1982
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"See ref . 14-17.

possible that U.S. research efforts abroad produced many
of these patented inventions and that they are produced '
by foreigners working for U.S. firms.

Appendix table 1-18 shows the number of U.S. patents
by product field granted to inventors from 15 countries.
At least one-half of all the foreign patenting in each major
product field is dominated by only three countriesusually
West Gerniany, Japan, and the United Kingdomand only
five countries are responsible for about three-fourths of all
the foreign-origin patents in each category. U.S. foreign-.
origin patents art also highly concentrated in terms of
product fields, with more than half (53 percent) in two
major product fieldsnonelectrical machinery and chemicals
(except drugs and medicines). This Pattern is similar to the
U.S. domestic patenting experience where 45 percent of all
domestic patents are granted in these same two fields.

In the early 1970's, West German inventors received the
largest number of U.S. patents granted to foreigners, and
were responsible for about one-fourth of all U.S. foreign-
origin patents. Japan surpassed West Germany in 1975 as
the foreign leader in the overall number of U.S. patents
granted to its inventors and by 1981 was the foreign leader
in IC of the 15 major product fields examined.

Figure 1-0 presents country concentrations of the foreign-
origin patents for selected fields in I 98I, Examination of .

recent foreigi: patenting activity in product fields often
associated with R&D-intensive industries highlights the
current dominance of Japanese inventors as the foreign
leaders in many of these important fields. Japanese inventors .

"' had over 40 percent of all U.S. foreign-origin patentS in
three of these fields.communication equipment; aircraft
and parts; and professional and scientific instrumentsand
37 percent in the field of electrical equipment. Although
these data are representative of only I year, they can be
used as leading indicators of country emphases. in these
technologically and economically important areas._The high
percentages of Japanese-originated patents in these product
fields, which are often associated with R&D-intensive
industries, parallels their penetration of the U.S. market."

Ilighly cited patents can be used as an indicator of
significant inventions. Recent research" has shown that
the commercial or technical importance of a patent is likely to
he related to the degree of citation by patent examiners of
subsequently issued patents. It was determined that a set
of important patents (underlying products which received
the Industrial Research and Development IR 100 award) ..
were cited two and one -half times more frequently on the
average than randomly selected patents. U.S. patents were -.
categorized in terms of the number of subsequent citations

weach received. This was an attempt to resolve the problem
of the inability of patent counts to differentiate betwen
significant patents and those which are not so important.,

Patents appearing in the most recent years would notv.:
have time to accumulate citations. Therefore, the most recent
year for which full patent citation data are feasible is 1977.
Examination of table 1-5 shows that in 1977, the U.S.-
proportion of highly cited patents was larger than foreign-
origin patents in the fields of ordnance (except missiles),.
primary' metals, and food 'and kindred products. U.S.
inventors also had a larger percentage of highly cited patents

14

6'See figure 1-10 in the R&D-intensive trade set. tion.
"See 'ref. 1 20.
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origin patents also were highly cited in most of. these product
fields, but by 1977 the percentage differences between
U.S. dormstit and for 'ign-origin patents had increased. In
fact, in 1977 the actual number of highly cited patents was
greater for foreign-origin patents in each of these fields
except railroad equipment, guided missiles, and professional
and scientific equipment.

U.S. Patenting Abroad

Figure I-9 shows that U.S. patenting activity in other
countries as well as in the United States has decreased over
the decade. From 1071 to 1981, U.S. patenting with Canada,
Japan, and the European Economic ComMunity declined
about 40 percent,69 Almost 60 percent of the decrease in
U.S. patenting activity abroad occurred in the United
Kingdom and Canada. U.S. inventors have received a large
portion of the patents granted to foreigners in many
countries, but in .1981, the U.S. share of foreign patents
granted was less than it was a decade earlier in each of the
countries examined except japan. (See-appendix table 1-18.)
OW the past 10 years, the U.S. proportion of foreign
ratents decreased from 45 percent to 32 percent in West
Germany, from 41 percent to 37 percent in the United
Kingdom, and from 32 percent to 28 percent in France.
Some of the decrease in U.S. patenting in Canada may
have, been caused by restrictions imposed on foreign

Canada

United Kingdom

......................... w
Japan West Germany

%
Other EEC Countries

.%

in chemicals and allied products and electrical and electronic
equipment. A greater percentage of foreign patents in 1977
were highly cited in the fields of engines and turbines,
aircraft and parts, professional and scientific instruments;
and transportation equipmentin particular, motor vehicles,
motorcycles, railroad equipment, and guided missiles and
space vehicles. In 1971 a greater-percentage of U.S. foreign-
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e9Comparable data for Italy are not available, and patents granted by
France are not included because of wide fluctuations in patents granted
to foreigners.
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Table 1-5. Percent of highly cited' U.S. patents by nationality of the Inventor,
kAC3 for selected product fields: 1971 and 1977

Product field

:971 ' 19772

U.S. Foreign U.S. Foreign

Food and kindred products' 17 12 21 18

Textile mill products 11 11 13 13

Chemicals and allied products
Chemicals, except drugs and medicines

..""
11

11

9
9

11

11

10.;
10

Drugs and medicines 12 15 17 16

Primary metals 12 15 23 16

Fabricated metal products 12 11 21 17

Machinery except electrical 11 9 20 20
Engines and turbines 11 14 9 17

Office computing and accounting
machines 13 8 13 11

Electrical ar.d electronic machinery.
equipment and supplies 15 15 13

Electrical equipment, except
communication equipment 12

12

9 13 11

Communication equipment and
. electronic components . 12 10 17 15

Transportation equipment 11 12 17 24
Motor vehicle and motor vehicle

equipment 11

,
12 10 18

Guided missiles and space vehicles
and parts , 11 10 14 20

Railroad equipment 12 17 15 17

Motorcycles, bicycles, and parts 13 17 15 20
Ordnance, except missiles , 12 16 13 3
Aircraft and parts 9 14 10 17

Professional and scientific instruments 14 10 13 14

1 Patents are ranked within each product field by the number of 'citations they receive from subsequent U.S. patents granted-.
in the period 1971-80. A citation threshold was determined, separately for each product field and time period. Only nose
patents above these thresholds were considered "highly cited."

. .

2 Patents appeanng in the most recent years would not have time to accumulate citations, ierefore, the most recent year for
which lull patent citation data are feasible is 1977.

SOURCE: Computer Horizons, Inc., unpublished data.

«impanie. hut the 12.S.,4hate of foreign patents (although
high) Jut lined from o,-;:terL ent in 1071 to 50 percent

HI ,'); . inventors were -responsible for about half of
all foreign.oriin patents in lapin. (This compares with
laponese inventors accounting for 32 percent of foreign-
origin patents it, the United States.) Fhese trends indicate
that U.S. inventors have reduced their foreign patenting t,i
41 g tcnt than have in.v-e-ntors in other nations.

changes in foreign patenting may be due to
many of the same tartars which affect domestic- patenting:
a dec tease in U.S. inventi-.fe activity, an inCreased propensity
to use trade secrets rather than patents to protect proprietary
information, or lower e\pectations of economic returns.
1 he Potent (. ()operation -treaty, which went into operation in
lune -might result in an increase in U.S. patenting

tivity in Europe as a whole. since it .simplified the filing
of potent applic ations on the same invention in different
countries. I he total effect of this treaty is vet to be seen.

Another possible factor al tecting U.S. patent trends abroad
is ill,- '-plead of multinational corporations (MNC's).
U.S.-based multinational companies may opt to patent first in
the Unged States of have their subsidiaries patent abroad.
In the lout! ( ase. the U.S. subsidiary would assume the
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nationality of the hint rountry and the patent would therefore
he registered as a domestic patent of thichs,:ountry. "i here.
has been an increase in the amount of R&D performed
abroad by U.S. companies and in the manufacture of new
products abroad by R&D-intensive U.S. subsidiaries. (See
the ne\ t section on technology transfer and particularly
table I -*and appendi% table 1-3o.)70 U.S. subsidiaries may
be patenting products of their R&D in the host country.

o what e. tent a subsidiary is controlled by its parent
company. the e\tent of national identity that can he ascribed,
to an MNC and its subsidiaries, and the ecimomic impacts
associated with MNC: operationS.,?re all difficult to determine.

Patenting by multinational corporations is also a factor
in U.S.-originated patents: Prior to 1y73, foreign direct
investment in the United States was growing at an average
rate of 01 ou nd o percent. but since then has been increasing at
an average annual rate of about 20 percent. V\ ith this
increase in foreign investment, more U.S. technology may
be controlled by foreign companies.

Lit. 1,10111,1 .1 I inn 011 ilk,VV ht,t t,i pploit a Patent der:rid, on the
.1/t ot liii h,tly,t) Itt.!ILut and tacit net .1:1, PP 21-21.
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Appendix table 1-1(.4 presents information on the U.S.
patenting activities of the five European and five Japanese
corporations with the greatest number of patents granted
in the United States during the period 19t,0-1150.71ThiS is
a select sample of MNC's and therefore is not necessarily
representative of all MNC's. Nonetheless, these companies (JO
represent -some' of the largest and most active IVINC's
terms of J.AS. patenting. The top five of these foreign
multinatioial corporations ( FMNC's) in terms of world
sales are also within the top six FMNC's in terms of U.S.
patenting. The FMNC patents discussed here include both
those patents assigned to wholly owned subsidiaries and
those patents assigned to affiliates of which the parent
controls more than 50 percent. Together, the 10 FMNC's
ktwn,or control on the average 4.7 percent of all U.S. patents
granted each year. This is quite a large percentage given
that these firms represeinlless.l(ian 0.3 percent of the O5,000
companies assigned patents in the United States since 1969.
About one out of eight U.S..foreign-origin patents is either
owned or controlled by these 10 FMNC's, which indicates
a concentration of foreign inventiveness.

Productivity and Technological Advances

it is difficult ro quantify the exact and unique contribution
of research and development to productiv:ty and economic
growth. Numerous conceptual and empirical problems are
involved', such as insufficient understanding of the process of
how researc:t is transformed into technological innovation
and its subsequent impact on the economy. Current
productivity measures and GNP accounting procedures do
not adequately reflect some factors that are direct beneficiaries
of R&D efforts, especially qualitative improvements such
as improved human health. Measured productivity growtli
also may seriously understate the contribution of a tech-
nological advance which leads to an improved quality or a
broader range of goods or services."

Although it is difficult to quantify Nact contribution, it
is generally :greed that investment in research and devel-
opment and in technological innovation hay positive effect
on productivity and economic growth. StaNdies that have
examined the impact of R&D at various levelsincluding
specific innovations, firms; industries, and the whole
economyconfirm that theqmtribution of R&D is important
and indicate that the rate OP return on R&D investment is
as high as or higher than the return on other types of
investment." Atte,be sante time, the state of the economy

"The follinvin from a special study by the Office of
Technology Assessment and Forecast. See ref. 47, pp. 35-4o.

"A recent study which measured the impact of R&D on commercial
an transportation Circumvented some of these problems in this specific
,111.,1 Only) by Colllp,Inng savings due to R &D expenditure:: with theeash
Iluw returns (nun alternative investments and by comparing the COST; of
opera ling a phantom fleet of older technology aircraft with the costs of
operating the actual fleet. The gains in domestic airline productivity in
one year alone 1107o) were found to he sufficient to pay nearly twice the
costs of all the aeronautical R&D performed in the United States from
I°23 to 107o. See'rel. 22.

731A. onomists disagree about the precise c tens of its contribution when
examining; the economy as a whole. in part because of the many factors
involved and their interrelationship le.g., R&D and capita! investment).
f or instance, John Kendrick, using total factor productivity, ...alculates
higher estimates of the contribution of organized R&D than does Zvi
Criliches or [lward Denison. See refs. 110, III, 112,113, 114, 115, and 7.

I
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also impacts on R&D. A slowdown in economic growth, as
well as lower profits, tends to discourage long-term invest-
ments such as those in R&D, while high productivity helps to
increase profits and fight inflation."

She United `;tales still maintains the highest overall
prodtictivity level in the world as figure 1-10 shows. While
countries such as Canada, France, and West Germany have
productivity levels close to that of the United States, Japan's
productivity level is 25 percent lower. However, the U.S.
advantage in prodtktivity is being reduced. A decade ago,
Japan's productivity level was almost 45 percent below
that of the United Statesrgid those of France and West
Germany were about 25 percent lower.

Productivity is commonly defined as output per worker
hour. This measure not only reflects_the labor input, but
also includes the contributions of technological advancement,
capital investment, level of output, capacity utilization,
energy use, and managerial skills.75

Figure 1-11 shows that over the past decade, the United
States has experienced slower productivity growtl than
almost any other industrialized country (Canada's pro-
durtivity growth was equally slow). From 1975 to 1982,
productivity in manufacturing industries in the United
States grew 11 percent, while productivity rose more than
four times faster in Japan, more than three times faster in
France, andtmore than twice as fast in both West Germany
and the United Kingdom..

Fliers 1-10

pOhlted gtates,. 100
p

40' 50 60 70 00-,illfj
West

Germany

Undid:
Kingdom;

, -

,Canada;

. .

'Output, based on InternatiOnal.price weight's to enable compartible cross Con

See appendix table 1.20. Science =1982

"See ruts. ',and 4.
'sbee 10. p. 2..
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slows own in U.S. productivity growth since 19%3
has undouheilly been affected by many factors; one
economist who carefully examined the U.S. productivity
slowdown found that no one factor was the major cause,"
while others have stressed the importance of R&D and
high rates of investment in plant and equipment in encourag-
ing economic growth and have concluded that low investment
rates have been a major source of the relatively poof U.S.
produc tivity growth performance."

Unless R&D results are utilized, they cannot effectively
influence economic growth. New capital investments often
embody new technologies and R&D advances and so are
presented here as an indication of the application of new
technology." Over the past decade, the United States has
spent proportionately less on capital investment than the

"bee ref: 1 I4. Some have blamed modern U.S. management principles
for the sluggish U.S. economic performance. See ref. 116, pp. b7 -77. For
comparison, see rel. 117, pp. 40-42.

"See ref. 113, pp. 122-147, and,refs. 12,13, and 14.
"bee ref. 8, pp. 1054-1055.
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five other major industrial countries examined. (See figure
1-12.) Nonresidential capital investment as a percent of
GNI' was 14.o percent in the United States (hiring the
period 1050-1981. In comparison, the Japanese capital
investment rate was almost twice that (24.6 percent).

Replacement of capital equipment is particularly important
for manufacturing industries if they want to utilize the
latest technological developments and maintain their
competitiveness. Age of equipment is an indicator of
obsolescence, with a 10-year age period frequently used as
a measure of machine utility. The percentage of machine
tools under 10 years old as of 1978 is presented below for
several countries and shows that the U.S. proportion of
newer machine tools was one of the smallest of any leading
industrialized nation:"

United States 31 percent
'Vest Germany 37 percent
France 37 percent
United Kingdom 39 percent
Italy 42 percent
Canada
Japan

47 percent
60 percent

What has sometimes,bcen referred to as the electronic
information revolution is rapidly changing the nature of
office and factory equipment and makes investment in
new technological advances increasingly important if an
industry or firm is to remain competitive. The Japanese
have coined the word -inechatronics,- which signifies

"See ref, 15, p. 121.



the application of electronics technology to mechanical
engineering."

There are various aspeL is of factory automation, and
some of the major components are: computer-aided design
(CAD) systems, numerically controlled machine tools, robots,
and,computerized information systems. These components
will he increasingly interconnected and integrated in the
future. All of the above technologies are under development
and are currently being used to increase productivity.

A recent report" on computer-aided manufacturing
(CAM) in Japan, Western Europe, and Eastern Europe
found that robotics is the rno.-3t rapidly developing system
component of computer-based automation in all three
regions, and that most of the governments surveyed were
investing heavily in national CAM projects. The diffusion
and adoption of eiectronic machinery has been rapid. Table
1-o shows the production of numerically controlled machine
tools, which are automated devices that can fabricate
components, and transport and assemble them following
computerized instructions. The United States had produced
the greatest number of units through 1976, but by 1979,
Japan had surpassed 1!-Ie U.S. production by almost a
factor of 2.

Although robots have been a subject of fascination for
many years, the robot is currently the subject of intensified
interest and is seen as a widely applicable tool. Robots
represent only one aspect of the general trend toward
computerized automation throughout industry which also
includes computer-aided design and computer-aided man-
ufacturing (CAD-CAM) and numerically controlled machine
tools and computerized information systems.

The Robot Institute of America defines a robot as a
reprogramable multifunctional manipulator designed to move
material, parts, tools, or specialized devices through variable
programed motions for the performance of a variety of
tasks. The Japanese concept is broader and includes manual
manipulators and fixed sequence machines:82 Many of the
_Japanese robots are of this simple or first generation type.
This difference in definitions can be a source of confusion
in quantitative analyses, but U.S. definitions are used here.

Table 1-6. Production of numerically controlled
machine tools: 1973-79

(number of units)

Year
United
States Japan France

1973 2,865 2,765 NA
1974 4,210 3,040 535
1975 4,136 2,182 612
1976 3,856 3,286 576
1977 4,482 5,436 574

.1978 5,688 7,336 867
1979 7,174 13,514 1,068

NA not avallbie.

SOURCE: David Redder. "The Etectronic Revolution in the Workplace." The OECD Ob-
server (March 1982). p. 19.

Science Indicators-1982

°°See ref. 19, p. 7.
"See ref. 118.

Sc"e ref. 15. p. 28.
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Much of the original research in robotics was done in
the United States, and many believe this country remains
the leader in robotics research." However, robotics research in
Europe and Japan is treated as crucial to national economic
development and' university robotics research is heavily
subsidized by their respective

While the United States has beenainajorributor to
basic research on robotics, Japan is clearly the current leader
in robot production and utilization. Figure 1-13 shows the
number of installed robots in selected countries throughout
the world. Japan is responsible for over half and the United
States for almost one-fifth of all of the robots excluding
mechanical transfer devices. In comparison, West Germany
acce nted for 5 percent and the United Kingdom and France
alr. ast 3 percent of all such robots in 1981. If mechanical
transfer devices are included in the comparison, Japan has
almost 40 percent of the world's installed robots while the
United States has one-fourth and Francs has'one-fifth of
the we Id's robot population."

In terms of future economic competitiveness, the im-
portance of robots is twofoldboth in developing and selling
the technology itself and in utilizing robots to produce
higher quality goods at lower prices.

In summary, the United States still maintains the highest
economy-wide levels of productivity, but ether countries
have been increasing their productivity at :aster rates. Many
factors affect economic growth and productivity, including
R&D investments, capital investments, and development

Figural-13

Number of robins' Installed In selected countries: 1981

1

(Thousands) '-

10 ' 20 . 30 40 , 50

United
States

West
Germany

. United

19.911dom

INNMechanicaltransfer
MM. devices

i 1 1 I I 1

Includes rireChanIcalireirefer devices (pick and place) except for the thilled Kingdom _-

Infai'Matiert on Iiiiii"M-Cogiiii holiraliitile ', : '..,', h, ''''''- ' . ''
See appendix table1.215 ..,- "" r- Sclenceinotratois --1982,

"See ref. 16, p. 24, and ref. 15, p. 17. The idea of industrial robots is
considered to have started by George C. Devol, an American, in 1954.

"See ref. 17, pp. 75-76.
"See ref. 18, p. 2.
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and utilization of new technologica advances. Although
the United States has one of the hi est levels of total
R&D investment, other countries have lug civilian R&D
and capital investment rates. The United States has taken
the lead in many advanced technologies, but in many cases
that lead has decreased. Other countriesparticularly
Japan are emerging as- leaders in specific areas or have
surpassed the United States in the production and use of
some advanced technologies.

INTERNATIONAL TECHNOLOGY
AND TRADE FLOWS

Over the past two decades, the U.S. trade performance
has benefited from trade in R&D-intensive products.
However, as -international technological and economic
competition has increased, concern has heightened over
the international transfer of industrial technology and the
impacts of this diffusion upon U.S.-based production and
industrial products." To shed light on technology trade
and transfer issues, this section deals with the extent and
direction of technology flows and channels of transfer insofar
as they ' been measured.

The proponents of increased restrictions on technology
transfer claim that the overall impact of such transfers on
!-he United States is negative and results in lost jobs and
market opportunities.87 The transfer of some technologies
to the Soviet Union, China, and Eatern Europe also is
thought to be detrimental to the U.S. national security and
strategic position." Those favoring less restricted transfer
of technology and trade argue that R&D-intensive products
are an important compiment of U.S. trade, that it is
impossible to restrict the flow of information and technology,
and that if the United States does not provide requested
services and products, other countries will gladly do so
and benefit from the sales."

At present. the magnitude and significance of technology /
transfer cannot he accurately assessed. Strictly defined,
technology has been transferred only if effectively applied
by the recipient." I however, because of the difficulties in
determining the actual utilization of the technology, measures
of what may be more properly termed technology and
in tor ma tion flows will sometimes he presented as indicators
ot technology transfer. While all the indicators in the
following discussion have limitations as measures of
technology transfer, considered together they can present
a picture of what is occurring in U.S. technology trade and
transfer transactions abroad.

Technological products and information can be transferred
or transmitted in a variety of ways. The unobstructed
ev-hange of scientific and technical literature is one of the
main channels of information transfer. Exchange of tech-
nological know-how through personal contactsincluding
training of, personnel, permanent or temporary immigration
and' emigration of scientists and engineers, and attendance

01- 33 0.; ond oo.
" ",ec rel.,. 07. 04, and 00.

thoroOgli are available on the topic of technology
tt on,t et to tommuni g ,,t7;ee refs. 100. 101, 102, 54, and 123.

"See ret,, 103. I 0-1,-,titd 014.
"..ive I el 105.
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at technical meetings and conferencesis another important
means of transfer.9' Embodied technology is exchanged in
the form of exported or imported godds and services which
can be used as intermediate products or imitated through
means of reverse e.'lgineering. A holder of a patent may
license the use of this proprietary information to another
party, or a firm may make a direct capital investment in
another country and transfer technology to its subsidiary.
This section of the report deals primarily with technology
flows related to foreign direct imrestment, licensing agree-
ments. and R&D-intensive trade, since these are the major
channels for the-transfer of U.S. industrial technology that
have been measured.

R&D-Intensive Trade

The United -States was the dominant world leader in
industrial technology for many years after World War II.
However, by the 1900's, other countries had displaced the
United States in many products. The composition of
American goods and services competitive on the world
market shifted toward capital goods and services embodying
significant investments in research and development. The
United States has a very high concentration of its manu-
factured exports in R&D-intensive areas.92

Although technology plays an important role in U.S.
trade," increased R&D expenditures by U.S. industries
will not guarantee 4n improved trade perfOrmance. In fact,
because industries aielinked economically, increased R&D in
one industry could improve the competitiveness of that
industry at the expense of another, either through direct
competition or by diverting capital andlabor and increasing
the price of certain common productiVe factors. However,
increased R&D in one industry often will have positive

ieffects on other industries in the form of technically
superior and more cost-effective inputs" as well as final
product improvements.

The U.S. trade in manufacturing products is examined
hereby products differentiated by levels of R&D investment.
An industry-based definition is used in which R&D-intensive
product fields are defined as those associated with industries
with above average R&D funding and employmentL-that
is, with an average of 25 or more scientists and engineers
engaged in R&D per Lopo employees and total R&D funding
amounting to at least :3.3' percent of net sales. The four
product groups that meet these criteria are chemicals and,
allied products, machinery (electrical and nonelectrical),
aircraft and missiles, <Ind professional and scientific instru-
ments.95 Not all products manufactured by an R&D-intenive
industry are .necessarily R&D-intensive products and
industries can. per fotim R&D 'in several different prOduct
fields. However, the fields considered here as R &D- intensive
are among the top in applied R&D expenditures; and from
SI percenttto 98 pecent of all U.S. research and develop-
ment performed in these product fields is conducted by the
industries that ma nOfacture these products."'

92See ref . se, p: a.
57 and

rel. 5o, pp, 24 -in/.
95see ref. 00, pp. ,23,135.
96$.e ref. pp. 50751.

the section of the chapter dealing with iriternational science and
Iii hnology cooperatimi.



Alternative definitions have been used to define R&D-
intensive industries or products, and they are sometimes
referred to as technology-intensive or high technology
products/industries. While some categories are more inclusive
or less inclusive than those identified here, the trends are
similar. regardless of which definitions are employed.97

The trade balance in R&D-intensive manufactured
products has been positive and growing over the past decade
as shown in figure 1 -1 4 . I t increased dramatically since
197'2. reaching 582.4 billion in 1980. This strong performance
has Iped the overall U.S. merchandise trade balance,
which has been negative since the mid-1970's (largely due

Figure 1-14

U.S. trade balance' In R&D Intensive and non-R&D-
Intensive manufactured product groups
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See appendix tabled 1.24'and 1-28. Science nericatora 1982

97 See refs. o2, 03, and b4 for a discussion of the various categories. A
recent study which presents another definition of technology-intensity
based on total expenditures for applied research and development-con-
cludes that the U.S. competitive position in "high technology" products
is-deteriorating. See ref. 1 24 . There is also evidence of this decrease in
appendix tables:- 1 -25 and. 1-29.
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to increased petroleum prices), and registered a deficit of
524.2 billion in 1980. Non-R&D-intensive manufactured
products have had a poor trade performance over the past
10 years. Between 1970 and 1978, the balance dropped
over 300 percent, but has shown some recovery since then,
reaching a deficit of $33.5 billion in 1980. Much of this
imbalance has been due to increases in imports of iron and
steel mill products and automobiles. The motor vehicles
and parts industry initially registered a positive balance,
but since 1967 has shown a deficit. There was some recovery
between 1973 and 1975, but since then the deficit in
automobiles has grown to $10.9 billion.98

Figure 1 -15 shows that machinery (both electrical and
nonelectrical v 'aich includes computers, consumer elec-
tronics, etc.) !..is been the major product group responsible
for. the trade surplus in R&D-intensive goods; machinery

Figure 1.15
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"Motor vehicle and parts are shown as a separate product group for
several reasons including the importance of this industry to the U.S.
economy and the large U.S. foreign investment abroad, by this induStry
which is germane to the question of technobrgy transfer.
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products are responsible for almost half of the balance and
constitute almost oo percent of the R&D-intensive exports.
Between lirs and 1080. the positive balance in machinery
inc reared percent. Most of this growth can be attributed to
large increases in exports of electronic computers, agricultural
tractors and parts, internal combustion engi-tes, and mining
and well-drilling machines." The trade surplus in scientific
and professional instruments has been on the rise since
1072, reaching 54.3 billion in 10::0three times its level in
the mid-1070s.

The United States has a positive trade balance in R&D-
intensive manufactured products with all its major trading
partners except Japan. Figure 1 -b shows that the surplus
is particularly high with developing countries, indicating that
the U.S. is transferring large amounts of embodied tech-
nology to these countries. Developing countries accounted
for over 40 percent of all U.S. exports, with machinery and
chemicals representing the largest product groups sold to
these countries.

Figure 1.16

U.S. trade balance' with selected nations for R&D-hatenslye
manufactured products
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1.

The R&D-intensive trade balance with Western Europe
as a whole is positive and reached S14.6 billica in 1980.
Over 30 percent of all R&D-intensive exports were to
Western Europe. Trade with West Germany in these
products has shown deficits in chemicals and machinery
products but the overall R&D-intensive trade balance was
positive in 1980_

The negative trade balance with Japan began to worsen
markedly in 1974. By 1978, the trade deficit in R&D-
intensive products was 55.7 billion-10 times what it had
been in 1974. The deficit subsequently has lessened
somewhat, and was 53.6 billion in 1980;

The United States is the principal exporter to Japan,
with chemicals and machinery representing 30 percent of
Japanese imports of U.S. goods.'" However, Japanese
imports from the U.S. have not grown as fast as Japanese
exports to the United States in machinery; particularly
telecommunications apparatus, consumer electronics and
office machines. The:United States has a positive trade
balance with Japan in chemicals, aircraft, and professional.
and scientific instruments.

U.S. technological strength is being challenged in a
number of areas by foreign firms. A recent study of U.S.
competitiveness in high technology industries concluded
that the economic health of the Nation depends on high
technology, and that a weakened position in technology
adversely affects national security.'"

AlthOugh the United States still has' the largest share
of world trade in R&D-intensive products, that share
has declined as is evidenced in figure 1-17. In the 1970's,
the United States was responsible for 23 percent of trade
in these products,'" but by 1980, the U.S. share was only
20 percent. Japan increased its export share from 10 per-
cent in 1970 to almost 15 percent in 1980. The export
shares of France and West Germany remained relatively
stable. In 1980, the West Germar share of world exports
in R &D- intensive products was roughly equal to that. of
the United States.

A recent study of U.S. trade competitiveness of these
products provided further evidence that since the mid-1970'S
the import share of U.S. consumption has risen.'" Appendix
table 1-29 shows that from 1.970 to 1980, U.S. market
shares declined in aircraft (12.9 percentage points), electronic
components (12.2 percentage points), and jet engines (8.4
percentage points). U.S. market shares in computers rose 4
percentage points, and consumer electronics held its own
and increased slightly.'" Japan achieved large gains and
France had small gains in market shares in. many of 'the
areas in which the U.S. experienced declines.

Concern has also heightened over national security
implications of technology transfer to communist countries."
The fear is not only that technology which is of direct
military application may he transferred, but that high
technology trade may help to improve civilian industries
which can serve as an 5/T infrastructure for future military
capabilities. In light of these concerns, several different

"Determined from data in ref. 50, pp. 7-11, and ref, 51, pp. 6-10 See
also ref. 40 for a discussion of semi-conductor trade.
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"°See ref. 52, pp. 82-88.
'''See ref, 55. '
'This includes automobiles.
'"5-ce'rer.1247Pp. 22-237
'"See ref. 55, pp. 2S-20.
"Sce ref. 53.

32



hearings and panels have been called todeal with the issues of
technology transfer, national security, and effects that
increased controls might have on the scientific community.'

U.S. exports of 'R&D-intensive manufactured products
to communist countries in Europe and Asia, while relatively
small, increased rapidly from 1968 to 1975 and reached a
level of 51.3 billion in 1980. Of course, the dollar amount
of the transfer does not necessarily equate with the value
to the recipient, particularly in this case, but it does provide
an indication that a significant amount of embodied
;.ethnology is being transferred to communist countries
via trade in R&D-intensive products. Exports to these
countries represent only 1 percent of total U.S. exports in
R&D-intensive manufactured goods. The largest portion
of these exportsports (45 percent) are in machinery. Chemicals
and allied products constitute almost 36 percent of the
R&D-intensive exports.

Appendix table 1-30 puts U.S. trade with these countries in
'Perspective by comparing Soviet imports of U.S. goods in
select product groups with those of other industrialized
countries. It demonstrates that Soviet imports of high-
technology products from the United States are smaller
than those from West Germany, France, or Japan (and
much smaller than their combined exports). One obvious
conclusion that can be drawn from this table is that while
U.S. exports to communist countries may be small, our

"lot eNample..-ee re., 71, The National Academy of Sciences and the
National AL adeinv of 1.ngineering recently released a report by an 18-

eNamined the issue of Government export controls
.on at. adenuL !escort. h, see tel. 123. A joint Department of Defense-
Univer,itv I or um has been c..tablis:hed to try to come to some agreement
whk h would balatue academic principles with national security needs.
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allies have been exporting a great deal more of these products
to the Soviets than has the United States and may be a
comparable source of similar products.

Royalties and Fees

Royalties are payments for the use of copyrights or
trademarks; licensing fees are charges for the use of a
patent or industrial process. Data on international trans-
actions in royalties and fees are frequently used as indicators
of the technology transfer. Data on receipts and payments
are often disaggregated between those transactions associated
with direct investment and those which are between
independent or unaffiliated organizations. Examples of direct
investment-related transactions are those between an
American company and its subsidiary abroad, or conversely,
payments to and receipts from a foreign parent by a U.S.
affiliate. The data presented here do not include charges
For film and tape rentals. This exclusion improves the value of
royalties and fees data as technology flow indicators.

U.S. transactions on royalties and fees are presented in
Figure 1-18 which demonstrates that in dollar terms the
United States sells,about nine times more technical know-
how than it buys through these channels. U.S. receipts
have steadily increasedmore than 190 percent over the
past 10 years and more than 70 percent since the mid-
1970's. In 1981 U.S. receipts for royalties and fees totaled
56.9 billion.

Examination of other industrialized countries' technological
balance of payments for royalties and fees shows that the
United States stands out as a net exporter of technology.



Appendix table 1-31 shows the ratios. of receipts to payments
(a ratio greater than 100 signifies a net exportation of
technical know-how) and points out that through these
channels. Japan. 1Vest Germany, and France have all been
net importers of technology. In France and Japan, the receipts
to payments ratios have steadily increased during the 1970's
indicating lessening dependence on imported technology.

,11.-est Germanys ratio has remained fairly steady; it is a
net importer in affiliated transactions and a net exporter in
unaffiliated transactions.'°' In 1980, payments were over
two times the receipts in West Germany and France and
about four times greater in Japan.

Japan is a net importer of technical information, par-
ticularly from North America, but exports such information
as well. Japan is transferring its technology largely (over
40 percent) to countries in the region of Southeast Asia.
However, among individual countries, the largest purchasers
of Japanese technical information are the United States
and the People's Republic of China, each representing about
14 percent of all Japanese receipts from royalties and fees.'°8

About SO percent of all U.S. royalties and fees receipts
come from U.S. subsidiaries abroad. (See appendix tables
1-33 and 1-34.) This concentration in technology transfers
related to direct investment. suggests-that U.S. companies
prefer to make transfers to affiliated companies where it is
possible to have more control over the use of their tech-
nologieS; thereby protecting their competitive edge.

Appendix table 1-32 shows that almost 70 percent of all
the U.S. direct investment-related transactions were in
manufacturing industries. One-fourth of these were in the
chemicals industries, and 28'percent were it; machinery
(including electrical machinery). Almost one-fifth of all
transfers of technical know-how in the chemical industry
were to subsidiaries in the United Kingdom, and 15 percent of
all nonelectrical machinery (including office machines)
transactions were with U.S. affiliates in Japan.

Over four-fifths of the purchasers of U.S. technical know-
how are from developed nations (see figure 1-19), most of
them in Europe. Developing countries received about 20
percent of all these technology transfers (predominately
going to U.S. subsidiaries).

Differences may occur in the economic impacts of
unaffiliated licensing agrecnvints. There is likely to be less
control over the utilization and dissemination of technology
transferred to an unaffiliated firm than to a subsidiary. In
the (-,..;st, Japan has purchased. U.S. technology primarily
through unaffiliated sources; in 1971, for example, over
70 perccnt of the U.S. transactions were with independent
Japanese firms. Since liberalization of Japanese laws
concerning foreign direct investment in the late 1900's and
early 1970'5;'" an increase in technology transfers between
foreign companies and their Japanese subsidiaries has
occurred. In .1981,- U,S.-receipts of loyalties and fees from
Japan were about equally divided between affiliated and
unaffiliated sources. However, the Japanese Government
still exercises a great deal of control over licensing agreements
and can cancel or modify a transaction if it is seen as
adverse to the domestic industries involved."°

' °'Sce ref. 0.5. p. 13.
"See ref . ettl, pp. 124.127.
'"bee ref. 70.
11°See ref. .135,, pp. 2o-2.
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See appendix table 1.33. Science tralicaters,032

Royalties and fees data are only rough and par tial,measures
of international technology flows for a variety of reasons.,
These data are a partial measure because much technology
passes across national border,. ;)0-.;: CII,, n-ls. For
example, trade in R&D-intensix products pro rides the
opportunity to facilitate uses of new technology by reverse
engineering such products or upgrading technical capabilities
by integrating high technology products into domestic
industrial processes. Some industrial technology transfers
may not be paid for separately if they are part of a larger
transaction or operation.

The charge for proprietary knowledge indirect investment-
related transactionswhich account for 80 percent of the
total receipts in the United Statesis likely to be influenced by
corporate decisions in addition to a determination of the
actual value of the technology concerned, for instance, tax
considerations and interest in entering foreign markets. -

Unaffiliated transfers may underrepresent the true value of
the technology transferred because receipts and payments
data donut reflect other mean's of augmenting the price of
the technology, such as tie-in sales, agreements to purchase
immediate goods from the licensing firms, or exchange of
rights to other technologies or technical assistance.'"

"'Sec ret.



Independent firms may also undervalue their proprietary
knowledge to be competitive.

Several other limitations to the U.S. data should be
mentioned. The royalties and fees data include payments
for access to trademarks. These payments do not directly
involve technology, but cannot be separately identified
from the other payments. However, because trademark
rights are usually tied to quality control restrictions on
production processes, these rights are indirectly linked to
technology. Trademark rights may also be another way of
charging for the value of a firm's technical know-how.

Some limitations of the royalties and fees data discussed
here tend to overestimate the value of the technology
transferred, while others tend to underestimate the value;
it is difficult to say where the balance lies. The data do
clarify that the United States is a net exporter of technological
information, and that the majority of technology transfer
transactions are between parent companies and their affiliates.
Further, many of the transfers seem to be in the machinery
and chemicals and allied products industries. Examining
other indicators of technology flcwsall of which show
that the United States is a net exporter of technological
information and productsreinforces the basic trends
represented by the royalties and fees data.

Direct Investment Abroad

Another method of transferring technology is by estab-
lishing overseas subsidiaries. Many corporations have become
multinational to exploit a technological lead in other
countries, or because foreign import restrictions make,the
establishment of overseas production facilities the only
viable alternative for a foreign firm to introduce its product.
Although it is difficult to determine precisely how much
technology is transferred through direct investment activities
abroad, multinational firms do transfer large amounts of
technology in a variety of ways. These firms train technicians'
and managers, communicate information and capabilities
to engineers and technicians, help client companies use
their products more effectively, and assist suppliers in
upgrading their tech nologies."2

The extent of direct investment abroad affects the amount
and value of licensing agreements"3 and the amount of
U.S. research and development performed abroad. The
production of technology7intensive products abroad has
also increased with the grOwth ofU.S7foreign direct
investment. Studies show there has been a marked speedup in
the spread of foreign production of new products by U.S.
subsidiaries. Appendix table 1-36 shows that R&D-intensive
firms appeared to be moving the production of their new
products abroad at a faster rate than firms with lower
R&D intensities.

U.S. direct investment abroad in manufacturing industries
has grown ali.iost percent in the last 5 years, reaching
$92.5 billion in 1981. (See appendix table 1-37.) This amount
is not a direct measure of technology transferred but is
representative of the level of U.S. investment abroad and
is indicative of the presence of a positive environment for
the, transfer of U.S. technology. Almost half of all U.S.
direct investment in manufacturing occurs in the machinery

":See ref. 89.
"'The ratio of the former to the latter was a stable 5 to 6 percent during

1007-1q8l. See appendix tables 1-34 and 1-37.
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(26 percent) and chemicals (22 percent) industries. Most
of this investment (almost 80 percent) is in industrialized
countries, particularly in Canada, France, and the United
Kingdom.

U.S. R&D Performed Abroad. U.S. companies are per-
forming an increasing amount of R&D abroad and in the
process may be transferring technical know-how. Table
1 -7 shows that since 1975, R&D conducted by U.S. sub-
sidiaries has more than doubled and in 1981 totaled S3.2
billion; this is equal to 9 percent of total U.S. company
funds. In 1979, R&D expenditures performed abroad
increased 25 percentthe largest increase since 1975.
However, between 1980 and 1981 the overall amount of
R&D performed abroad dropped 25 percent; largely due
to a decrease in the amount of transportation R&D conducted
overseas. Even so, the largest increase in terms of R&D
dollars spent abroad over the period 1975 to 1981 was in
the tra-_sportation industry, followed by the chemicals and
allied products and electrical equipment industries. In 1981.
more than half of all U.S_ research and development
performed abroad was in the machinery, chemicals, and
electrical equipment industries. The transportation industry
alone was responsible for almost 30 percent of the total
R&D performed by U.S. affiliates. Much of these expend-
itures are actually for development projects to tailor products
to local needs and markets.

Foreign R&D Performed in the United States

Foreign direct investment (FD1) in the United States
increased substantially in the 1970's. During 1973-1979,
the United States attracted over 30 percent of the total new
FC'l activity compared with only 3 percent throughout-
most of the 1960's."4 Research and development performed
by foreign affiliates in the United States has grown along
with the increased U.S. role as a host country to FDI. From
1974 to 1979, R&D expenditures by foreign subsidiaries
in the United States increased by almost 90 percent, exceeding
$1.5 billion. (See table 1-8.) This is more than half the
amount of R performed abroad by U.S. companies.
Almost 80 percent of all the foreign R&D was in manufac-
turing industries, and almost half was in chemicals aid
allied products.

Does foreign investment in the United States result in
an outflow of U.S. technology? Foreign firms have on
occasion-purchased -American companies andlhereby gained
access to U.S. technology, but studies"s have concluded
that, for the most part, foreign companies invest in the
United States to take advantage of the large, politically
unified, and stable mirket rather than merely to access
U.S. technology. Many foreign pharmaceutical companies--
have laboratories in the United States to conduct tests to
meet the Food and Drug Administration's regulations and
standards. In order to compete successfully in the U.S.
market, foreign firms usually introduce their most sophis-
ticated technologies and new management techniques."6

"See ref. 05, p. 18.
"'See ref. 65. pp. 17.19: ref. bb; and ref. 67..
"For example, electric and electronic equipment accounted for 20

percent of the number and 16 percent of the value of completed FDI
transactions. Many of these transactions were with United Kingdom and
Japanese companies. Leading Japanese semiconductor firms such as
Nippon Electric, Hitachi, Toshiba, Fujitsu. and Rohn have built plants in
the United States. See ref. 05. pp. 18-19.



Table 1-7. Company R & D performed abroad by foreign affiliates of U.S.
domestic companies by selected industry: 1975 and 1981

(U.S. dollars in millions)

industry 1975 1981
Percent
increase

Total $1,454 $3,157 117
Food and kindred products 23 66 187
Chemicals and allied products 269 651 142

Industrial and other chemicals 85 275 124
Drugs and medicines 184 376 104

Stone, clay and glass products 7 15 114

Primary metals 9 9
Fabricated metals C) 262 NA

Machinery 331 585 77
Electrical equipment 245 455 86

Electronic components 7 47 571

Transportation 412 893 117
Motor vehicles and other transportation

equipment 373 7912 112
Aircraft and missiles , 39 1022 161

Professional and scientific instruments 49 101 106
Other manufacturing industriei 105 147 40

Nonmanufacturing industries 4 12 200

Included in the other marutactlaing industries grt A.
2 Estimated.

NA rri thrir-e,'"
.

SOURCE: 'once Foundation. ReseartM and Development in lndusby. 1981, forthcoming.
Science Indicatort-1982

Table 1-8. R&D expenditures by U.$. affiliates of foreign companies:
1974 and 1979

(U.S. dollars in millions)

Industry of U.S. affiliate

(Expenditures . Percent
change1974 1979

Total $812__ $1,533 89
Petroleum 111 234 111

Wholesale trade 78 _ 53 32
Manufacturing 574 1,192 108

Food and kindred products NA 46 NA

OhemIcals-and_allied products NA 722 NA---
Primary metal industries NA 16 NA

Fabricated metal products NA 31 NA

Nonelectrical machinery NA 94 NA

Electrical and electronic equipment NA 148 NA

Other manufacturing NA 133 NA

Other industries 50 54 ---- 8

NA not available,

NOTE: Detail may not add to totals because of rounding.

, SOURCES: Department of Commerce, Foreign Direct Investment in the United States, Vol. 1, "Report of the Secretary of
Commerce to the Congress," 1978, p. 54; Ned 0. Howenstine, "Selected Data on the Operations 01 U.S. Affiliates
of Foreign Companies. 1978 and 1979," Survey of Current Business (May 111111) p, 49.

Science Indicators-1982



Therefore. the United States probably receives a net
technology benefit from foreign investment_

IN SCIENTIFIC COOPERATION

While the United States remains strong in many areas
of research. it is no longer the undisputed leader in every
field."' Other countries have expanded and strengthened
their science and technical capabilities as is evident from
earlier sections of this chapter. Newly industrialized countries
such as Brazil, Mexico. Israel, and South Korea have also
significantly improved their capabilities in science and
technology. This situation offers the possibility of expanded
S/T cooperation."'

International scientific cooperation contributes to the
advancement of world science and diffusion of knowledge. It
can also lead to lower research costs, improved research
results. improved relations between countries, and greater
human understanding. The direct exchange of methods
and experimental results (e.g., through international meetings
and the conduct of collaborative research) can often act as
a synergistic impetus to domestic scientific research by
providing fresh outlooks and new perspectives. Despite
these advantages, there are possible drawbacks to interna-
tional scientific cooperation, including time delays due to
increased organizational complexities and decreased ability to
make independent decisions about the direction and goals
of the reseavfh.

International cooperative science includes activities such as
joint R&D projects and seminars or workshops, exchange
of scientists, joint commissions for scientific and technical
cooperation, and participation in international scientific
organizations. This section presents indicators of inter-
national scientific cooperative activities and interactions in
which the United States is involved.

There are various reasons to engage in and support
international scientific cooperation. The exchange of ideas
can be a fruitful stimulus to research."9 Often a particular
scientific phenomenon or problem which is of interest to
scientists of many countries is the impetus for international
scientific cooperation. An example of this type of project
is the Global Atmospheric Research Program (GARP), which
is one of the most comprehensive international efforts ever
mounted. It- entails international cooperation to explore
the world's weather and climate through computer modeling,
observational and experimental studies. Sometimes inter-
national cooperation focuses on a unique facility such as
CERN (the European Council for Nuclear Research), the
Gloinar Challenger, the U.S. deep sea drilling ship, or
National Astronomy Centers. These are also examples of
how.international cooperation can help to share the expenses
of unique facilities. This can be beneficial to the United

"'See ref. t'. pp. 52 53.
'111-or a more comprehensive statement by the National Science Board

on the importance and challenge of international SIT cooperation, see
ref. 126.

"°The value of personal contact with scientists of other countries has
been documented in interviews with approximately 50 senior scientists,
administrators, and government officials in visits to 12universities. 5 _
research institutes, and a number of foundations,.international research
organizations, and Government bureaus in Great Britain, Switzerland,
West Germany, and France. See ref. 89, pp. 193-213.
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States, as in the case of the Lawrence Livermore neutron
source facility. It cost 55 million to build in 1978. and only
half the facility has been in use because of a shortage of
operating funds The facility is now in full operation after
th? Japanese Government agreed to provide 52. million a
year for 5 years in return for access to the facility for
Japanese scientists.12°

International S/T cooperation can provide foreign solu-
tions to domestic problems or can help attack problems
that transcend national borders. The improvement of
international political relations are sometimes a reason for
undertaking international S/T cooperation."' The
normaliz'tion of relations with the People's Republic of
China (P.1?..C.) has been assisted by the promise and
fulfillment of scientific and technical cooperation. A protocol
was signed in December 1980 with China for cooperation
in a broad variety of S/T fields. An example of projects of
interest to both countries is the U.S.-P.R.C. Cooperative
Earthquake Research Program which encompasses joint
research activities on fundamental seismology, earthquake
prediction, earthquake engineering, urban planning and
design, and mitigation of societal hazards. On the other
hand, significant scientific relations can deteriorate as a
result of political situations as in the case of the Soviet
Union and Poland_

U.S. international S/T interaction can be sponsored or
performed by tilt Government, the private sector, academia,
or individual scientists. A sample of Government-Supported
S/T interactions can be useful in identifying regional and
field concentrations. A tabulation of National Science
Foundation research awards for cooperative projects with
foreign institutions or organizations'23 shows that collab-
orative efforts are most often with industrialized countries
(40 percent), closely followed by developing countries (30
percent). Regional projects, or those with a geographical
scope beyond individual countries, received 22 percent of
the awards, and collaborative projects with scientists from
socialist countries accounted for 9 percent of all awards.
Almost one-fourth of all NSF awards with international
implications are in the environmental sciences, over one -
fifth are in the life sciences, ..nd Io percent are in the
physical sciences.'24 Joint efforts have been made by the
U.S. Government and F-...ientific community to strengthen
the S/T infrastructure of developing nations. For example,
with the support of the Agency for International Develop-
ment (AID), the Board on Science and Technology for
International Development (BOSTID) has examined ways
to apply science and technology to development problems.
Through studies, overseas workshops, advisory teams, and
research grants, problems in areas such as agriculture,
environmental planning, energy, nutrition, and water supply
and quality have been addressed in over 35 countries in
Asia, Africa, and Latin America. Much of the private sector
collaboration is in the form of trade, royalties and fees

10See ref. 90, p. 1.
'"For an extensive discussion of how science and technology create

both opportunities and problems in the achievement of goals, see refs. 92
and 93.
___.'2_°_See ref. 94.. .....

"In 1980, NSF made a total of 567 such.grants which represented
about 5 percent of .!1 NSP awards granted in that year.

'See ref. 91.



transactions, or other activities discussed in the previous
section. For instance, the largest p..-7tion of U.S. exports of
R&D-intensive products is with developing countries and
U.S. transfer of technology to devAoping countries via
license agreements increased 200 percent over the past decade.
International academic science and technology interaction
is discussed below.

International ,Cooperaii,rn in Academia
U.S. universities and colleges have long been involved

in a variety of international S/T activities. One of academia's
main contributions is the education of foreign students.
Other contributions include cooperative R&D programs,
assistance in establishing or improving educational and
research capabilities., and developing curricula in areas of
special interest to developing countries.125

There were over 32o.000 foreign students enrolled in
U.S. universities and colleges in the academic year 1981-82.
This was almost two times the num1.-er of foreign students
studying in the United States in the n....d-1970's. The number
of foreign students in the higher education sector was only
a very small portion of the total enrollment, however,
representing only 2.6 percent of the total in 1981-82. Most
of the foreign students are from developing countriesover
32 pen-ent from Asia, 17 percent from Latin America, and
.13.percent from Africa. OPEC nations_ have been _training
increased numbers of students in the United States; these
nations represented 29 percent of all foreign students in
1081-62. Europeans represented only 9 percent of all foreign
students. The leading six countries in terms of students
enrolled in 1981-82 were Iran (15 percent), Taiwan and
Nigeria (o percent each), Canada (5 percent), and Japan
and Venezuela (.1percent each).126

More than.hai (51.5 percent) of all foreign students are
studying in scientific and technical fields and almost one-
fourth of the foreign students are in engineering. (See
figure 1-201 In 1981-82. there were almost two times the
number of foreign engineering students and two and one-
half time the number or foreign students in mathematics
and computer sciences than there were in the mid-1970's.
(bee appendix table 1-36.)

The past decade has seen an increasing number of foreign
students coming to t'e United States for graduate training.
Figure 1-21 shows the foreign proportion of doctoral degrees
conferred by field. In 1981, about 22 percent of the doctoral
degrees in science and engineering fields were awarded to
foreign students. In engineering, foreign students constituted
over half the graduating doctorates. Other fields with high
proportions of foreign students receiving doctoral degrees
were agriculture and forestry (38 percent) and mathematics
(3-4 percent). Over one-fourth of all the doctorate recipients
in coniriter sciences were foreign citizens.

Foreign citizens with temporary visas received at least
one out of five of the S/E doctorates awarded in 1981 in
each of more than 50 subspecialties. The largest shares
were in agricultural engineering (o6 percent) and fuel
technology /petroleum engineering (62 percent). Since many
of these students will presumably return to their home

""-wctef.61
ret.

28

Ftgurel-21
Doctoral -degrees awarded to foreign students as a percent et

el doctoral degrees from U.S. unlirersides by Bat

(Percent)
55

Eselessflog.
144110.41144. and
MOW *dam

(Perceia) .

50

45

35

25

:20

--

:10

67 71 ., 81,

Agriculture

Social
sciences..............

.
Nonscience

5 00.
Psychology

. 0
41959 83 67 ," 71; 75 81

sSeopoOnist; owe' 139,



countries, this is an indicator of U_S. technical assistance
and foreign citizens interest in advanced U.S. scientific
and technical training. Throughout the 1970"s, over half
the toreign students receiving S/E doctorates were from
the Middle East and Asia. In 1950, only 0.1 percent were
from the Soviet Union and the Eastern European countries, so
this does not appear to be a main source of technology
transfer to communist countries.'27

The short-term impact of foreign citizens on the S/E
doctorate labor force is small since many foreign students
return to their home countries but could be significant in
the future in some fields if present trends continue. About
10 percent of all foreign doctorate recipients in S/E fi4Ids
in 1970 planned to remain in the United States, and in
engineering fields one out of every three foreign doctorate
recipients planned to stay. If these patterns continue in the
1080 s, about one-sixth.of the U.S. doctorate engineering
labor force in 1090 could be foreign.'"

While foreign advanced science and technology training
in the United States has been increasing, U.S. students
have been going abroad less. For example, the number and
percent of U.S. doctorate recipients with plans to continue
their training abroad peaked a decade ago in 1971 and now
only constitutes about 1 percent.'" Graduate training abroad
is thought to be an important and broadening experience
which helps to integrate U.S. scientists and engineers into
the world scientific community and make them aware of

'important research being conducted els.ewhere.'" The decline
in the number of U.S. postdoctoral students going abroad
comes at a time when they, and therefore the United States,
could benefit from the use of improved scientific facilities
in Western Europe. It is also at a time when other countries
are strengthening their S/T capabilities in many areas, and
it is important to keep abreast of the latest developments
in research abroad. U.S. graduates are foregoing foreign
postdoctoral experience for a variety of reasons, undoubtedly
including tenure concerns, employment considerations, and
cost of living differences-13_1

Although study abroad or extended visits of 2 months
to 1 year are judged to be the most useful way to learn new
techniques and create future working relations, attendance
at international meetings is also useful for establishing
personal contacts, exchanging information, and obtaining
the latest research results."'

Foreign Visitors to U.S. Laboratories
U.S. laboratories play an important role in international

S/T cooperation. Results of a recent study of collaborative
research surveying 14 Government, academic, and industrial
laboratories are presented in table 1-9. The general conclusion
reached is that most laboratories have had either a'constant
flow or an increase in foreign visitors over the last 5 years.
Decreasc..-; were reported in only two casesone due to
cutbacks in accelerator operations."'

"'See ref. 83, pp. 13-18, and ref. 84.
"'See ref. 83.
'"See ref. 85.
"'See ref. 80.
"'See ref. 87, pp. 12-14.
"'Ste ref. 8o, pp. 5-7.
"'See ref. 88.
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The largest program for visit:ng scientists among the
laboratories surveyed was sponsored by the National
Institutes of Health (NIH), which in 1979 had 417 visiting
scientists, 163 guest workers, and 59 international re-
searchers, from Western Europe and Japan. Over 40
percent of the visitors were from Japan, and almost 20
percent were from the United Kingdom. West Germany
had a strong presence at the Jet Propulsion Laboratory,
Oak Ridge, and Argonne. France was strongly represented
at the Fermilab and Oak Ridge. Italy had a number of
scientists at Argonne and Fermilab. According to U.S_. sci-
entists, the most effective type of visit involves long-term
collaborative research between U.S. and foreign scientists.
The long-term visits provide several benefits to U.S. scien-
tists, including contact with fresh points of view, knowledge,
or techniques. In almost every case, the results of this col-
laborative research are jointly published journal articles
and specific plans for continued interaction, such as possible
exchange of graduate students, nlans for reciprocal visits,
and future exchange of data and research results 13`

Cooperation in SIT Literature
A tangible output of international cooperation in research

is the jointly authored publication of scientific findings.
Coauthorship is fairly common among scientists and
engineers of the same organization, particularly in some
fields where team efforts are prevalent. In general, collab-
oration is not as common among authors of different
organizations and is even more rare between scientists of
different countries, although it :s more common in certain
fields such as high energy physics. International cooperation
in research occurs in a variety of modes or settings, and
joint authorship of scientific papers can be a product of
regional or international scientific centers, bilateral scientific
agreements, ore gradua te study abroad. Attendance at
international meetings can be a catalyst for international
scientific cooperation.

An index-of international research cooperation is presented --
in figure 1-22. Based on joint authorship between S/E's
from different countries, this indicator shows that scientific
cooperation has increased in all fields examined over the
period from 13 percent of all multiple-authored publications
in 1973 to 16 percent in 1980. MOre than 42 percent of all
multiple-authored publications in mathematics were inter-
nationally collaborative efforts in 1980, and over 30 percent
of the joint pub!:cat;ons in the fields of physics and earth
and space sciences were also internationally coauthored.
Much of the advanced physics work is now conducted at
very large and unique facilities that are too expgnsive to
duplicate in each country, so they have numerous visiting
foreign scientists. The content of earth and space sciences
is often global in nature and therefore necessitates collab-
oration between scientists of different countries. Mathematics
is a field which is not facility-bouncr'and collaboration
between individuals can be accomplished by exchanging
papers and ideas,'"

"'See ref. 88.
"'See the chapter on Advances in Science and Engineering for a dis,

cussion of how international cooperation andjateraction in research on
prime numbers has led to the solution of an agFeld problem.
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Table 1-9. Foreign' collaborative research in U.S. laboratory projects of six
months to three years: 1980

Laboratory

Foreign visitors

Number Trend

Stanford Linear
Accelerator Center

Fermi lab

Brookhaven

Argonne

Oak Ridge

Jet Proput ion Laboratory

National Center for
Atmospheric Research

Lamont-Doherty
Geological Observatory

Woods Hole

Scripps

Salk Institute

Brain Research Institute

National Institutes' of Health

Bell Laboratories

200 Per Year

10-40 per year

91 in 1980

Physical sciences:
60 in 1980 ,

120 per year

70 per year

20A per year

NA

NA

NA

NA

36-51 per year

665 in 1980

40-60 per year

Increasing

A decrease in
last 5 years

Increasing

Increasing

28% increase from
1971-75 period

to
1976-80 period.

Slight increase

Slight decrease
in one division

No change

No change

No change

No change

51% increase,
11176-1980

Incwasing

Slight decrease

Includes only scientsts from Western Europe and Japan.

NA = not availed's.

SOURCE: Mne S. Mawr "Trende in international ecientific Mobil ty Foeeign Scientists Visiting U.S. Laporatolier (Annapolis:

WM Associates). n. 10. anr! updated information from NIH.

International cooperation and involvement have taken
on increased importance as other nations have strengthened
their sir capabilities. International involvement is one way of
keeping abreast of S/T developments in other countries.
Figure 1-23 compares the level of U.S. scientific cooperative
research with that of other countries based on percentages
of jointly authored articles by scientists and engineers from
different countries.'36 According to this indicator, West
Germany, Canada and the United Kingdom maintain the
highest levels of international cooperation in scientific
research. The United States and Japan have the lowest
ratios of international cooperative authorshiparound 16
percent, which is less than half that of West Germany, the
United Kingdom, an$1 Canada.

The largest increases in scientific cooperation based on
joint authorship were in the Soviet Union, most of which

made here with the seven countries that produce
the largest proporit,-. of the world's scientific and technical literature:
the United State,.. 'in- United Kingdom, the Soviet Union, West Germany,
Japan, trance, at.l. Canada.

Science Indcators-1982

represented collaboration with Eastern Europe. West
Germany and France also substantially increased their level of
activity in international scientific collaboration by about
30 percent over the eight .year period. The United States
did experience some growth in collaborative research as
measured by this indicator. In 1980, the universities and
colleges were the leading U.S. sector involved in international
scientific coauthorship in six of the eight fields, and industry
was the leading sector'in the remaining two fieldsclinical
medicine and biomedicine.

Publication of technical articles in another country's
journals also represents a type of scientific exchange or
flow of ideas. The publication of articles by foreign scientists
and engineers not only provides a forum for world class
science but also enables a country's own scientific community
to have ready access to the latest foreign research findings.
The extent to which a nation publishes more foreign scientific
findings than its own researchers publish abroad is an
indication of its interest in and-esteem of foreign-research
and also may be seen as anindication of its capacity to
disseminate the world's scientific literature. Appendix table
1-42 shows that in 1980 the largest such balances in the
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Figure 1.22,

Indei'of International cooperatIve'researofiLbylield

(Percent)

20 '25 30 5 40 45

All fields

Clinical

medicine

BinMedidine

Biology

Chemistry

Phys

Earth &
space sciences

Engineering

technology

Mathematic's

. .

Obtiined by dividing the number Cl all scientific end technical 'articles which
were written, by; sclentistsand;.;igineers from more thin, one countrii by the
otal number of artIdeelelony*ritten by S/Z!i.fitint dIffetentOrganliatfoniL)
egardleXs of the country InvolVed.

NOTE: Based on the articles, notes reivlihis In over 2,100 of the fittluen
ial journals carried on the 1973 Science Citation index Corporateypes of the
nstitute for Scientific Inforination.

See appendix table 1:40. . ' Salines Indleatori1982

United States were in chemistry and clin;, al medicine,
folwed by the fields of physics and engineering and

'technology. A great number of foreign articles are published
in U.S. journals in the field of biomedicine, which is b, lanced'
by a large number of U.S.1-bioniediCal articles published
abroad. Th lalttephysics has More than doubled

si 973, because Foreign physicists only slightly increased
the number of articles they published abroad.

U.S. Utilization of Foreign Science
Much can be learned from the scientific findings of other

nations which now account for about two-thirds of the
world's scientific activity. Therefore, it is important to the
United States to be cognizant of foreign scientific results
and to utilize them where appropriate. Table 1-10 demon-
strates to what extent U.S.-scientists and engineers utilize,
the_restof the world's research. In 1980, 44 percent-of all
citations fund in U.S. publications were attributed to foreign
publicationS. More than "half of all references in U.S.
chemis0 and physics articles were to foreign scientific
literature. U.S. utilization of foreign research findings in
all fields ms_increased since 1973, with four fields showing
increal..i of at bast 5 percentage points: mathematics,

Figure 1.23

Initex' of InternationalCooporative research liyoffO1

/ - ,- (rCeni)
15' 20 25 36 35

11'S.S.

Percent 0,0:0004 found-ln U.S. .
pOlIcatfomil that apito putificiVons'Ouother

counttles,ipyflefleft719.73 and 1980

Clinical medicine
Biomedical research'
Biology i'...:...... . . . .

.Chemistry

Physics . .

Earth and space sciences......
Engineering and technology ....
Mathematics 40 47

42 :*

36
42
37
55

, .

.48

. 1980

39
43
43

55
39;
44;.

1 Based on the articles. notes and reviews in over 2.100 of the influential journals co the
1973 Science Citation Index Corporate Tapes of the Institute for Scientific Information.

2 See appendix table 1.13 for the subfields included in these fields.,

SOURCE: Computer' Horizornc.,s. I unpublishectdata. , -1.
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biology, physics, and chemistry. From these data, it appears
that U.S. scientists and engineers are familiar with and use
foreign research findings. They also Opear to have increased
their usage of foreign science and engineering as other
nations have increased their strength in these areas.
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U.S. scientists and engineers have cited United Kingdom
.research findings in chemistry 46 percent inure than could
be explained by the size of their literature base, and have
cited U.K. research findings in mathematics 14 percent
more, and in physics 10 percent more, than would be
expected. (See appendix table 1-43.) Canadian research
results are highly cited in the fields of chemistry, physics.
and mathematics. West German literature in the fields of
chemistry and physics is also highly utilized by S/E's in
the United States.

Table 1-11 compares the U.S. use of a particular nation's
research literature to all foreign usage. It shows that U.S.
scientists and engineers are tanking Canadian research
literature a great deal more in every field than overall non-
Canadian usage. This is undoubtedly affected by the factors'
of proximity and common language. U.S., use of Japanese
S/T is similar, to the world use in many Fields with some
exceptions; U.S. usage of Japanese literature is 12 percent
less than foreign usage in the field of biology, but is 8

percent greater for the field of chemistry, and 6 percent
greater in the area of engineering and technology. In general,
U.S. use of research literature from West Germany and
France is below world usage except in the field of physics.
The use of United Kingdom literature by U.S. scientists
and engineers is the same as foreign usage in physics and
chemistry, and is 8 percent greater in mathematics.

OVERVIEW

What herl are the main conclusions of 1.1-.ese compari-
' s(ins' On the resources side, the United State!.: still maintains a

:nuch larger science and technology effort than most other
industrial countriesboth in terms of the amount of R&D

expenditures and the number of scientists and engineers
engaged in R&D. While there is no known optiMal national
level of R&D investment, it appears from the indicators
presented here that the dominance of. the U.S. relative
investment position among major R&D-performing countries
is somewhat lower than it.was a decade ago. Other countries
have increased their resources and thereby narrowed the
gap. When comparisons are made in terms of the size of
the economy or the size of the labor force, U.S. overall
R&D investments are somewhat greater than those of other
countries but less than those of Japan and West Germany
for civilian R&D. It also appears that the general populace
in certain other industrialized countries may have a higher
level of scientific training than the U.S. population.

Output and impact indicators show that the United States
still I-43s a strong S/T enterprise. U.S. scientific literature
is highly cited and so are U.S. patents in a,number of
fields. U.S. technology is,sought by the rest /of the world
throug t licensing agreements and R&D-intensive trade.
Howev r, the United States has lost some of its competitive
edge in terms of its contribution to the wOrld's research
literatur, , number of patents produced; and R&D-intensive
world trade shares.

U.S. scientists and engineers contribute a high proportion
(37 percent) of the world's influential scientific literature.
This literature is also highly regarded by the world scientific
community; it is cited 45 percent more than could be expected
from its mere size although there has been somewhat of z
decline in most fields in numbers of U.S. articles in influentii
journals.

Patent counts can be used as an output indicator of
inventive activity, dominated by the.industrial sector. U.S
domestic patenting dropped 40 percent since 1971, anc
U.S. patentin road also declined in terms of both shan

Table 1-11. U.S. use of other nations' research literature as a perftent of all
foreign usage by field, for selected countries: 1980.Z

United West
Field' Kingdom Germany France USSR Japan Canada

fields 4 14 9 25 4 + 8
Clinical medicine 9 20 10 29 1 + 8
Biomedicine 4 10 4 8 1 +,42

Biology 1-17-- .17 15 (2) - -12 4- 11

Chemistry Same 6 1 ' 18 + 8 :13

Physics Same + 2 Same 15 + 3 + 9
Earth 8,, space sciences' 2 9 8 18 2 4- 4
Englheering & technology 16 6 14 + 6 +11
Mathematics "ti- a 8 8 15 3 + 9

.1 See aNndix table 113 for a description of the subfields included in these fields.

2 Cannot be calculated since the USSR biologyarticles in this set of journals is less than two percent of ,Ire world total.

NOTE: These cdmpa risona of U.S. use of other nation research literature are based on the "relative citation ratio-, i.e., the
ratio of a country's share of all the world's citations in a field to the share 91 its publications in that field. These ietative

the U.S. r live citation indexto-Canadian chemistry-is-1:37-compared-to-1:21-foralt-non-Canadian-countries-as-a
citation do not include citations from articles authored by researchers from the couri..ry being cited. For example,

group (1.37 - 1.21 = 1.13 Cr 13 'percent more usage by the United Statee.than by other foreign nations).

See appendix table 1-13. \
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and absolute numbers. Foreign patenting in the United
States increased between 1071 and 1074, remained relative
by level afterwards, and in 1082 constituted over 40 percent
of all U.S. patents.

The United States has a strong competitive advantage in
R&D-intensive products, and is a net exporter of technology
through various channels including exports, licensing
agreements and foreign direct investment. While the United
States remains technologically strong, there has been some
change in its relative position due to increased foreign
competition. The U.S. share of world exports of R &D-
intensive products has decreased, with Japan and, to some
e\tent, West Germany increasing their role in U.S. markets.

Science and technology activities impact on the economy in
various ways. They have a positive effect on productivity
and economic growth. .rVhile the United States still has the
highest overall productivity levels in the world, U.S.
productivity growth has slowed. From 1975 to 1982,
manufacturing productivity grew more than four times
faster in. Japan, more than three times faster in France,
and twice as last in West Germany andthe United Kingdom,
than in the United States. Other countries, particularly
Japan and 'Vest Germany, have increat..fNi R&D resources,
have concentrated on civilian areas. and have incorporated
embodied technology through new .(-4. ital investments
and utilization of technological advAnces to a greater
extent than has the United States.

The United States has been a contributor to world science,
particularly through the training of foreign S/E's and the
support of joint research projects. Foreign students.have
come to the United States in increasing numbers for scientific

and technical training although they constituted only 2.6
percent of, the total enrollment in 1981-82. There are
significant variations among fields. For example at the
extreme, currently 'there are almost double the number of
foreign engineering students and more than two and one-
half times the number of students in mathematics and
computer sciences than there were in the mid-1970`s. Most of
the foreign students are from developing countriesover
32 percent from Asia, 17 percent from Latin America, and
13 percent from Africa. In engineering, foreign students
constitute over half of the doctorate recipients, and one
out of three of these foreign engineers plan to remain in
the United States.

As other countries have increased their scientific and
technical capabilities, economic competition has increased,
but so have the opportunities for advantageous U.S.
participation in international SR- activities. The United
States and Japan have the lowest ratios of international
cooperative authorshipless than half that of West Germany,
the United Kingdom/and Canada. However, U.S. scientists
and engineers have increased their level of international
coauthorship. U.S.' scientists and engineers do utilize the
rest of the world's research. In 1980, 44 percent of all
citations found in U.S.. publications were to foreign
publications. It

more
now he important. for the United States

to be evenmore aware of foreign research and be involved
in international science and technology activities from the
standpoint of a recipient as well as of a donor. In an era of
limited resources, coupled with expanding technical horizons,.
new institutional arrangements for cooperation in science
are of growl interest in scientifically advanced countries.
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Support for U.S. Research and Development

HIGHLIGHTS

National expenditures for research and development
(R&D) are expected to grow in constant-dollar terms at
an average annual rate of-4.0 percent between 1980 and
1983. Rapid expansion of industrial support for research
and development accounted for much of this growth,
increasing at an average annual rAte of 5.4 percent in
constant- dollar terms. (See pp. 42 -43.)

The ratio of national R&D expenditures,to gross national
product (GNP) is expected to reach 2.65 perent in 1983,
up from a 20-year low of 2.23 percent in 1978. Much of
the growth in the ratio is related to a slowing of GNP
growth relative to the steady expansion of national
R&D expenditures. (See p. 42.)

In 1980, industrial sources of R&D expenditures exceeded
Federal Government sources kir the first time in the last
two decades. The industrial sector has thus become the
largest single source of R&D support in the United
Statesprincipally in the area of development. Further-
more, between 1980 and 1983, industrial R&D spending
is expected to grow at a higher rate than any other
source of R&D supportan average annual constant-
dollar rate of 5.4 percent, compared to a rate of 3.1
percent for the Federal Government and an average
annual decline of 2.4 percent for all other sectors com-
bined. (See pp. 42-43.)

While national expenditures. for, development are ex-
pected to grow at an average annual rate of 4.3 percent
in constant-dollar terms between 1980 and 1983, national
support for research (both basic and applied) expanded
at an estimated average annual rate of 3.5 percent. In
15483, national expenditures for development will probably
reach $26 billion in 1972 constant dollars;, up from a

' level of $23 billion in 1980. National constant-dollar
expenditures for research are likely to grOw from a little
over $12 billion in 1980 to nearly $14 billion in 1983, as
the growth in industrial constant-dollar 'support for
both basic and applied research is accompanied by slight
gains in Federal constant-dollar support in those areas.
(See pp. 45-47.)

Federal support for R&D in constant-dollar expendi-
tures rose at an estimated average annual growth rate.of

_3.1 percent between 1980 and 1983,_after_growing at an

average annual rate of 2.5 percent between 1975 and 1980;
Much of this Federal R&D growth is related to an antic-
ipated 15 percent growth in constant-dollar support for
development, primarily for defense. Between 1980. and
1983, however, Federal expenditures for research are
also expected to grow by 1.9 percent in constant-dollar
terms. (See p. 43 and pp. 45-47.)

National defense R&D (including the atomic, energy
defense activities of the Department of Energy) is ex-
pected to account for 64 percent of 1983 total Federal
budget authority for R&D, up from a level of 47 percent
in 1980. ,A 13-perced increase is expected in defense
R&D between 1982 and 1983 alone. This restores it, to
approximately the level last reached in 1967 (in constant-
dollar terms). Defense-related R&D is expected to ex-;
pand to 70 percent of the total Federal R&D budget
authority by 1984. (See p. 51.)

Federal R&D prejrams in non-defense areas are expected
to decline in the aggregate between 1982 and 1984, as
the administration's policy of taking the Government
out of commercial demonstration projects is implemented.
Much of this support will be reallocated to basic re- '

search support, which will experience a 22-percent
increase during that time (See pp. 51-54.)

Federal outlays for R&D and R&D plant have declined
as a share of total. Federal outlays, to 6 percent in 1983
from a peak, of 13 percent in 1905. Although Federal
R &D, and 'R&D plant outlays lwve risen at an average
annual rate of 7.9 percent between 1970 and 1983, the
greaterexpansion of Federal outlays in other areassuch
as benefit 'payments' to individualshave outpaced the
continued growth in Federal R&D spending. However,
as a prcportion of controllable outlays, Federal outlays
for R&D and R&D plant grew from a level of 12 per..
cent in 1980 to 14 percent in 1983. (Sre p. 55.)

Between 1967 and 1981, annual changes in the mag-
nitude and direction of Federal R&D expenditures reveal
a significant positive correlation with private sector
R&D investment changes occurring 1 year later. This
suggests that there may be a relationship between Fed-
eral R&D spending and the subsequent growth or de-
cline in non-Federal R&D expenditures_ (See p_50..)

4.9
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An important aspect of tne,vconoMic adjustment now

underway in the United States is the continued expansion
01 national support lot research and development (R&D),
even in constant-dollar terms. The print'ipal reason for
this trend is clear. It is gener'ally accepted that new devel-

. opments in science and technology will play an important
part in maintaining the vitality of the A nerican econo:ay.

One concern that motivates increases 11 R&D support,
especially its the private sector, is prodh -tivity' growth.
l \Ink. the forces underlying poductivit advance are
complex, science is recognized as essential o industrial
innovation and productivity.' Research may ,ad to pro-
ductivity improvements both in the industries in which
R&D is conducted, and in the industries using new lrG lusts
that result from these activilies.2 Moreover, R&D tkn lead
to entirely new products and processes that improt)c our
standard of living. Sustained, vigorous investmeht in
research and development thus serves as one means to
indu;t, productivity growth.

Another factor in the continuing growth of total nations
R&D support is the commitment of the Federal Govern-
ment to the strengthening of national defense capabilities.
After 15 vv.ais of decline in real terms, defense4elated
IZ&I) funding gretv by an annual average'rate of about 18
percent between 1080 and 1083. Indeed, defense-related
R&D spending is estimated to account for nearly all of the
aggregate Federal R&D funding growth between 1982 and
1.083.3 Rkl) expenditures are expected to accelerate devel-
opment of defunsv-related technologies, such as advanced
t (impute!. software and aircraft engines, and to support
long-range research that may lead to defense applications,
sot h as microelectronic circuitry and metal-matrix com
posite materials.' .

Numerous resources area needed to condhct research and
development at.' tivities including adequate levels of fund-
ing and skilled personnel. The indicators presented in this
chapter analyze recent trends in funding support for re-
--earch and sievelopment, Areas are identified in which
i haog'es may he expected in existing patterns of support,
with special consideration given to the potential impact of
those changes on U.S. science and technology. Other
chapters of this report explore trends in the supply of
'qualified scientists and engineers, and changes in the re-
scan h environment in specific R&D sectors, such as
industry' and universities and colleges.. Taken together,
these chapters summarize the present condition of national
resources for research and development.

NATIONAL EXPENDITURES FOR R&D

National R&D expenditures have grown Steadily since
loo), rent ping a level of approximately 573 billion in 1981.

'Since the role of innovation in the business cycle was first described
in I 030, numerous authors have explored the relation of scienceand
technology to economic.growth, See, for-example, refs. 1, 2, 3, and 4.

aSeeref.5.
'See rot. o.
"See ref. 7, pp. 32-35, and ref. 39, pp. K -7 and K-8. Access to modern

instrumentation is a prerequisite for progress in all of these areas. A
'recent study by the National Academy of Sciences concluded, for
example, that powerful computers are necessary to advance theoretical
understanding of many materials. Seesef. 45. pp. 129-133.

(See fighre 2-1.) Estimates suggest this growth will con-
tinue through 1083, bringing these expenditures to a level
of $87 billion in that year,

High inflation rates have had a substantial impact, how-
ever, on the purchasing power of R&D funds. National
expenditures for research and development, for example,
will have increased sixfold in current-dollar terms between
1000 and 1083, but this increase will represent less than
a doubling after adjusting for inflations

Following a period of low growth in the first half of the
1970's, national' expenditures for R&D have grown at an
average annual rate of about 1 percent since 1975 in cur-

'R&D expenditures are Trequeritly used asmirletdic.or-of-R&D
activity. The use of dollars is particularly sensitive to distortion caused
by inflation. The analysis which follows, therefore, is conducted in con-
stant-dollar terms. In the absence of a specific R&D price deflator, the
implicit price deflator for the gross national product (GNP) has been
used to convert current dollars to constant dollars, with 1972 serving as
the base or reference year. The estimated rate of,inflation in the U.S.
economy for 1982 was 4.6 percent (GNP deflator). See appendix table
2-1, and ref. 43, p. 2-3.



rent-dollar terms: (See figure 2-2.) This rate of growth,
furthermore. exceeds that observed between 1900 and
1008, a period in which substantial efforts were made to
strengthen our scientific and technological capabilities in
response to the -Sputnik (Atallenge.- A different picture
emerges, however, after adjusting for inflation. Between
107.5 and 1080, the average annual rate of growth in
national R&D expenditures in constant-dollar terms was
lower than that between 1900 and 191,8'(4.5 percent vs.
5.3 percent, respectively), and is expected to slow even
further between 1980 and 1083 (4.0 percent). The con-
stant-dollar growth rate is expected to increase once again,
however, in the mid- I 980'0

The ratio of national R&D expenditures , the :"...;NP

shows how [midi of the Nation's resources are ,...ated to

research and development activitio, Duritig the last two
decades, the R&D-to-GNP ratio was its highest point in
1004 when it reached 2.90 percent. (See figure 2-3.) At that
time an unusually large proportion of Government fiscal
resources was utilized for strengthening scientific and
technological capabilitiesespecially in the area of defense
and space R&D. As space programs subsequently reached
their objectives, or were scaled back or dismantled, the
R &D /GNI' ratio dropped to a low of 2.23 percent in 1978.
The ratio has climbed once again to 2.45 percent in 1981,

Figure 2.2

Average annual ;ilk

(Parcerk,,-.
deeFeiso):-"%

--2 0

"See ref. 10.

and is expected to reach 2.65 percent in 1983. In con-
trast to earlier years, however, the recent increase in the
R&D/GNP ratio does. not stem completely froM signifi-
cant channeling of national resources into major new sci-
ence and technology thrusts. It results instead from a
slowing of GNI' growth relative to ti c steady expansion of
R&D expenditures.'

Non-Federal R&D expenditures more closely parallel
changes in the GNP than Federal R&D expenditures. (See
figure 2-4.) This isn't surprisin' because decisions by the
private sector to invest in research and development .are
influenced by the state of the economy. Federal invest-
ment, on Ow hand. is cllefly motivated by an Inter-
est mr. activ addressed to long-range
national problems, although consi lerations of the national
ecorimy have come to ploy an in. 7easingly important role
in the rate of growth of Federal R&D support.

In summary, national investment in R&D activities has
been increasing, even in constant dollars since the mid-
1970's. This growth is significant considering the fact that
the GNP has been declining or growing at a very /ow rate
during that period. The sections that follow address the
sectoral distribution of financial support for R&D, where that
R&D is carried out, and the kinds of.R&D performed.

5ources of ()port for kesea;A:h and Development
LImportant coanges havelave come about in national patterns

of R&D support. Both Federal and industrial R&D fund-

R &D from al other sources

1 I l l t I 1 1 1 1 1 1 1 t I I l I

'See appendix table 2-2. It has been pointed out that the U.S. ratio of
R&D expenditures to GNP has generally.increased at a decelerated rate
when assessed over a longer time period. The ratio doubled during the
1920's, doubled again in the 1930's, but increased by only one-half in the

1940's, again in the 1950's, and actually declined by about one-tenth
between 1960 and 1980. See ref. 35, pp. 108-110.
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ing have grown in recent years, but in 1980, industrial
R&D spending exceeded Federal R&D spending for the
first time in over two decades. Between 1980 and 1983,
furthermore, industrial R&D support is estimated to be
growing at an average annual rate of 5.4 percent (in con-
stant dollars), compa;ed with an estimated average annual
growth rate of 3.1' percent for Federal support. Between

'1975 and 1983, Federal expenditures will have grown,
however, at an estimated average annual rate of 2.7 per-
cent, thus reversing a 10-year constant-dollar funding
decline which began in the mid-1960's. (See figure 2-5.)a

Each sector of the economy has its own needs and
reasons for funding research and development. The Fed-
eral Government, for example, supports R&D activities
that meet the needs of the Nation in areas where private
sector support may not be forthcoming. This includes._
research and development in which the Government is the
sole or the primary ; r -such as R&D for national
defense, space activities, ;.rivir:-Jomental regulation pur-
poses. A little over half the fiscal year 1933 Federal R&D
funds are estimated to be directed to industrial performers
(see figure 2-6), with the next largest share utilized for
intramural R&D carried out by Federal personnel.

The Federal GoVernment is unique in the extent to
which it distributes R&D dollars across all performing
sectors, but the private sectors also serve as important
sources of support. The industrial sector, for example,
has in recent years invested more in R&D than the Federal
Government. About 2 percent of industrial R&D funding,

°Throughout the chapter it should be noted that reports of R&D
expenditures for 1983 represent estimates.

or $700 million, Has been directed to academic' and other
nonprofit institutions in recent years.9

Although the academic sector and nonprofit institutions
together Provide only 3 percent of total national support
for research and development, they serve as special R&D
resources in the science community. R&D investment
decisions by these sectors often satisfy R&D funding
needs seldom met by the grants programg of the Federal
Government or the industrial sector. For example; philan-
thropic R&D spendingabout half which is disbursed
through gifts, grants, or contracts to universitiesis
often directed toward the solution of problems of special
interest to the donor, such as research on rare diseases
or studies of thk quality of our educational system. In
the academic sector, essential!! all of its own R&D invest-
ment is used in-house to augment on-going investigations
or to provide "seed money" for junior faculty.

Changes in existing patterns of R&D spending by these
various funding sources are expected during the 1980's.
Of all the sources of R&D support, industrial expendi-
tures are estimated to grow at the most accelerated rate
between 1980 and 1983, although th.e health of the economy
will be a factor determining the magnitude of the growth
rate. (See figure 2-7.) Federal R&D spending is likely to
grow at more modest rates, while R&D support provided
by the academic' sector and by nonprofit institutions is
expected to decline.

Performers of Research and Development

The institutions that serve as sources of R&D support
are not necessarily the same ones that perform it. Federal
R&D support is distributed across such a wide range of
non-Federal perfJrming sectors that a different picture
emerges when national expenditures for research and
development are considered in terms of who carries out
the R&D activities.

The industrial sector perform., the vast majority of the
research and development in the United States, accounting
for an estimated 74 percent of all R&D expenditures in
1983. After a period of substantial real growth in the
1960's, industrial R&D, performance declined by nearly
9 percent in constant dollars between 1969 and 1975. (See
figure 2-8.) Between 1975 and 1981, industrial R&D
expenditures from all sources grew nearly. 38 percent in
constant dollars, attributable primarily to expanded com-
pany investment. Company funding for R&D grew by
47 percent in constant dollars during that period, about
twice the A:3 percent increase in Federal support for indus-
trial-based R&D. Industrial R&D expenditures are'esti-
mated to have grown by another 5.2 percent per year in
constant-dollar terms between 1981 and 1983.

Federal intramural activity is the second largest area of
R&D performance in the United States. In 1983, it is ex-
pec'ed to account for 11 percent of national R&D expendi-
turesover $4.4 billion in constant dollars. More than half
of these R&D expenditures represent research and devel-
opment carried out by the Department of Defense (DOD).
The National Aeronautics and Space Administration
(NASA) and the Department of Health and Human

°See ref. 12, and unpublished data.



Universities
and colleges'

Services (01-111S), chiefly through the National Institutes
of Health, account for another 14 percent and 9 percent of
Federal intramural research obligations, respectively. Be-
tween 1980 and 1063, Federal intramural R&D expendi-
tures are estimated to have increased at an average annual
rate of about 0.5 percent in constant-dollar terms.

The constant-dollar expenditures for each of the three
remaining R&D performing sectors are estimated to have
shown sonic declines 'compared' to 1983 levels. After in-
creasing at an average annual rate of 120 .percent in the
tor0.s, the growth Of academic R&D expenditures decreased
to an average-annual'growth rate of 2.8 percent between
1070 and 1980. Academic constar ,.:11ar expenditures are

estimated to decline slightly between 1980 and 1983 at an
average annual rate of about 0.2 percent. These changes
are related to an anticipated decline in Federal support for
academic R&D in constant dollars as increased R&D spend -
ing by that source is offset by the effects of inflation.'°

Between 1980 and 1983, funding for university-affil-
iated federally funded research and development centers

'°Trends in Support for acadeMic R&D will he analyzed more closely
as part of the review of academic science and engineering in chapter 5 of
this repo!". See also ref. 9.
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(14RDCs)" is also estimated to decline by an average rate/
of about 2 percent each year in constant dollars: Expendi-/

"Federally funded research and development centers (FFRDC's) pre
laboratories established outside the Government whose purpose it is to

l conduct R&D under the direct sponsorship of a Federal agency. Da , are
presented here for those FFRDC's administered by universities. refor-
mation regarding those FFRDC's administered by industrial firms or
nonprofit institutions is included in the totals for the relevant performing
sectors and is not broken out separately.

MR'S in the nonprofit sector7almost,lialf of which repre-
sent the work of six FFRDC's administered by nonprofit
institutionsare also expected to decline.

Character of Research and Development
Research and development encompass an extremely

broad spectrum of activities, ranging from the search for
new knowledge to the development of new technologies.
While the boundaries are by no means clear, it ispossible
to analyze national g&D expenditures in terms of the
intended purpose of the scientific a.ctivity. Thus, research
and development may be distinguished on the basis of
advanceMent of fundamental scientific knowledge (basic
research), pratical or commercial application. (applied
research), or generation of new products and processes.
(development).12

Development Component. Development-accounts 'for
nearly two- thirds of -total R&D expenditures in the United
States. (See figure 2 -9.) The vast majority of the deVel-
opment activities are carried out in the industrial sector,
approximately 87 percent, for example, in 1983. The con
centration of development activities. in the induStrial
sector is not surprising since the goal, of all industrial'
activity is ultimarely the production of new or iMproved.
products or processes. The aircraft. and missile, electrical
equipment. and machinery industries have accounted for
over o0 percent of all industrial R&D. funds devoted to
development in recent years." Similarly, the-predominance
of defense spending in .the Federal R&D budget reflects in
part the Government's position as principal customer and,
therefore, appropriately, the (under of development as well
as research.

Following an 8-year period of few or no increases, national
funding for development accelerated to an annuol average
growth rate of 4.5 percent between 1975 and 1981. Some
of this groWth was stimulated by Federal upport for
energy demonstration projects in a number of areas, both
nuclear and non-nuclear, and some was stimulated by NASA
support for the Space Shuttle program. Both of these
sources of growth are now in decline; the former because
the responsibility for commercial demonstration projects',
is being transferred to the private sector, and the latter
because the Space Shuttle is now operational and no
longer considered a development program. National ex-
penditures for development will have grown on average
by,another 4.5 percent each year between 1981 and 1983
in/constant-dollar terms as DOD development funding is
significantly raised.

"Definitions of the terms used by the National Science Foundation'
(NSF) in its data collection rctivities may be found inappendix table 2-5.
Distinguishing between basic and applied research and between applied
research and development is not always easy. A particular research effort
may be identified as "basic" or as--applied" depending on whether 'the
classification is made by the research sponsor, by the perfOrming,organi-
zation, or by the individual performing ti,e work. Ste. 14.

"See ref. 13, pp. 8-9.
"See ref. 12. The Space Shuttle is ni-w in its operatio:.al phase. Recent

R&D budget estimates for NASA therefore exclude funding for produc-
tion and operation of the Shuttle, but continue to include R&D funds for
certain modificatiOns and improvements to the Shuttle. See ref. 39, p. K -a.'

"See, for example, ref. 47.
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Natledal expenGitures for R&D by performer
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Research Comporient. Over the years, there has been
almost no change in the balance between national support
for research and for development. In 1960, development
accounted for nearly 69 percent of all R&D expenditures,

1.

tures, with applied research and ba,-,;c research at levels
of 23 percent and 12 percent, respectively. Research, both
basicand applied, represents about one-third 'of total
national R&D expenditureS, with applied research account-
ing for about 65 percent of the research total. The indus-
trial sector was estimated to have performed about 50 per-
cent of the research 'supported in 1983, with the next
largest performer being the academic sector (25 percen 4.16

The Federal Government provides more than half. the
funds for research in the Unitn1 States (see figure 2-10),
over 50 pertentof which was performdd as applied research.
(See appendix tables 2-7 and 2-8.) Another 42 percent of
national research expenditures is provided by industry,
85 percent of which is directed toward-Ipplied research.
Total national support for research is estimated to increase
by nearly 2.6 percent in current dollars between 1982 and
1983, with the industrial contribution growing at an
estimated rate of 4.6 percent. (See appendix table 2-6.)

Some changes have tak n place in patterns of support
for research, as w as f development. With regard to
Federal funding, dev. ment 'is expected to grow by 4.3
percent in constant dollars between 1032 and 1983. (See
figure 2-11.) While FederAl cc4nstarit-dollar support for
applied research is estimated to remain about the same,
Federal expenditures for basic research are expected to
grow by 1.9 percentin 1933 in constant-dollar terms. This
reverses a slight downturn in Federal constant-dollar
support for basic res,'alch that occurred between 1981
and 1982.

Industrial expenditures are expected to grow loy
about 5 percent in constant-dollar terms in all. three
categories between 1982 and 1963, with the greatest growth
occurring in industrial support of basic research (up an
estimated 5.8 percent between 1982 and 1983).

The primary source of support for basic research in the'
academic sector is the Federal Government, about 70 per-
cent of the total. Federal support for basic research in the
academic sector is expected to grow by just under 1 per-
cent in current-dollar terms between 1982 and 1983.

,TRENDS IN FEDERAL SUPPORT FOR
RESEARCH AND DEVELOPMENT

Science and technology in the United States continue
to benefit from the infusion of substantial sums ofiFederal
dollrs for research and development. Growth in 'federal
R&D support has not kept pace with industrial R&D
spending growth in recent years. Nonetheless, Federal
R&D investment Continues to grow. This section explores
the nature of recentichanges in the Federal R&D budget
and the factors that have influenced those trends.

The Federal Government does not have a separate R&D
budget. Rather, Federal funding for R&D is the' sum of
those program requests submitted by individual agencies
to the Office of Management and Budget (OMB). subse-
quently by the President to Congress, and approved
during the budget review and, appropriation process.
Agency requests are reviewed in terms of the importance
of the R&D request to the missions of the agency.
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Most R&D funds are part of larger 'appropriations and
do not show up as line items in the budget. R&D support
is thus often influenced by broader policy considerations.

recent years, for example, the Federal Government has
placed considerably less emphasis on energy demonstra-
tion programs that it has determined are well within the
capability of private indu\;try, thereby reducing the
magnitude of Federal supptir,t for energy research and
development."

Under present economic policies, the Federal Govern-
ment is seen as having two main. responsibilities with
regard to R&D support to meet national needs: (1) provid-
ing a climate for technological innnvation that encourages
private sector R&D investment, and (2)\supporting those
areas where-there is substantial prospec't for significant
economic gain, but where private sector support may not
he forthcoming." With those funding goals'in Mind, the
sections that follow explore recent trends in Federal
support for research and development.

''In his budget message to the U.S. COngress in 1982, President Fagan
__puifitcd_out 'that reduced sUbsidi,.s to business for energy technclogy

Federal Outlays for R&D
Federal outlays for research and development and R&D

plant will reach an estimated $42.4 billion in 1983. (See ap-
pendix table 2-10.) This total is 5.0 percent of the outlay
total shown in the 1983 Federal budget. (See figure 2-12.)
The level of Federal outlays'9 for research, development,
and R&D plant peaked at $17.0 billion in 1908, suCse-
quentiv declining to $15.7 billion in 1970. From 1970 until
1982, Federal R&D and R&D plant outlays have risen at
an estimated average annual ran: of 7.9 percent, although
in constant-dollar terms, the nadir occurred in 1975.

The ratio of Federal R&D and R&D plant outlays to
total Federal outlays does not reflect, however, this signi-

"Government agencies are permitted to commit Federal funds for
research and development or any other program only when they have
been authorized to do so by law. Once authorized, usually in the form of
appropriations, funds are obligated by the agencies to intramural per-
sonnel, or to extramural contractors or grantees. In the case of intramural
payments, obligations and outlays are very dose, In the case of extra-
mural payments, considerable lags occur. In peiiods when R&D obliga-
tions are rising, the outlay totals will rise later, although trends will be

di,rincri,,n, diffor frelm
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ficant growth pattern, revealing instead a drop from
13 percent at its peak in 1905 to approximately 5 percent
in 1082, The fact is there has been a great expansion of
Federal outlays in areas other than R&D support. For
example. benefit payments to individuals, including re:
tirees, the poor, the unemployed, and the disabled. grew
more rapidly in the 1970's than any other budget category.
These benefit payments represented an estimated 47 per-
cent of total Federal outlays in the 1983 budget."

Benefit outlays and similar payments represent relatively
uncontrollable parts of the Federal budget.2' As a propor-
tion of controllable. outlays, Federal R &D outlays have
actually grown in recent years, from a level of 12 percent
in 1080 to 14p6-cent in 1983. (See figure 2-12.)

Federal Influence on Private Sector R&D Investment
The Federal program for economic recovery has empha-

sized the goals of fostering innovation, increasing produc-
tiviiy, and stimulating the recovery of our economy.22.
Research and development thus assume an increasingly
critical role, since investment ill R&D programs is a key
factor in the technological change that underlies produc-
tivity growth.23

"See ref to, pp, 3-5, and ref. 15, pp. 5-128 through 5-133.
"Outlays are considered relatively uncontrollable when the program

level is determined by existing statutes or by contracts and other obliga-
tion, Medicaid and social security beneficiaries, for example, are eligible

The Federal Government can influence the rate of
industrial innovation in several ways. This administration
is focusing primarily on creating an economic climate con-
ducive to increased private sector R&D investment. This
includes changing Federal tax policies to provide incen-
tives for R&D investment, liberalizing patent policies to
facilitate technology transfer, and eliminating regulatory
r,:,quirements that divert industrial resources from long-
term innovation investments to short-term efforts that
introduce changes mandated by law."

Another way in which the Federal Government may
stimulate private sector R&D activities is through its own
patterns if support for research and development. I-or
example, present Federal policies for sustained economic
recovery include reductions in commercially oriented non-
defense development support in favor of longer term
R&D support in areas in which the private sector may not
have the economic incentive to provide adequately for
national interests, such as basic research." Several studies
of major R &D- intensive expenditures have found a rela-
tionship between trends in Federal R&D spending and
private sector R&D investment. Private R&D expendi-
tures in one study increased by 6 cents per year for each
Federal dollar in each of the first 2 years following an
increase in Federal R&D spending, and decreased by 25
cents for each Federal dollar for the 2 years following a
decline in Federal support; other studies have corroborated
these results."

As figure 2-13 reveals, there appears to be a positive
relationship between the size and direction of annual
changes in Federal R&D expenditures between 1967 and
1981, and subsequent growth and decline in private sector
R&D investments.22 General economic conditions may
account, of course, for the observed relationship. The
emergence of a possible relationship between Federal and
private R&D funding patterns suggests, however, that
Federal R&D funding decisions may also serve as a means
of creating a climate conducive to additional private
sector R&D investment, thereby facilitating economic
recovery through yet another channel.

Functional Areas of Federal R&D Funding
The Office of Management and Budget (OMB) divides

the Federal budget into function categories that reflect
areas of Federal responsibility.28 OF the 16 function cate-

"See, for example. refs. 18, 20,40, 41,42,47 and 51.
"See rel. 30.
"See ref. 22. Estimates vary widely with respect to the :,mount of

change in private industry R&D expenditures associated with changes in,
Government R&D. See, for example, refs. 19, 21, 23, and 46.

"" Private sector" includes R&D funding provided by induStry.
academia, and nonprofit institutions. When differences in annual R&D
budget levels for the Federal and private sectors are analyzed for the

period 1067 through 1982, and private sector R&D investment changes

lagged one year, there is a significant, poSitive correlation (r= 0.87). This
suggests that federal R&D spending during that period accounts for 75
percent of the variance in private sector R&D investment one year later,
although there may be some change in this relationship after 1979.

"Two of the 17 budget functions have no R&D components. For pur-
poses of analyzing R&D support patterns, the budget function "general
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gories that contain R&D programs, national defense
receives by far the largest share of Federal R&D support.
Preliminary estimates for fiscal year 1984 suggest that
national defense will account for 70 percent of total Fed-
eral R&D budget authority. Healtl-. _.:,arch and develop-
ment is likely to account for about 1.0 percent of all Federal
R&D budget authority, energy R&D almost 5 percent,
and space research and technology just over 4 percent,
while the sum total of the 12 remaining budget categories
accounts for approximately 11 percent.

National Defense. The administration has placed greater
emphasis on strengthening the Nation's defense capabili-
ties. Since science and technology are central to the evolu-
tion of weapons and military systems in modern times, the
renewed importance of national security has translated
into significantly greater- support for defense research
and developmen1.29

The R&D activities within this budget function largely
represent the programs of DOD, although about 6 percent
of the funds include atomic energy defense R&D activities
of the Department of Energy.

Defense research and development has been the leading
area of Federal R&D support since World War II." As

R&D programs in other areas were added over the years,
the share of defense within the R&D total changed. While
Federal funding for defense R&D grew from a level of
So billion in 1960 to $32 billion in 1984 (see figure 2-14),
defens; R&D funding declined in constant-dollar terms
between 1968 and 1975. By 1983, however, defense R&D
activities are expected to reach a level of constant-dollar
funding comparable to the 1967 peak year.

The proposal made in the 1984 budget to increase defense
R&D to $32 billion in 1984$7.1 Lillion over 1983 levels
reflects a substantial increase in strategic programs. These
account for $3.3 billion of the $7.1 billion increase, and
include, for example, R&D activities related to ballistic
defense systems technology_ Other areas in which defense
R&D is expected to grow include: tactical programs, intel-
ligence and communications programs, atomic energy
defense R&D, and the defense technology base. The basic
research component of the technology base program is
proposed to increase by 10 percent between 1983 and
1984, with increased attention being given to human
factors research.3' For an example of recent funding
trends in constant-dollar terms, see figure 2-15.

Health. The biomedical and clinical sciences have made
significant contributions to the qualitY of life in the United
States. As a result of the recent development of such
powerful technologies as recombinant DNA techniques
and hybridoma research, opportunities have emerged for
further advancing human health through the production
of new vaccines, for example, and the treatment of auto-
immune disorders.32

Almost 90 percent of Federal health R&D funding sup-
ports biomedical research through the National Institutes
of Health (NIH). The 11 separate Institutes are each ex-
pected to receive slight increases in 1984, varying from
1 to 3 percent." Approximately 25 percent of the 1984
NIH budget is estimated to support the work of the
National Cancer Institute. The $8 million (or 1 percent)
increase over the 1983 budget would emphasize research
on carcinogenesis, cancer control, and epidemiology, with
decreased funding anticipated for clinical treatment re
search.34 Over one-half of NIH's total 1984 R&D budget,
or $1.1 billion, would support basic research, an increase
of 1.8 percent over 1983 levels.

The Alcohol, Drug Abuse. and Mental Health Adminis-
tration is expected to receive $314 million in 1984, 13 per-
cent higher than the 1983 level. Substantial growth is
expected in alcoholism research, which is estimated to
reach $46 million in 1984, an increase of 38 percent over
1983 levels.

Energy. The 1973 oil embargo and subsequent rapid
increase in the cost of imported oil stimulated greater Fed-

"See .1,4. 39, p. K-7, and unpublished dabs. The realization of defense
R&D program goals is also related. of course. to the ability of U.S. manu-
facturing industries to respond efficiently to military needs, Recent
studies have ,uggested that greater emphasis be placed by Federal fund-
ing sources on procedures mat would strengthen the manufacturing
technology base, including greater incentives to increase company
investment in modern vouipment and facilities. See, for examnle. ref. 33.
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eral investment in energy R &D.35 Today, energy R&D
represents almost 5 percent of total Federal R&D support,
up from a level of just over 3 percent in 1971. (See appendix
table 2-12.) In its peak year of funding (1980), however,
energy R&D represented 12 percent of total Federal R&D
spending.

Federal support for energy R&D programs is expected
to total 52.3 billion in 1964.'11 percent less than the 083
level. Energy R&D funding includes magnetic fusion
cievelopment, where significant private investment is not
likely without further Federal investment. In addition, the
Yederal eneryy program includes research on the environ-
mental artd human health effects of energy production
techno!ogy.

Reductions in Federal support for energy R&D largely
reflect the continued redirection of non-nuclear R&D
programs. to limit Federal support to long-term generic
research and to plaie greater reliance on the private
sector for support of near-term technology development,
especially in the areas of fossil fuel and solar energy
demonstrations.

Space Research and Technology. Space research and
technology (MT) activities have provided valuable infor-
mation about the earth and the universe. Space research
and technology funding grew quickly from less than
5300;000 in 1960 to more than 55 billion in 1966 as
efforts were mounted to develop new launch vehicles and
to advance technology in propulsion and spacecraft to the
point where the results could be used in space flight
programs.36 As major developmental phases of the Apollo
piloted lunar landing program" were completed, however, .

Federal obligations for space research and technology
declined in absolute dollars between 1966 and 1974, and,
consequently, as a share of total Federal R&D funds. After
that time, Federal support for space research and technol-
ogy continued to remain stable at a level of approximately
53 billion per year through 1980. Since 1980, Federal sup-
port for space research and technology has declined at an .
average annual rate of approximately 1-1.2. percent, reach-,
ing an estimated level of $1.9 billion in 1983. Between
083 and 084, the space R&T budget authority is ex-.
petted to increase by 514 million, or 1 percent. (See ap-
pendix table 2-12.)

Recent reduCtions in space R&T funding are related in
large 'part to the fact that the Space Shuttle program has
entered its operational phase and thus is no longer classi-
fied as R&D. Budget figures for the space function from
1977 forward therefore exclude funding for Shuttle pro-

"See ref. 50.
'6Sce ref. 24, p. 18 Federal support for aeronautics research laid much

of the grundworls for space research and technology. As (tally as 1914.
the National Advisory Committee for Aeron.iu tics !NACA) was estab-

lished by the Federal Government to conduct 'terodynamics research. In

1958, with the formation of NASA, much of the responsibility for,aero-
nauties research was shifted to DODalthough at Significantly decreased
levelstas NASA focused much of its attention on space activity. In the
late 1 oo0's, aeronautical research in NASA was strecigthened as a result

of Federal 'interest aircraft noise problems, a growing concern with

.L Lt. 4,1e/ rnlirtrit, ,,f 6onnort within
energy shortage', and recognized military requirements. Today, aero-
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duction and operation, tracking and data acquisition
activities; and related institutional support.'?

Increases may he expected between 1983 and 1984 in
basic research support (9 percent) and in space science
(12 percent). By 1984, space science is estimated to repre-'
sent more than half the total space R&T budget authority.
This program studies the solar system and universe, using
satellites in Earth orbit and spacecraft sent to planets
and their. moons. Major projects proposed for support in
1084 include the development of the space telescope, the
Galileo mission to Jupiter scheduled for launching in 1986,
advancement of the gamma ray observatory mission, and
initiation of the Venus Radar mapping project scheduled
for launching in 1088.

Other R&D. Federal, funds for R&D programs within
the remaining budget functions rose steadily limn a level
of approximately $2.5 billion in 1971 to $5.1 billion in
1984. (See appendix table 2-111

Two factors contribute to current funding allocations
in these areas: (1) a desire to eliminate or otherwise reduce
Federal involvement in commercial technology demon-
stration projects, which are expensive and more appro-
priate for private sector support, and (2) a :'.?sire to realize
fiscal savings by reducing support in thc;'..e areas where
programs have accomplished their intended mission or are
no longer pertinent to Federal goals. The Federal Govern-
ment became increasingly active, for example, in stimulating
technological change in the civilian sector in the 1970's.
i:rttinr nirrtrtirtc cl rsr-s.. erwi rinnetzrteer-Itirsr, rsrrinree in co



up their introduction into commercial use." There is no
evidence of any long-term commercial success from these
efforts:20 Therefore, in addition to the curtailment of Fed-
eral support for energy demonstration projects, the 1984
Federal budget reflects similar decreases for geological
lla:art.I and mining development and demonstrations.
Reductions are also anticipated in air transportation
d chums tra t ion projects.'

Federal Support for Research
An important current issue is the impact of economic

conditions on public and private support for research.
While national expenditures for deVelopmentwhich
represent two-thirds of all national R&D expenditures
are expected to grow by 4.9 percent in constant dollars
between 1982 and 1983, national support for research will
expand at a slightly lower rate of about 2.6 percent during
that period once an adjustment for inflation has been
made. (See app. .x tables 2-6 and 2-9.)

About half research conducted in the United States
is supported by the Federal Government. Hence, decisions
regarding the allocation of fiscal resources by that sector
have a substantial impact .'n the magnitude and nature of
research activities in this country. The relationship between
Federal funding support and basic research is even more
significant, because Federal support represents an estimated
two-thirds of total national support for basic research:

As figure 2-16 reveals, Federal obligations for research
(basic and applied) grew at an average annual rate of about
1.0 percent in constant-dollar terms between 1967 and
1980. Between 1980 and 1982, Federal support declined at
an average annual rate of 2.4 percent. Federal obligations
for research are expected to rise at an average annual rate
of 3.0 percent beta ::.?en 1982 and 1984 as the administra-
tion reallocates resources previously devoted to commer-
cial demonstration projects for research, especially for
basic research support. By 1984, Federal obligations for
research should -be about 13 percent higher in constant-
dollar terms than they were in the 1967 peak year for
R&D funding. Federal support for development declined
at an average annual rate of about 4.6 percent in con-
stant-dollar terms between 1967 and 1976. Although Fed-
eral obligations for development are expected to grow in
constant dollars between 1976 and 1984 at an average
annual rate of 4.2 percent, the level of support for devel-
opment in 1984 is estimated to be about 8 percent less than
the amount obligated in the previous peak year of 1967
in constant dollars).

As shown in figure 2-17, Federal obligations for basic
research have grown not only as a share of total Federal
support. for research, but also as a fraction of total Federal
R&D obligations. In 1967, Federal obligations for basic
research activities were estimated to represent 40 percent
of Federal obligations for research and 11 percent of total

'A study conducted in 'the mid-1970's concluded, for example, that
nuclear power would not have becoine an available energy option with-
out massive Federal R&D support at those critical times when reactor
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R&D obligations. By 1984, basic research is expected to
grow to represent 45 percent of total Federal research
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DUI IS, NSF, and DOE_42 The largest share is provided by
DHHS-about 34 percent of total Federal basic research
support, most of whit h is provided by NIH. Between 1983
and 1984, basic research support is expected to grow by
Over 18 percent for both NSF and DOE; support provided
by DHHS is expected to increase by less than 3 percent.

The life sciences and the physical sciences receive the
greatest share ,of their Federal funds for basic research,
42 percent and 20 percent, respectively. (See figure 2-18.)
As new Federal priorities have emerged, changes have
occurred in the mix of fields receiving Federal basic re-
sear, h funding. (See table 2-1.)

Table 2-1. Percent distribution of Federal basic
research obligations by major field of science.

Percent

Field 1967 1980 1983

All S/E fields 100.0 100.0 .100.0
Life sciences 38.3 44.0 42.1
Environmental sciences' . 11.3 11.2 9.7
Physical sciences 32.3 26.1 28.6
Psychology 2.9 1.8 1.7
Mathematics and

computer sciences 3.5 2.5 3.2
Engineering .. 8.3 10.0 11.4
Social sciences 3.0 32 22
Other sciences .5 1.4 1.1

Includes atmospheric sciences. geological sciences. oceanography. and other environ-
mental sciences.

See appendix table 2.14.

Science Indicators -1982

The academic sector c,,...tinus to account for the largest
share of Federal obligations for basic research. (See figure
2 -19.) The anticipated growth between 1982 and 1983 in
Federal obligations for basic research is expected to result,
however, in greater gains in the industrial performance 4.
basic research relative to the growth of academic-based
basic research (19 percept and 5 percent, respectively).
Nonetheless, nearly 48 percent of total Federal .basic re-
search obligations in 1983 will upport research performed
in the academic sector.

Federal Funds for R&D Plant

The Federal Government plays an important role in
subsidizing the purchase of scientific instruments and
facilities for the research community. Part of the funding
is included-but rot separately identified-in Federal sup-
port for research and development through grants and

contracts. Estimates are available, however, for separately
budgeted R&D plant support."

In recent years, the majority of Federal funds for R&D
plant represented equipment expenditures of the Depart-
ment of Energy (DOE), mostly synthetic ;Lids demon-
stration plants." R&D plant costs for DOE were esti-
mated to reach a level of about $1.2 :n 1982,
accounting for approximately 80 percent of total Federal
R&D plant outlays.

After growing at an average annual rate of 11.o percent
between .972 and 1982, Federal outlays for R&D plant are
expected to decline by 29 percent in 1083. (See figure 2 -20.)
The anticipated decline is related to the reductions in the
funding of facilities related to the demonstration of energy
technologies. In 1983, support is expected to be main-
tained primarily for basic research facilities, such as those
required foi high-energy physics research.°5 Federal out-
lays for R&D plant are expected to continue to decline in
1084 as greater emphasis is placed on the acquisition of
modern research equipment and instrumentation through
R&D funding."

As a percentage of total Federal R&D plus R&D plant
outlays, Federal outlays for R&D plant arc generally lower
today than they were in the early 1900"s. (See figure 2-21.)
After climbing a level of nearly 7 percent of R&D and
R&D plant outlays in 1%5, Federal support, for R&D
plant is estimated to he less than 1 percent of total R&D
and Rea? plant outlays in 1983. (See appendix tables 2-10
and 2-14.)

In constant - dollar terms, Federal funds for R&D plant
are expected to grow between 1082 and 198.? only in intra-
mural laboratories. )See figure 2-22 ) Sharp drops are ex-
pected in R&D plant support to industry and to university-
affiliated FFRDC's, again reflecting declines in support
for Federal demonstration projects.

In summary, recentreduchons in Federal obligations for
R&D plant support appear to be related, for the most part,
to changes in the scope of Federal support for energy
R&D, especially that carried out with DOE support. Fed-
eral' suppc: t for R&D plant has fluctuated as a share
total Federal outlays for R&D and R&D plant, and today
is estimated to represent less than 1 percent of that total.

"Federal support for R&D plant includes funds for acquiring, con-
structing, repairing, or altering situ( tores, equipment, facilities or land
used in R &[) activities at Federal or nonFederal installations. Excluded
limn the R&D plant category are expendable equipment and office furni-
ture and equipment. R&D plant data are to some extent underreported

. because of the difficulty encountered by some agencies in identifying and
reporting these data. While DOD, for example, reports obligations for
R&D plant under the construction appropriation, DOD is able to iden-
tify only a small portion of the R&PI plant support within R&D contracts
that me funded from the RDT&E appropriation. Similarly, NASA can-
not separately identify those portions of industrial R&D contracts appli-
cable to R&D plant but subsumes R&D plant data in the R&D data cov-
ering industrial performance; R&D plant data I or other performing
sectors can be and are reported by NASA. See ref. 38.

"See ref. 11, pp. 7-8.
4 Ibid.
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Federal obligations for basic research by selecteft field
of science
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Distribution of Federal basic research
obligations by perlearner
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OVERVIEW

National support for research aid development con-
lintli-; to inc tease in the United States as -science and tech-
nolow; are called upon to help stimulate the American
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dollar terms, total national R&D pending in 1983S39.7
Hlionrepresents the highest levels ever.

In 1080, for the first time in two decades, the industrial
sector spent more on research and development than did
the Federal Government. Furthermore, between 1980 and
1983, industrial R&D support grew at an estimated aver-
age annual rate of 5.4 percent in constant dollars, com-
pared with an average annual growth rate of 3.1 percent
for Federal support. Thi, increase in national investment
in R&D activities in recent years is significant considering
the fact that the GNI' has been declining or growing at a
slower rate than national R&D spending.

Real growth is expected in the research and develop-
ment activities carried out by the industrial sector and by
Federal intramural laboratories. R&D e\ penditures for
thesc two perform(' together art' 11 to inf r",P.,(' at
an average annual rate of about 4 percent betwe'n 1080
and 1083, in constant-dollar terms. A slight reduction is

e\pected. however, in academic R&D between 1080 and
1083 (less than I percent in constant dollais), with more
maior reductions projected for R&D activities carried out
in university-at I ihatc,1 I I !';`.4)( - and other mi,nprofit
institutions dui in' pet iod.

Little change is ewe& ted in the distribu tio' t national
tzg, ) pynonditorp.; hetween research and develonment.
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5 percent between 1982 and 1983 in constant-dollar terms.
National support for research is estimated to expand by
about 3 percent between 1982 and 1983 in constant dol-
lars, with significant expansion in industrial support for
research accounting for most of that growth.

Federal investment' in research and development con-
tinues to increase. As a proportion of controllable outlays,
Federal outlays for R&D and R&D plant grew from a level
of 12 percent in 1980 to an estimated level of 14 per-
cent in 1983. Federal funding trends have resulted chiefly
in expanded support for defense-related R&D.

Concerned with national economic recovery, the Federal
Government has not only increased R&D support in
selected budget areas, but has also focused on ways to
stimulate private sector R&D investment. These include
changing Federal tax policies to provide incentives for
R&D investment, liberalizing patent policies to facilitate
technology transfer, and reducing regulatory require-

of annual changes in Federal and pri-
tl.r ti &LD spending decisions shows that Federal

funding trends between 1967 and 1981 correlate
)ngly with ivate sector R&D spending decisions
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Labor market indicators suggest a pattern of shortage
of computer specialists and, to a lesser extent, of engi-
neers. However, preliminary 1.982 data imply that there
rs movement toward a rough balance between supply
and demand of engineers in general. There may still be
shortages in.particular fields of enginedring. The indi-
cators also show adequate supplies o1 environmental
and physical scientists, psychologists, and social scien-
tists, as well as azrough balance in the supply and demand
for life and Nthema tic'al scientists. (See pp. 70-72.c

Almost all S/E's who Want jobs are employed. However,
some how jobs outside gtience or engineering. The pro;

.portion working outside scielice or engineering varies
from almost 20 percent of the social scientists to about
6 percent of the computer specialists. The majority of
those holding non-S/E jobs clO so for voluntary reasons
uch as higher pay or better p?omotional opportunities.
(::;ee p. 63.),

Employment _in science and enginee'Ang (S/E) jobs
reached 2.8 million in 1981, representing an i crease of

,..--alknost, 6 percent per year since 1976. Over this eriod,
employment of Ef ien t is ts grew at a faster rate tha that
of .engineers (7.'5 percent per yearvs. 4,2 percent): Growth,
in engineering employment was affected by supply con-'
straints. The rapid increases in scientific employment
were paced by computer specialists, who accounted'qkr
about one-half of the total increase in scientific jobs.
(See pp. 63-64.)

Employment in S/E jobs accelerated between 1980 and
1981, and grew at a substantially faster rate(7.8 pe,rcent)
than total U.S. employment (1.1 percent), employment
of all professional and related workers (2.8 percent), and
overall economic activity (2.0 percent), indicatig shi 's
in national activity patterns toward those relating to sci-

- ence and technology. (See p. 64.)

Industry's share of total,S/E employment has be n increas-
ing slightly since the mid-1970's as has the proportion
of all S/E's working in production and related activities.
The shift to production and related activities, including
quality control, reflects industry's rising commitment to
improving productivity and increasing the, internation0
competitiveness of U.S. firms. (See pp. 65-67.)

Although women scientists and engineers are still under-
represented, their employment increased at a much faster
rate than employment of men S/E's (96 percent vs. 29
percent) between 1976 and 1981. Women represented
n1,-,,s11. 11 .-trIrre,...1. 1.1,n z 1 'milli's., fr'e

IGHTS

1981, but were about 45 percent of all employed pro-
fessional and related workers. (See pp. 67-68.)

Blacks are underrepresented in science and engineering,
while Asians are not. About 7 percent of those in pro-.
fessional and related jobs, but only about 2 percent of
the S/E work force, are black. However, there has been
some improvement in their representation. Employment
of both black and Asian scientists and engineers increased
more rapidly than the employment of white S/E's over
the 1976-1981 period. The 64:000 black S/E's employed
in 1981 repregented a growth of over%85 percent since
1976, The comparable increase for Asians was almost 50
percent (from 56,000 to 83,000) while employment of
white S/E's was up 34 percent. (Se pp. 68-70.)

). Persons of Hispanic origin are u
doctoral S/E work force. Althoug
employed persons claimed Hisp
only about 1.4 percent of all e

reported Hispanic origins for th
69-70.)

ierrepresented ip the
over 5 percent of all
nic origins in 1981,

Moved doctoral S/E's
same year. (See pp.

. At all degree levels, the number o degrees awarded in
engineering and computer science roe rapidly while the
number earning science degrees either declined or re-

*pained relatively stable. The number of S/E bachelor's
'degrees awarded in 1981 was about 3 percent below the
peak year of 1974 while S/E master's degrees were about
3 percent below 1977 levels and S/E doctorates awarded
were 7 percent below their peak year of 1973. (See pp.
77-80.)

,A strong background i mathematics and science is
required for access to postsecondary educational oppOr-
tunities in science and engineering. However, reductions
in high school mathematics and science coursework
required and taken, and scores on virious standardized
tests document the declining state of precollege mathe-
matics and science education. A significant number of
children at all ages are deficient in their ability to apply
mathematical skills to solve problems. (See pp. 74-76.)

Scores on both the verbal and mathematics parts of the
Scholastic Aptitude Test (SAT) declined over the 1970's.
However, this trend does not hold true for the scores of
college-bound seniors planning to major in science and
engineering. Average' mathematics scores are generally*
higher for those planning to study engineering or the
natural sciences than for those planning other areas of

74. ,7^.



Scientists and engineers' play important and pervasive
roles in almost every aspect of modern life, and they are
one of the key factors in the status and progress of sci-
ence and technology. Scientists and engineers conduct
basic research to advance the underStanding of nature,
perform research and development in a variety of areas
such as health and 'fiational,defense, and train the Nation's
future scientists and engineers. In addition, scientists and
engineers, play a vital role in ongoing efforts to improve
the technological performance of U.S.. industry in areas
such as product innovation, quality control, and produc-
tivity enhancement.

This chapter starts with a review of recent utilization
(employment) patterns of scientists and engineers and
assesses the balance between current supply and demand,
The roles and progress of women and racial minorities
Are also examined. The focus of the chapter then switches
to an .examination of the science and engineering "pipe=
line-- which extends from precollege mathematics and sci-
ence preparation to the school-to-work transition of recent
science and engineering graduates.

UTILIZATION AND SUPPLY OF
SCIENTISTS AND ENGINEERS

The indicators presented belowshow that employment
of those in science and engineering jobs has grown more
rapidly in recent years than total U.S. employment and
overall economic activity, showing shifts in national
activity patterns toward those related to science and tech-
nology. This increase has been very rapid for computer
specialists and relatively slow for engineers because of a
lack of qualified applicants for available jobs, although the
situation for engineers appears to have changed in 1982.
Employment opportunities for scientists and engineers
have shifted slightly toward the industrial sector and away
from educational institutions and the Federal Government.

The indicators also demonstrate that employment of
women and racial minorities in science and engineering
has increased more rapidly than employment of men and
white S/Es. Despite this trend, women and racial minorities
continue to he underrepresented in science and engineering.

Finally, the indicators reveal a pattern of shortages of
computer specialists and, to a lesser extent, engineers. Pre-
liminary 1982 data, however, suggest that supply and
demand conditions for engineers, in general, may be movT
ink; -away from a shortage situation, although there still
nay be shortages in some fields of engineering. Supplies

of environmental and physical scientists; psyChologists,
And social scientists are more than adequate, with supply
and demand for life and mathematical scientistin rough
balance.

Almost one-half of the human resources devoted to sci-
ence and' technology in 1981 were. in engineering. (See
figure 3 -1.) It is useful to distinguish between those who,

Figure 3.1

Employed scientists and engineers by field: 1981
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Based idappe_ n4ix table
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on the basis of their education and experience, are scien-
tists and engineers (S/E's) and the actual employment of
those S/E's in science and engineering jobs. Trends in the

latter reflect more directly the human resources active in
the development of U.S. science and technology. Of the
3.1 million full- and part-time S/E's working in 1981,
almost 90 percent held science or engineering jobs, about
the same proportion as in 1976. By field, the proportion in
S/E jobs ranged from almost all computer specialists to
about 80 percent of the social scientists. (See figure 3-2.)
Those holding S/E d6ctorates are slightly more likely than
others to have jobs in science or engineering.

Employment of scientists and engineers in non-S/E jobs
does not necessarily mean that theyare being underuti-
lized from a societal perspective. Most S/E's who choose
to work in non-S/E positions do so for higher pay, better
promotional opportunities, or other personal reasons, such
as preference for a particular location.2

Employment in Science and Engineering
A principal indicator of the level of U.S. science and

technology activity is'the number of individuals employed
in science and engineering work (ES /E's).' If employment
in science and engineering increases more rapidly than total
U.S. employment or other economic indicators, the com-
parison suggests that society is placing greater emphasis



Figure 3.2
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on technical rather than nontechnical activities. Recent
emphasis on increasing defense expenditures, levels of
research and development expenditures, an\f-efforts to
increase the competitiveness of U.S. industries suggests
that science and engineering employment would be ex=
pee ted to grow at a faster rate than overall U.S. employ-
ment, This expectation is confirmed by the data.

Between 107o and 1981, the number of ES/E's expanded
at a substantially faster rate 'than-did total employment,
employment of all professional and related workers, and
overall economic activity. ES/E employment increased at
'an average annual rate of 5.0 percent (7.5 percent for
scientists and 4.o percent for engineers) over the 197o-
10,81 period, reaching-2.8 million. (See figure 3-3.) In the
same period. total U.S. employment and employment of
all professional and related workers increased at annual
rates of 2.0 percent-and 3.8 percent, respectively: In addi-
tion, real gross national product (GNP)an indicator of
overall economic activityincreased at an average annual
rate of 3.0 percent. Between 1980 and 1981, employment
growth for scientists and engineers accelerated while the

1976-81

'Those In science or engineering lobs,

See appendbi table

lions; the average annual rate was 7.4 percent, reaching
almost 1.7 million by 1981. If computer specialists are
excluded from the analysis, the annual average rate for
scientists drops to 5.3, percen t and employment drop; to
slightly over 1.2 million. In engineering jobs, the average
annual rate of increase was .8 percent, reaching about 1.5
million by 1981. Although engineering employment growth
varied by field, it was not as great as that among science

(See figures 3- and 3-5.) Growth in engineering
employment was inhibited by supply constraints in the
late 1970's and early 1980's.

Computer specialists and mathematical, environmental,
and life scientists showed increases in employment above
the average for all scientists. Computer specialists alone
accounted for almost 5 percent of the total growth in
scientific employment over the 197o-1981 period. The
large increase since 1976 in the employment of computer
specialists raises the question of whether individuals
without computer science degrees are employed as corn-
ptiter specialists. Degree distribution figures show that of
the approximately 33,000 recent science or engineering
baccalaureate graduates employed is computer specialists
in 1080, only about 1 percent earned their bachelor's
degrees in computer..science. An additional 22 percent had
mathematics degrees, while the remainder had degree; in
the. physical, life, and social sciences, and engineering. At
advanced degree levels, the influx of mathematics degree
rocinionh: info tnmntifpr twciinAtionc qhOWS a sub-



Figure 3-4

Average annual growth In'number of all employed
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Figure 3-5
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Science IndicatorS ':-1982

Science and Technology Activities
Data on work activititil scientists and engineers,5 as

those doing research
are

development (R&D), teaching,
aand other activities, re a direct indicator of the character

of the U.S. science and technology (S/T) enterprise. Sec-
toral employment patterns and changes in these patterns
also indicate changes in the character of the S/T enterprise.8

In 1981, about 28 percent of all employed S/E's reported
their primary work as R&D, and an additional 7 percent
cited management of R&D as their primary activity. Thus,
over one-Ihird..(.35 percent) were involved in some aspect
of R&D. (Sec figure 34)1 Many S/E's are also involved in
.general management, production, and teaching, with the
activities of scientists differing from those of engineers.
The distribution of work activities has changed only
slightly since the mid-1970's. (See appendix table 3-8.)
However, even small changes in the patterns of primary
work activities can mask sizable absolute shifts in employ-
ment changes. For example, the proportion of all S /E's
engaged in production and related activities increased
from about 12 percent to 14 percent, representing an
absolute increase of over 150,000. Most of this increase
was accounted for by engineers in industry, reflecting the
added emphasis in industry on improving productivity
and increasing the international competitiveness of U.S.
companies.'

The number of S/E's primarily employed in R&D (ex-
cluding R&D management) increased at an average annual
rate of 6.8 percent to over 870,000 between 1976 and
1981, substantially faster' than the increase in all other
activities combined (5.9 percent per year). The most recent
data show a shift from research to development activities.
Between 1980 and 1981, the number primarily workihg in
research activities increased by 7.8 percent, while the number
working in development activities increased by 9.4 per-
cent. The increased emphasis on development rather than
research reflects, in part, a similar change, in Federal funding
since 1980.8

Most employed scientists and engineers (60 percent or
1.9 million) worked in the business and industry sector in
1981. Since the mid-1970's, the share employed in busi-
ness and industil, has increased by abdut 5 percentage
points while declining slightly for educational institutions
and the Federal Government. (See figure 3-7.) The growing
proportion of S/E's in industry reflects the relative con-
centration of S/E'sin those. industries (generally high tech-.
nology) where overall employment is increasing rapidly,
and changes are occurring in the skill mix of industrial
employment. In many industries, the occupational mix is
shifting away from those involving relatively .low skill
levels, such as laborers, to those involving relatively high
skill levels such as engineers, computer specialists, and
other scientists. The shift .in employment away from edu-
catiOnal institutions .results primarily. from demographic
factors that are causing enrollment to grow more slowly
and in some cases to decline, although salary levels may
be a factor in some fields.
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As expected, these sectoral shifts are more readily apparent
among recent S/E graduates.' At the bachelor's level, 65 per-
cent of the 1978 and 1979 graduates were employed in
industry in 1980, and 9 percent were employed by educa-

r_ c 1o7,1.

Science tnoicators

and industry, and 12 percent found employment in edu-
cational institutions. Changes at the master's level were
even more pronounced. In 1980, 52 percent of the 1978
and 1979 graduates were working in business and indus-

And 18 nercent were in educational' institutions.
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work in educational institutions, down from about 55 per-
cent in 1976. Conversely, about 30 percent of the 1981
graduates planned to work in industry, up from 20 percent
in 1976.

Quality of the S/E Work Force
/ There has been increasing speculation about possible
declines in the quality of the scientific and technical work
force. Such questions are difficult to resolve because no
direct measure of overall work force quality exists. How-
ever, the proportion of the S/E work force holding doctor-
ates (i.e., "doctoral intensity-) is an indicator of work
force quality since doctoral level S/E's provide much of
the leadership in scientific activities.

Scientists and engineers with doctorates area relatively
stable proportion of the work force. In 1981, about 11
percent of the employed S/E's held doctorates, about the
same as in 1976. This proportion varies substantially by
field, however, with scientists much more likely than
engineers to hold sua degrees. (See figure 3-8.) Excluding
computer specialists, over 22 percent of the scientists held
doctorates while 2 percent of the computer specialists and
4 percent of the engineers held such degrees. The rela-
tively low doctoral intensity for computer specialists and
engineers reflects the fact that the bachelor's degree is
frequently the accepted level for entry into these fields.
The doctoral intensity in some fields has shifted over time.
Decreasing percentages were noted among mathematical
(from 16 percent in 1976 to 12 percent in 1981), environ-
mental (19 to 15 percent), and life scientists (25 to 21
percent); increases took place among psychologists (from
29 to 33 percent) and social scientists (from 18 to 23 per-
cent). For physical scientists,engineers, and computer special-
ists, the figures remained stable. (See appendix table 3-12.)

The dnrtnr al intensity of the c/F wnrk forrp .11cn riiiiprc

Figure 3 B

Doctoral intensity' of the
S/E work force: 1981

(Percent)

10 30

All S/etields

Engine099-

All sciences,:

PsYCti004;

.saerices

sciericec

sdence

EnvIronnteidei

Mathematical

Compute(
specialties'

`the ratio of imp% s to, !ots!,sinployul

'Includes earth scle:OS.oc43ire*Y.,
Sas apposes 643.14 Sclitpas Incilcatrws---19$2

Excludes R&D management.

Based oe appendix tables 3.8 and 3-9.

educational institutions to attract and keep doctorate holders
in some fields, such as engineering and computer sciences
and ,to a desire on the part of some institutions to reduce
costs by hiring those without doctorates.



faster rate than for men S/E's (9b percent vs. 29 percent)
between 1976 and 1981. Approximately 420,000 women
scientists and engineers were employed in 1981, representing
over 13 percent of the 3.1 million employed S/E's, up from
L) percent (14,000) in 1976.

The almost doubling of the employment of women S/E's
was,paceirt by an over 200 percent increase in the number
of women computer specialists. Between 1976 and 1981,
almost two-fifths of the increase in the employment of
women S/E's was accounted for by increases in the number
of women computer specialists. As a result of this very
rapid increase, the proportion of all employed computer
specialists who were women increased to 26 percent (110,500)
in 1981, up from about 16 percent (33,200) in 1976.

.WoMen are much more likely than men to be scientists
rather than engineers. However, the number of women
engineers tripled between 1976 and 1981, reaching almost
35,000. Despite this very rapid increase, only about 2 per-
cent of all employed. engineers were women. Among-sci-
ence fields, the proportions of women in psychology,
social sciences, and computer specialties were much higher
than in the other fields.

Partially reflecting differences in field.distributions,dis-
cussed .above, especially the split between scientists and
engineers, the work activities of women S/E's differed signifi-
cantly from those of men S/E's in 1981. (See figure 3-10.)
Although roughly similar proportions of both men and
women are primarily engaged in R&D activities, women

Figure 3-10
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are more likely than men to be in research rather than
development. Women S/E's are twice as likely as men
S/E's to report teaching as their primary activity (16 per-
cent vs. 8 percent), while men are more than twice as likely
as women to b primarily engaged in management activi-
ties (24 percent vs. 9 percent).

Employment of women holding doctorates in science or
engineering also increased at a faster rate than men over
the 1976-1981 period (65 percent vs. 23 percent). The
41,000 employed doctoral women S/E's in 1981 represented
about 12 percent of all employed doctoral S/E's, up from
around 9 percent in 1976.

In 1981, about 10 percent of both male female S/E's
held doctorates. If engineeringstill a predziniriantly male
fieldis excluded from the analysis, the ruportion of women
scientists holding doctorates remains at about 10 percent,
but the p. oportion of men S/E's with doctorates increases
to 20 percent. Differences between the sexes in level of
educational attainment vary significantly by field (see
figure 3-11), with the largest differences in physical and
social sciences and psychology.

Despite the rapid employment growth for women S /E's,
women are still underrepresented in sciencc and engineer-
ing, as opposed to the total U.S, labor force and all pro:,
fessional and related fields. In 1981, women represented
about 43 percent of all employed persons and 45 percent
of all professional and technical .workers,I° but only 13
percent ofall S/E'S.

Minorities in Science and Engineering
Employment of both black and Asian scientists and engi-

neers increased more rapidly than the employment of white
S/E's over the 1976-1981 period. The 64,000 black S/E's
employed in 1981 represented a growth of over 85 percent
since 1976: The comparable increase for Asians was almost 50
percent (from 56,200 to 83,500), while employment of white
S/E's was up 34 'percent. Despite these rapid increases,
blacks represented about 2 percent of all employed S/E's
in 1981, while Asians repres,mted almost 3 percent.

Black, Asian, and white S/E's are concentrated in dif-
ferent fields. Blacks are less likely than whites to be engi-
neers; almost half of the white S/E's but only about one-
third of the blacks are engineers, and blacks represent only
slightly over. 1 percent of all employed engineers. (See figure
3-12.) In science, blacks are more likely than whites to be
social or mathematical scientists. Asian S /Es have a some-
what higher concentration in the fields of engineering and
the computer specialties and a lower concentration in psy-
chology that either white or black S/E's. (See table 3-1.)

Although employment of blacks increased in all fields,
almot three-fifths of the 30,000 increase in the number of
employed black S/E's between 1976 and 1981 was accounted
for by growth in only two fieldsengineering (from 10,800
to 20,600) and computer specialties (from 2,800 to 10,200).
Another 25 percent of the increase took place among social
scientists (up from 3,500 in 1976 to 11,000 in 1981). As a
result of these differential growth rates, the field distribu-
tion of black S/E's has changed somewhat over time, mov-

. .



Figure 3-11
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Table 3-1. Distribution of employed scientists and
engineers by field and race: 1981

Field

Percent

White Black Asian

All S'E fields 100.0 100.0 100.0
Physical scientists 7.3 7.8 10.2
Mathematical scientists 4.1 8.1 4.9
Computer specialists 13.2 15.9 18.4
Environmental scientists' 3.4 .9 1.3
Engineers 47.5 32.1 50.1
Life scientists 13.2 12.9 11.3
Psychologists 4.3 5.3 .7
Social scientists 7.1 3.1

Includes earth soennsts. oceanog-apners. '.,:tnlospnenc sce..4ista.

REFERENCE: Based on append., tables 3-13 r. 3.14.

Spence. Ina,calors- 1982

Among Asians, about 85 percent of the increase in
employment between 1976 and 1981 took place among
engineer, (from. 28,900 to 41,800) and computer specialists
(from 5,000 to 15,400). The only major field in which
employment of Asians declined was the social sciences.

Blacks are clearly underrepresented in science and engi-
neering. ASians, who make up a smaller percentage of the
pOpulation, are not. In 1981, blacks and other minorities
represented 9 percent of all professional and related work-
frc." Of these minorities in nrnipssi!,ral and related inhs.

about 7 prMent of those in all professional and re ated
jobs, but only about 2 percent of the entire S/E/ work
force.

Employment of both blacks and Asians holding doctor-
ates in science or engineering increased at a faster'rate than
that of whites with doctorates over the 1976-1981 period.
The number of Asian S/E's hokl:ng doctorates increased
by about 90 percent between 1976 and 1981; for blacks,
the increase was 63 percent and for whites, 25 percent. In
1981, Asian S/E's had a higherieyel of educational attain-
ment than their white or black colleagues. 111most one-
third of Asian S/E's held doctorates in 1981, up from
25 percent in 1976. Among black S/E's,, about 7 percent
held doctorates in 1981, about the same proportion as in
1976. Employment of white S/E's with doctorates, how-
ever, did not keep pace with the overall increase in
employment of whites. In 1981, about 10 percent of white
S/E's held doctorates, down sligh'ly from the estimated
11 percent in 1976.

Persons of Hispanic origin12 are underrepresented in the
doctoral science and engineering work force. Although
over 5 percent of all employed persons 20 years of age
and older claimed Hispanic origins and about 2.6 percent
of all professional and related workers were Hispanic in
1981, the 4,800 Hispanic doctoral S/E's represented only
about 1.4 percent of all employed doctoral S/E's for the

"Hispanics are a diverse ethnic group and it would he desirable to dis-
tinguish among Mexican-Americans, Puerto Ricans. and other Hispanics.
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same year. The number of employed Hispanic doctoral
S/L-s has more than doubled since 1977, when the approx-
imately 2,200 Hispanics represented less than one percent
of all employed doctoral scientists and engineers.

Both Hispanic and non-Hispanic doctoral S/E's show
roughly similar distributions by fie:d. About 25 percent
of each group were life scientists in 1981, and about
.20 percent were physical scientists.. On, the other hand;
Hispanics were soniewhat .more likely than their non-His-
panic colleagues to he social scientists or psychologists,
and somewhat less likely to be engineers or environmental
scientists.

LABOR MARKET INDICATORS

Statistics Ott employment of -scientists and engineers alone
do not indicate whether the current supply is sufficient to
Mill the needs'of the economy. Recent concerns over short-
age. of engineers and computer specialists, and about suit-
able lob opportunities for some scientists suggest a poten-
tial Maldistribution in the labor market for and a

ization rate helps assess both the market for science and
engineering jobs and the extent to which those with train-
ing in science and engineering are utilizing their training.
No single statistic can provide a firm bask for measuring
shortages and surpluses of scier''sts" and engineers. But
some statistics, when examined ,,ether, permit inferences

Nabout the condition of the S/E tabor market.
The indicators examined below reveal a pattern of short-

ages of computer specialists and, to a lesser degree, of
engineers. However, preliminary 1982 data suggest that
supply and demand for engineers is moving away from a
shortage situation toward one of balance. The indicators
also show more than adequate supplies of environmental
and physical, scientists, psychologists, and social scientists
with the supply of life and mathematical scientists in rough
balance with demand. The indicators only reveal the gen-.
eral supply and demand patterns for major S/E fields.'
Supply and demand conditions for particular fields or
suhfields may differ from conditions for the-,-verall
field. For example, a shortag of engineers does not indi-

. ate that all fields of engineering are in a shortage situation.

Labor Force Participation Rates

The 5/E: labor force includes scientists and . -gineers
who are employed, either in or out of science. ...rd engi-
neering, and those who are unemployed and seeking
employment. Thus, the labor force is a pool of those who
are economically active and thus directly available to carry
out 5/E functions.

Scientists and engineers continued to have a high participa-
tion rate in the labor force in 198T with almost 94 per-
cent (3.2 million) of the S/E population economically
active." This participation rate.is higher than the 87 per-
cent rate for the general population that has completed
4 or more years of college." Differences in participation
rates cannot he accounted for by differences in the sex
composition of these groups. When further stratified by
sex, 5/E. men have only slightly higher rates than S/E
women (94 percent vs. 91 percent). By way of comparison,
men and women who had completed 4 or more years of
college had participation rates of 95 percent and 74 per-
cent, respectively."

Unemployment Rates
A standard mea.--re of labor market conditions is the

unemploythent rate. The unemployment rate measures the
proportion of those in the labor force Who are not employed
but seeking work. Relative to both the general labor force
and all professional and related workers, SiEs have shown an
improved and relatively strong labor market position. (See
figure 3 -13.) In 1976, the unemployment rate for S/E's
was about oo percent of that for all Prof tonal and tech-
nical workers: by 1981, that rate had falik.n to about 39
percent. (See appendix table 3-15.)

"The labor force participation rate RAPRI is the ratio of those em-
pioyed (E) and those unemployed but seeking employment (U) to the
population (II:
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Almost all scientists and engineers %,.ho want jobs are
employed. Unemployment rates for scientists and engi-
neers remained at about only 1 percent between 1978 and
1981. This stability follows the decline that occurred
between 1976 and 1978, when the unemployment rate for
5/Ls fell from almoSt 2 percent in 1976.

There was some variation by field in the 1981 S/E
unemployment rates. (.:eye figure 3-14.) In 1981, the highest
unemployment rate among scientists and engineers was
posted by environmental scientists, but their rate of 2.5
percent was considerably below the 7.6 percent unemploy-
ment rate for the entire U.S. labor force and slightly
below the 2.8 percent rate for all professional and related
workers.

Preliminary data for 1982 suggest that unemployment
rates for engineers" have increased slightly over 1981
rates (about 0.2 percentage points), but are still well below
those for the entire labor force and for those in proles-.
sional and related fields.

S/E Utilization Rates
Although .uneraployment rates are a stend,:d labor

market indicator, they do not indicate how successful
those with S/E training are in finding jobs in science or
engineering. While a low unemployment rate indicates
that -;./E's are not having difficulty finding jobs, it says
nothing about their success in finding jobs in their area of
expertise.

The S/E utilization rate has been developed to show the
degree to which 5/E's in the labor force hold science or
'engineering jobs." In 1981, the S/E utilization rate was

"Sce ref
"d'he C uttlitation rate (ES/E) measures the ratio of those holding

soh, t. or on vi nrwrinr tc/F I to the total !:cience and envinverinv
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about 88 percent; basically unchanged from the'Mid-1970's.
The S/E utilization rate.varies only slightly between engi-
neers and scientists and among science fields. (See figure
3-15.) Although the S/E utilization rate is a good indicator
of market conditions: some caution must be exercised in
interpretation. Some who leave S/E jobs move to manage-
rial positions that do not involve S/E activities. Others
work outside of -S /E activities for a variety of reasons not
necessarily related to labor market conditions (e.g.; strong
location preference). Relatively few (about 10 percent) take
non-S/E jobs because they cannot find S/E jobs." Thus,
small declines in the S/E utilization rates do not neces-
sarily imply weak or declining markets.

S/E's holding doctorates showed a slightly higher S/E
utilization rate than all 5/E's combined. In 1981; the rate
for all doctoral S/E's was 91 percent and, by field, ranged
from 99 percent for computer specialists to 82 percent
for social scientists. (See figure 3 -16.) Variations among
scientists with Ph.D.'s, however, were less thin among all
scientists.

. Several inferences can be drawn from these indicators.
The demand for computer specialists, engineers, anc.rm.athe-
matical and life scientists is stronger than the demand for
social or physical scientists. Furthermore, among science
fields, the demand for those with doctoral degrees is stronger
than the demand for those with other degrees.

Relative Salaries
Salary trends are another way ohascertaining labor market
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the inference is that the available supply is equal to or
greater than the current demand for all personnel.

Starting salaries for new hires or inexperienced scien-
.

fists' and engineers can reflect the market situation for -
these ocupations.19 For scientists and engineers, starting-
salaries are more sensitive to supply and demand condi-
tions than salaries of experienced persons. The number of
lob offers made should also he considered. For example,
while starting salaries were up in the humanities, the number
of offers were down, indicating that the demand for those
with degrees in the humanities was not strong. (See appen-
dix tables 3-18 and 3-19.)

Starting salary offers for science and engineering grad-
uates are generally higher than those for graduates in other
fields. (See figure 3-17.) Engineering graduates t aditiott-
ally receive higher starting salaries than do science gradu-
ates. Among science graduates, those with degrees in the
computer, mathematical, and physical sciences have higher
starting salaries than those in the life and social sciences..

According to the College Placement Council, engineer-
ing offers accounted for 57 percent of all. offers to bache-
lor's candidates in 1982, down sharply from 1981 (65 per-
cent of total offers) but about the same as 1977 (55 percent
of total offers)." This decline from 1981 to 1982 can be
attributed to a combination of fact( rst:a) the decline of
almost one-fifth in total off to bachelor's candidates,
and b) a substantial decrease in offers to chemical and
mechanical engineering degree candidates (down almo-st
one-half and one-third, respectively).

The recruiting volume (number of offers) accounted for
by scientific disciplines was-13 percent of the total in 1982,
up slightly from 1977 and 1981. Computer science degree
candidates continued to domini.,-e this category, comprising
about one-half of the offers reported among science fields.

Annual salaries for recent S/E graduates increased at an
annual rate of about 8 percent, between 1976 and 1980.
This rate is about the same annual increase noted between
1975 and 1980 for all male professional -workers.2' The
information on starting salaries and numbers -of offers indi-
c.ites that the market demand for S/E's may be decreasing.

High Technology Recruitment
Fhe High Technology Recruitment Index (HTR1) is also

an indicator of market conditions for S/E's. The HTR1
measures the amount of advertising space dedicated to
recruiting scientists and engineers. In 1970, the index
measured 60 (1961=100). In 1977, the index began a
steady increase. (See figure 3-18.) However, demand (as
measured by the FITRI) may have peaked. In 1982, it
dropped to 104 from a 10 year high of 144 in 1979.22

Employment Status of Recent S/E Graduates
The employment status of recent S/E graduates is

another indicator of labor market conditions. The market
conditions for recent graduates provide a sensitive barom-
eter of overall market conditions in various S/E fields
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since any change in employer demand is normally reflected
first in employer hiring decisions. In addition, labor
market conditions can cause students to alter decisions
concerning college majors'and possible careers.

The ,Lclequacy of recent S/E degree production in terms
of employment demand can be indexed by the ratio of
employment (classified by field,of employment) to the labor
force (classified by field of deree). Figure 3-19 depicts
the ratio of S/E bachelor's, Master's, and doctorate recipients
employed in a field relative to the number of graduates
in that field who entered the labor force. For example, are
the number of graduates employed as chemists about the
same as, more than, or less than the number of graduates
in the labor force with degrees in chemistry? A ratio of 1.0
is consistent with relative -supply and demand balance;
ratios of less than 1.0 or more than 1.0 suggest a relative
excess supply or relative excess demand, respectively.

Based on this index, the data suggest a...relative supply
and demand balance in engineericg and chemistry and an
excess supply in most other science fields, except for...com-
puter specialties which continue to reflect. excess demand.
(The index for engineering should be interpreted with some
caution, however, since the nature of engineering jobs
may make it difficult for those trained in other fields to
work as engineers.) The data also suggest that the relative
imbalances are somewhat smaller at the master's degree
and doctorate levels, although the strong demand for com-
puter specialists is evident among all degree recipients.

The indicators presented above reveal a mixed picture
with respect to labor market conditions for scientists and
engineers. All indicators point toward a shortage of com-
puter specialists. For engineers, the indicators are mixed.,
While the indicators reveal a shortage in 1981, they also
indicate that by mid- to late-1982, the situation appeared
to be shifting from shortage to, at least, balance for engi-
neers in general. There is some- evidence that supply and
deniand conditions for chemists and possibly for life sci-
entists .may be in rough balance. For other ecience fields,
supply is more than adequate. The indicators also show
that surpluses are smaller at the master's and doctorate
levels than at the bachelors..,d.egree level.

x

SCIENCE AND'ENGINEERING PIPELINE
Both the quality and size of' the potential pool of new

scientists and engineer; are causing concern from the per-
spective of science and technology policymakers, reflecting
two separate but, related*develgpments. The first develop-
ment focuses on the declining state of precollege mathematics
and science education as demoristrated by the deteriorating
performance of all precollege students on mathematics and
science achievement tests and on declining scores on tests
used in college admissidns decisions, such as the Scholastic
Aptitude Test (SAT). The second development relates
to demographic factors. specifically the approximately
15 percent drop in the'rrumber of 115- to 24-year-olds
anticipated during, the 1980'5. Furthermore, there is a con-
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degrees in science, and engineering, to the transition of
S/E graduates from school to work.

Indicators useful. in undsrst, nding, and assessing precol-
lege mathematics and science preparatien include curricu-
lum placement. specific coursework, and scores on tests
nteasuring mathematics and science abilities and skills.
These indicators are examined alo' ig with the relationship

.

or demographic factors. The quality of potential S/E grad-
uate students is examined by reviewing Graduate Record .
Examination scores and other indicators of quality. A review
of the transition of S/E graduates frot9 school to work
concludes the overview of the S/E pipeline. Indicators
used to assess this transition are those associated with
labor market activity and conditions such as labor force
participation rates, and ability of graduates to find jobs
in their own or related fields.

Precollege.Mathematics and Science Coursework
l

Decisions not to take science and mathematics course-
work in high school serve to diminish the supply of poten-
tial neW entrants to 5/E fields, since a strong_ backg:ound
in these fields is usually required for acce....s to postsecon-
dary opportunities in science, en,neering, and other
quantitative fields. A student's curriculum is particularly
important; it largely determines the type of coursework
taken and is associated with fUtuie educational and career
choices-fU high school seniors in 198'Q, 39 percent were in .
academic progratn<-37 percent were in general programs,.,,..

and 24 percent were it\ vocational programs." SinCe 1'972,
the proportion of students in aaadetnic programs (a major
source cof future 5/E students)ideclined by about 4 per-

% centage points while the proportion in general programs,
increased by a like amount.

Because the population of high Ajlool graduates increased
,by almost 3 percent since 1972, i1 4-point decline in the .--
proportion of high school students in academic programs
did not result/in 'a very large decrease in the potential pool
of new scientists-and engineers. This decline may become
a problem iri the mid- to late-1980's, however, when the
number of tigh school age persons in the populationI.

begins to de-line.
Students in academic programs generally talce more

coursework in mathematics and science titan do students
in general or vocational programs. (See figure'3 -20.) For
example, over one-half of the seniors in academic programs
in 1980 had taken 3 an more years of mathematics course-
work, compared with only 18 percent of those in voca-
tional programs.24

-College-bound seniors-those students who take the
SAT and respond to the Student Description Question-
naire (SDQ) administered by the Admissions Testing ....
Programnumbered about 1 million in 1982 (one-third of
the 1982 high school graduates) but represented about
two-thirds of all graduates who go dire,ctly to college. In
1982, about 87 percent of college-bound seniors had taken .-

3 or more years of mathernaticomp-ared to555 percent of ..
all 1980 high school seniors in academic programs. 9f
these - college -bound seniors-'2.-6 percent had studied math-
ematics a' the high school level for 3 years, 50 percent for
4 years, and 11 percent for 5 years. (See figure 3-21.125

, .-
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Mathematics and Science Achievement of
Precollege Studeni ,

list National Assessment of Educational Progress (NAEP)
designed to assess the achievements of precollege stu-

den tt:-; in a number of areas, including mathematics and
sc lc nce.26

Two NALl' assessments provide data on 'changes in math-
ematics achievement between the early and late- 1970s.27
'Ihese assessments evaluate performance for four different
cognitive process levets: knowledge, skills, understanding,
and applicat;on.

"Odlet .itr,P, Inc at t. arter ,and ocoipatitmai development, cit-
i.q11,-hip, musk., reading, ociii Audies, and writing.

TO. 17 pp. 1$-20

Figure 3.21

Percentage of college-bound seniors taking mathematics
by number of years of study: 1982
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When oil "'change items- were considered together,
inpithenlatics assessment show el that performance of 9-
year-olds declinecr`tterr slightly-between 1973 and 1978.
(See figure 3-22.) Average results-for knowledge items
shoived no appreciable change over the 1973-1978 period,
For skill items, results for 9year-old4 did not change;
k,wez.:et average skill levels of 13- and 17-y,ear-olds,
t'reclined, with 17-year-olds showing the largest dr . For
ite[ns testing mathematical unthristanding, perfor lance of
17-year-olds declined while the trend for sr-olds is
Unclear. All three age,groups showed significant average
declines on mathenptical applications which in .olve the
use of mathematical skrjlls, ancLynders anding
to .olve problems.

Assessments of science achievement were also conducted
by. NAEP in>190, 1973, and 1077. (See figure 3-23.) A,
downward trend in science achievement was oLserved in
all three aAt groups from the first to the second asses-
ment, lE,ut this declir,? appeared to be dimi.'ishing for'9-year-

ec

\
r

Figure

,Average percent es of correct,tvpsnie
on mathematics It qi ei age at

(Percril
60

40

1973

73

0°
9,par-olds 13-year-olds, 17-yezr-clds

-REFERENCE: isallanal Assessment of Ed, cationai Progress, Changes in Mathematical
.4010eveinont. 1973-1978. r Report tie.. 09-MA-01, (Denver. Coloredo. August 1979).
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Aptitude Test Scores of Prospective
5/E Students

The Scholastic Aptitude Test ISAT( is widely used in
college INdmissions decisions. The test contains a verbal
and a mathematics aptitude test and offers achievement
tests in 15 academic subjects. Students who take achiei.-e-,

ment tes,is in mathematics and science generally have higher
verbal find mathematics (quantitative) scores than, other
college- bound seniors, indicating that there is somesself-
selection occurring in the potential choice of college major.
A relatively low score on- the mathematics part of the.test
could inhibit a -ctudent's choice of major or acceptance for
study its a science or engineering field.. k

Even though scores ir.,..7reased slightly between 1981 and
12g--1, between 1°70 and 1(182 average verbal SAT scores
declined by 34 points (4c,0 to 426), while average mathe-
matics scores declined by 2.1 points (488 to 4871. (See fig-
ure 3-2-I.)2''Thhese declining scores can be attributed to
many factors, including greater propyAotas of 'average

/and marginal-achiev'ng students taking tine xam. Firive-
ever, an adviZ:lry panel for the Educ tional Testing Service

.aonsors of the exam) concl ded Nat crab; gne-foUrth of
deeline since 1970 could be explained by this factor..

Other contributing factors incluiednanges in school ccur-
ric7ula, i.e.,1t,eduction of required Courses, and the impact
of television in stressing listening and iviewing skills rather
than active participation.3°

The steady decline inoverallverail -A1,,T scores is not reflected
in the SAT scores of co:' ou d seniors intending to
major in a science or engine, inJfierd.31 These students

4
tit

Figure 3 -24
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generally had higher overall scores than all college-bound
jtsee table 3,-2 1 The overall average verbalVnd mathe--

sc.;)res of college-bound seniors were 426 and -lei,
re,spectively. Students planning to stud' engineering had
ayCrage verbal scores of 44o and average mathematics scores
of 534: for those planning to sth .1v the phsical sciences,
tie avelage -,t,res were 40o lyerlualt and 55t, :itathernaticst.
t' hen those planmng to maim to science and engineering
are combined, the average sck.):es are estimated to be 43o
(verbal) and 503 (mathematics) for 1982.

The indicators presented above on high school mall-le-
:natio, and science coursework and on the results et: vaar......
,se'- standardized tests document the declining state of precol-
lege mathematics and sciet\ce education. The proportio.a
of students in high school academic programs has declined.

e students in these programs take more mathematics
ancl science courses than other students, the decline the
proportion in aeadernic programs is cause for concern.
Moreover. the performance of high school students on
standardised achievement tests has declined over the 1970's,
and shows that children at all ages are deficient in their
ability to apply mathematics skills to solve problems. Thus, it
comes as no surprise that scores on both the verbal and
mathematics portions of the SAT have also declined over
the 1070's. The declinilfg state of precollege mathematics
and science education has negative implicatidiis for overall
mathematics and science literacythe ability of citizens to
function in an increasingly technological environment. When
combined with the anticipated'drop in the number of high
school students, the declinini.';.state of precollege education
also has serious implic:ttions for the size of the pool of
students from which scientists and c,Igineers are drawn.

On a more positive fleet:, the decline in SAT scores is not
reflected in the scores of high school seniors planning to ,
major in science or engineering. These students generally
had higher SAT scores, especially in mathematics, than
!.iticlent planning to major in nonscience or engineering

.. Table 3-2, i%verage (mean) SAT scores of college-
:- /1 Lkouid seniorn by intended undergraduate major; 1982
N---.
Intsnaeu undergraducte

... `., . major Verbal Mathematics

All-colle..4,bound seniors
Businesi`
Education
All science and en,-. meeting-
Physical science
Mathe-matics -
Computer science .

s--- igiheering
iology

Agricultural sciences
Psychology '''
STial science

1/4 426
,401
'394
446
496
455

: 417
449
472
402
436
461

1 : -- 444667
419
503
558
569

:469
537
504
436
446
475

SOURCE: Aamissiuns Testing Program of the College Board, Nanonal Colle9eBu:ind
-.. Sernms. 1982 (Princetoti74.J.: Educational Testing Serece. 1982). p. 18.
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S/E Degree Production
The number of SA' bachelor's degrees awarded annually

has exhibited two distinct phases since 1955: a) a con-
tinuous rise from 1955 to 1974; and b) a decline of about 3
percent between 1974 and 1961. (See figure 3-25.) The first
Phase reflects a variety of factors that combined to sustain
this kmarkably long period of growth. -Sputnik,- launched
in October 1057., influenced the passage of the National
Education Defense Act of 1958, authorizing direct, low
interest student loans, graduate fellowships, and several
forms of,assistance to institutions. The Higher Education
Act of 19o5 initiated major student assistance programs,
including work study and educational opportunity grants
and insoi ed loans that became effective in FY 1967. Fur-
thermore, the first wave of the postwar baby boom genera-7,
tion reached college-age in the mid-1960's. Finally, the
possibility'of being drafted provided an incentive to enroll
in college 'during part of the 1955-74 period. However,
such incentives ended with the elimination of student
deferments in 19,71 and the institution of an all-volunteer
army in 1973,32

.During the second phase, the availability of student aid
increased, total enrollments in higher education continued
to grow, and demographic declines had not yet reduced
the size of the traditional college-age populakon. On the
other hand, the propOrtion of part-time and unclassified"
students increased, the S/E share of total bachelor's degrees
remained'almost constant between 197-1 and 1981, and the
number of S/E bachelor's degrees per thousand 22 -year-
olds declined.

These trends varied considerably by field. (See figure
3-25.) The most notable trend was in engineering, which
showed an increase of 64 percent from 1976 to 1981 when
it reached'an historic high of abOut 64,000. The relatively
level trend in physical sciences masks a 35 percent decrease in
physics since 1970 and an increase of .100 percent in geo-
logical sciences. Degrees in mathematical sciences have
fallen by 9 percent since 1970, but this conceals two diver-
gent trends. Although degrees in mathematics have fallen
59 percent (horn ..7,600 in 1970 to 11,200 in 1981) , degrees
in computer science have risen from 1,500 to over 15,000;
some of this increase may he due to a reclassification of
earned degrees.

Although the size of the college-ags. por;.lation
is considered to be one of the basic factors in determining
degree production potential, only about .10 percent of the
1955-1981 increase may be attributable to demographic
changes. In 1955, the lowest year in the production of

bachelor's and first-professional degrees'sin::e World
War .11, there were about 2,1 million persons 22 years of
age (the normal age for baccalaureate recipients); 39 S/E
degrees were awarded per thousand 22-year,old: If this
1955 rate of degree production had remained constari, the
number of degrees produced in 1981 would have` bee
about 163,000 rather than the 295,000 which were produce

The remainder of the 1955-1981 increa, about 60 per-
cent, may be attributed to the higher rate of par/1:icipation

"See ref, I. '

"Unclassified ctudents are those who are not candidates for a degrce
or other Noma] award, althou1;11 they are takir41 courses for creJit in
regular classes with,oiller students.



Figure 3-25

Science and engineering bachelor's and
first-professional degrees awarded by field
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to t tilli;go for th.ot,c 16: to 22-yciir-old ot:w orour.
I in irUlut.incing the high rat( inciude, in acliloron to

in SI, careers: changes in the.Y7klue of education
as per, eived by voung people, their parents, and emploi;

err: the availability of desired educational opportunities;
and the eamornic capability of would-be students, includ-
ing the availability of various types of student aid.

Population projections do not indicate any major change
in the number of 22-year-olds by the mid-1980's. There-
fore. demographic factors should have little influence on
the number of bachelor's degrees in the near future, and
:hinges over the next few years will be primarily the result

of changes in nondemographic factors. However, from the
r.-1-1950's through 1990, the population of 22-year-olds
is projected to d.'crease to about 17, percent le ss than the
estimated 1080 population, suggesting that degree produc-
tion could d_ciine if demographic factors predominate.

In 1961, about 295,000 bachelor's degrees were granted
in science and engineering, as Well as about 55,000 mas-
ter s degrees and 18,900 doctorates. (See figures 3-25, 3-26,
and 3-27.) The number of S.,'E masters degr 6!s increased
during the 1070's. peaking at 56,700 in t.977 and declining
to 5.1,800 by 1081. The pattern in S/E doctorates was
similar to that of Sc'E bachelor s degrees; after climbing
steadily. but at a decreasing rate, the number peaked in
1973 and began to decline. E3)' 1981, the number of S/E
doctorates granted was about 7 percent below the 1973
U.\ a

As discussed earlier, the number of 22-year-olds affects
the' number of bachelor's degrees produced. Analogously,
the number of bachelor's degree recipients defines the pool
from which recipients of graduate degrees are drawn when
the appropriate number of years are added.34 Although the
time period required to complete a degree is not the same
for all advanced degree recipients, on the average, S/E
1..asters degrees may he appropriately related to bache-
lor's degrees received 2 years earlier and doctorate degrees
may be related to bachelor's degrees received 7 years earlier.35
S/E, master's degrees as a percentage of'bachelors degrees
received 2 years earlier (the continuation rate) inveased
from almost 10 percent in 1957 to 26 percent in 19o8, then
declined to 19 percent in 197-1 and remained near that level
through P61.36 If the' 2e percent rate of the late 1 °oO's
had been achieved in 1061, the number of S/E master's
degrees vcrtild have increased by more than 3.1,000, from
- 13,000 in oos to 7o,000 in I °S I. The actual increase was
only about

The same general pattern occurred at the doctorate level.
The highest continuation rate 113 percent) was not reached
until 1070, and the subsequent decline jto it percent) in
1081 was relatively more severe than the decline in the rate
for master > degrees. If the rate had remained at the high
of 13 percent, annual production of S/E .doctoral degrees
would have increased by about 22.000, 17,600'in 1970
to 39.200 in 19tI; however, actual deg' proi.-tiction fell
slightly.

The' trends in earned 'degrees and continuation rates out-
lined above also have implications for the S/E share of

1111.- ,,001 Intut'tl I thot
,111111' 51. , "itI didllteatl', 111.1y let 110' 11011,tIkice

vc--.1
"i, r .1 .11, te.,1,:t hi the RIctliattreatt. to.r.fok.1m.111' (1110' 1.11,se, sec

'qt.!, ;1,10r P-r:.3 0, till' ,.111M, 1,01(1:
%vitt! iory,t. 1,Vorld ('('.ran,

78 8G



Figure 3-26

Science and engineering master's d4grecr.;
awarded by field
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Science and engineering doctorates
awarded by field
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t't s tlit bat s level this share v,:as
',able at siiv.htiv ,ove 312 perent until 1070, when
an ti J- 1!--,ee figure 3-251 By 1.961.

31 pertent of the total. For
s degrees. t}i. sitare declined steadily from: 30 per

in 107o. I See figure 3-2o.I This
'f, ::,1 .,as result it the citantatit LICiline in

state ot engineering degrees, win,. h di tipped by about
2-0 p-tt 'r) t Betwet'n 107o and I os I I. master s derees
as a reit ent tat all master s degrees rem,uned relatively

it roughly 1.:7; pelt ent. Itsee ppendoc table 2-25.) For
,Tat,,, the t:end toughlv paralleled the trend 10:-

Inaszet s 't!rees. the S.E. share Jet lined t rom e3 percent
it I 077s .;-; perk ent in 107(0 and increased slightly in

iiI het rititire327

Quality of Prospective Graduate Students
t aminanon ;RE; ctore, ate one A.-..idelv

futur,..1.',....i,,rrnanee of apph-
d 1r tctaiu.i .'tudv. Two types Itt-as art' available-.

T;-st and the AdY.,inced Tt The Aptitude
.1(..-; hi.' alb; ,. TE'd it'd mo..mrts
to measure Tiilf!Li (1`. a iong period of time. It
rot to any 'pet if it field of study. The .Advanced
lests are measures of achievement in parti,.-; :at: fields of
study. and 'sit It Advanced Test assumes under-
gr,1,111,1t( 11.A tor or eN, i',Ickground in the specific
subiet t.

based on the c'erbal and :auantitative components of the
Aptitude Test, the clu.';:itv (st 'rest of prospective 5/I. gradu-
ate students remains high in absolute tt'rms and relative to
overall avert ,..,' stores liii scores tit prospeetive students
in nonst t

aptitude t'est scores are available from 107o to
1051 o: ,everal .`.1:11 fields. (See figure, 3-2.8.1 In ve:bal
ability, scores for s.iener and nonscience stud,nts riot
thltet signitnantly. but engineering candidates scorc aver-

not iceably low than '.t ore, of science candidaRs.
Th, hover verbal for engin,ei mg candidates ma -v be
lit tutu, ed th, ielativelv latgt :lumber of foreign stu-

dents enter itug graduate' engineering progran-. le In quan-
titative ability candidate's for admission to SA fields score.)
signifiLantivhigher than candidate,: ;n nonst ence fields,
but there were large differt,..ce!. e etating c,:uldidates in
,nginvering matilematt.,-s, and ora those in die
lite and ',4)(111 knits

Not only has the quality ci prospt"I: . raduate students
remained I airlv ceinstant, but tivi i or irion of doctor...le,
grantec: by top-rated depaitment, for selected fields has
been relativ,-ly stable tron't loo 10 1078. Although the
number of SF doctorates granted has declined since the
ear lv t,tcluding science.degrees, the downward
trend in the,number of docmrate,.. awarded by those with a
'distinguished.' Rooce-Amb i-son rating has r->c6c,:!(-,d at

a slower rate than the trend 'a. ";SCI r.rtvd depariments,"

ii lilt II Ill t ref
..1 A. id-rut, t,, 1,;1e.v.-41I.11};;r1t.l.;1111.!

"!".1, 2.l.
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Other Mea'-:iie's of Quality
oundation graduate fi.'llowships.art

corn,' warded at .d designed to support the -best'
g. :,!.o.r.erats in.sCienic ard enOrit.-ering tields.Civer
'tht. .:tws in the number of doctorates awarded over



th)i 1°70 trir question arises a.s.,:o whether the quality ett
iippii)..)nt, for Ns/ tel!owships has der lined. Both (..;RE
Aptit thie dnd Advani Fest ot applicants for NSF
(tr.:duo.* Fellowship.- hove remained ,table over the past
ele,ade =f; In addition, the test scores of NSF fellowship
oppili..,Inrs ore ab,we for all prospective graduate
sitrd, \deriolr . NSF it.l!tif....ship applicants in

i fie d,..efeiged ot dbout re.00 anel quan:
nr..tive ;bout 700 in 1060. For all chemistry
applir. ants. the average sr ores were 516 (yerbalj and 637
11ttontit.:11e1.

111!',1,1.1rt. )1 the quality of prospective graduate
...it:dents is the fr..,t seores of applicants to -leading gradua.fe

iit. A tidy of those school-, selected by the largest
nutn;.r.f. of Ns1 Craduate Fellowship awardees over the

10;30 ptitioLi ,hoftys that the quality of ,ill students
-nding -Loft= reports to leading se hook of engineering
drei d's rerieefed in GRE Advanced Test scores,

einerined at .1 high level over the 1075-1060 oeriod,
alfhofirffi tin- dr trial number of such students has declined
dtfprrfe lablv rn most fields:"

ransition from ichoo! to Work
The transition of recent SI: graduates at all degree levels

t :on, school to the work force completes the S/E pipeline
whiell started at the precollege 'level. The transitions of
reeve: bachelor s I ,A-ipient; are shown in figure 3 -20. Only
a tra, Lion of those earning S./E degrees in 197S and 1079
were employed in science or engineering jobs after gradua-

fion. This low rate can be attributed to several factors.
First. a substantial number ot graduates," especially at the

'41gure 3-29

Tranaltian. of 1978 and 1979,baccatammte
recipients in S/E fields from scboal to work: 19

1979 and 1979
baccalaureate

recipients
(100 percent)

Employed
(72 percent)

In S/
(38 percent)

Outside S!E
(34 percent)

Based un apoodls ante 330.

Fuu- i,le
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but seeking
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bachelors postpone en:n into the labor force by
pursuing full-time graduate st.edy. Second, a small frac-
tion are not employed, either because they choose to remain
outside the labor force or because they are unable to find
employment. Finally, not all individuals who find employ-
ment. especially at the -,,ichelor's level, are employed in
S E iobs. in part becaue mitre than a baehelor's degree
inie: H.. required for entry level jobs in certain scientific

After graduation a large proportion of S/E degree recipi-
ent enter the labor force. Of those earning their degrees
in 1076 and P70. 65 percent of those with bachelor's
degrees and 75 percent of those with master's degrees were
in the labor force in 1060, including those who were also
full-time graduate students and employed. About 90 per-
cent of tle.se not in the forceat both bachelor's
and inas-f s IL...els- were :it:: time students. At the doe-
twee idl.or force co rates of well over 00
percent were reported by recent graduates. Excluding full-
time graduate' students, ost recent S/E graduates in the
labor force have iobs. At the bar lIelor's level. 3.6 percent
were unemployed as were 2.2 pc::.e.nt at the master's level
and 1.4 percent at the doctoral level. As expected, unem-
ployment rates among recent S/E graduates vary by both
field and level of degree. (See figure 3-304 The highest

Figure 3-39

Unemploiment rates of secant 8/i gralitates,
by field andt-Iree levet

(Percfn1)
5' 6

ail S/E tletd

Enviminmentai
sciences

Engineering

Lite riiices

:1,4)(chologyi

,Too few cases leastirnits,'

eanh sciences Oceanography anti atinespeorie, s'4rices'

z 2d tri apperiortabies2.3Cerul3-r.t.,
folg-i-fliese:-.-Ina ifs the 1f80 uniceoloymeot rates tar 14 flpt, 919,
greds:ras 5clunn treti-erns: te4,

xt .

CD -"t



unempioymer-.7. .,:ites were found among those with only
isahelor's deer,, and among those with degrees in the.

soc ienc us at It'Vrk
Tile propensity of recent S./L graduates to hold jobs in

science or engineering ear .es by both field and level of
degree. iSee figure 3-31.1 About.one-half of the recent

1"7`3 i:ntployed bachelor's degree graduates and
the employed master s degree gr.h2h../ate`,

reported that they were in S,-.1 jobs in 1960. Also about .7
-he employed 1070 doctorate recipients held

t.-.; E tos-s iosl. Among major fields, the proportion in
S L Hs was consistently higher or engioeering and com-
puter science- raiduates and lower for social science gradu-
atesepartieulark at the bachelor's level.

Figure 3-31

S/E employment rates of recent S/E degree
recipients by degree level and field

r (Percent)

0 10 20 30 40 50 60 70 80 90 100
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Physical
scientists

Mathematical
scientists
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scientists'
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One of the factors c/ntributing to the low overall pro-
portion of rec-ent S/E graduates holding S/E jobs is that,
for some science fields, the entry level may be the master's
degree rather than the bachelor's degree:. Thus. relatively
few recent graduates- at the bachei.e)r's level are employed
in their field or in other science occupations. To some
et, tent. employer' may be s.i:reening level of education
because the supply greatly e\ceeds the demand. However,
an increase in the educational level necessary to enter a
field may also reflect informed opinion that graduateedu-

cation is generally necessary to do professional work in a
field.

A final measure of the transition of. recent graduates
t.rorn school to work jt the proportion at those employed
ati ;io find jobs in their tiwn field. At bachelor's level,
almost 45 percent of those employ .ottcrd jobs in their
own field. as did about 75 percent of thz master's gradu-
ates. it:- field employment rates varied by field. with those
for engineering and computer specialties generally higher
than the rates tot other fields. (See appendi\ table 3-33.)

The indicators outlined above show that almost all S/E
graduates make a successful transition from school to work.
Labor force participation rates are high and unemployment
rates are relatively low. However, the indicators also show
that only about one-half of those earning 5/E degrees at
the bachelor's level find jobs in science or engineering
with the proportions for engineers and comp- speCial-
ists higher than in other S/E fields. The oropenslt to find
jobs in science or engineering increases-with teational
attainment.

OVERVW ,

Recently, employment in science and engineering has
grown more rapidly than total U.S. employment and over-
all eo-nomic activity, implying shilts in de facto national
priorities toward those related to science and 'technology.
Underlying these shifts has been a very rapid increase in
employment of computer specialists and a relatively slow
growth in engineering employment. Recent growth in engi-
neering, employment, however, has been inhibited by a
lack of qualified applicants for available jobs. IVith respect
to se,, total employment patterns of scientists and engineers,
there has been a slight shift toward industry and away
fron-1 educational institutii-o5 and the Federal Government.

Employment of women and racial nil:mil:lel, in science
and engineuriee since the mid- IgiOs has increased more
rapidly than r_qnployment of men and white S /h's. Despite
their more rapii, growth, however. w..men and racial
minorities (e c ept Asians) continue to be underrepresented
in science and engineering.

There are shortages of computer stncialists and. to a
lesser e\ tent, of engineers. Hot, "e r, preliminary 1982 data
suggest tluit, in r,enetal, supply and demand conditions
fat engineers itia' t.! changing to ,1:.tate of [dance, although
;here shill may be shot (ages in s,s;tne engineering fields.
'There are more than ade prate supplies of environmental,
physical. and setial scientists and of psychologists. in other
se,,mcs. fields '-vre is a rough balance between supply

clemand.
to OCL lining state of pie ollege mathematic s and st:1-

UPC(' CdUC.ViOil the anticipated di p ever the 1480'i, in



the college-age population are causing concern about both
the quaint.' and size of the potential pool of scientists and
engineers. The science and engineering pipeline begins with
the precollege mathematics and science preparation of stu-
dents and ends when those earning degrees in science and
engineering enter the world of work.

High, school students enrolled in aeatiernic programs gener-
ally tal., mon. nenitematics and ience cimrsitwork than
students in general or, vocational programs. However, the
proportion of students in academic programs (a major
source of future science ander sneering students) aechned
by about 4 percent between-1972 and 1980. This down-
ward trend in the proportion of students in academic pro-'
grams takes on added importance when combined with the
tot pected decline in the number of high school students in
the 1050 s. Further more, the performance ofhigh school

\ndern. on tests-designed to measure both mathematics
rem e achievement has declined over the 1970'i- as

h.tt`elrr on both the verbal and mathematics compo-
nents 01 t,u SA I. Hi steady decline in SAT scores, hov -
ever. is not let the SAT Si ores of college-bound
seniors planning to in science or engineering. More-

, average mathematics scores were generally higher
for those planning to study engineering or the natural
sciences than for those planning other areas of stud,.

Over the 1070's, the science and engineering share of

..,.

total bachelor's degrees declined slightly, and tat number
earning degrees in science and engineering in 1951 was
about 3 percent below the peak year of 1974. The number
earning degrees in the pitysical sciences has remained
stable, masking about a 35 percent decline in the number
earning degrees in physics and an increase of more than
100 percent in the number earning degrees in the geological
sciences The number earning degrees in the mathematical
sciences has fallen about 9 percent since 1970, but the
drop conceals two divergent trends: a) a substantial drop
in those earning mathematics degrees (59 percent between
1970 an 1951) and h) an almost eightfold increase in the
number of students earning degrees in computer science.
In contrast to the generally declining number earning degrees
in the sciences, the number earning degrees in engineering
increased b y more than 40 percent between 1970 and 195
reaching an historic high of about r4,000 in 1981.

Almost all graduates with bachelor's degrees in science
and engineering find jots, although only slightly more
than half find wc'irk in their ll-n or related fields. This
proportion varies between engineers and scientists and among
science fields, -and the propensity of recent S/E graduatns
to find jobs in science or engineering also varies by le...el of
education. The propensity increased from about 50 per-
cent at the bachelor's level, tooter percent at the mas-
ter's lcvel, to about 05 percent at the doctoral level.
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Industrial Science an Technology

HIGHLIGHTS

Employment of scientists and engineers (S/E's) in industry
has risen steadily between 197o and 1981, 'from rtbout
1.3 .1.11lion to almost 1.9 million, an incr ease of about 47
percent. This growth was paced by "he very rapid increase
of computer specialists (122 percent), while scientists
grew at twice the :ate ior engineers 170 percent vs.
35. percent). Emp!.r.,ment increases for scientists and
engincvis significant's. cartpacect increases in total industrial
employment (47 perc ent versus 15 percent between 1 °7o
and 1061). The more rapid increase fo scientists and.
itigineers results from the relative concentration of /Es
in high technology industry , where overall employment
is increasing rapidly, and from changes in the occupational
mil\ of industrial employment. (See pp. 87-85.)

The largest giowth in S/ industrial employment was
among primarily working in production-related
robs such as quality contr....1. The increase was over 00
percent hetwem 1970 and 1981. Engineers were the major
component of this growth. Increasing employMent
in production and related activities reflects the added
emphasis CS. industry is placing on improving its pro--
ductivitx , quality control, and international competitive-
ness. (See p. 59.)

Private industry continues to be the i in performer of
research and development (R&D) in ore United States.
In 1051. R&D funding in industry rea«rhq 552 billion,
whir. h. constitutes 72 percent of all U.S. R&D expendi-
turesan all-time high even in constant -dollars. While

-,,!rt increasc was o.5 percent per year i. constant
dollars ro Z9S1, slower increases are forecast
for the next few y;:,ar,-., (See p 92.)

!'411«' I0o7, private industry itself has been the main
source ;o funding fr )r industrial R&D.. Private funding
in. ?vase,' by 7.3 pin ent per year in constant dollars
:ruin I'r/; t, I'Jt;1t reaching 535 billion in current dollars
in P181. eirowth 'deft lerat.?ci in the early 1980's
beca of economic uncertainty. The impact of the
administration', R&D tax incentives is not yet apparent.

- (See pp, 92,o3,i

t \Ink constant-dolla .Federal sxrport for industrial R&D
is below the level of the early 19e0lt-.;"the Government
still supports about a third of all : ndustrial R&D ;The

Administration is planning for major growth in real military
spending from 1982 to 1987. This buildup will particular!),
affect R&D in the aircraft and missiles and electrical.
equipment rho ustric,, (See pp. 93-991

The aircraft and missiles and electrical equipment industries
are the leading R&D-perforniers, each spending about

20 percent of all indir-:::,:1 R&D funds. The former is
also r' le only industry receiving more than half of its
R&D funding from the Government. Within the electrical'
equipment industry, especially large R&D increases
occurred from 1978 s. 1950 in communication equipment

- (0.4 percent per year) and electrical components (16.5
percent per year). These increpSes are due in part to
increased privite funding in communication equipment
and increasd,Federal funding in high speed integrated
circuits. (See pp. 94-97.)

The amount of R&D funding spent abroad by U.S.-based
multinational totilpanies more than doubled from 1974
to 1980, though it did not increase from 1950 to 1951. It
now amounts to nearly 10 percent of private industry's
R&D funds spent within the Unite,1 States. This forei,gn
activity is concentrated in the automobile, communica-
tion equipment, chemicaliwand nonelectrical equipment
areas. Benefit .; to ti United States occur because in-
creases in the level of dome 13.&D are promoted as a
result, and because technology from the foreign affiliate
is often transferred hack to the United States. In 1979,
an estimated 47, percent of overseas R&D resulted in
such transfer, (See pp.

The number. of successful patent applications by American
inventors decline.: at an average raft of 1.7 percent per
Year from a high point ill 190 to a low point in 10'79.
This indicates a decline in the production of technical
inventions, particularly by corporations. However. from
107c, to 19t.:.2 successful s:rpplications are estimated to
have increased by 1.5 percent-per year. Still, the estimated
102 level. is 12 percent lower than the 1900 maximum.
(See pp. 00-102.)

Small companies produced 19 percent or all patents from
U.S. corporations in 1980. This is well above theivshaire
of cc.'poratc 1-<*&D expenditure, which is less than 5
pelt Alt, and suggests that small companies are especially
inventive. I lowever, many, of the inventive activities of
small companies occur onside their formally designated
R&D. (See pp. 104 -105.)

c The financing of high technology small businesses helps
to insure the continued production of technological
innovations In U.S. induStry. While the number of initial
public ofif-eadaas-of .stock in such Compait,ies dropped to
zero in 1975, it rose to'l 70 in 1981, the highest level. in at
least 10 years. Similarly, venture capital investments in
high.tcchnologxs companies increased from 572 million
in 1973 to $425 million in 1986. Most this1os.
went into office, computing, and accounting machines,

85 f 4y



Large incre,ftses occurred in cornmunic.A;pn equipment
and eleL t c.-;mponent. and in drug, andIrnedicine.s.
Venture capital investments in genetic engineering
Lornpanie rose from SI million in 1975 to 533 million in
10,-2,0. (See ap.102-104.1

:nterdfpf-nclence of industry and univerFit.-
TI,:!, ,i'yn zhe 2f) per-.ffnt i0 .reack.i.... from 1073 to

in...iu-tt-v if. :L. ...rnportant
t1.k...7i, when as,essing the ,tatu"

Ll'iri0104 V. :Ilk) tit 70. rk'ri:tt1"1", 1:

ill "lit t..:7-11lttii a- mea,urej by fund-'
and eng'.r.cer, ,Int.,..oyed :71 R&D.

-Any. at all R&D Funds onle from
t.t;or:- :n TA" 1).t ttie ("I.011oillr

out,orne irdu,trial
a stream at innovati,in,,

new at..: prat,-e,. and ,ervices that
ek petit

edeta) na:ic -,.. areas that may have a direct inupact an
R&I.) and it...n-0 vation include overall fi-ical and

ma4-Aitary rah,' v a, it din. ts the p..edictability ul ec,,,,nanux,,
ans)4ii,,i,ast at capital. changes in patent policy and

ati to -simulate private returns to R&D and
eatiiin -Airport at re-ea:ch and adi..-awed graduateii, ins!irii: ,...1,.t.`Aat train engineers ..,nd technical

sonnel . and i,.ment procurement riteria and
4411,4:,...s.2 I he ain:iinistration has siiught to encourage
nnavtion in se\ era! the,e ways. a, will be Lii,cussed

:aer in this hart, r One prim. 4,31 initiative has bean in
v ii:` the hcananik Rec ()very Ta \ At t of

I du. w tent that taY ,ontrihutes to economic
and prilH. f )..ncr.:11, it reduces investment

e4tainti, - and ther -bv nt our ages pa vote invesNnent' develapilient and athcr phases at illrovotjvc
"L- \ "tilt that it aim OUT it

Tit ;ill,' of int:a:hi,. and diftus,an at 4h, "
that an. emba,iied iii ..ew plant and tiiiiiiprp.'n,

i!' tly
R,Y,1) omr.trw fuming R&1)

;.ind. UN", thdt
ita.,....tment um tainr,..1

I pres,tui, and di :el, -''- a urr,,nt. that
!i tai I. V (on, ern( I he hist ,et tine deal, ,ith

issue 04..,is that -pe, ICU(' ti) Rthtd it and engine,.
pal-oun..I in imiu-u v. and the and with ! nnding for
R&D %ato an the c tit rent level of innovativeness
at 1.; industry are sp.i.ise, but various aTects at .!he
ruble, t ate dis,tissed in section, an .patenting, productivity,
and pi, s, spei if ic technilla)4ies. A new,ection considers
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19.z.',u in journal articles jointly written in both sectors.
This increase was pat ticularly great in physics_ In terms
of the extent to which `authors in ....)ne sector cite the
papers of authors in the ()filer sector, indlu try depends
much more on resea-ch done in universities than univer-
sities d.- end on industry. In physics. however, the
pre:lorninant influence is from indt.IsV;, to university.
f.`;7;ti:.. I07-1GS.:

14"

..-esauices and innovative outputs c technology
-mall The last section t uth,ai..4s ache mutual
'itivericb.n,4.. of -.he inJusn7,. tor," in tIle

) lti'ild! to innovation.

SCIENTISTS AND ENGINEERS IN INDUSTR)'

and mdu,tr is the large st etrillayer of bath
- iirnti -t- and ungpeers. In over .0-fifth:sof all

ientis:- (720,000) and more than .three-quarters of all
engineers (IA million) wore employed in thi, sector. The
number of s;ientist, ant. - :ngine:rs in industry has risen
,teadil4vbettve,n i °70 and 1061. from about I .3 million to
alrno.f.t milk:in. appendoc tables 4-1 and 4-2.) Oesite
the recent Ml r in tit. Smand for engineer's, ernplo-onf-nt
at ,.. it'flti`t, ;Hilt t'Ll by the inc..,ase of compoter
grew at twice the rate of em..neer, (70 pcztt'nt v... 35 perkent)
d.tit mg the 5-year period.

lunplayment of scienti,ts and (nduk..,try
in te.a,ktd mut h more r.pidly than total industr i.11 employ-
ment While scientit-: and engineer employment was up
abal.i: preent aver e I'r7o-S1 period, total industrial
employment was up only about 13 percent.' I -he more
raped int ti'aStt ill '..") results from two motor
tat tars: the relative k on«..ntr11;. in of and ng;m:iers
in those industris ).,i.neralb.4 high tee linologyl where overall
employment is inc. reasing rapidly, and a change in the

r111\ Of industrial employment Ro..ent.
an in; It'.1,,ing Jet \11411ClitLiTt`t, tt'liitiVelV high 14:Y44 1s
at R&D nditutii s. it fart, to incrt`a, Oa' (q.;;,":,:-=';'tii'lVe-
nf,,, ill L. `- indidstr es and tI'll;nolor,it. a! L.11anr.tt.

111 v ff r l"7. 4.4ngineering would
,,v inju,trial employment.

ri, propor-
ranges t p kilt of al:0..1-1(110 rflgilleur,

of all t cliyant'cr, 111 engineAing
employment between 10"lo and 1081 lac r. ent) was
paced by alnove c,,p, irl t),,(, emr10,,itn,,),t of
civil (up 70 peR.4nt) and clot total (tip 33 pen ant ) engineen,

one-quai ter of the total growth in engineering em-
ployment was accounted for by the rise in the ., urni,er of
electrical engineers.

Inclu,trY, itall+-t*, ale tArAteotratvd in relatively
trio fields. (See t4,g-ure 4=1 1 Over -10 percurt were tor:trite*

and ..frit0thei 17 peRent were' physical
ri 10i tontta.-.1, only 7 percent were
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figure 4.2

Proportion of reeent science and engineeriag degree
recipients finding employment in industrf, by degree level

(Percent)
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See appendix rabic 4-3. Science Inditatbis:-1982

employment of these master's degree recipients grew less
than I percent, while their' employment in industry rose
almost 40 percent. As a result, 52 percent of the 197E-
1979 graduates were working in this sector in
from 38 percent in 1976 (1974 and 1975 giaduates). About
30 perc6nt of the overall increase was accounted for by
engineers. Graduates witF 'degrees in four science fields
accounted for between 10 percent and 16 per.-ent each of
the overall increase: computer specialties, environmental
and life sciences, and psychology..

The proportion of new doctoral S/E's going into
industry was lower than at other degree levels. In 1981,

'slightly over one-quarter of the 1979 and 1980 gradinates
were in this Sector. However, there has been some shutting-
of new doctorates toward industrial employment. 1n! 979,
only about one -fifth of, the 1Q77 and 1978 graduates 'were
in industry.

Shifts in SIT 'Activities
Since the industrial sector drives a significant portion of

the Nation's science and technology (SIT) effort, the work:
activities of S/E:s in industry (R&D, production, etc'.) are
a direct indicator of the character of U.S. science and
technology. In addition, because innovation 'depends in
part on R&D, the numbei and proportion of S/E's in
R&D may be a leading indicator of .the Nation's overall
innovative efforts.

There has been little change. in the distribution of work
activities of S/E.'s in industry between 1976 and 1981. (See

89

'appendix tables 4-1 and 4-2.) The greatest proportion
continues to be engaged primarily in performing R&D,
especially development. Significant shares are also found
working in management (including management of R&D)
and production/ inspection (including 'Jib; control).

The largest growth was experience by those scientists
and engineers working in production hand related efforts,
including inspection. In 1981, almost 326,000 S/E's were
primarily engaged in such efforts, up 63 percent since
19/6 and over 8 percent since 1980. Engineers were the
major impetus behind this growth; they accounted for almost
70 percent of the 1976-1981 increase. Increasing employment
in these activities reflects the added emphasis industry is
placing on improving productivity and quality control and
on international competitiveness of U.S. firms.

Primary work activities differ significantly between
scientists and engineers. While about one-half of industrially
employed engineers work in development or production,
the largest numbers of scientists report that they work in a
combination of activities involving reporting, statistical,
and computing

Regardless of field; -many industrially employed scientists
and engineers (about ?0,,percent) are in research and
development. An additional 8 percent are working primarily
in R&D management. More than four - fifths of those
primarily engaged in R&D (excluding management) were
in development With most of the remainder in applied
rather than basic research. Development is the domjn of
engineers. They outnumber industrially employed scientists
by 4 to 1 (350,000 to 93,000) in this activity. Among scientists
in development, over half were computer specialists.
Research, on the other hand, is the:domain of scientists.-In
1981, there were about twice as many industrially employed
scientists (63,000) as engineers (36,000) in research.

Industrially employed doctoral scientists and engineers
are more likely than those with lesser degrees to work in
research and development. (See figure 4-3.) The propo'rtion
performing R&D in 1981 (44 percent) was the same as in
1973,8 but up substantially from 1979 (37* percent). Other
frequently reported primary responsibilities of those with
doctorates are management of R&D (almost 19 percent).
and sales and professional services (12 percent).

Between 1.973 and 1981, the fastest growing primary
work activities of doctoral S/E's were development and
production, up at annual rates of approximately 10 per-
cent anc,I12 percent, respectively. Primary activities differ
between doctoral scientists and doctoral engineers. (See
figure 4-3.) Doctoral scientists are highly concentrated in
research (basic and applied),, while doctoral engineers are
found most often in development.

Contentration Ratios and Technical Support
A relative shift of resources from primary activities (such as

agriculture and mining) to tertiary activities (such as services)
has beencoccurring in the United States and in other advanced
industrial societies for ,a considerable period of time. This
shift reflects such factors as changes in consumer demand,
government policy, patterns of foreign trade, and technology.
These' changes affect the employment demand for scientific

°Ref. 148.



figure 4.3
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and technical personnel and can result in redistribution of are suffering the effects of falling 'output levels due to
this demand by field, degree level, and type of work.9 A '\ aging capital stock.12 Despite this poor economic performance ..

large part of private industry's demand for scientific and and declining employment levels, the employment of
technical personnel is still concentrated, however, in the - scientists, engineers, and technicians in these industries
manufacturing sector. In 1980; manufacturing employed has redwined stable or even increased, indicating a change',
less than 30 percent of all workers in private industry, but in staffing patterns favoring these skilled, persOnnel. These:.
provided jobs for almost 60 percent of the engineers and changes are, in part, the results of continuing efforts to
40 percent of the scientists. Between 1977 and 1980, overall increase the productivity, efficiency, and cOrnpetitiveness-
employment growth in manufacturing amounted to less of older industries by incorporating major ;technological
than 3 percent. Despite this slow rate of growth, however, innovations in the production process. As the economic
the number of S/E's increased by about 20 percent.'° climate improves, the demand for 5/E personnel can be

The increasing concentration of -scientific and engineering expected to incrgase."
personnel within the manufacturing sector is the result of Of those engineers not in manufacturing industries,
changes in product mix which favor the S/E-intensive high significant numbers were employed in engineering and
technology industries, as well as changes in the staffing architectural service firms as well as by transportation,
requirements of older, more mature industries. High , communication, md public utilities firms. In contrast to
technology industries that manufacture computers, semi- engineers, scientists (especially computer ,specialists) are
conductors, microprocessors, robots, and other state-of-the- concentrated in nonmanufacturing industries, primarily in
art electronic equipment are expected to continue their those providing services such as computer and data proc-
rapid expansion in the years ahead, especiallPin light of"- '. essing activities. Other, scientists are frequently found in,
the planned defense buildup. Scientists, engineers, and: manufacturing, particularly in chemicals and related fields.
technicians are criticabto the research and product devel- The concentration of 5/E's in a relatively small nOmber.
opment activities which are essential to insure competitive- of industries is the result of either the concentration of ..
ness and growth of these industries." industrial activity in 'these industries, of the fact that their..

. .

Unlike high technology industries, mature industries, industrial technology requires a relatively large number of ...
such as those manufacturing steel and automotive products, . employees with S/E skills. One way to determine the relative ..

effect ethese two determinants is the use of "concentration

'See ref. 3.
"See ref. 4.
"See ref. 5.

. 90

"See ref. b.
"See ref. 118.
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ratios for each _industry, -relating that industry's share of
SJ: employment to its share of total S/E and non-S/E
employment. A ratio close to unity implies that S/E
employment is primarily the result of industrial activity
( ret et:1e V rota emp oyment). A ratio greater than unity
implies that these industries are relatively technologically
intensive: (See figure 4-4.)

In addition to scientists and engineers, the private sector
employs over iimillion S/E technicians, including drafters
and computer programers." The ratio of technicians to
Scientists and engineers (-technical support ratio") can be
used to measure the amount of technician support provided
scientists and engineers. Technicians are generally less skilled;, -
and are used directly or indirectly to, support S /E's in every
phase of .their work. The technical support ratio for the
private sector was 0.90 in 1980,-meaning that for .every
100 scientists and engineers,-ihere were 90 technicians.
The ratio varies widely among industries, ranging froin.
3.70 in all other services'' to 0.47 in transportation
equipment. On the average, manufacturing industries have
lower technical support ratios than nonmanufacturing
industries The wide variation in technical support ratios
among industries (summarized in table 4-1) is the result of
several factors .including: the technology of the industry;
the substi tutability of technicians with other occupations
including S/Ls: and the relative costs of S/E's vs. technicians.

Selected S/E Related Issues
The industrial sector faces a number of issues relating to.,

scientists and engineers. They include recent shortages of
S/E personnel in several fields, skill obsolescence caused
bythe rapid pace of technical change in several industries,
and'changes in mandatory retirement laws.

Hiring and recruitment of new S/E graduates- is a good
indicator, of general Market conditions for 'scientists and
engineers. In late 1981, a survey of management perSonnells
was conducted to assess the market conditions for these
new graduates."' in spite of an economic slowdown in
1osI. demand in that year was strong for new graduates in
engineering, systems analysis, computer science, and earth
science, with substantial shortages reported for most
engineering fields and computer science. At the start of
.1082, however,there were indications that the demand for
scientists and engineers was not only slackening, but possibly
was e ceeded by supply. A survey" of industrial employers
of large numbers of S/E's was conducted in late summer
1082. In the survey, respondents reported the most difficulty
in hiring electrical engineers with Master's degrees. However,
they reported that it had become easier to hire "new entrant"
scientists and engineers in 'all .fields in 1982 compared to
1081. Of the firms repOrting that finding new S/E entrants
had become easier, fully 90 percent cited general economic
conditions, rather than specific industry-related problems
or increases in the supply of new workers, as the reason
fur the change in labor-market conditions.

'Set, ref. 3.
'See rel. 0.
' "See chapter on Scientific and Engin.:

01 labor 'market conditions for all
"See ref. 0.

r,1 lot in overview
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A second major issue relates to the nted for increased
training resulting from the rapid pace of technological
change. To help address this issue, the National Science
Foundation (NSF) sponsored-a study of the proceSses used
by employers and employees in computer manufacturing
and other high technology industries to cope with tech-
nological change,"

Study results show that the-computer manufacturing
industry has provided_considerably more formal and informal
on-the-job training to its scientists and engineers than have
other high- technology industries. The study shows that
nearly one-half of the S/E's in the computer industry received



Table 4-1. Rato of technicians to scientists and
engineers in private industry by selected industry:

Industry

Total, private industry

Manufacturing total
Primary metals
Fabricated metals
Machinery
Electrical equipment
Transportation equipment
instruments
All other durable goods
Chemicals
Petroleum refining
All other nondurable goods

Nonmanufacturing total
Crude petroleum and natural gas extraction
Other miring
Construction
Finance, insurance and real estate
Business services
Miscellaneous services
AP other services

Ratio

0.90 -*

.80
.82

1.04
1.10

.74
47

1

123.
.62
.49

1.01

1.09
.46
.62
.90

1.09
1.03
1.23
3.70

SOURCE: N., t.orsal Sconce Foundaton. Sraer(Pst3. en. and Trchn,aans ol Avert?
Industry 1978-80 (NSF 60-320). p. 10.
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formal training, and one-third received informal training.
Other high technology industries typically provided between
15 mcent and 30 percent of their S/E's With formal training
and lesg than 20 percent with informal training.

With respect to changes in retirement Iegislatior., em-
ployers indicated that very few scientists and engineers are
postponing retirement. If they chose to retire later, they
would relieve some of the need for new hires, but this does
not seem to be occurring.

EXPENDITURES FOR R&D IN U.S.. INDUSTRY

Expenditures in indus;' try for innovation-related activities
can serve as indicators of trends in the level of those activities.
R&D ;is the one innovative activity for which extensive
time-series data are available," and R&D expenditures are
a significant fraction of total innovation expenditures."
The two significant sources of R&D funds in industry are
private industry itself and the Federal Government.2' Figure

4-5 shows total R&D funds spent in industry, as well as
-funds separately contributed by these two sources.

in 1981, total R&D expenditures in industry (from both
private and government sources) were about $52 billion or

percent of R&D expenditures in the United
States. By this measure, most of the American R&D effort
occurs in industry. This activity is especially oriented
toward development, as is seen from the fact that industry
does 86 percent of the development work reported in the
United States_n As the figure shows; constant-dollar R&D
funding has increased every year since 1960, except for
the economic downturns of 1969-71 and 1974-75. From
1979 to 1981, such funding increased at a rate-drabout 6.5
percent per year. However, slower increases are estimated
from 1981- to 1983."

"Various studies in different countries show that R&D expenditures,
constitute between 15 percent and 50 percent of the total cost of innova-
tion projects. For sources, see ref, 25.

"It should benoted that not all innovations depend on R&D. Many
are made by engineers in operating units and other units outside R&D.
See refs. 19, 22, 23, and 136. The relation between R&D and technulog-

.

(cal success is discussed in ref. -26.
"R&D data reported from ir.'";try 1:rt-t-,, in 4)ter d150.

include some funding from otiv-: as State
governments. However, the arriour , :aces are small.

Trends in Company Funding
To-understand these trends, it is necessary to consider

separately the company and Federal components of industrial
R&D funding. As the figure shows, company funding
was less than half of all industrial R&D funding until
1967. While constant-dollar company funding has increased
every year since that time, except for two recessions, Federal
funding-is-far-below thelevel-of-the-inid--1960's-.-Most-of---
the drop in Federal funding'is due to the decline in funding
from the National Aeronautics and Space Administration
(NASA) and the Department of Defense (DOD).24 The
result is that industry now supports about two-thirds of
all industrial R&D through its own funds.

While constant-dollar company funding increased by
7.3 percent per year from 1977 to 1980, and by 6.0 percent
in 1981, increases of 4.9 percent and 5.2 percent are estimated
for 1982 and 1983. This slight deceleration from the pace
of the late 1970's is attributed to an unprecedented degree
of economic uncertainty within industry, lower profit levels,
and continuing high interest rates.25 More generally, the
level of company funding depends on a number of influ-
nces, including fluctuations in the economy and changes
it the prices of labor and capital. 26

A major influence on the distribution, and perhaps the
amount, of.- company funding is thought to be Government
regulation." Recent estimates suggest that Environmental
Protection Agency (EPA) and Food and Drug Administration
(FDA) regulations are the most significant." Another reason
for low increases n R&D expenditures by companies in

"See ref. 112, p. 27. For further discussion, see chapter on Support
for U.S. Research and Development.

"For another estimate of 1982 and 1983 funding from both company
and Federal sources, see ref. 150.

"See ref. 30, p. 2b.
2'See refs. 27 and 143.
"A quantitative study' f the determinants of company R&D funding

is ref. 28. One study lias found that aggregate privately financed indus-
trial R&D is:positively dependent on total industrial output and on the
age of the existing stock of R&D. ft also depends significantly on the
level of Government-supported R&D, particularly that performed in
industry. The level of corporate taxation has a significant negative
effect. Unlike privately fixed capital spending, R&D spending is not
significantly affected by the level of unemployment, which suggests
that R&D spending may be fess cyclically sensitive than capital spend-
ing. Sre ref, 98.

"Fur s, --yof si-;*: :Tref. 29,
"See



Figure 4-5
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some cases may be the perception that it is to a company's
-advantage to let its competitors take the risks." If
competitoccomes up with something/intensive copying
can he relatively.theap.3° If the competitor is small. it-may
even be possible. to buy it. Company funding of R&D is
further discouraged by professional management placing
emphasis on the short runthe result of budgeting prjctices,
the use of discounted cash flow analysis, and the measure-
ment of performance in terms of return on investment.
These practices lead to/an emphasis on reliable results in
the short term, whereas R&D generally is a long-term
investment that is relatively risky-in the short term.3'

There are countervailing forces, however, that may
encourage higher levels of company-fUnded -R&D. One is
the Economic Recovery Tax Act of 1981.32 By providing a
new 25-percent tax credit on incremental R&D expenditures
by industry, it is expected to stimulate considerable corporate
R&D spending in future years.33 The need to

in
up high

levels of privately funded R&D can he seen in the fact that
this is the type of R&D that leads to productivity improve-

"On these possibilities, see ref. 31.
das...it' study is reported in refs. 21 and 32t1tfound for the

cases studied that the cast of imitating an innovation averages about 65
percent of the Lost of first creating it, and takes about 70 percent of the
time. The ease of irritation within a speCific industry seems to have an
important effect on the industry s market structure and concentration.
Even patented innovations seem' fo be imitated 'frequently,

refs. 31.33. and 34.
"See ref. 3o. .

"See ref. 37. Early studies of the effect of the Tax Act are reported in
ref. 152 and ref. 153,
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ment.34 However, the rate of obsolescence in the benefits
company-funded R&D brings -to the performing company
is found to be from 20 percent to 3C percent per year. As a
result, most of the effects of private R&D outlays on the
profits of the investing companies are exhausted within 5
or o yea rs.35

Another recent development is the formation 0; research
consortia made up of several companies in the same industry-
or in different industries to do research of mutual interest.
Such consortia exist or are being formed in computer
technology; communications, semiconductors, synthetic fuels
research, alUmininn refining, chemical pollution control,
pOlymers, robotics, welding, and power generation, trans-.

.1. mission, and distribution.36 These developments are due in
part to a clarification by the Department of Justice in 1980
of its position- on cooperative ventures.32 An especially
important venture in this field is the Microelectronics and.
Computer- Technology Corporation, a $50 million a year
joint effort of 12 high-technology companies."

Trends in Federal Funding.--
Government funding of industrial R&D has followed a

much different trend. From its high point in 1960, constant-

See ref. 40.
"Another study finds a mean lag from R&D to peak profit return of

4 to o wars, with substantial obsolescence of the R &D by the eighth
year. See ref. 135.

'See ref.4,122 and consortia of ten also involve urtiversities.
"See ref. 12o. Legislation has been proposed IS. 2714 and S. 2717) to

help businesses obtain-from the Departmettt of Justice a cler picture of
the antitrust implications of prospective R&D joint ventures.

"See ref. 151. 7
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dollar Federal funding dropped an average of 5.3 percent
per year to a low point in 1975- From 1973 to 1980 it-rose
by an average of 2.8 percent per year, but the 1981 increase
was 7.3 percent. Further increases of 6.1 and 6.0 per..ent
are estimated for 1952 and 1953. rn 19/ 9, 69 perc'Effrof
Federal support for industrial R&D came from DOD, 14
percent from NASA, and 13 percent from the Department.
of Energy (DOE).39 This support Was highly concentrated
by industry, with 49 percent going to the aircraft and
missiles industry and 26 percent into the electrical equipment
industry.4° Defense has remained a major component-of
Federal support for many years, while the space program
has declined substantially.'

The high level of industrial R&D done under DOD and
NASA sponsorship includes significant levels of independent
R&D (IR&D). Industrial contractors selling goods or serv-
ices to _the Government are sometimes able to conduct a
certain amount of R&D. under their own. initiative and
control. By agreement-With the-sponsoring agency., a
Portion of cost of IR&D is recovered by the companies
through overhead charged to the agency. This funding is
reported as company-supported R&D. In 1979, for example,
DOD reimbursed $715 million to major contractors; which
is 5.9 percent of its direct R&D support to industry. In
that year, NASA reimbursed $54-million, or 3.0 percent
of its direct R&D support. In 1981, DOD's reimburse-

"'ment is estimated at about Si billion and NASA's- at about
SoS

The administration is planningfor roughly an S percent
annual growth in real military spending from 1982 to 1,987.41
This buildup should especially affect the durable goods
sector, where real purchases of defense durables (R&D
and procurement of major weapon 5 systems) will groW at
an estimated rat: of 16 percent annually, a larger increase
Than during the peak years of the Vietnam buildup." AS
far as R&D is concerned. the aircraft and missiles arid the
electrical equipment industries- should be especially affected.
This buildup produced a larger percentage increase in
Government funding than in private funding for industrial
R&D in 1981, for the first time since the early 1960's, and
the Government's increase is estimated to be larger for
1982 and 1983 also.

The administration's policy is to stimulate private sources
of funding by tax incentives, accelerated depreciation
schedules, regulatory relief, and general improvement :n
the economy. A Federal funding role is seen in civilian-
oriented basic research and in those areas of applied research

-"After rising 3.2 percent from fiscal :979 to 19.1,0 2.0.percent
from fiscal 1980 t. 198.1, constant-dollar Federal ob::gations for indus-
trial R&D rose by an estimated 8.2 percent from fiscal 19f1 to 1982 and
by an estimated 8.4 percent from fiscal 1982 to fiscal 198.i.Of the fiscal
1°$1 mitigations, 07 percent were obligated by D0',"ja....1 21 percent by
NASA. See ref. 144. pp. 74. 75, 05, and C9.

"See ref. 30, p.

and development that pertain to defense, space, or ri:nliculas
aspects of the regulated nuclear industry, where the
Government is the primary customer for the goods or services
to he developed."
---Th-e eifeets of- o'tetru lent sulryvtt of R&D
have been extensively studied. Its most general and pervasive
effect seems to be that in the aggregate it stimulates private
R&D spending." Theireason seems to be that Government-
financed R&D creates promising opportunities for additional
private R&D investment in industry.47

R&D Expenditures in Individual Industries
R&D is much more important to some industries trl

to others, and sorry industries contribute far more than
others to the total of industrial R&D. This can be seen
from figure 4-, which shows the levels of R&D funding
from all source,, from 1960 to 1981, for the eight indus-
tries in which the-most funding occurs." The aircraft and
missiles industry alone accounts for 23 percen'. of all
industrial R&D, while electrical equipment accounts for
another 20 percent."

Some industries have especially high levels of R&D
funding as a percent of their net sales, and can be considered
particularly RAD intensive. This is true in particular for
office, computing, and accounting machines,aircraft and
missiles, communication equipment, electronic components,

__drugs and medicines, and professional and scientific
instruments.s° Some of these are among the industries that
have seen rapid increases in R&D in recent years. For
example, office, computing, and accounting machines R&D
increased 7.6 percent per year in constant dollars from
1978 _to 1980. (See appendix table 4-7.) This is the largest
component of npnelectrical machinery R&D. Communication
equipment R&D rose 9.4 percent per year, while electronic /
components rose 16.5 percent. The increase for scientific
and mechani:al measuring instruments, a component of

"see ref. 37. A historically oriented study of the policy prohle-ls
involved in Federal support of civilian sector R&D is ref. 38. Also see.
ref. 39.

"See refs.-40 and 42. For the effect on productivity, see the section
of this chapter on productivity.

"Estimates of this effect range from 8-to 17 additional cents of private
expenditure per dollar of Federal outlay with a time lag of 3 or 4 year.
One study (ref. 411 has found that Government funding of research dis-
places private research funding in favor of more development funding.
Also see refs. 43 and 99. Contract R&D performed in industry stimu-
lates on average about 27 cents of private spending per dollar of

industry

expenditure. See ref. 40.
"For the remaining industries, which account for 9 percent of total .

industrial R&D expenditures, sec appendix table 4-7. Industries are
-classified by enterprise in terms of the Standard Industrial Classification
(SIC) for establiOlments. Each corporation responding to the survey is
assigned to a single SIC. Other sources of R&D data by individual
industry are the Federal Trade Commission's Line of Business Reports
and the 10K fortns that corporations file with the Securities an:.11\chan.0

'Further discussion of Federal !i&D
on Support for U.S. Research and 1.,levelorme',.

kond in the chapte Commission, as reported annually in the July
Week. The latter reports R&D expetw:fturt . ,,,

"These numbers do not include -kited .,dititres for panics but does not aggregate them in foins4-' 1C.

hid and proposal (B&Pl prepatation. cvhiat to the "See appendix' table 4-7.. R&D expe'Ylciite

contractor. For a more extensive dirt fission. s r r:,1:79,-Pp. 68-69, and ..terms of perfortuvag rompainies. lot I. four ,mpanit

ref. 130.' Data are from refs. 131 ,- f'e'el ,,f IR&D on pri- laccounted for 18 percent of all industrial R&D e, .end fotrr.

yak. company R&D expenditure is d in ref. 40.,
"See ref. 145.
"See ref. 35. pp. 85-86.

accounted for 24 percent ofcompany-supplied funds. See ref. 17, table 17. .'j.
'°See ref. 17, table B-19. A high correlation is found betwi.en R&D

expenditures in a company and company sales. See ref. 70:
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professional and scientific instruments, was 24.b percent
per year from 107:6 to 1081. Other large increases were in
radio and television receiving equipment f53.3 percent per
year from 1,-n-8 to Pant j, petroleum refining and extraction

pereent per ear), and ferrous metals and products
1,11.3 percent per year). The increase in aircraft and missiles
was quite low from 1978 to 1980 )1.-1 percent per year),
but from. 1080 to 108l _the increase was lo.2 percent. In
the case of drugs and medicine's, the increase was only 5.4-
perent from 1978 to 19.81, less than the average for all
industries:. Among the large R&D performers. motor vehicles
actually dropped in R&D expenditure (0.8 percent from
1078 4)1081). Among the smaller R&D performers, lumber,
wood products, and furniture had no change in its R&D
efforts from 1078 to 1961.

The first of these industriesoffice. computing, and
accounting machinesmay see slower spending for R&D
and capital equipment in the immediate future, in response to
uncertainties about the U.S. ecbnomy, the depressed state
of many European economies, and the relative strength of
the U.S. dollar.'" On the other hand,, computer and software
suppliers expect to benefit from the accelerated depreciation
proeisKms of the Economic Recovery Tax Act of 1981.

The R&D provisions may stimulate both domeStic corporate
and university research in future years, as well as ease the
tax burden of U.S. firms with foreign operations.52 In the
longer run, rapid technological changes and intense foreign
and domestic competition suggest that additional R&D
investments will have to be made, especially in the areas of
micro- and minicornptiters_s3 These funds will come mostly
from private sources, since the nonelectrical machinery
industiy (which includes computers). receives a relatively
low share of its R&D funds from the Government. (See
table 4-2.)

The Communication equipment and electronic componeht
industry is closely related to the computer industry. In
fact, many computer companies are now performing their
own semiconductor research in order to custom design
integrated circuits to their own needs." Technological
competition in this industry is especially keen, especially
with the Japanese. While parity has been achieved in some
areas, the United States evidently retains the lead in
omputer-aided (1:1;jrn microprocessoi design.55 Com-

petition in rame,,en-ask., -, ii.temoty technology requires'U.S.
companies to put considerable R&D funding into this field."
Semiconductor R&D is also funded in.part by the Govei.n-
ment. The Department of Defense is supporting a major
effort on very high speed integrated tireuits, This program is
expected to "Po kout i;e500 million through Fiscal
Year 1683, a spendie.e, intended to exceed the Japanese
joint government/industry efforts' The communication

5154. ret. 44, pp, 77-78. The computer industry is one in which the
international cuturlitive position of the United States is outstanding.
See rel. p. , and ref. 47.

"2...ice ref. 4o, p. 227. For some industries, these benefits are modified
by 082 tax legislation.

"See ref. 27
"See ref. 27. Captive companies 'account for 40 percent of domestic
integrated circuit production. See ref..45, p. 52:

"Sc... ref. 45 r, 85.f,nd ref. 44, pp. 74.77.
`'e'Sec a cf. 40, p. 239.
'Set' 14°,1- For another estimate, see ref. 150, pp. 19-22.
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equipment industry sells a large portion of its total output
to the Government and can expect to benefit from increased
defense expenditures." In -spite of this, since 1971 the
electrical equipment industry, which has communicating
equipment as its largest R&D component, has substantially
decreased its dependence on Government funding_ (See
table 4-2.) Some of this is probably due to increased private
efforts in telephone equipment." In 1981, the telephone'
industry spent almost' 51.6 billion for R&D programs in
such areas as digital technology, microelectronics, lightwave
communication, and 'software_

The scientific and mechanical measuring instruments
industry depends on activity in .he equipping of laboratories
for research, development, and medical and industrial testing.
R&D in this industry should continue to grow with the aid
of the Economic Recovery Tax Act, which encourages
additional R&D expenditures in the customer industries.50
Moreover, the rate of equipment obsolescence has been

"increasing. R&D is becoming more capital intensive, with
individual researchers requiring larger amounts of More
sopl:isticated equipment. The boom in, the health care field
also stimulates the demand fcr new instruments. Finally
Japanese competition is spurring American R&D in this
field.° Since R&D in this industry receives relatively little
support from the Government (table 4-2), these are essentially
private R&D efforts: In fact, company funding in this
industry increased threefold from 1971 to 1980..

The aircraft and missiles industry depends more on
Government funi.:ing for R&D than does any other industry
(table.4-2), and in fact is the only industry receiving more
than half of its funding from the Government_ In recent
years, Government outlays were reduced and company
funding, 'though it increased, was not enough to make up
the difference. This industry benefits from NASA, DOD;
and Department of Transportation (DOT) research support,
whether the funding goes directly to the industry or to
universities and colleges, private institutions, and supplier'
industries. Analyst are concerned that instability and
uncertainty of Federal funding may-have impaired the
technological competitiVeness nf the 12.5, ,
industry." However, growing (... ,enditares for- military.
equipment in 1983 and afterward are expected to offSet
the projected decline in demand for civilian aircraft and to
strengthen the industry, The administration has 'announced a
policy aimed at strengthening U.S. research atnd techrni;y
production in da'fensc and f: lion,"

(Ift/p a./7:.1 medicines ..fibustry is the industry wi0-t
the highest por'J'ion of privately supported R&D. (See table
4-2.) While growth in R&D funding has been only at the
average rate for all industries in the last few years, con-
siderable increases can he expected in future years. Recent
major biological and medical breakthroughs and marketing
opportunities in new technologies are expected to stimulate
additional R&D. Research and deyelopment will also be

.
"See ref. 40, pp. 233-235.and ref, 155, pp, 8-9,
"See ref. 4t), ?:2,8-231.. and ref, 44, p. 70 IMP in the electr,)ni,:s

inatiti^; is also discussed in ref. 48. pp. 26e-200.
"'Sec 1-1, 40, p.272.
"Cm. rot
7!.++.1. 1+ I p. 2:39; lei, p. 295: and ref. 49, pp. 708-713, 717-725.
"Svc refs.. 154 and 158.
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Table 42 Federal funding as a percent of total R&D funding in selected
industries: 1971 and 1981

Industri

Year

1971 1981

All industries 42
Chemicals and allied products 10 7

Industrial chemicals 16 34

Drugs and medicines and other chemicals' 3 1

Petroleum refining end extraction' 3 7
Rubber products' 24 24
Primary metals 2 20

Ferrous metals and products' 1 25
Nonferrous metals and products'' 3 12

Fabricated metal products 5 13
Nonelectrical machinery 17 11

Electrical equipment
communication equipment and

electronic. components

51

54

38

34
Motor vehies and other transportation

equipment' 17 14
Aircraft and missiles 79 73
Professional and scientific instruments 22 17

Scientific and mechanical measuring
instruments' 11 24

Optical, surgical, photographic, and
other instruments' 25 12

Nonmanufacturing industries 64 42

' Data for 1981 are estimated.

See appendix table 4-8.

mote,i increased domestic ind foreign competition.
lot Mcreased R&D expenditures in the United

,te, and the recent shortening of the time required for
VDA approval of new drugs are also thought to be stimu-
lating the industry." While an increased flow of nett
products is expected, some observers wonth,r whether the
United States will continue to he on the led tag edge of
science in this area. Drug research has cost companies
1..10,4! to 30 percent of earnings over the past several years,
and it is not clear that the rewards will continue to justify
this level of ex pendi re.66

The motor vehicles and equipment industry has had a
below average rate Of increase in R&D expenditures in the
la4 few years and is not expected to increase its R&D
substantially in the near future. The industry is currently
in a weakened condition because of its considerable loss of
sales to foreign '.-ompetition and a downtrend izl ci,-mand
due to poor economic conditions. The result has been a

"Re«nt.', about."'" years have been required, -n the avv.age, from
the time a nee.' drug 14 tirst tested on hurnans time it is approved
140 marketing..Attempo. to speed up the review process and give priority

.treatni0111 to important new drugs have been able to lilt .1 year or Iwo QUI

of .this delay.
"for this industry, see ref. 27. ref. 147, pp. 77, 80; ref. 44, pp. 70,

74; let. 40. pp. 132-137; and ref. 48, pp. 203-2%.
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serious cash sho:tage. R&D is competing for fewer available
against such necessary expenactures as new equipment

'a-Ad enginerering. In acidition, dose to half of the R&D
budgets of most Au Li A.-411 automobile manufacturers are
spent to meet Federal safety, emission, and fuel economy
standards.66 iwcording to industry estimates,- regulation
increased the retail price of the average car in the recent
past by more than 51,000.67 The administration placed
major emphasis on regulatoryreforni in the automobile
industry assistance program announced in April 1981.6°

Trends in Multinational Company Funding
Industry's investment in R&D from its own funds also

includes the funds that Americcm multinational -corporations
spend for .11'),, performanc-e of &D by their foreign affiliates.
Some data on the amount of this investment are shown in
figure 4-7. in current dollars, the amount of foreign R&D
funded by U.S, .froclustry increased by afactor of 2.4 from

"See ref. 48, p. 200.
"See ref. 40, p.-245. .

"On this industry-, see ref. 45: ref. 48, pp. 208-300; ref. 27; ref. 44,
pp. 02-03; and ref. 4o, pp. 242.253. Ref. 14o emphasizes the increasing
importance of technological innovation to this industry.



1974 to 1981.69 It is now nearly 10 pprcent of private indus-
trial R&D expenditures within the United Ftates." There
is considerable concentration in terms of industries. Thus,
in 1974 the motor vehicles and other transportation indus-
try paid for 28 percent of all foreign R&D supported by
U.S. companies, spending 17 percent as much for that
purpose as it spent at home. Similar levels of expenditure
are estimated for 1981. The drugs and medicines and other
chemicals industry spent a comparable share of its R&D
funds abroad in 1981. Other especially active industries
are radio and TV receiving equipment" and petroleum
refining.

These R&D investments roughly follow the pattern of
total direct investments abroad. Direct investment,by the

"These oversear expenditUres are not incladed in the data reported
on the preceding tables and figures. Data for more industries and years
are shown on appendix table 4-9. Another source (ref. 55) gives $2.1 bil-
lion for total R&D expenditures abroad in 1977.

"A slight decline in foreign R&D spending was reported from 1980
to 1981, which runs counter to the steady increases of previous years.
This decline may be due to changes in currency exchange rates unfavor-
able to the dollar. and also to a decline in foreign sales by U.S.-based
multinationals due to the European recession. The motor vehicles indus-
try 'vems to have had a significant decline in foreign R&D ixpenditure.

-"The number on the table includes radio and television receiving
equipment, but this ..1,; quite a small share of the total. See appendix table

4-7.

manufacturing industries is dominated by the transportation
equipment, chemical, and nonelectrical eauiprnerit industries,
as is also the case with annual R&D funding abroad." On
the other hand, electrical equipment seems to have a higher
share of R&D funding abroad than of total investment,
and petroleum has a much lower share.

The high levels of foreign R&D in chemicals reflect in
part the considerable foreign efforts of the drug industry."
Multinational or-Aporations in this industry are well on the
way to integrating their domestic and foreign R&D efforts, so
that it is no longer true that a new drug is discovered,
tested, and commercialized all within a single country.
Instead, the discovery phase often involves collaboration
among laboratories and researchers working for the same
firm, but in different countries. Clinical testing also becomes a
multicountry project, and often the later phases of drug
development such as dosage formulation, do as well." In
addition, as a result of regulatory and pricing incentives,
tax advantages, and market needs, U.S. companies are
establishing laboratories and conducting more clinical
research in those countries where they need to market
their, products." Another possible influence on the amount
of R&D performed overseas is tax policy. Industry
representatives have complained that some provisions of
the Federal tax code (which temporarily suspended)
penalize domestic R&D and indirectly encourage R&D
performance abroad.'

Recent studies have shown that multinational companies
with foreign subsidiaries that perform R&D have become
an important channel of technology transfer. Foreign
subsidiaries account for many more cases of technology
transfer abroad than exports, licensing, and joint ventures
do." In some cases, this technology is leaked to foreign
competitors. Still, the decision by U.S. firms to perform
some of their R&D abroad also benefits U.S. technology in
many ways. Some large U.S. companies would perform
14s R&D at home if they could not count on being able to
transfer or use their technology overseas. Thus there would
be less R&D to bolster U.S. domestic technology.'°

A further benefit to the U.S. economy frOm the foreign
R&D of U.S. multinationals is "reverse technology transfer.
To an increasing extent, foreign subsidiaries are transferring
technology back to their U.S. parents. As table:4-3 shows,
this process has accelerated since 1965, so that in 1979 an-
estimated 47 percent of overseas R&D resulted in tech-
nologies transferred to the United States. In view of the

"See rrf. Si and appendix table 4-9. Direi t investment is made up of
U.S. direct investors' equity in, and outstanding loans to, their foreign
affiliates. On U.S direct investment abroad, also see refs. 52 and 55.
On foreign investment in the United States, see refs. 53, 54, 5e, and 129..

"By one estimate, drug industry spending abroad for R&D, in cur .

rent dollars, grew at an average rate of 22 percent per year from 1970 to
1080, reaching $337 million in 1980. See ref. tei, p. 132.

"See ref. 57.
"See ref ,.48. p. 20O.
"See reff. .184,
"For this whole discussion, see refs. 57, 32, and 68. On the measure-.

ment of technology transfer, set refs. 50 and tio.
lain one study. the firms sampled reported that 30 percent of the .

anticipated returns from their domestic R&D projects were expected to
come from foreign sources. Without these revenue'., they would have-...
speni an estimated 20 P: :cent less on R&D. See rot. 32,
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Table 4-3. Percentage of overseas R&D expenditure resulting In technologies
transferred to the United States, by industry and size of firm: 1965-79

Industry or
size of firm 1965 1970 1975 1979

Total 37 44 44 47

By industry
phemical 2 22 30 49

,---' Machimnj 94 91 81 82
Electrical equipment 8 11 14 18
Instruments 83 85 87 87
Other 10 34 33 , 37

By size of firm'
Larger firms -38 46 45 46
Smaller &r m.' 23 31 34 53

Urger firms in ris soudy are ruse with worldwide safes exceeding $2 bilfun an 1977: smatler .Frrns are the others. This
definition of small firm differs ITCCIthat used elsewhere in ras chapter

NOTE: These data are based on a sample of Overseas laboratores amounting for about 10 percent of al overseas R&D o
American companies. Thus. they an subeact to sampling errors.

SOURCE: Edwin Mansfield and Aretvsny Romeo. Reverse* Transfers of Technology from Overseas Subsidaries to American
Firms: University of Pennsylvania. 1983.

sharply increasing dollar amounts of foreign R&D in
recent years (appendix table 4-9), technology transfer has
increased considerably.

The increasing percentage of R&D expenditures resulting
in reverse technology transfer reflects the fact that overseas
laboratories are being transformed from organizations that
simply service and adapt U.S. technology for foreign markets
to organizations that are expected to produce technology
for worldwide application. Laboratories of the latter kind

, are involved in more revcrse technology transfer, as are
larger Laboratories and those devoting a large percentage
of their R&D expenditures to research \79 The average lag
between the foreign and U.S. application of a technology
has been sharply reduced in many industries, so that U.S.
employment of the technology created by a foreign affiliate is
almost immediate. In the electrical equipment industry,
there is even some tendency for U.S. application to precede
foreign application. The chemical industry (including drugs)
is exceptional; thre are still delays averaging a year in the
U.S. application of foreign-originated drugs. This is evidently
related to the FDA regulatory process.

Table 4-3 shows a large increase in reverse technology
transfer in the chemical industry, perhaps because of drug

) companies' increasing use of foreign laboratories to develop
t products for the U.S. market. Other industries, specifically

scientific instruments and nonelectrical machinery (including
computers) have returned Substantial amounts of their
foreign-originated technology to the United States for many
years. In most of the industries other than chemicals, the
rate of reverse technology transfer depends much more on
the 'nature of the laboratories, as described above, than on
the nature of the industry itself. Smaller firms, some of

"See ref. Gtr. These results are based on a sample of 29 overseas R&D,.
laboratories of U.S.-based firms.

Science Indicators-1982

which are ethical drug firms, are catching up with the
large companies in the tian'sfei. of technology to the
United States.

The nature of the transferred technology can be se-r-i from
appendix table 4 -10, which divides the technologies trans-
ferred in 1979, according to table 4-3, into newor improved
products or processes. New products are the most frequent
by far in most industries, though product improvements
dominate in the scientific instruments industry.

PATENTED INVENTIONS

One of the principal results of industrial R&D is the
production of technical inventions, i.e., new or improved
products or processes with some expected utility. Such
inventions become publicly visible when the inventor applies
for and receives a patent. Thus counts of patents serve as
one indicator of R&D output and inventive activity. In
addition, inventions are an input to later stages in the
process of innovation in that they represent a pool of
technological knowledge from which innovations may be
produced. The analysis of patent information remains one
of the most established, directly available, and historically
reliable methods of quantifying the output of a science
and technology system."

Lithita ti ,ins on the use of patenting data should be
recognized. Such data provide an aggregate indicafor of
invention, but do not identify the really important individual
inventions." In addition, some inventions o.re not patented
because the inventing company prefers to retain the invention
as a trade secret. In fact, some entire technologies, such as

"See ref. 01.
atSee ref. 02, p. 209. Recent efforts to identify important inventions

by using patent files are reported in refs. 64 and 100.
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living organisms and computer softy are, are not acceptable
subjects for patenting." The propensity to patent inventions
.varies from one indu.try to another. so that comparisons
between industries should be avoided." Finally, the patents
that are granted represent inventions of widely different
values, whether in technical, economic., or soCiarterms.
The value of an invention must depend on the values of
the innovations to which it contributes, but these values
are not known for the typical patent." In using patenting
statistics, one assumes that patents have the same value in
all of the countries, time periods, etc., being cOmpired:-----
This can mean that the individual patents all have the
same values, or that the distributions of values in the groups
beim.7 comparet.!. are the sarne."

IrWentors and Owners of Inventions Patented
in the-United States

Figure 476 shows the number of patents granted in the
United States to both U.S. and foreign inventors. Patent
counts by date of patent grant are quite irregular from
year, to year. but the data show a clear upward trend from
19o0 to 1971, with a drop thereafter. This drop is due to
deCreases in patenting by U.S. inventors, at the same time
that foreign patenting in the United States increased.

The irregularity in patent counts by date of grant is due
to the fact that there are fluctuations in the rate at which
the U.S. Patent Office processes its backlog of applications, as
well as in the rate at which it prints and issues patents
after they are accepted These fluctuations can be removed
from the data if one classifies granted patents in ternts of
the dates at which the inventors filed the original patent
applications. The application date is. on the average, 2 or 3
years before the grant date, and is closer to the date at
which the invention was actually made."

In these terms, figure 4-8 shows that peak rates of
patenting in the United States were reached in 1971 and
1974. A slight decline occurred from 1974 to 1979 10.5
percent per year) but an increase (2.9 percent per year).
occurred from 1979 to 1982, so that patenting reached

"Recent cowl rulings have opened the way for the patenting of some
organisms. See ref. 107. pp. 2-3, 0-11. On the patenting of computer
software, see ref. 104 and ref. 103, pp. 47-71. 126 -15o. where some data
are discussed,

"See ref. 20 and ref. 72. which discuss industry structure and other
influences on patenting rate. Also see ref. o3.

"See ref. 20.
"Comanor and Scherer lief. 05) point out that the same assumptions,

about the constant distributi.m of quality are made. for example, when
one uses a simple count of scientists and engineers. or research and
development expenditures, 15 an index of innovative input- For a more
thorough discussion of the limitations of patenting data as indicators of
technical invention, see ref. ob. pp. 99 -102; ref. 07; and ref. 137.
Lconornetric studies with disaggregated data are able to cope with most
of these problems_

"A delay of the latter kind was especially serious in 1979.
..°'According to ref. 13o. about 9 months elapse, on average, between

the conception of a patentable invention and application fora patent. A
disadvantage of using counts of granted patents by application date is
that the data are incomplete for the most recent years because many
recent applications have not yet been processed. Estimates of the number
of patents that will eventually be granted are shown on figure 4-8 for the
years 1978-82. These estimates are based on the number of-applications
in those years and on average rates of approval of applications.

new high levels its 1980, 1981 and 1982.. The figure also
shows that these trends are made tap of quite different
trends in patenting by U.S. inventors and foreign inventors_
Foreign patenting has increased every year from 1965 to
1922, except for 1975. The average-rate of increase has
been 5.2 percent per year over the whole period_ On the
other hand, patenting in the United States by AmericanS
peaked in 1969, and declined from 1969 to 1979 at an
average rate of 1.7 percent per year. This decline has reversed
since 1979; from 1979 to 1982, U.S. patenting increased
by an estimated 1.5 percent per year. As a result, an estima ted
42 percent of patent grants based on 1982 applications will
be to foreign inventors."

The ra?id increase in foreign patenting does not necessarily
imply that foreigners are rapidiy.becoming more inventive.
An analysis of the output'of foreign inventors must also
consider their patenting in their own countries." Foreign
patenting in the United States depends not only on the
inventive capacity of the source country, but also on its
cultural and economic ties with the United States

The decline in successful patent applications by Americans
from 1969 to 1979, however, does seem to be a sign of
declined inventive output. In some product fields, this decline
may be attributed to a decreased propensity to take out
patents for inventions." However, since it occurs in nearly
all product fields, some more general explanation, like a
decline in inventive activity and output; seems to be
required." It can be seen more...clearly in figure 4-9, which
divides patents by U.S. inventors according to whether the
patent owner is an individual, a Government entity, or a
private corporation_ Employees of corporations and Gov-
ernment laboratories commonly assign ownership to theit,,
employer for any patent received as- a result of their
employment activities. However, many other patents remain
the property of the individual inventors.

Figure 4-9 again considers patenting both by date of
grant and by date of application. In 1982, 71 percent of-
U.S.-origin patents granted came from. U.S. corporations,
while 25 percent came from independent individuals and 3'.
percent from Government agencies." Thus, it is corporations
that mainly determine U.S. patenting trends. In terms of
application dates, corporate patenting declined 2.1 percent
per year from its high point in 1969 to the low in 1979 and
rose an estimated 1.7 percent per year from 1979 to 1982."

Patenting in Individual Product Fields

Pate Ling by U.S. inventors sometimes follows quite
different patterns in the various fields of technology.
Information about these different fir:Ids'tan.be helpful in

"Of the patents actually granted in 1982. 41 petcent went to foreign
inventors.

"'See chapter on I; .terilat:onal Science and Technology.
"See tels. 20 and 0, and ref. 38. pp. 72.74.
"btuda-.,of thisdecli: eareieported in refs. 135. 138. and 139.
"The data include patents owned by universities with eorpOrate

patenting. However. the number of university-owned patents is quite
siral!: by one estimate, 0.4 pelt r.t1 of corporate patents were really uni-
versity -owned in 1974. and 1.1 pc-cent in 1980. See ref. 69 and chapter
on Academic Science aiici Technology.

"The curves for patenting Iry date of application are based on figure
4-8 and on the assumption that corporations and the other owners .,
received constant shares of all U.5,urigin patents from 1978 to 1982..
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understanding oVerall trends in U.S. patenting. (See table
4-4 an4 appendix table 4-13.)

Fron1...197 1981, the rate of patenting dropped in
almoStrevery_productiield, so that .the rate of patenting for
all fieldS tOgetheT'-dec,rtased by an average 4.6 percent per
year." Qnly a few fields',-,which are all chemical-related
fields, show increases. \--

agricultural chemicals, the fastest growing field,
patenting has increased particularly in pesticides containing
an organic compound as the active ingredient (e.g.,
Malathion). Within drugs and medicines, considerable
growth has occurred in prostaglandins patenting, especially
from 1980 to 1981. Expansion has also occurred in measuring
and testing methods.95

The industries with the greatest.declines in patenting
tend to be electrical and mechanical. In metalworking
machinery and equipment, one-S1gnificant component of
the decline -is in metal fusion/and bonding:

Several studies help toillUminate the patenting behaVior
of individual industris(In the drug and medical instruments
industry, patent expenditures appeai' to be closely*related to
R&D expenditure's and this industry, seems to depend con -
siderably on pZents to protect,its\ inventions. However, there
is no such relationship in the computer induStry. Firms in

.
I this induffry do not appear to be using patents extensively

to prOtei,_t the output of their research departments, perhaps
because the pace.of technical change in that industry is so

V.

Table 44:'"Avereige,aiinull<pliange in patent grants to
j,,U.S.'Inventere, tor,product,fleldewItht1rgreatest'.,,,.:

I;
.'Prodtict held

'1,.PercOnt 'change
Per year ,

r ,
6.1
5

,

.3

Product fields with' increases, 0`

Agricultural .. ..
:Drugs and medicines
Paints, Yarnisties,:ana'related product's

ProduCt fields",with'Ilargeit;decretases:
Mittal'viorlInirtriaohirteri and equipment
Railroad equinthent-4..` ..... ..

Electrical indUstrial:annaratUs`.., ....
Ship and 11oat

See appendix table 4-13

...."--
..-:' - ^V f:

,.; 94 Potentirii; data by product. field are' reported ri terms of the date of
:/7 pay....mt-g-iant, Since the year-to-year, data contain onsiderable statistical
' ;,,.....)ise. the rates of growth .anct decline are calculated by a smoothing

proiess. This involves fitting a least-squares line to the logarithm of the
annual patent counts and taking the antilogarithm of the resulting dope.
The increase in patenting fromr:1979 to 1982 shown by the data in terms

.:- 0 application date cannot be seen in the grant date numbers because of
the 2-year lag in processing applications, and because of the noise in
the data by grant date.

"Interest in lengthening the, present 17-year life of patents to com-
pensate for regulatory delays is discussed in ref. 147, p. 80, and.ref. 44,
p. 74.

rapid and the lag in issuing patents so long that patents
do-not givy these companies adequate protection for theit
inventions. In such cages, trade secrets, may afford better
protection. Alternatively, the inventions in this industry
may take the form of large interconnected systems that
are not very suitable for patenting.96 The aircraft industry
is also thought to haVe a low propensity to seek protection
for its patentable inventions because of the t onexclusive(h
licenses and rights of use that the Govern tent au,to-
matically receives on contract-related inventions. -

The propensity to seek patent protection for one's
inventions in a given industry must depend in part on the
effectiveness of patents in different industries in preventing
the imitation of inventions by competitors. It appears that
patenting does not entirely deter imitation; in one study 60
percent of the patented successful innovation_ in the sample
were imitated within 4 years of their introducyion.97 However,
patent protectin increases the costs of imita on. The increase
was relatively high (30 percent) in the cas/ of ethical drugs,
while it-was only 10 percent or less in chemicals, electronics,
and machinery. Patent protection is relatively important in
the case of drugs because a new drug can be imitated on a
production scale relatively easily and cheaply. However, it:
is harder to determine from a new-electronic or machinery
product how it is produced.

More generally, it is possible to estimate how much
company patenting is due to the pull of the market,.
represented by firm sales, and how much is due to tech-

. nological opportunity, represented by R&D expenditures`;'
and technology class. Over a wide range of teChnologies,
the effect of technological opportunity *seems to be the
greater." Since these studies do not consider patenting
trends over time, they do not, help directly in explaining
the decline in industrial patenting in the 1970's.99 __.------"

SMALL BUSINESS AND 'TECHNOLOGICAL
PROGRESS.

An important component of U.S. industry comprises
companies with fewer than 500 employees. As the President
has noted, the contributions of small business to innovation
and employment have been particularly noteworthy.
Inventors have often chosen to market. their innovations,
through small business. Small business is ideally suited for
such ventures by virtue of its greater.flexibility and greater ,
willingness to assume risks,"° as well as its greater interebt
in serving relatively small markets. Science Indicators-197F
reported on the high share of U.S. innovations due to

"A quantitative discussion is found in ref. 72. In addition. the high
mobility of scientists and engineers in this industry and the Wide availa7
bility of the results of semiconductor research militate against patenting.
Some. firms in this industry, of course, have earned considerable royalties"'
from their patents, and Texas Instruments ItaS used its'patent position "'Is
leverage to gain Japanese Government permission to establish one of theC
few American joint ventures in Japan. See ref. 80. pp. 17.5-137, and ref. 71;

"See ref. 21. Nevertheless, there is considerable advantage in terms of
marketing position in being the first to introduie a new line of products.:
See ref. 140.

"See ref. 72. R&D alone explains more of the variance in the data
than do sales data alone. Also see ref. 73.

99For a brief trey tment. see ref. 58, p.39.
"*See ref. 10. p. 4



:small business, and its high productivity in terms of
innovations per R&D dollar.'°' -

Not all small.companies operate in fields related to science
or technology, and of those that do; not all are innovative.

-Still, the innovative component of small business is ithportant
enough to have received special treatment in national
legislation. For example, the Economic Recovery Tax Act
of 1981 contains, some tax reductions of interest to small
business.th? Mcre recent legislatio-n has required Federal
agencies to allocate 1 1/4 percent of their grants and contracts
for the performance of R&D 'to small companies by fiscal
year 1986.103

Much of-the public policy activity, with regaid to small
business is designed to insure the availability of sufficient
amounts of venture capital to assist in the formation and
exp-acision of new coMpanies. 104 In 19,75 the number of
initial public offerings of stock in high technology small
companies dropped to zero. (See figure 440.) While public
sale of stock is only one source of small-company financing,
this information serves to indicate the general..lack of funds
fpr small business at that time

Since 1975 tile situation has improved considerably,
Besides the recovery from the recession of the mid-1970's,
the data show the effect of simplified Securities -and Exchange
Commission registration requirements for small initial public
'offerings.105 In addition, the capital gains; tax, was cut in
1978 and 1981.106 The result is that 1981 evidently s'aw
more high technology public offerings than any time in

_the-pre-ceding 10 'years.
Public offerings, however, are not the only source of

capital for,small businesses, nor do they come in the earliest
and most precarious stages in their history. While the initial
sources, of funding fore the most part are private,: the
entrepreneur must soon approach -the venture capital
industry for money.'"

The improved condition of this industry since 1975 is
shown in appendix table 4-15. Total disbursements rose
by almost a factor of-7 from 1975 to 1982. These dis-
bursements include both high technology ventures and

"See ref. FL p. 118. A compilation of the data conventionally used in
this field is ref. 12. Also see ref. 10. The current state of U.S. research
in this area is summarized in ref. 13. As these references show, small
business is also considered to produce exceptional numbers of new jobs.
This conchision has been questioned (ref. 142), but more recent studies
seem support it. See *ref. 165, pp. 87-88.

ref:0, pp. 314-325..
'P'See ref. 14.
'"For the recOmmendations of an earlier commission on small busi-

ness. see ref. 15.
'See ref. 10, p. 122.

F 14 .

1p11'entiire capitalists provide early stage development funding as well
'as expansion financing for companies that have overcome initial hurdles

. and relluire additional capital for growth, but do.not yet have access to
publii or credit-oriented institutional funding. The principal institutional
source of 'venture capital. over and above private capital holdings, is the
independent private venture capital.firms. The other major source of
Xenture capital'is the group of Small Business Investment Companies

/(5131C's) licensed by the Federal Government.,SBIC's have access to
Government loans to achieve up to a 4-to-1 leveraging of their private
equity capital: Because they. generally borrow a Portion of their invest-
ment capital and must service the interest, they are more likely to avoid
straight -equity investments in early stage companies, in preference to
purchasing income-producing preferred stock or debt instruments.

f

103

others.'".The'equity portion of- the -disbursements rose
similarly. The amount of private capital committed to venture
capital firms has gone up very, dramatically: This table
shows the pool of money available each year for new venture
financings and the rmplementation of new technical ideas.
In addition to the changeS in capitalgaiins ta% rates mentioned
earlier, these increases in venture fundings are due to excellent
returns to investors from venture capital firms and a
relaxation of Department, of .Labor rules in 1979 regarding
pension fund inveStmeritis in venture Capital partnerships.

Figure 4-11 showS the venture capital industry's funding of
high-technology ventures in 'the slack year 1975 and in

10 "The table excludes direcaundings of new ventures by large corn-
panies,-but includes those fundings by large companies that go through
venture capital companies. The discussion below will deal with high..
technology companies specifically.
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1950.'09 Equity financings for all new ventures came to
$136 million in 1975 and $799 million in 1980; the high-
technology portion was $72 million in 1975 and $425 million
in 1980. (See appendix table 4-16.) The share of early
stage venture funding going to all high technology fields
decreased from 69 percent in 1975 to 56 percent in1980,
while the share of early and later venture capital investment
remained close to 53 percent. (See appendix table 4-17.)
The largest share of this funding by far goes into office,
computing, and accounting machines, particularly into
computer-related technology. Other tabulations show that
a major share of this funding is for companies involved in
producing computers themselves, but that this share dropped
'markedly from 1975 to 1980.1' A large percentage increase
also occurred in early stage financings in 'drugs and
medicines. Total investments in genetic engineering com-

'"The figure shows early stage financings whifh involve companies at
the stage of proof of concept, product development, initial Marketing,
and initiarproduction. Later or expansion-stage companies are those that
havi established prodUction and shipping histories, yet require additional

'external capital to finance further plant expanSion_marketing, working
capital, or product development. The bars marked "all funding'. show
early and expansion, financings together.

"°See ref. 16, p. 28. The profitability of new ventures in the compdter
Field has recently declined. See ref. 141. On venture' financing in the
semiconductor industiy, see ref. 80. According to this source, shortages
of capital available to 'small companies led to takeovers of independent
semiconilltictor mariUfacturers by large U.S.and foreign concerns. Of
-28 investments/acquisitions in the 1970's, 18 were by foreign interests.
These developments may lead to a loss of innovativeness in the industry,
as well as to a loss of U.S. control over it. By one estimate, $6.5 billion
is currently invested in U.S. venture capital projects, and about 10 per-
cent of this is foreign. See ref. 125.
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panies rose from about $1 million in 1975 to about $
million in 1980.1"

Venture,financings of high technology cOmpanieAprovide
a measure of some of the resources available for innovation in
U.S.small business. Other resource measures are found in
the fact that the R&D funds spent in small compapies, in
constant 1972 dollars, were $1,018 million in 1980 and
$971 million in 1975."2 The 'resources for R&D--in small
business increased, but not as much as 'venture capital
investments. However, it is widely thought that innovation in
small business comes from many sources in addition to
formally reported R&D."3

How maw innovations are produced by thee resources? A
recent studS, considered the number of innovations intro-
duced per employee from 1970 to 1979 and found that, by
this measure, small business is 2.5 times as innovative as
larger companies.'" In addition, smaller companies take a
shorter time to bring their innovations to market. The
average time from the establishment of performance criteria
to market introduction is 2 years for small firms and 3
years for larger firms. Other findings were that small firm
innovations are more likely to initiate a broad line of new
products and that their-products are more likely to be intro-
duced into consumer and Government markets rather than ),

sold to companies that would .use the products internally.
Foreign studies also consider the contribution of small

business to innovation. kcurrent British study finds 25
percent of significint British innovations to be due to
companies with fewer than-1,000 employees, throughout
the per'iod from 1945 to 1980. This is considerably greater
than these companies' share of R&D funding, but apparently
less than their share of employment or net outpui:"5-In
general, small companies in Europe,do not seem to be as
important to overall industrial innovation as are small
companies in the United States.

Another indicator of the technological output of small
bUsiness is its production' of patents. A study of the rates
of U.S. patenting by U.S'. small business showed that the
proportion of all patents to U.S. corporations that went to
small companies was 19 percent in 1980.1" The high share
of patenting by small companies appears to demonstrate
their technical inventiveness. On the other hand, one would

"'See ref. to, p. 31.-Tfie girowth of small-business activity in this field
can be seen from the fact that in 1978 there were only 4 companies
world-wide specializing ,iniapplying recombinant DNA technology to
industry, with a total capitalization of -520 million. Near the close of
1981, anestimated 110 nelv small companies, with a total capitalization
of about $70 million, were working on DNA technology. See ref. 111,-
pp. 11-12. , ) 4/--

"'See ref.. 17, tat-le B--p.. TheSe numbers apply to all R&D reporting
companies with up to '.boo employees.

"'See ref. 19; p. 7; ref.42; and ref. 23.
"'See ref. 18. Ref. lf is a recent bibliography on the contribution o

small.buSiness to innovation.atio'n.
"'See ref. 19, pp. 7-4. Companies with fewer than 500 employees prof -

duced 21 percent of tl e innovations reported. A major study of small and :
medium-sized firms il Europe is ref. 123. Also see ref. 124. The avails le
information on smat business and innovation in Europe is summariz .cl ,-

in ref. 127, pp. 53-91. Also see refs. 136 and 166.
I"sThis agrees with the share of innovations due to small b-usi ss"

found by the British study mentioned above. By comparison, less t an :
5percent of indu?tiial R&D funding is in small firms. See ref. 18, t ble ,
B-3. On patenting by small companies, see also ref. 70..

. . .



eXpect that the R&D reported by small businesses does.not
represent all the innovative. efforts Of those. companies.'"
Another possibility is that small firms patent an especially
large share of their inventions, as compared with larger
firms. However, a recent study failed to find evidence that
smaller companies are more likely to get patent protection
in connection with their innovations."9'

Another comparison can be made of the patenting
behavior of small and huge companies by considering the
particular product fields in which they specialize. It is
evident from appendix table 4-18 that small company
patenting specializes in-various aspects of machinery. On
the other hand, small company patenting is very slight in
chemical technologies, including drugs and medicines and
petroleum and natural gas.

PRODUCTIVITY

The labor productivity of a company, industry, or
. nation is the ratio.of its produced output to the hours of

labor than wen t.into that output. Thus it measures effi-'
eiency of production.''9 Technological advance, including
improved management techniques, ;is one of the most im-
portant factors influencing productivity, improvement,12°
and technologies are frequently developed for the sake of
improving productivity, -

There are many problems involved in measuring pro-
ductivity and in interpreting productivity data. Single indices.,
of this kind cannot capture the complex relations among
the various factors of production as they affect rate's of
output."' If productivity levels change, many influences
besides changes in technology may be responsible.'22 Thus, in
interpreting shifts in productivity as indicators of.technology,
it is advisabVto focus on industries that are highly dependent
on technology and to 'fake into account those studies that
show the influence of levels of capital investment and
R &D spending on` productivity.

Industrial productivity has,attracted considerable attention
as a policy problem in recent years.'23 Among the market-
economy industrialized countriethe United States-, while'
still ahead, has gradually been losing its lead in produc-

- tivity.'24 From 1958 to 1965, productivity in U.S. manu-
facturing industry grew by an average' 3.9 percent per
year. The growth rate dropped to 2.8 percent from 1965 to
1973, and then to 1.4 percent from 1973 to 1981, with a

"'Since small buSiness has about 30 percent of the employment of .
manufacturing industries and 20 percent of the sales and receipts, its
production of patents is close to what. would be expected, by this
measure. (See ref. 24 for data.) Of course, these data include many
companies that are not very technology- intensive. .

"See ref: 21.
"'Other definitions of productivity consider tangible capital inputs in

addition to labor, and are called multifactor or total factor piroductivities.
If all factors were considered, they would also include land, materials,
energy, research. and education. See ref. 74. .

'20See ref. 75, p. 2. -On the continuing effort to show the effect of
"advances'in knowledge- on productivity.-see ref. 160.

"'See. for example, ref. 76, pp. 6-10.
"'See ref. 77.
"'See, for example. ref. 89, which offers policy alternatives and dis-

- cusses the role of technology.
"'See chapter dn International Science and Technology.

notable productivity in j974 and a slight decrease
in VI,'

The explanations for 'productivity trends in different
industries, are, highly various and of ten incomplete. In
aerospace, for example, productivity improvements' are
achieved through advanced manufacturing processes and
experience in the production of each model series. Pro-
ductivity improvements in 1981 were due to economies of
scale because of healthy production schedules for transport
aircraft. Advanced manufacturing technology has also played
an important role in improving productivity. Between 1970
and 1981, the' industry made great strides in advancing
production machinery and know-how.

In the steel industry, most of the productivity increase
from 1950 to 1980 has been attributed to technological
change, with the rest due to substitution of capital for
labor.'26 The semiconductor and computer industries are
having difficulty in raising the vast sums that are now
required for new product development and for the tools
and plants needed to make and test these products.

Substantial productivity improvements in the textile
industry have been due in large part to the expenditure of
substantial sums on modernization and new technology,
as well as to improvement of skills in managing basic human
resources and assets.'?' Capital formation is named as a
major problem by large metalworking companies.'29 The
automobile industry is putting considerable sums into plant
automation and, specifically, into robotics. This is a rapidly
developing and internationally competitive area of technology
in which the United States maintains a strong position. It
promises to help various industries maintain the U.S. lead
in produCtivity."9 Since purchase or modification of capital
equipment is the main yehicle through which the results
of R&D lead. .to increases in-measured productivity growth,13°
productivity growth among nations has been much better
correlated with physical investment as a fraction of GNP
than with R&D as a fraction of GNP.13'

The influence of R&D expenditures on productivity is
indirect, depending as it does on capital investment and
other factors. It is alsda long-run influence, whereas capital
and labor shifts also affect R&D in the short run. However,
much is already known about the influence of R&D. Private
R&D capital has a relatively large effect on private-sector
productivity.132 Basic research is found to contribute,'
significantly to productivity, although this may be a surrogate
for the contribution of long-range R&D, to productivity:133
The impact per dollar of bask research is greater than that
for applied research or development. R&D investments in
the production of intermediate and capital goods benefit

'"For the entire nonfarm sector of the U.S. private business economy.
Productivity grew by 3.0 percent per year from 1958 to 1965. but by only
2.2 percent per year from 1965 to 1973, and 0.6 percent per year from
1973 to 1981. Data are from ref. 78.

"'See ref. 85. On recent developments, see refs. 86 and 81. On semi-
conductors and computers', see refs. 82 and 94.
/'"See ref. 83.

"'See ref. 84.
'See refs. 87, 88, 43, 114, and 128.

'3°See refs. 90.95, 91,92, and 100.
"'See ref. 38, p. 24, and ref. 50, pp. 75-78.
'32See ref. 161.
'33See ref. 96.



both the producing and . r c,..tiasing industries' pro-
.dirctiv ity. Sp.ecifk.ally, lit,., alented to new processes
benefits the performing industry, R&D oriented to
new or improved products, espeCially capital goods, benefits
the purchasing industries rather than the producing
industry.'34 Government-funded R&D haS an indirect effect
on productivity, to the extent that it stithidates private
funding of industrial :R&D.'36 A dollar invested in R&D
may have a considerably greater effect on overall industrial
productivity 'than a dollar invested in fixed capital.'36 This
payout helps to compensate for the relatively high risk of
R&D 1-rojec. ts,.which. is comparable to the risk involved in
oil and gas ex p/ora tion. 137

In individual industries, total factor productivity evidently
is still significantly.dependent on prMite R&D intensity,
though the relationship has recently been obscured by the
decline in the average growth rate of productivity.'36 Among
individual firms, those performing higher levels of R&D
have higher levels of growth in total factor productivity.139
Finally, the notion of reverse technology transf:.. can be

.
applied to productivity neaSures114° ComPanies performing
Z&D in foreign laboratories can improve their productivity

by importing some of the technology they have developed
abroad. There is some indication that such an effect occurs
and can be significant."'

NIVERSITY-INDUSTRY COOPERATION IN R&D

:11e importance of the university sector to industrial
science and.technology is seen in the fact that universities
educate the scientists, engineers, and managers employed
in -indirs7try. They also perform much of the basic research
that 'Austry develops into commercially viable products
and processes. Severi:1 issues regarding the.relationship
bet we:n these t!'00 se( 107s have arisen 'in recent years."2.lt
has asserted tl-oz universities are no longer attuned to
the of industries, with the result that companies
hav,!e:.i.11 fished their own graduate-type programs. increased
l'eckrai ripport of universities during the .1960'S altered

'3" iz;

t

!"See rc; t7,
1"See ref. sowe ;l1r.iP littie or no deprecia-

tiMi in ti.c . it .verse :, ?-1 FAD Ir. i17, it.. -:nec productivity.
Cu i:se of the :et ;.:0(4 N : does not diminish
tht ioffueliC'e of these tee, en : Fvbsequent years: In

the. R&D differs Lunt ipment. (See ref. 97.) How.
CV: r. t1v: i:.flzienze of 10.t0 or i.,r6pany p:.ofits doesdeteriorate. because
of catchin8 up with the new techniques.' The obsolescence
raw Rs.0 for this purpose is abor:t 20-1n 30 perceril per year, with

1.erevnt of all profits being realized in 5 years. Another
the returns inc-c,asing for the first 4-6 years after the R&D

;it. and then decreasing. See ref. 135. This study 'found an
tipw.-.td trend in the - profitability of R&D in the late 1970's.

" "tics rel.. 101. Earlier results did suggest some decline in the effective-
ness of R&D. See ref. 103. Another study. shoWing generally significant
contributions of R&D to the productivity of individual industries, is
rel. 150.

' "See :et. 102.
".°Sce the discussion of reverse technology transfer earlier in this

chapter.
"'See ref. eS.
"'See ref. 105. pp:151-152.

1 :;

the p.. f'' university research.and shifted the focus
of sludf, away.from solving industry problems. 143

,

Nuweroc.s arrangements have.been made in recent years to
increase private industry's support of academic research
and thereby encourage research in areas 'of interest to
industry. The direct sharing of research problenl' s and results
is a prominent feature of these arrangementS. While each
of' these is negotiated individually between company and
university, they fall into broad types, such as university-
based institutes serving industrial needs, jointly owned or
operated laboratory facilities, research consortia, industry-.
funded. cooperative research programs under contract,
innovation centers, and industrial liaison programs. Less
formal arrangements include personnel exchanges, insti-
tutional consulting, unrestricted grants, and participation
on advisory boards.'" Consulting activities in particular
represent an important resource that universities and colleges

provide to industry.
Universities profit from these arrangements in many

ways. In addition to receiving increased funds, universities' do
not have to comply with the accounting procedures and
regulations that go with Federal suppOrt. Faculty can gain
experience, offer more relevant courses, and obtain individual
sbonsored research projects and consulting opportunities.
In some cases, sophisticated industrial experimental equip-
ment and facilities are made available to university faculty'
and students. From the industry side, research 'results are
'obtained without the necessity of establishing and main
taining a large facility inhouse. In some cases, the needed
taleht could not be hired at all; in other, cases, itwouldnot
be economical to do so; while in still others, industry.
laboratories would not be the right environment far 'the
lOng range research efforts that are needed. Industry often
sees these arrangements as away of assisting its recruitment
of newgraduates."6

The Federal Government has sought to encourage these:::
,

. arrangements witnout committing large arnoyints of Federal
money. Thus the Economic Recovery-Tax Act of ,1981
provides for a 25- percent tax credit for increases in company .;
R&D expenses over and above base year R &D, expense
levels. This provision includes -up to 65 percent of research
contracted out to colleges, universities, and certain other
research organi'ations. In addition, the act encourages the
donation of research equipment tocuniversities by allowing'
the deduction -of part of the cost of such equipment as a
charitable con tribu tion."6

Indlistry Support of University R&D
Figure 44 illustrates the amount of support that private

industry has been giving specifically to academic'R&D. In
terms of constant dollars, funding has gone upevery year

,

"'See the section of this chapteron S/T Personnel in Industry. For the"..
problems of the'academic sector in general and its sources of funding,
the chapter on Academic Science and Engineering.

. '44FOr a full discussion of these arrangements, and in general of univer-::
sity-industry relations ir. science and technology,. see ref.

' "'The reasons for increased university-industry cooperation, as well
as the obstacles to it, are discussed in ref. 109.-Also see refs. 133 and..
162.

"'See refs. 37.36. and 110.
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Figure 4:12 ,
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ma eked for research, and $116 million in consulting fees to
facalty members'.'"

in aiidition, there has been a proliferation of cooperative
research agreements, particularly in biotechnology. The
biotechnology agreements announced in 1981 have a total
annual dollar value of about $8.5 million.'" Plans are being
made for additional cooperative 'arrangements, but it is not
yet clear hoc man will come to fruition, or how many
represent genuinely necvR&D rather than the consolidation
of present efforts.

---- Information Transfer Between Industry, and Academia
The knowledge transferred between the industrial and

academic sectors is an essential component in the advance-
ment of the Nation's science and technology enterprise.
In its basic research effort, academia provides much of
the foundation on which industry can build to remain
competitive throughout world markets. Although a more
thorough examination of this topic is provided else-
where,'52 some indicatOrs of 'these intersectoral flows are
presented below.

One indicator of the- transfer of information between
industry and academia is the number of scientists and
engineers in industry who rep\)rt teaching as their secondary
work activity. In 1981, some 3, 0 doctoral 5/E's in industry
(3 percent Of all industria E ctorate holders) reported
teaching as their secon y respo asibility: This may be an
upper bound iince so of these p n-sonnel may be involved
in in-house training.

Many more 'docto al scientists than doctoral engineers
in industry repot aching 'as a secondary work activity.In
1981, almost three out of four doctoral S/E's reporting
teaching as a secondary responsibility were scientists. (See.
figure 4-13.) Almost half (47 percent) of these scientists
were psychologists. Social scientists (16 percent of scientists
reporting teaching) were the next most likely to be involved
secondarily in teaching. In contrast, very few of the doctoral
scientists in industry reporting tcaChing as secondary work
were Mathematical (5 percent of teaching scientists) or
environmental scientists (5 percent of teaching scientists).

The flow of personnel between industry and academia is
also ar, indicator of. the degree of information transfer.
Between 1979 and 1981, about 3 percent of the employed
holders of doctorates shifted between the academic and
industrial sectors. (See figure 4-14.) Over four-fifths of
this shift was from academia into industry: About 4,600
doctoral S/E's moved into industry from universities and
colleges whereas only about 1,000 lef t. the industrial sector--
for academia. There was little difference in this mobility
rate between doctoral scientists and engineers -

When research is planned and conducted jointly by
'industry and university researchers, it becomes the focus
of much of the information transfer described above. An
indication of the'extentjof this cooperation can be found in
trends in the number Of leading research journal articles
having both in "istry and academic authors. This number.

since 1970, increasing by 11.percent from 1980 to 1981
alone, and having doubled since 1970. \About half of R&R
support is in engineering.'42 For example, in 1980, 23 percent
of extramural research funds for chemical engineering
departments came from industry.' In 1981, aerospace
companies provided universities with. about $28 million
for R&D. Over 80 percent of this went .to engineering and
applied science programs.'"

Figure 4-12 excludes many mechanisms of R&D sup-
port, such as unrestricted grants that the university choose
to spend on research, as well as R&D funds from non-
profit foundations that pass along funds received from
industry. It also excludes cooperative research arrange-
ments of all kinds. According to a recent estimate, industry
invested through all mechanisms a total of $500 million in'
R&D at universities and colleges in fiscal year 1981.'49
This was about 1.5 percent of the R&D funding that
industry spent internally. It is made up of a projected $288
million in grants and contracts, $96 million in gifts ear-

"'See ref. 111, p. 22. This estimate is for 1979,
"'See ref. 162, p. 6.
'"See ref. 134.

`"By anaher estimate, the total corporate contribution to university
R&D was 5400 to 4450 million in 1980-81. See ref. 111, p. 77.

"See ref. 134.
'52See chapter on Acaciernic Science and Engineering.
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has risen 29 percent over the 1973-80 period for eight
major fields even though the nIttnber of all articles with
industry authotshIP ,dropped 1.4 cent: (See appendix
table 4-22.) In all eight fields, except engineering,153 the
number of these jointly authored industry/university articles
rose considerably, with the greatest increases in physics
(72 percent), biomedicine (50 percent), and clinical.medi-
cine (42 percent). Moreover, industry authors publish
jointly with university authOrs much more often than with
authors in the Government or in another industrial com-
pany. Figure 4-15 shows that, by a measure of relative
cooperation, research in some fields is much'more coop-
erative than others, and that the greatest increases have
occurred in the fields of biomedicine,. biology, and .mathe-
matics. In the higher and more rapidly growing areas of
cooperative research, there is a strengthening of the research
relationship between industry and universities. In all eight
fields, cooperation has been growing. Industry cooperation
withall sectors, including academia, rose over the 1973-80.
period, about 36 percent when measured by cooperative
authorship of research articles. Thus, although most of the
rise is accounted for by academic research cooperation,
some-also occurred with other U.S. sectors and with
researchers from'other countries.

'"Engineering articles dropped only 1 percent (4 articles fewer in 1980
th'an in 1974 ,

traditional form of showing dependence of research
on previous research is the use of citations to prior published
work. By comparing relative citation ratios's° from each of
these sectors toward the other, the direction and relitive
level. of information transfei can be determined for each
field: (See table 4-5.) For example, in 1978-80, industry'
drew more heavily on 1978 university research articles
than university research acknowledged industry-based prior
research. This net preference for 1978 university research.
was found 'for all fields except physics, where industry
research is apparently more influential. The tendency of
industry researchers to acknowledge university - based, rather
than industry-based work; persisted for research published
during 1973-78 in the fields of clinical medicine, chemistry,
earth and Space sciences, and engineering. Thus, the
antecedents of much industry research are provided by
universities while the significance of inciastrial physics
research to/its university counterpart is very clear.

1 4A citation ratio of 1.00 would mean that the cited sector received ;;;,

share of citations in that field equal to its share of publications in that
field. Because all sectors tend to cite their own research more than others';
.these ratios all are less than unity. However:. their relative magnitudes
can be compared.
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OVERVIEW

Private industry is the sector of the U.S. economy in
which the scientific and technological developments of all
sectors. are employed in the production of economically
impOrtant innovations. The health of industry's efforts at
technological innovation depends on the training and,skills of
the scientists arid engineers (5/E'sl employed in industry.
From 1976 to 1981, the number of S/E's in industry rose
by 47 percent, largely because of the increased emplo)..inent of
coinPuter specialists. A notable increase has occurred in
the number of new employees holding master's arid doctoral
degrees. From 1976 to 1981, the work activity that experi=
enced the largest growth was production and related activities,
including inspection.

Manufacturing-industries employ 60 percent of the
engineers in private industry and 40 percent of the scientists.
While total employment in manufacturing increased only.
3-percent from 1977 to 1980, S/E employment increased
20 percent. The ability of high technology industries- to
remain at the technological forefront, and the ability of
older industries to take advantage of possible technological
improvements, 'depends on the availability -of sufficient
numbers of new 5/E graduates. In late 1981; management

Table 4-5. Relative cltatIon ratios' between Industry
and university articies2 published in 1973 and 1978.

Fields

All fields .. . .... .... . , . , .

Clinical medicine , .

Biomedicine
Biology
Chemistry .
Physics
Earth and space sciences
Engineering and techdology.
Mathematics

All fields
Clinical medicine ..... . .

Biomedicine
Biology
Chemistry
Physics`.
Earth and space'sciences ...
Engineering and technology .. .

Mathematics ......

973 1978

,;Citations from
Universities to industry

.35 ,37

.56 ." .41

.64

.55

.39

.71

.53

.46

.56
.54
.38
.87
.42 -.

,43.
.69

Citations froth Industry
to universities

.57 .52

.72

.73

.80

.58

.47
'.76
.58
.69

.76

.70

so

so
53

.77

'A citation ratio' of too would mean that the'cited sector received a share 6f citations in %.

that field equal tops share of publications in_ that held.' Because all sectors tend to cite'
their Own research more than others', these'ratios are all less than 1;00. However:their
relative magnitudes can be compared. . ' ..

2 Beier; on the articles. notes and reviews in over 2.100 of innuellyu ouinale camel
on the 1973 &Br1C0 Cdattoti. incisor Corporate Tapes q:41he Instituteff,l.gClentih::' Inlay-
Mahon., %. . .

3 See eon. 1=13 For a description of the subfieids included in 9iese fields,. . . , ,

See abpendis table 441.
.

personnel in industry reported shortages of S/E personnel
in, many fields. However, by the late summer of 1982,
respondents reported that it had become easier to hire
"new entrant" scientists and engineers. The change is
attributed to general market conditions, rather than to
changes in specific industries or an increase in the supply
of new graduates:

Expenditures for R&D serve as one indicator of the level
of innovative effort in U.S. industry. In 1981, total
expenditures in industry were about '$52 billion, or 72
percent of all R&D expenditures in the United States. From
1979 to 1981, the rate of increase in constant dollars was
6.5 percent per year. This increase has been sustained mainly,
by private sources of funding. Since 1967, industry itself
has supported over half of industrial R&D. This support
increased by 7 percent per year in constant dollars frOm
1977. to 1981. This high rate of increase, hOwever, may not
continue for reasons including economic uncertainty and
changes in' the price of labor and capital. Recent tax and
regulatbry policies are intended to improve the situation.

Unlike private funding, Government funding to industry is
below its.: level in constant dollars, which was reached
in 1966. However, Government support_did increase from
1975 to 1981 at a rate of 3.5 pereent per year. Half of
Federal R&D support goe5 1,5 the aircraft and missiles
industry, and another one-fourth goes into the electrical
equipment industry. Large increases in defense spending
are in progress, with the result that Government funding
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for industrial R&D is expected to increase more rapidl
than private funding for the first time in many years.

In a few industries, such as aircraft and electrical
equipment, 'increases in Government defense spending will
directly add to R&D expenditures. Other industries are
less dependent on Government funding, and when increases
occur, they arc more likely to be the response of private
industry to increased competition. This is true in computers
and in professional and scientific instruments. In both cases,
the competition is principally Japanese. R&D increases in
consumer goods industries are often due to domestic,
competition. Japanese competition is serious in the electronic.
components industry,. where considerable assistance is also
expected from DOD. The motor vehicles and equipment
industry feels this kind of competition, but in this case the
loss of sales seems to be so great that funds are not available
for needed technical improvements.155 This industry is also
heavily affected by Government regulation in the form of
pollution, safety, and fuel economy standards. Regulation
has aff&ted the drug industry in the form of FDA approval
.requirements.. Efforts are being made to reduce this burden.

The drug industry has reached a high level of international
'integration, in that the U.S. multinational drug companies
perform considerable. R&D abroad and introduce: to the
United Stotes Many innovations that they create overseas.
In 1951, all.chemical companies together spent 13 percent
as much on R&D abroad as on R&D in the United States,
while the drug industry spent much more. For all industry, 9
percent as much was spent abroad as in the United States.
Other indUstries with high levels of overseas R&D are
motor vehicles and other transportation equipment (17
percent in 1974) and petroleum (11. percent in 1981).

The technology transferred back to the United States as
a result of these expenditures has increased markedly sinCe
the mid-1960's. In 1979, for example, about half of the
R&D funds that the chemical industry (including drugs)
spent abroad led to such technology transfer. The level
was even higher (80 or 90 percent) in the case of machinery
and scientific instruments. Most of these technologies took
the form of new products.

The rate at which U.S. corporations take out American
patents can serve as an indicator of the rate at which they
are producing techniCal inventions. These inventions provide
a pool from which subsequent innovations may be developed.
American inventors filed the greatest number Of successful
U.S. patent applications in 1969.1.rom 1969 to 1979,
patenting by American inventors dropped at an average
rate 'of 1.7 percent per year, but froth 1979 to 1982 it
increased again by an estimated 1.7 percent per year. Most
of this movement is due; to those inventors employed by
private corporation; they receive 70 percent of all U.S.
patents to. U.S.. inventors. Thus, U.S. industry .has. been
producing fewer patented technical invention's.

A few product fields have resisted the trend and have
actually experienced increased patenting. For example,
agricultural chemicals saw a 6.1 percent annual rate of
increase i.n patent 'grants from 1971 to 1981. Much of this

"See ref. 46, pp. 242-253.

.
actw/ ity was in new pesticides. Similarly, drugs and medicines
sayiv a 5.3 percent rate of increase. On the other hand, there
were particularly large patenting decreases in some
mechanical and electrical technologies.

Small business in the United States is often exceptionally
innovative because of its flexibility, willingness to take
risks, and ability to serve small markets. The importance ,

of small business to industrial technology has been recognized
in recent legislation. One of the principal needs of small
business is venture financing. New issues of stock in high
technology companies increased from zero in 1975 to about
170 in 1981. This increase was due to many developmerqs,
including the end of the mid-1970's recession and two
decreases in the capital gains tax. Venture capital companies
provide funding at' an earlier stage in the history of a new,
small company. Equity financings from these sources
increased from $136 million in 1975 to $799 million in
1980, Slightly more than half of this money went to
companiet- in high technology fields; By for tite=r largest ','

share of high technology venture capital,,qoes into r.7.0::tnpu ter-
rela ted technolor: 19;70..e has 4,1il':n a tioiigiat.itible increase
ha the glii, re ping to communication equip ent, electronicro
components, and biotechnology_ A large perc mtage increase
occurred in initial financings in drugs .and MediCines. Total
investments in genetic engineering. companies rose from
about $1 million in 1975 to about $35 million in 1980..

By recent estimates, small conRanies produce 2.5 times as
many innovations per'.emPloyee, on average as large com-
panies and take a shorter time to bring their innovatimis to
market. In terms of inventions, small business gets.abOut 20
percent of the patents granted to U.S. industry:, By com-
parison, small business has less than 5 percent of industry's
R&D funding. Smail companies specialize in patenting in
mechanical technologies, where there have also been large
decreases in the number of patents they receive. For the
most part, these are not high technolOgy fields.

Only a few indicators exist that help to show changes in
the state of American industrial teChnology. One such
indicator is labor productivity. This/indicator applies only'

,,
to process technology, including capital equipment, and
reflects also all the nontechnological influences on process
efficiency. While productivity in U.S. manufacturing
industry grew by an average 3.9 percent per year from
1958 to 1965, the annual rate offgrowthdropped to 2.8
percent from 1965 to 11973, ancl.:ito 1.4.0rcent from .1973
to 1981, with a few, years of negative growth. As a result,
the U.S. lead in productivity over other industrialized market-
economy countries is diminishing. IndividUal industries
often experience difficulty in iMproving their productivity
because of'capital.shortages that make it difficult to purchase

/ .equipmentembodying the latest technology, Other problems
'include anti'-.pollution regulations and shortages of trained

/scientists and engineers. In spite of recent declines in
productivity growth, R &D expenditures are still seen as

,having a positive impact on productivity.
.....

Cooperation between the industry and university sectors in
R&D is beneficial to both and is on the increase. Industrial '.

technology draws heavily on the R&D base provided by
the universities. Direct R&D grants and contracts to
universities doubled in constant dollars from 1970 to 1980
and increased by 11 percent from 1980 to 1981. Most of
this funding was for basic research. Joint publication of
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journal articles by university and industry authorS increased
29 percent from 1973 to 1980, even though industry's.
total output of tides decreased.

The overall picture of industrial science and ,technology
emerging from theSe indicators is mixed. On the side of
resources, many positive things are happening. Private R&D
funding has been increasing for several years-, and Gov-
ernment funding is now increasing in. the defense area.
Some tax and regulatory burdens are being lifted. Venture
financing for high technology small business has never

been higher. Corporate support for R&D in umyersities,
though still relativ6y small, is increasing, with many new
cooperative arrangements being devised. However, only a
little of the benefit from these measures. can yet be seen.
For example, corporate patenting dropped notably front
1969 to 1979; though it seems to have turned up since
then. Thus: the indications are that the improvement of
Anierican industrial technology, with its social and economic
benefits, will be a long-term process and will require
constant monitoring.
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Academic Science and Engineering

HIGHLIGHTS

Our Nation's colleges and universities play an impor-
tant role in determining the nature and quality of science
and technology in the United States. They do so by
serving as the home for independent scientific inquiry
and experimentation and as the primary training site for
future scientists and engineers. No less important is the
contribution these institutions make to the scientific and
technological literacy of all students.

Between 1981 and 1983, national support for academic
research and development declined by 3 percent in con-
stant-dollar terms after reaching historically high levels
in 1981. The 12-percent average annual constant-dollar
growth rate for academic R&D observed in the 1960's
slowed to 2.8 percent in the 1970's, and is estimated to
have remained essentially constant since 1980. (See p.125.)

Between 1972 and 1981, a significant shift was reported
in the relative emphasis on basic research and on applied
research and development by our Nation's colleges and
universities. Academic expenditures for applied research
and development (which are almost all in the applied
research area) were estimated to have grown in constant-
dollar terms at' an average annual rate of 7.6 percent, six
times the rate for basic research support. Basic research
has thus declined as a proportion of academic R&D ex-
penditures from a level of three-fourths in 1972 to little
over two-thirds of the total in 1981. (See pp. 127-128.)

Between 1973 and 1981, the number of-doctoral S/E's
employed at academic institutions grew at an average
annual rate of 4.5 percent, one percentage point below,
the overall growth rate for all doctoral S/E's. The lower
rate of 'growth in academic employment was offset by
industrial S/E employment which increased at an aver-.
age annual rate of 8 percent during this period. (See p.123.)

Slower growth in th\e number of .faculty since 1968 has
.produced a decline in the representation of young faculty
in S/E departments. The proportion pf recent doctorates
in full-time faculty positions in doctorate-granting insti-
tutions declined shag* from 39 percent in 4968 -to
28 percent in 1974 to 21 percent in 1980. (See pp. 124-125.)

The number of full-tir4-equivalent academic R&D sci-
entists and engineers increased at an average annual rate
of 4 percentbetween 1973 and 1978Tbi.:
cent per year between 1978 and 1981. The recent lower
growth rate is ,consistent with slower growth rates for
academic constant-dollar R&D funding. (See p. 131.)

Foreign students,represented more than 20 percent of all

1

full-time students enrolled in graduate S/E programs in
1981. Between 1974 and 1981, foreign students accounted
for nearly 50 percent of the net growth in full-time
graduate S/E enrollment. In 1981, 43 percent of all full-
time graduate engineering students enrolled in doctorate-
granting institutions were foreign citizens. Foreign
students_ also represented a sizable proportion of full-
time graduate enrollments in the mathematical and com-
puter sciences (36 percent) and the physical sciences (27
percent). (See pp. 121-122).
Some measure of understanding of science and technol-
ogy is an essential component of a broadLbased under-
graduate education in the modern world./ U.S. students
completed college in 1980, however, with less course
work in science required of their than Was required of
graduates in 1967. On average, students graduating in
1980 met the natural sciences requirement by complet-
ing 9 credit hours of study in the sciences out of a total
of 125 credit hours required for graduationdown from
the average 12 credit hours of science study required in,
1967. (See pp. 126-1274

There. isconcern that academic scienti is and engineers
should hlive' at their disposal the up to-date scientific
equipment important to assure the continued advance-
ment of science and technology. Universities and -col-
leges, for example, spent approximdtely "$420 million
for separately budgeted research equipment in 1981an
estimated .6 percent of all separately budgeted R&D
expenditures. Moreethan two-thirds of this amount was
provided by the Federal Government. A preliminary
study of selected fields in 38 lefacling academic R&D
institutions revealed that almost 50 percent of the in-
struments in the laboratories surveyed were less than
5 years old, while more than 25 pOrcent of the instru--
ments were more than 10 years old. (See pp. 132-133.)

Academic institutions provide abut two-thirds of the
research literature in the most influential science and
technology journals, a ratio that as increased slightly
over the past 10 years. The 10 academic institutions
publishing the most research art cles typically account
for more than one-fifth of these cademic-based publi- /
cations. There is evidence of consi erable growth in coop/
era tive research being conducted between U.S. research
institutions. Coauthored articles with at least one wrter
ernployed-ina-U.S. university or college increased rom
39 percent in 1973 percent in 193 to 48 percent in/1980.
In four of the eight major fields examined, U.S. aCademic
authors most frequently coauthored with researdhers em-
ployed by the Federal GOvernmeint. (See pp. 135-138).



The additions of new research, results to the body of
knowledge found in university libraries may not be
eNPanding as fast as_it has in the past. For example, the
number of new volumes added each year to 75 of our
Nation's largest research libraries declined by 23 percent
between 1970 and 1980, while constant-dollar expendi-

Out Nation's colleges and uniVersities play an impor-
tant role in determining the nature and quality of science
and technology (S/T) in the United States. They do so by
set ing as the home for independent inquiry and scientific
research and as the primary training site for future scien-
tists and engineers. No less important, however, is the
contribution these institutions make to the general,educa-
tion of all students in the theories and methods of science
and technology.

Fhe success of academic science and engineering in ful-
filling its dual research-and teaching mission depends on
several facto's, including: a supportive institutional environ-
ment intwhich the activities of science and engineering
r-01 can be carried out: dedicated and talented faculty;
adequate resources for research and teaching; and bright,
motivated students.

There are a number of significant issues in higher edu-
cation that have important implications for the future of
academic science and engineering, fur example, the escalating
costs of operating and Maintaining facilities, and the effects of
government regulation on the administration of academic
research activities.' Furthermore; the anticipated decline in
enrollments in the 1960's after almost two decades of unprec-
edented growth will have profound effects in its own right
and will mean that the existence of a substantial number of
tentrred.facultv hired during the recent growth period may
prevent for some time the entrance of new graduates into
faculty positions.2.

Clearly. the future of academic science and engineering is
intimately bound to the future Of higher education in this
cormtry. Many of the indicators selected for presentation
in this chapter, therefore, describe trends in academic science
and engineering against the broader backdrop of higher
education. The first section describes the basic characteristics'
of the academic 'science and engineering system, including
trends in the number of institutions that offer S/E pro-

' ims, the student,' enrolled, and the degrees awarded.
` Fbe-second part of the chapter examines recent changes
in the availability of resources for academic science and
engineering activities. These include public 'and private
support for research and development, up-to-date scien-
tific instruments, adequate research libraries, and support
for graduate training in the sciences and in engineering.

.Just as higher education is at the service of the public,
academic science and engineering serve society in many

'See ret I, pp. 8-10 and ref :;9.
nhe labor market onsequences of declining enrollments in higher

education h.We been the subject of numerous studies. Among the-more
recent are refs. 2. 3, 4, 5, and 100.

-
tures for all hypes of-library materials remained at nearly

_ the same level. However, the 30 largest research libraries
continued adding new volumes at a growing rate between
1976 and 1980, although there continues to be "a decline
in the proportion of their collections representing new
acquisitions. (See pp. 133-134).

ways. In addition to producing skilled scientists and engi-
neers fS/E.'s), our univ-. rsities and colleges are expected to
increase the scientific and technical knowledge base. indi-
cators have thus been included in the final section of the
chapter describing recent trends in the publication of sci-
entific information and the patenting of ideas and 'mien-, .
tions by university and college faculty.

MAGNITUDE AND CHARACTERISTICS
OF THE SYSTEM

.The 1980's will in all likelihood be watershed years for
American higher education. The expansion that has occurred
since World War II in the number and size of institutions
will slow because of demographic, economic, and other
factors. Indeed, an overall contraction in the higher. edu.-
cation system has been projected as the number of 'college
age individuals declines in the middle of this decade and
into the 1090's.3

. The prominent role accorded science and technology in
U.S. and world affairs has meant that the academic science
and engineering enterprise has experienced somewhat dif-
ferent patterns of growth and development than has higher
education as a whole. The disproportionate growth in sci-
ence and engineering enrollments in the 1960's, fOr exam-
ple, was heavily influenced not only by burgeoning job
opportunities, but also by Federal interest in science and
technology and by public perception that careers in S/E
were valuable to society's goals.° It is unclear to what extent
science and engineering will be affected by the anticipated
changes in the higher education system predicted by some
analysts. However, the data that follow suggest that signs
of some important changes in existing patterns of .enroll-
ment and support for academic science and engineering
have already appeared.

Institutions for Science and Engineering Education
A little over 100 years ago, fewer than 2 out of every-

100 Amerkans between the ages of 18 and 21 enrolled in
higher education.5 Today, about 3 out of 10 individuals of

'Numerous studies have addressed pc;sible management and admin-
istrative strategies for higher education institutions in the 1980's,
although assumptions about enrollment levels differ widely:Some
examples include refs. 2, 0, 7, and 8.

'Numerous public opinion polls during that time revealed the high
vaffre placed on professional employment in the sciences. See, for
example, ref. 9, and related discussions in ref. 10 and chapter 3, Science

and Engineering Personnel, regarding factors that influence student
choice of science as a career. See also chapter o on public attitudes.

sSei, ref. II.'



college age are enrolled in postsecondary programs off0-ed
by about 3,000 educational institutions across the cou n try-6-

The 1060's will be remembered for the demand placed
on our educational institutions by the rapid expansion of
the college age popidation. As the postwar baby boom
generation became eligible for and sought higher educa-
tion in greater numbers than ever before, the education
community responded by establishing, new postsecondary
institutions or by expanding existing ...-olleges and univer-
sities to meet the demand. By 1981, the number of 4-year
postsecondary institutions had grown by more than one:-
third from 1960 levels. (See appendix table 5-117

Relative growth in the number of inatihrtione offering
S/E degrees and the number of.S./E'degrees, awarded

tea

160

140

120

100
1960: 62 64 _ 66 - 68 70 72: - 74, 76

Delireesiwilded
(Index 1960-100)
320

300

280

260

78 80 81

Master's

220

200

180

160

140

120

1960'' 66

Seeappincitxtitileii6-fand 5 2,

81

,st:teiitt;tii"dreittie419i2

°See refs. 12 ar;t113. The National Center for Education Statistics
:estimated kit 4o percent of all individuals between the ages of ItS and 19
were enrolled in ftirmal.eLlucation programs in 1980, as were 31 percent
of those age 20-or 21. -

'[)wring the same period, the number of-2-year colleges more than
doubled as communities attempted to bring the opportunity for advanced
learning-to a greater number of individuals. See ref. 12 and appendix
table 5-1,

Of the 1,447 4-year institutions offering science and
engineering degrees in 1981, 54 percent were baccalaureate .

institutions, 25 percent offered both master's and bac-
calaureate degrees, and the remainderabout 20 percent
offered doctoral degrees as well as baccalaureate and master's
degrees.

As f igure 5-1 reveals, the number of baccalaureate insti-
tutions offering S/E degrees has grown very little since
1960, compared to the number offering advanced degrees
which virtually doubled during that time.

While the number of institutions offering advanced sci-
ence and engineering degrees has doubled since 1%0, the
number of S/E master's and doctoral degrees awarded each
year has nearly tripled. (See-figure 5-1.) By 1981, the
number of science and engineering doctoral degrees awarded
in that year alone reached 17,000, up from a total of 6,000
in 1960. The number of master's degrees more than doubled
from 1900 levels to a total of about 55,000 in 1981. The
number of S/E baccalaureate degrees awarded annually
rose over 200 percent to a total of nearly 295,000 in 1981.

The growth in doctorate- and master's-granting institu-
tions parallels the increased production of advanced degrees
in science and engineering, although the latter expanded at
a faster rate. There is virtually no relationship, however,
between the growth in the number of baccalaureate degrees
awarded and changes in. the number of undergraduate institu-
tions between 1960 ltd 1981. This is due to the fact that :

more than 80 percent of bachelor's degrees are awarded by.
colleges and universities with advanced science, and. engi-
neering degree programs.°

.

In recent years, the growth in the number of 4-year
institutions offering degrees in science and engineering
has slowed, growing At an average annual rate of 0.4 per-
cent between 1973 and 1981 in contrast to an average
annual growth rate 42.2 percent between 1960 and 1973.
The number of institutions offering S/E degrees will probably
remain at current levels, or possibly decline, in the coming
years.

Trends in Earned Degrees
The recent history of science and engineering baccalau-

reate production shows sharp growth in the 1960'S and
early 1970's, followed by a decline during the mid-1970's,
and subsequent stabilization in output between 1976 and
1981.9 Thus, the 1981 output of 295,000 science and
ensineeringibaccalaureate:degrees matches the-degree pro-
duction for '1975; this level is, however, about 3 percent
lower than the alltime high of 305,000 degrees awarded in
1974. At the master's degree level, the output of over
57,000 science and engineering- degrees awarded during
the 1977 Academic year declined to about 54,000 in 1980, a
level cotnparable to the Output throughout the :1973-76
period. In 1981 S/E master's degree 'production totaled-...
about 55,000. The number of doctoral S/E degrees . aWarded.
decreased about 10 percent from 19,000 during the 1971-73,

1

T.
'In,general; doctoral ierstitutions-awarded 54 percent of all baccalati-:-...

ate degrees conferred in the United Staley. in 1980, master's-granting.
:in,titutions awarded 27 percent; and baccalaureate-granting institutions'
awarded 19 percent. See. ref, 2a.

°See also chapter 3 Science and t:ngineeritg Personnel for ells

Icussion of the tel of baccalaureate degree trends to the production-
of doctoral scientists and engineers.



peak period to little more than 17,000 in 1977 and has re-
mained at that level. Thus, the most recent data depict a
lower but stable output in S/E degree production at both
undergraduate and graduate levels compared to degree
production earlier in the decade."'

The ratio of science and engineering degrees to` total
degrees has also shown a general decrease. At the bacca-
laureate leltel, Sit degrees awarded in 1981 accounted for
20 percent of the total baccalaureate production; this level
has remained stable for the past 3 years, but is down from
32 percent in 1970. Similarly, the proportion of S/E degrees at
the master's level went from 24 percent to 18 percent dur-
ing the 1070-81 period. At the doctorate level, the pro-
portionof S/E degrees awarded has declined from 64 per-
cent in the mid-19o0's to 55 percent in 1981, a decrease of
0 percentage points. The science and engineering share of
dot torates has remained essentially at 55 percent since 1974.

:Although the number of science and engineering bacca-
laureates awarded annually has declined since 1974, trends
have varied among S/E fields. (See figure 5-2.) The most
significant gains at this level have occurred in the-com-
puter sciences and engineering. Between 1970 and 1981,
for example, the number of bachelors degrees awarded
annually in the computersciences increased tenfold (from
1.500 to 15,000). The number of engineering degrees
awarded, which declined from about 47,000 in 1973 to
about 39,000 in 197o, has increased at an average annual
rate of' about 10 percent since then, exceeding 64,000 in
1081. This is one sign that students enrolling in college. are
responding to market forces, entering fields where job oppor-
tunities are best.

An increase in the number of computer science degrees
,,warded annually has also occurred at the doctorate level.
however, the sharp growth rate in engineering degrees at
the baccalaureate level since 1976 has not been evident
among doctorate recipients. This may be due to the favor-
able employment opportunities recently available to under-
graduate degree holders, providing a disincentive to fur-
ther graduate study. A steady decline occurred in the number
of dot torates awarded in engineering as well as the physical
sciences between 1974 and 1981. However, the first actual
increase in engineering doctorate production occurred in

a trend which may persist for several years based on
continuing, significant increases in the number of engi-
neering baccalaureate and master's degrees awarded.

Foreign Participation in U.S. Higher Education
While the number of Americans enrolled in graduate

programs in all fields has increased only slightly in recent
years, the number of foreign students enrolled in U.S.
doctorate-granting institutions has grown Aramatically."
I3y 1981, foreign students represented more than 20 per-'
cent of all full -time students enrolled in graduate S/E pro-
grams in doctorate-granting institutions, or nearly 53,000
inJividuals..'' Although foreign students represented only

Ml. I5. . .

.-- "S.1, ref. I o, p0. 27-28. See chapter I for a fuller discussion of the role
aiakinic exchange plays in international science and technology.

"See ref. 10. The Institute of International Education estimated that
one -third of foreign students enrolled in graduate degree programs in
U.S. educational. institutions in 1981/82 were from. Taiwan, Iran, and
India. See ref. 20 and appendix table 5-3.
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Figure 5-3 ir
Relative growth of fu8-time graduate science and engineering
enrollment in doctorate-granting institutions by citizenship
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Table 5-1. Foreign students as a percenia full-time
science and engineering graduate enrollments In .

doctorate-granting institutions: 1974 and 1981

Percent

Field 1974 1961

M S/E fields 16 23
Engineering 33 43
Physical sciences 21 27
Environmental sciences 10 14
Mathematics & computer sciences 19
Lite sciences 12 13
Psychology 4
Social sciences 13 20

- SOURCE: National Science Foundanon, AcadamiO Science:Engineering, Graduals Ec-
rogreant and Support Fail 1981 (NSF 83-305).

one-fifth of the full-time science and engineering graduate
enrollments in 1981, they accounted-for nearly 50 percent
of the net growth in students enrolled in graduate S/E
programs between 1974 and 1981. (See figure 5-3.) As a
proportion of full-time graduate enrollments in doctora te-
granting institutions, foreign student enrollments expanded
in every S/E. field between 1974 and 1981. (See table 5-1.)

Among doctoral fields, engineering reports the largest
proportion of full-time foreign graduate students-43 per-
cent of the total number of full- time engineering graduate
students in 1981.'3 The next largest fields are the mathe-
matical rind computer sciences with 36 percent of all full -
time graduate students being foreigners, the physical sci-

'3Seeref.

ences with 27 percent (equally distributed between chemistry
and physics), and the social sciences with 20 percent (chiefly
in economics and political science). Data on new
reveal that nearly 50 percent of the total number of non-
U.S citizens receiving S/E doctoral degrees in 2982 held
temporary visas. This proportion varied from a high of 92
percent in agriculture /forestry to a low of 55 percent in
psychology. 14

Another area in which foreign scientists and engineers
have come to represent an increasing proportion of total
participants is postdoctoral research training. While the
number of individuals engaged in postdoctoral training in
science and engineering in the United States remained at
about the same level between 1977 and 1981, the propor-
tion of postdoctoral trainees of foreign origin increased in
many field!-. For example, at doctorate-granting institu-
tions in the lield of phys:cs, this proportion grew from 34
percent in 1977 to 4o percent in 1981)5 FOreign engineers
represented about be, percent of the total number of post-
docto,ral trainees in 1981, up from 53 percent in 1977.
However, their total number declined during this time,
from 1,200 to about 1,000)6

Expanding enrollment of foreign students in recent years
has clearly offset declines that might have otherwise occurred
in total U.S. higher education enrollments. Numerous issues
arise, however, from the possibility of continued high rates of
participation of foreign students in U.S...scienCe and engi-
neering education. For example, one of these concerns is
whether graduate programs are relevant to the unique educa-
tional needs and expectations of the foreign students."

S/E Faculty and Staff
An important series of indicators of the state of the

Nation's academic science programs may be the number
and attributes of scientists and ergineers employed within
this segment of the economy. The significance of the edu-
cational sector as it relates to the S/E labor market is under-
scored by the fact that in 1981, almost 30 percent of all
scientists and 5 percent of all engineers in the States
were employed by educational inst'aut y- (primarily
leges and universities), as were more t..an one-half of all
doctoral level scientists and engineers combined.

Of the 3.1 million employed scientists and engineers in
1981, 548,000 were in educational institutions. Since 197o,
the number of S/E's employed in educational institutions
has increased at an average annual rale of about 5.5 per -
Cent, somewhat less than the 8 percent annual growth
registered by the industriai sector over this period. (See
figure

"See ref. 51.
1SSeel-4.18:
"See chapter 1 of this report for a further discussion of foreign or-

ticipation ipostdoctoral training.
"In a survey involving 93 graduate institutions. U.S. faculty expressed

concern that foreign students may not be able to transfer much of their
scientific and technical knowledge to their home countries owing to the
lack of adequate equipment, cultural differences, resistance to the ideas
of professionals trained outside the home country, and the nonapplica-
hility of theoretical knowledge to the conditions in the home country.
See ref. 21. See also ref, u9 for a more general discussion of the role of
the university in the international transfer of technology.

"For a discussion of recent trends in the U.S. science .,rd engineering
labor force. see also'chapter 3 of this report. _
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This slower pattern of growth was also characteristic of
doctoral scientists and engineers. Between 1973 and 1981,
academic S/E's at the doctoral level grew at an average
annual rate of about 4.5 percent, one percentage point
below the overall growth rate for all doctoral S/E's. The
lower rate of growth in academic employment was offset
by industrial employment which increased at an average
annual rate of 8 percent during this period.

The importance of the educational institutions in S/E
employment varies substantially by field_ For example, for
all degree holders combined, educational institutions em-
pEe about 5 percent of the engineers in 1981 but more
that 40 percent of the mathematical and life scientists in
the Nation. (See figure 5-5.) A relatively large share of
social Scientists (including psychologists) were also employed
in educational institutions (about 3b percent). As with engi-
neers, only T small fraction of the Nation's computer spe-
cialists were so employed. For example, engineers and com-
puter specialists account for only about one-fifth of all
S/E's employed in educational institutions, but they com-
prise about four-fifths of the S/E's in industry.

Field variability is also evident in the case of doctoral
degree holders; about one-third of the engineers, but a
larger fraction of the doctoral scientists in the Nation
(about 83 percent for all science fields combined), were
employed in educational institutions in 1981. Again, the
employment of computer specialists was similar to that of
engineers and much less concentrated in this sector than,
for example, mathematical and social scientists.

Variability in employment growth across fields reflects
a variety of factors including research and development
(R&D) funding patterns, academic course load require-
ments, S/E doctorate production rates, the impact of
industrial recruiting competition in certain fields; and
shortages of tenure-track faculty openings within many
academic disciplines. An examination of these factors as
they affect academic engineers illustrates the nature of
reported concerns regarding the sufficiency of engineering
faculty at the present time and in the near future."'

About one. tenth of the full-time engineering faculty
positions were vacant at the beginning of the 1980-81
academic year, although by fall 1981 the number of
vacancies had declined to 9 percent of the 18,000 full-time
engineering faculty positions." In this respect, about 9 in
10 engineering colleges reported a decrease in their ability
to staff full-time positions during the past 5 years, attrib-
uting much of the problem to the reduced numbers of new
engineering doctorates awarded and increased competition
from industry in hiring them. This faculty shortage has
occurred despite a 12-percent increase in academic R&D
expenditures (in current dollars) in engineering between
1972 and 1980,2' one of the more rapid R&D growth rates
among all major S/E fields. Moreover, instructional needs'
in engineering have risen dramatically in recent years. For
example, between fall 1976 and fall 1980, total fulltime

"See ref. 23.
'"See ref. 24.-A recent survey of engineering deans by the Engineering

College Faculty Shortage Project revealed that 9 percent of the 18,000
full-time engineering- faculty positions were vacant in fall 1981, thus
suggesting a "slight improvemeM" in the engineering faculty situation "'
between fiscal years 1981 and 1982. See ref. 91.

"Sec ref. 7o.



undergraduate enrollments in engineering grew at an
innual rate of over 0 percent.22

The discussion of zcademically employed S/E's thus far
has been based on employment across all educational insti-
tutions. -The ast majority of academically employed doc-
torates,- however, are in 4 -year colleges and universities.
about or percent in 1081. Of the balance, about two in
three were- employed by ? -year colleges. There has been
little significant change in this distribution since 1973_

There has been a relative increase in part-time academic
employment e.pf,:ially in 2-year colleges. This reflects a
trend which has been underway since the early 1970's. A
number of economic and demographic factors contribut-
ing to this effect have been identified, including the need
for Ile\ ibilitv in adjusting to uneven rates of growth in
enrollments in science and engineering fields, as well as
academic salary levels in some S/E fields (noably engi-
neering and computer science) that are not competitive
with industry and the greater need in some fields to have
.teachers with industrial experience. Between 1980 and 1981,
the number of part-time employed faculty in mathematical
and computer science. fields increased by 19 percent and in
engineering by 7 percent as compared with increases of 4
percent and 24percent in full-time positions for these fields,
respec tively.23

The changing patterns of academic employment during

"See ref. 25.
"See'ref. to.

the 1970's have produced changes in types of academic
staff appointments, with greater increases in nonfaculty
positionS' than in faculty staff during the period. Between
I973 and 1979, for example, nonfaculty positions (exclud-
ing postdoctoral appointments) grew at an average rate of
about 7.8 percent per year as compared with an average
annual faculty growth rate of 4_1 percent.24 The increase
in nonfacuity staff wher: both postdoctoral appointments
and other nonfaculty staff appointments are included was
estimated to be o.8 percent annually between 1973 .:.nd
1979.25 The rapid growth in postdoctoral appointments
which occurred during the 1970's appears to have slowed
considerably; in 1981, the number of 5/E postdoctoral
appointees was estimated to be about 10,500, an increase
of only 3C/0 since 1979.26 Although the ratio of faculty to
nonfaculty staff differs subtantially amonf, SJE fields, the
relative increase in nonfaculty S/E staff was observed in
all fields except chemistry and engineering. (See figure -ti.)

The slower growth- in faculty staff has resulted in a
decline in the proportion of young faculty in science and
engineering departments. The proportion d recent doc-
toratesthose having earned their degrees within the past
7 yearson the full-time faculty of S/E departments in

'Ibis includes doctoral research staff, that is those scientists` and
engineers who are neither postdoctoral appointees nor members of the
f...culty but who are principally engaged in research. See ref. 29. - .

"See ref. 30.
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due torate-granting -institutions has declined sharply, from
39 percent in 19oS to 28 percent in 1974 to 21 percent in
1060.27 Some believe that this decline is adversely affect-
ing the vitality of at ad ern it- research.n

The potential for new faculty appointments, although
dependent upon many factors, is to a large extent deter-
mined by the operation of university tenure systeins. A
recent study2" has shown that, at the beginning of the
107:3-70 -school Year, about two-thirds of the full-time
faculty at 4-year colleges and universities held tenure,
while another one-fou:th were not tenured but in tenure-
track positions. Less than I in '1.0 were in nontenure-track
positions.

R&D Activities
Lstimates for 1053 indicate that only 9 percent of all

research and development performed in the United States
is carded out in -university laboratories." However, nearly
25 putt cot of all research and nearly 50 percent of all basic
research is carried out in these institutions_ Our Nation's
higher education system thLs is an important contributor
to the flow of research- ideas and the generation of new
knowledge. as well as the training of scientific and tech-
nical personne1.3'

In the United States, virtually all separately funded aca-
demic research and development activities are carried out
in doctorate-granting institutions. (See appendix table 5-4.)
In 1061, these institutions accounted for 98 percent of
estimated academic R&D expenditures. Between 1975 and
1051, eXpenditureS tier R&D at doctorate-granting institu-
tions doubled in current-dollar terms, rising toa total of
nearly $o.7 billion in 1981. Among th. se doctoral institu-
tions, 100 typically account for about 85 percent of all
academic R&D expendithres; nearly one-fourth of total
expenditures reported in 1981 was spent by 10 institutions
alone. (See table 5-2 )

National economic conditions may result in an increas-
ing concentration of R&D expenditures among a.. small
group of colleges. and universities.32 It is clear, for exam-
ple, that there has already been a decline in R&D expendi-
tures within baccalaureate institutionsfrom $26 million
in 1075 to 525 million in 1981 (see appendix table 5-4), a
decline of nearly 40 percent in constant-dollar terms.

1 lowever, as table 5-3 reveals, very little change has
.occurred hi the relative concentration of total R&D expendi-
tures among the 100 largest R&D institutions between
1075 and 1-961. The top 10 R &D institutions still repre-
sent slightly more than 20 percent of total R&D expendi-
tures, and the top. 100 R&D institutions represent about
85 percent.33

24."4.t. ref, 4.
"See rel. 83.
"See ref. 31
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11-40
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Table 5-8. Relative concentrations of R & D
expenditures by 'source of support and buditutlorial

:ranks:Tr/5 and 1981: '

^
Pen:6nt

1975 1981

AG sources.
Rrst 10
First 20 ' 37 -
First 100 85 - 84 -

Federal support;
First 10 241'' 28
First 20 40
First 100 85 85

; Rank*, by total RioeaVendikeel debelea I t tespeclete fiscsi yew'

See eppendebeble 5-5.
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The 100 doctorate-granting institutions that account for
the vast majority of academic- R&D acti ,ties did not emerge
full-blown as R&D leaders, but arrived at their current
status through the effortS of community leaders, adminis-
trators, and faculty dedicated ro the growth of science 'and
technology at those institutions. The decentralized nature
of the academic science system in the United States also
helped by inducing a kind of competition, which accord-
ing to some analysts" is responsible not only for the emer-
gence of these research institutions but also for American
science being elevated to its preeminent position today in
world science and technology." .

In 1981, the 100 leading R&D institutions reported,$5.6
billion in combined R&D expenditures." These institu-

-3"This .,,,Iiiiiate excludes Rkr) activities conducted in uniQrsity-affifiated ."See refs. 35, 3b, and 37.
federally Itin4ed researk.li and development centers (F112DC's). Even if "As modern scientific-laboratories have been established and gained
expenditures for thm. research centers are inthided in the calculation, visibility, students-and faculty have sought to isociate-theimelves'ikithL --
the share of national MD expenditures rePre4nted by total university those programs contributing in turn to the productivity of these R &D ,,...

&D at ties imly rises to 11.5 percent. See ctaapter 2 for a more corn- laboratories. A recent -:tudy by the National Academy of Sciences; for
plef e...;.. iint pa rison4..na tional - stippcgtifir-.4.1nlersid.y.,b.asecilt&D-witharriple-.-11-at.shown-tha:t-the reputation -i3f -a science prograrrrofttintdr-
oilier ,ectors. relates quite well with the jolal number of faculty in that . Progratn,

."See ref.-3y. L !. although this relationshipyaries across disciplines. See ref. 70.. ....:

. 1
"See refs. 32,33, 3.1, and 3b. 3A number of studiei have analyzed the dependency of leading,research .

33Stl, ,hapter 2 for a fuller discussion of `antitVited trends in national universities on R&D support. Among the more recent are refs. 8, 33,- anti
support for acadeinic research and develophrn 4 37. See, also. refs. 89, 92, 98, 99. and 101.-

\ ..1



tions derive most of their R&D funds from Federal sources.
;See appendix table 5-o.)

The top 20 R&D institutions represent less than 10 per-:
cent of the total number of institutions offering science
and engineering degrees. Yet, in 1980, these 20 accounted
for nearly 27 percent of all full -time S/E graduate stu-
dents, although differences exist across fields of science
and engineering. (See figure 5-71 Furthermore, approxi-
mately 38 percent of all poAdoctorals worked in the lab-
oratories of these 20 institutions in 1980. (See appendix
table 5-7). Nearly 30 percent of all foreign students en-
rolled on a full-time basis in science at,d engineering were
registered for study in one of these 20 universities.

Not only are these 20 R&D institutions larger than most
doctorate-granting institutions on average, but they have
also made greater gains in the growth of full-time science".
and engineering graduate enrollments than have most
doctorate-granting institutions. (See appendix table 5-71
Between 1977 and 1980, total full-tim. ,.raduate enroll-
ment in. S/E fields grew by nearly 10 percent in the 20
largest R&D institutions, in contrast to the 4 percent growth
observed in doctorate-granting institutions overall. Only
in the field :err psychology was an overall decline observed

in full-time graduate enrollments regarthess of institutional
R &D level".

Teaching Mission
Our Nation's co11-2ges and universities contribute to the

excellence of American research by maintaining vigorous,
productive laboratories and by continuing to graduate skilled
scientists and engineers who work in a variety of settings.
Another primary function these institutions serve is intro-
ducing students from a wide variety of disciplines to the
theories and methods of science.

While much attention is rightly being given to the qual-
ity of precollege science and mathematics education," the
role of science in the college education of the nonscience
student is also important. After all, college may be the
last opportunity for many individuals to gain an impor-
tant formal introduction to Ale science and technology
needed in this increasingly technological society.

One wa,y in which students gain access to science at the
college level (besides majoring in the subject) is through
gener education requirements."

Most 4-year colleges and universities today require the
study of science as a component of undergraduate educa-
tion. Nonetheless, as table 5-4 shows, despite the fact that
advances are being made in science, students complete col-
lege today with less coursework in science than that re-
quired of graduates i5 years ago. For example, in an insti-
tution requiring 125 credit hours for graduation, students
can meet the 9-hour natural science requirement by taking
a 1-year course or two half-year courses in science. In
contrast, graduates 15 years ago were required to take
nearly 12 credit hours of science studies.6

While the total number of general education require-
ments in the sciences hasdeclined, the number and variety
of courses in science and engineering for non-S/E majors
has proliferated." A recent survey of 215 4-year colleges
and universities showed that 11 percent of the o,200 under-
graduate coursesin physicsnearly 700 courseswere avail-
able to nonscience majors.4? Many of these, of course, are

"The decline in full-time graduate enrollment in psychology may be
related to a decline in the availability of graduate student support. See
ref. 38 for a fuller discussion of recent changes in graduate training sup-
port and enrollment trends in psychology and related behavioral science
fields; and ref. 95 for a discussion of the impact of changing patterns
of research support on the pool of available behavioral personnel.

"The National Science Board of the National Science Foundation
launched the Commission on Precollege Education in Mathematics, Sci
ence and Technology in 1982, which has been charged to analyze, among
other things, the ways in which the declining quality in mathematics and
science instruction in our nations elementary and secondary schools can
be reversed. See refs. 107 and 105, and such recent'studies on the topic as
refs. 39, 40, 41, and 42. Also see Chapter 3, Science and Engineering
Personnel, for a discussion of the role of prectillege education in the pro-.
duction of scientists and engineers.

"-General education" is el movement that has its origins in the early'
part of this century. It attempts to reintroduce into the undergraduate
curriculum the concept of a well-rounded, liberal yducation at a time
when the undergraduate curriculum has become fragmented 'and narrowly
focused. See, for example, ref. 12; ref. 14, pp. 34-38; and refs. 43 and 90.

"Several studies that have looked into this issue include refg. 12, 14,
and 44.

41See ref. 14, p. 42, and ref. 45.
"-Sec tef.44



r
Table 5-4. Proportion of undergraduate education

devoted to general education and to natural science
requirements': 1967 and 1980

Requirement type

General education

Natural sciences as a
r:roportion of general
education

Natural sciences as a
proportion of total
undergraduate requirements

Percent
1967 1980

43.1 33.3

21.0 20.7

9.1 6.9

Based an tai data ice Icur-year collages and unwanted.

SOURCE: National RosearPr Courca, Sconce ke: Non-Speciaasec.'The Coisepe rears
(Wastsoceco. aC.:NiaPanal Academy Press. 1982). p.

Samoa indraition-1982

introductory science courses designed for majors and non-
science majors alike.

The effort to offer courses to nonscience majors is not
uniform when analyzed by field or by institution. Phys-
ic's departments in research universities, for example, are
much more likely to offer separate introductory subject
matter courses for nonscience majors than are physics
departments in liberal arts colleges. Furthermore, while a
number of doctoral institutions have set about designing
courses to introduce nonscience majors to the 'computer
sciences through specialized instruction, very little has
been done by liberal arts colleges to date. (See appendix
table 5-8.1

Computer education has become increasingly important
in higher education in several ways. Computers can serve
as research tools in such roles as simulators or as systems
to make complex mathematical models possible. Computers
assist academic administrators in developing campus-wide
schedules or generating the payroll. Computers can aid
instruction by serving as' tutorslet ting students work at
their own paceor by supplementing lectures with prepro-
grammed exercises or drills that extend the learning pro
cess beyond the lecture hall." Indeed, a small number of
academic. institutions requi: all their undergraduates to
put-Chase their own computers.

The number of institutions of higher education esti-
mated to have access to computers doubled between 1965
and 11)77. °d By 19.,-%ray over 90 'percent had computer ser-
vices available,, through. their own computers or access to
others through terminals." Research institutions are more
likely to have access, which might be expected in view of
the high incidence of computer science courses observed .

in those institutions.
Several efforts are presently underway to enhance the

-"See ref. 46, pp. 22-28; and ref. 47. In addition to computers,
opments in the area of communications technology have the potential to
meet new demands in the educatiOnal sector. These new information
technologies include direct broarkast satellites, two-way interactive
cable, video disks and videotape cassettes. See ref.

"See ref. to.
"See ref. 78..

availability of computers on campus. For example, the Alfred
P. Sloan Foundation recently launched a new grants pro-
gram to encourage liberal arts colleges to incorporate
quantitative reasoning throughout the liberal arts curricu-
lum. This program largelY.inlves a special thrust in com-
puter literacy." Furthermore, under the leadership of the
National Science Foundation, the private sector has been
encouraged to donate equipment to educational institu-
tions to permit them to get the equipment they need with-
out jeopardizing their already strapped budgets.'" Such
efforts should be facilitated by certain provisions of the
Economic Recovery Tax Act of 1981." Section 222 .per-
mils liberal tax deductions for firms donating scientific
equipment to colleges and universities.

RESOURCES FOR ACADEMIC SCIENCE
AND ENGINEERING

The strength of the academic science and engineering
enterprise in th? United States is derived from generous
levels of public and private support over the years, and
from the talents of individuals who comprise the academic
S/E labor force, as was discusSed in the previous section of
this chapter. R&D funding makes it possible to retain suf-
ficient numbers of research staff, to purchase needed sci-
entific instruments, andas an ancillary benefitto pro-
vide graduate students with important research experience.
Academic scientists and engineers also depend on a variety
of resources to aid the_ m in realizing their teaching and
research. goals. Chief among these is up-to-date scientific
instrumentation." In addition to instruments, there are a
number of other areas in which adequate resources have
an. important role in the v,ork of academic S/E's. For example,
investigatOrs must have current periodicals and other lit-
erature at their disposal to keep abreast of developments-in
their fields and in related fields. Indicators that explore
trends in the availability of these various resources have
thus been gathered in this section.

Patterns of Support for Academic R&D
National support for academic research and development

has reached historically high levels- in current dollars in
recent years. In 1983, an estimated $7.4 billion isjexpected
to be spent in suppOrt of academic R&D. (See figures -8.j
While expenditures in toms area are large, and budgets con-
tinue to grow, inflation has taken its toll. Ir., constant-dollar
terms, the estimated 12-percent average annual growth
rate for academic R&D in the 1960's slowed to 2.8 percent
in the 1970's, and is estimated to have'remained essentially
constant since 1980.

There has been a significant shift from basic to applied

"See. for example, ref. 94.
"See ref. 48. A join. agtejment has also been established between the

National Science Foundation and the Defense Advanced Research
Projects Agency (DARPA) that will allow qualifying universities ro',.ise
the DARPA fast turnaround Very Le r;e Scale. Integration fahricati on
service at no cost as 'part of university-based research and educat.on
programs. See NSF Circular NSF 83.43,

97 -34.- Section 222 is concerned with the charitable contribution
of scientific property used for research 'and training:

"See chapter 7, Advances in Science and Engineering. foranitimiiiit,s-, ment of recent advances in instrumentation.
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researL b and development in our Nation's colleges and
universities between 1972 and 1981. Although about two-
thiids of the academic R&D expenditures in doctorate-
granting institutionss° represented support for research
directed toward fundamental scientific knowledge in 1981,
down from a level of three-fourths in 1972 (see figures 5-9
and 5-12), expenditures for applied research and develop-
pkilt were estimated to have grown at an average annual
rate Lit 7.v percent in constant dollars between 1972 and
101+1- -six tittles the rate reported for basic research support.

Among the fields of science and technology, the life
sciem es represent the largest share of aademic-expendi-
tures for research and development. (See figure 5-10.) At a

level of approximately 54 percent of total academic R&D
expenditures, this sr-ea eclipses the proportion evident in

torati gratitinii nreoitutitin,. f., over 98 percenta total.
IZSzT) .Ippendix table 5-4: 3 3

Current dollars

Constant CoUrs,

Lite sciences

Engineering Environmental sciences
Physical sciences

......... ......... rr.: rrz777:7: ............. ....
Psychology

the next cluster of fields: engineering (14'percent), physi-
cal sciences (11 percent), and environmental sciences (8
percent).

Federal obligations for academic research are-distributed
in .Much the same way by field as the research exp. endi-;
tures ;'eported by academic institutions. (See appendiktable;
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5-12.) This may well be expected since Federal funds repre-
sent a substantial portion of academic R&D expenditures,
about two-thirds of the total. (See appendix table 5-101,

A noticeable decline for both the social sciences and
psychology is evident in the share of total Federal aca-
demicresearch obligations they repre-sent. Social sciences
declined from 5.8 percent to 3.1 percent between 1973 , rd
1983, and psychology from 2.9 percent to 2.5 percent (see
appendix table 5-12), as the growth in Federal research
support in many fields outpaced that for the social sci-
ences a ncl...2tychology. As a percent of totalaceeletriTE R&D
expenditures, social science 'ng declined from 7.6
percent in 192 . percent in 1981, and from 2.5 per-
cent to 1.8 percent in psychology during that same period.
(See appendix tables -11.)

The distribution of Federal obligations fo'r academic
;,research and development can also be analyzed in terms of ;
sponsoring agencies. As 'figure 5-11 shows, the Depart-
ment of Health and Human Services (DHHS)at a level of
48 percent-,leads the agencies in terms of the proportion
of all Federal R&D obligations it provides. The National
Science Foundation (NSF), Department of Defense (DOD),
U.S. Department of Agriculture (USDA), and National
Aeronautics and Space Administration (NASA) each repre-
Sent somewhere between 6 and 17 percent of Federal R&D
obligations to academia.
- The DOD has gained substantially in the share of Fed-

- eral academic R&D obligations' it has -contributed in the
past few years. From a low of 8 percent in 1975, DOD's
share is estimeed to have risen to 17 percent in 1983.

The. USDA also -reveals some growth, from a low of 4
percenttrof total Federal aademic R&D obligation's in 1974
to nearly 6 percent in` 1983. The USDA and the State
Agricultural Experiment Stations are generally considea'ed
to be the principal partners in the performance'of agricul-
tural research.- However, other research insiitutions With.
few ties to this system-Isuch as many of our colleges and
universitiesare increasingly conducting research directly

.-relevant to the solution of agricultural problems. A recent
report jointly issued by the Rockefeller Foundation and
the White House Office of Scier;ce and Technology Policy
concluded that research.,.:.oject grants, awarded on a com-
petitive basis, sh6uld be used as an incentive to attract the
best scientific talent to, agricultural problems "regardless
of where that talent resides."51

A small but important number of universities, such as
the University of California, -serve as managers of fed.
erally.funded research and development centers-(FFRDC's):52
These centers have come to occupy a critical role in the
national research anclaeVelopmenleffort.53. Because FFRDC's'
often share faculty. with science and engineering. depart -.
ments and make advanced researairat-il. s available to
investigators on a local. as. well as a nationa
instructive to consider how trends in the grOwth of R
expenditures for these FFRDC's compare to national R&D
expenditures fot'grur Nation's universities and colleges. As
figure 5-12 reveals, some .interesting relationships. exist.
For ..xatnple, while basic researchexpenditures in constant
dollars grew at both doctorate-granting institutions and
university-affiliated FFRDC's between 19.72.and 1981,
those reported.by theFFRD(..'s grew faster---4huS increas-
ing the share of basic research expenditures represented
by the work of those institutions... (See appendix tables 540
and 5-14.)Constant-dollar expenditures_forapplied research
and,deVelopment for these two performers, on the other
hand, reveal qUite similar -growth pattern's. Much-of: the
growth in basic research expenditures in these. university-
affiliated FFRDC's after 1977, is related to substaniial
expansion of basic research support at three facilities:- the
Plasma Physics Laboratory (Princeton University); the Jet
Propulsion Laboratory.. (California Institute. of Teehnol--
ogy); and the Lawrence Berkeley Laboratory. (University.
of California).54

"See ref. 81.
52To be classified as an FFRDC, an organization primarily performs

basic researA, applied research, develdpment, or management of research
and development on direct request of the Government or under a broth
charter from the Government. An FFRDC is also organized as a sep513T1*-4"
entity tvithin;.a parent organization, receives its major financial support
(70 percent or more) from the Federal Government, has or is expected to
have a long-term relationship with its 'sponsoring Federal agency. is
established in such a' way that most or all of the facilities are owned or
funded by the GovernMent, or has an average annual budget of at least

-$500,000. See ref. 84, p. 16. The NSF Division of Science Resources
Studies has also adopted a new categorization .scheMe for listing.FFRDs
based on the recommendations of a Federal interagency tashforce. Four
categories are used: research laboratories; R&D laboratories:. study and
analysis ce rs. nd system engineering/system integration centers. See
ref. 10 t

"See appendix table 5-15 for a list of these university- affiliated KFRDC's
and the relative distribution of Federal R&D obligation's: A number of
studies have been conducted in recent years aimed at: strengthening the
role of the FFRDC and other Government : laboratories in the national
R&D effort. See, for'.example, refs. 82, 1 02,-and

5°Baseci on unpublished data provided by the University and Non-
profit Institutions Studies Group, NSF.
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About 63 percent of the academic R&D expenditures in
the. physical sciences in1.981 were spent through university-
affiliated FFRD.C's.55 Furthermore, this'ratio greW from a
level of 56 percent in 1972. Other fields which demon-
strA ae. that Sizable share of .academic R&D expenditures
were upended through FFRDC's in 1981 include: math-.
eniaticaland computer sciences (51 percent in 1981); engi-
neering-(4.I- percent); and environmental sciences (16 per-
cent). Clearly, the FFRDCs have come to play an important
role in university research, underscoring all the more the
need to enhance cooperative arrangements'betweert these

Iwo performers.56

"The relative distribution 9,f R&D e,ipenditures by field of science in
Oniwersity-affiliated }FRDC's and doctorate-gianting institutionS_is
based upon information provided in appendix tables 5-10 and 5 -14, It

Must be remembered, however, that when comparing the distribution of
R&D funds between these two performing sectors, many of the 19 uni-
-versity-affiliatild FFRDC's diffe'r in function from university-ba&ed

laboratories. There are tho,Se FFRDC's,,for exaThple, whose work largely

represents development activities related to naticnal security interests. It

,..hould henoted that academic R&D expenditures reported in other sec-,

thins of this chapter do not include data on R &D expenditures at
university-affiliated FFRDC's. 5ee, for example, footnote 30.

" A suurce,of concern in some quarters is that mdch more could be
done to enhance research cooperation between these two performers of
academic R&D. See, for 'example, ref. 102.

Scientific and Technological Activities
Analysis of the professional work activities of aca-

demic scientists and engineers helps to quantify and char-
acterize the Nation'S scientific and., technological effort.
The functions of doctoral scientists and engineers are of
particular interest because of their importance in strengthen-
ing United States leadership in science and technology.

Although there has been some decline, teaching activi-
ties continue to dominate the work patterns of doctoral
5/E's in educational institutions." In 1981, about 56 per-
cent of doctoral S/E's reported teaching to be their pri-
mary work activity; research and development activities
accounted for an additional 28 percent, including about 2,
percent who sited the management of R&D activities. About
8 percent were engaged in non-R&D management activi-
ties, but other actMties were only marginally represented

c among the academi ally employed.
Primary work act vities of academic doctoral S/E's shoW,

a shift in work patt rns during the 1970's. Between 197S
and 1979, 5 substan ial decline was reflected in teaching
activities (from 61 p rcent of the academically employed
in 1973 to 52 percent in 1979) with accompanying increases
in most other activities including R&D (see appendix table
5-16). During this period, the share of individuals report-
ing R&D activities (including the management of R&D) as
their primary work activity increased from 27 to 32 per-
cent. Much of this increase can be attributed to the/sharp
growth in SiE, postdoctoral appointees (increasing by 80'
percent) during this period."

The relative decline in teaching as a primary activity
during the 1970's appears to have reversed itself. Between
1979 and 1981, the proportion of individuals. reporting
teaching to be their primary work activity rose from 52
percent to 56 percent. During this period, the share work-
ing as managers and administrators, which had shown a
steady, relative increase during the 1970's, declined, in-
cluding managers of both R&D and non-R&D activities.
TOtal R&D activities (including the management of R&D),
however, remained essentially stable, with the decline in

- R&D management having been offset by an increase in
research activities.

The activities reported by doctoral S/E's in'acaclemia
show a pronounced field effect. The proportion of math-
ematical and social scientists primariiy engaged in, teach-

- ing activities is about double the ratio reported by life
scientists." (See figure 5 -13.) Research and development
activities show essentially 'the opposite effect with about
one-half of all life scientists primarily engaged 'in R&D
(including the management of. R&D) as compared with
less than one-sixth of the mathematical and social scientists.

"Information about the work activities of scientists and engineer!

has been collected through'several types of surveys.. One set of .survey!

collects infor.M.:(tion on the basis-of the full-time equiiialent numbe'ol
_individuals engaged in unik!eisity and college R&D activities. Another, se
collects data from individuals who are asked to report their primary ant
secondary work activities. A third 'type of sUrvey required individual!

to maintain a log of the number of hours spent on various professiona
activities each week.

"See ref. 30.
"See ref. 57.:
"Life sciences here, and throughout the cLyter, include the'inedica

sciences.

0
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The'distribution.of academic .R&D activities by charac-
ter of work shows that, for all fields combined, about
two-thirds of all academic R&D activities are accounted
for by basic research and about one-quarter by applied
research. (See appendix table 5-17.) The management of
R&D was the major work of less than 1 in 10 and devel-
opment activities reported by 1 in 50. This emphasis on
basic research was evident especially in the physical,
mathematical, and life sciences, but was lower in other
fields, most notably among engineers and computer spe-
cialists who reported substantially greater involvement in
applied research,and development activities.

Despite the slowdown in academic employment oppor
tunities since the mid- 1970's, academic R&D as reflected
by primary work activity data has grown steadily. Over
the 1973t79 period, this growth rate averaged nearly 8
percent per year, three points higher than the growth rate
of overall doctoral employment in educational institutions.
Since 1979, however, the growth in R&D activity appears
to have decelerated; between 1979 and 1981, the number
of academic doctorates in S/E-fields citing R&D as their
primary work activity increased at a rate of less than 2
percent per yeir, This decline in growth is corzoborated by
other survey data. Based on data collected from doctorate-
granting institutions, the full-time:equivalent (FTE) num-
ber of Scademic R&D scientists and eit.ineers increased at.
an average annual rate of 4 percent between 1973 and
1978, but only 1 percent per year between 1978 and 1981.
This decline in growth has been attributed to the incrwed

%

utilization of graduate research assistants who may be
offsetting full-time professional staff in academic R&D
activities.81 ,

The data thus indicate that the shift from teaching to
R&D during the 1970's has slowed down. Nevertheless, a
general increase in academic R&D activities since 1977 has
been sufficient to offset relative declines in R&D activities
by S/E's in other employment sectors. As a result, the
proportion of doctorates for all sectors combined who
reported R&D to be their primary work activity has
remained constant at 44 percent since 1973.

A survey which collected log/diary records 4n the pro-
' fessional activities of full-time S/E., faculty in academic ,..

year 1978-79 indicate6 that the average work patterns of.
S/E faculty at universities are substantially different from
those at 4-year colleges." FOC all fields combined, univer-
sity faculty spent about one-third of their time on research
activities" and another third on instructional activities,
with the balance of their professional time devoted to a
variety of tasks including public service., administration,
and other professional activities as well as other outside
income-producing activities.

The amount of time devoted to research by university
faculty 'was about three times that of their colleagues at
4-year colleges. Almost all of this difference was accounted
for by time spent on federally supported programs for
research. by university faculty." Faculty at 4-year colleges
devoted a larger proportion of time to instructional activities
about oneLhalf of their total professional time compared
with one-eighth time in research. The data further indicate
that university faculty devoted an average of 48 hours per
week to professional activities compared to 43 hours at
4-year colleges. ,

The data from this study also show that the time devoted to
research and instructional .activities varies across science
and engineering fields, especially in respect to university
faculty. Thus, faculty in the physical, environmental, and
life sciences devoted more time to research than to instruc-
tion, whereas the opposite was found among faculty in
psychology; social sciences, and mathematical sciences. in
the field -:

were
engineering, instructional and research activi

ties were essentially equal. This field-oriented pattern of
emphasis on research vs:instruction is generally consis-
tent with the field effects depicted by primary work activ-
ity data reported earlier.

Support for Graduate Education
The partnership between the Federal Government and

higher education as far 'as the training of S/E's began; in
earnest with the establishment of the NSF fellowship pro-
gram in 1952, two years after the establishthent of the
agency itself.65 The National Defense Education Act of

_"'See ref. 28.
"'See ref. 53.

, .

"Data from this survey indicate that faculty spend about one-third of
their total research time on nonsponsored research although this share
varies by field and by:type of institution.

"See ref. 72.
"The National Institutes of Health sponsored graduate trainVi sup-

port as early 05 1930 to develop 4 cadre of investigators who would
conduct health research. As each institute was founded, research train-
ing became an integral component of each institute's operation. See
ref.'38; and :Aso ref. 54, pp. 18-19, and ref. 55.



1958 promoted opportunities for undergraduate education
in the sciences and engineering, and, together with dramatic
increments in graduate student support at about that time,
marked the beginning of significant Federal investment in
support for science and.engineering education."

Federal fellowship and training .grant support for full-
time graduate education in S/E appears to be continuing

_the decline begun in the early 1970 (See figure 5-14.)
Opportunities for research 'training have grown, however,
through research assistantships. Despite this growth, Fed-
eral support Of full.-time graduate 5/E students declined
from it level of 25, percent of all ft.11-time graduate S/E
Students in 1974 to just over 21 percent in 1981, as full-
time graduate 5/E. enrollment growth outpaced Federal
graduate S/E support. (See appendix table 5-19.) The number
of full-time graduate students, receping .Federal support /
grew by only 0.8 percent on average each year since 1974,

/
"Numerous lititles have addressed the recent history of Federal sup-

port for graduate education in the silences and engineering. AMong the
more recent are refs, 2, 23, 56. and,85. The National Academysf Sciences
has recommended that Federal stiPport of graduate S/E education would

more profitably be directed ifitIng-range S/E personneyrequirements
were taken into account rather than the short-term behavior of the labor
market as is often the case. St;e ref. 104, pp: and 71,.45. Furthermore,,
concerned about levels of indebtedness among students who continue to
borrow funds in attend college; Congress established the National Com-
mission on Student Financial Assistance as pari.ofihe Education Amend-
ments of 1950 (PL'96-374). As part of its analyes (scheduled for release
in the latter half of 1083), the Commission haS, addressed the issue-of the

sufficiency of .support for graduate and professionai education and the

. ink of the Federal Government in providing support.

in contrast to the average anndal growth rate of 2.6 percent
for all full-time graduate science and engineering students.
Excluding foreign sources of /support: self-support seems
to be taking up the slack. Self-support grew at an average
annual tate of 3/.5 percent between 1974 and 1981.

Despite thy/ fact that effort S have been made in recent
years to encourage privatetsector support for graduate
training in/the sciences andlengineering," the proportion
of full -tire gradte stifdents reporTitTgstiimitside sup-
port (te'her U.S.) remained i at a level of approximately 6
Perce, t between 1974 and 1981. (See appendix table 5..a2,),

Tile rapid growth in support from foreign sources reflects
the continued increase in the number of' foreign students 1

attending college in the United States in recent years. (See I

figure,5-3.)

Scientific Instrumentation
Today's research in science and engineering requires

sophisticated equipment.iAdvanced instrumentation ena-
bles scientists and_engineers to measure the characteristics i

of physical phenomena a speeds previously unimaginable
and at levels heretofore inaccessible to the human sensory,
system." Indeed, entire theories and models of the physical'
world have been built around the advances made possilDlej
by improvements in scientific instruments." The impor-1
tance ascribed to up:to-date equipment in modern experi-
mental methods is also reflected in the fact that a number
of Nobel Prizes have been awarded in recent years pre-
cisely for the development of instruments or for methods
of measurernAA

The chief source of finding for instrument purchases in
the academic sector isl the Federal Government. Almost
two-thirds of the $42Cmillion spent by universities for
S/E research equipmentlin 1981 represented federally funded
equipment expenditures!' Furthermore, increased fund-
ing has been proposed in fiscal year 1984 for university
instrumentation to enhance productivity and excellence in
research and training."

Limited information is available describing the present
state of scientific equiPment in Arrierica's colleges and univer-
skies." Recognizing the need foi such data the National
Science Foundation (NSF) has been developing indices,
correlates, or other suitable measures or indicators of the
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"The private sector has stepped up its efforts to enhance grOuate
training support in the sciences and engineering. Corporate suppor.t.of all
educational activities 'reached an estimated 51.1 billion in 1981-. This is an
increase of 5110 million (or 10.b percent) over 1980 ley,els. See ref. 57,
p. 2. A recent studyby the National Center for Higher EducationMan
agement Systems suggests, however, that volwitary support for student
financial aid has not kept pace with'. inflation. See ref.. 96, p. 4. The'
contribution of education to overall economic growth and the implica-
tions for student training support have been the subject of a number of

----,vcent studies. Among these ail ref;. 86, 87, and 88.
"See chapter 7 for examples:of the contributions of advanced scien-

tific instrumentation to research and development in recent years.
"See, for example, refs.58 and 59.-
7°Within the past three decades, the' Nobel Prize in physics has been-,

awarded-for the development of s:ch instruments as the phase-contrast
microscOpe, the transistor, theiT,.Mble chamber, the laser, the holographic
metKid, and the chromatof,.aph. See ref: 64 and chapter 7.

"See ref. 77, p. 4..
"See ref. 103. .

"See refs. 60. 61, 62, 63. 64, and 104. '



sratusSof scientific instrumentation in the United States.
Interest in these indicators is also evident in the Congress
which has encouraged the NSF to further develop such
measures."

In 1981, a preliminary studyof 38 institutions, selected
from the largest academic R&D performers, revealed an
apparent relationship between annual R&D expenditures
and the number of large equipment items itt a college's
laboratory, that is, 'instruments costing At least $50,000.
Large R&D performers reported 22 percent of their equip-
r .ient, items costing at least $50,000, while smaller R&D
performers reported only 7. percent on average:" Investi-
gators in organic chemistry departments reported the largest
portion of instruments costing, $50,000-27 percent-in con-
trast, for example; to only 7 percent in cell biology."

addition to an inventory of laboratories, there are
several characteristics of researchAnstrumentation that may be
used potentially as indicators of need in this area. Just
under half the instruments in the laboratories surveyed

''- were less than 5 years old. (See table 5-5.) Only the electri-
cal engineering and medical biology' laboratories reported
a clear majority of instruments under 5 years old. In each
of the remaining fields analyzed, over 25 percent of inven-
tory:items were over 10 years of age:

The number of users is related to everycla. Y wear and
tear on instruments. Organic chemistry revealed the high-
est average number of users for both in-house laboratory.
personnel and other users. (See appendix table 5 -20.) The
wear and tear that comes_ with;the comparatively heavier
use of instruments in the .organic chemistry laboratories
studied may explain why cirgank chemistry also reported
a proportionately higher percentage of "downtime,""
'although. it might also be related:to the type of equipment

'See Public LaW 96-44, Section 7, NatidoAScience Foundation
Atithorization Act of Fiscal Year 1980. \

7.'See ref. 63. Survey-respondents were askefi to\repcirt on all items
sting 55,000 or more; major equipment items such Aaccelerators were

excluded from the study.
"See ref. 66.
""Downtime" refers to instruments being unavailable for usage

biicause of repair or routine maintenance.

used in those laboratories and switching from one user to
another.

The data emanating from this feasibility study are impor-
tant because they demonstrate that it is possible to quan-
tify certain aspects of laboratory scientific equipment in a
useful manner. The data should not be construed to repre-
sent the'present state of equipment in U.S. academic labo-
ratories, since the data merely serve as preliminary meas-
ures until 'a more systematic national survey is completed
in the coming months."

Research Libraries
For research, and graduateeducation to be of the highest

quality, students and faculty must have access to /large,
1/o-to-date research libraries." While many American col-
leges have built libraries that serve as outstanding resources
for research and learning, many face substantial prob-
lems in 'maintaining present inventories at a time of increasing
costs and shrinking budgets. A recent analySis of 75 uni-
versity libraries revealed that between 1970 and 1980 expen-
ditures for library materials increased by 91 percent while
the number of volumes added decreased by 23 percent."
Between 1976 and 1980, the top" research-libraries con
tinued to add new volumes to their collection at an average
annual rate of 1.7 percent, although this rate varied across
the following institutional groupings:

Library Percent
rank added

1-10 0.8
11-20 1.3
21-30 2.8
All 30 1.7

"ln the fall of 198Z, launched thr National Survey of Academic
Research Instruments an,.;' instrumentation Needs with data collection to
be completed in the swum,: 01 1084. -

"'See refs. 67 and 97.
°°These 75 research libraries were selected 17oin members of the Associa-

tion of Research. Libraries. See ref. 71.
"Ranked-on the basis of the total number of volumes in,the collection

at the end of the fiscal year. See ref.:

Table 5-5. Age of ecientiflO equipment In aigidemlo laboratorlee
Investigator cliscipline:'1981

- ."°:;.:,,, --,,,..:, .Periient'' -2,'_ , f4,,,,,?,.,..,;.-..,-,,,.:,,
Age of -

instruments ;"'- ' Cell':71';:,4_Organio'!, . f,,,Sollicista1e ' Electtricar!:',t:;-'M ,

in laboratOry- - 'total ",= biology;'` -:``'.;, write :-:,:-. II ismq_.__JI:St.__mly.:11ieert4.'lie '-'1.-t-
5 yrs. 'or le-it-7- 49 --i. -I -" --,:,',--;49'.;;4.,,,,;Z,-,J.47:r°'-'-'.''"--:' ',59".3-02.2-1.0

6=10 is..old' ',.''--*' 26 '25- 24 9
11=15 Yr* ;old:- ,-,,-, '16., '15: Et.

Over 15 yrcvold -..-, ,-'',9 .i,



Priority is evidently being giVen by these institutions to
maintaining their collections. Indeed, estimated expendi-
tures for books and materials at these top 30 research.
libraries grew at an average annual rate of nearly 3 percent
after adjusting for inflation.82

Although the Nation's largest academic research librar-
ies have managed to stay ahead of inflation in terms of
budget iize, a decline in the proportion of their collec-
tions that represent new'acquisitions,is evident. (See table
5-6.) Given the continuing constraints placed on academic
fiscal resources, itappears likely that academic institutions
having large collections will also be challenged in-the corn-
ing years to sustain their growth, a problem which smaller
research libraries have already confronted.

percent
.

Table 5-6. Volurnes added ,as.a percent of total library
,

collection for the; top'101.:academic.research libraries: .
1976 and 19864 '

Rankings'

a PerCent

First 10
. 11-20

21-30
31-40

1976 1980 1981 1982

3.2 2.9 2.3
3.5 3.1 2.1 22-
3.9 3.7 3.1 2.8'
3.9 3.5 3.0 3:2

I Rtinked on the number of total volumes In the collodion at the end of the year.

SOURCE: Association of Research Libraries, ARL StabstIcs (wasnington, Dz.). annual

Sots mee Ingficators-71982.

OUTCOMES OF ACADEMIC SCIENCE
AND ENGINEERING

The goals of academic science and engineerint -e the
generation and transmission of new knowledgeU-,;,,Jugh
research, education, publication, and cort,,'-' Ti; 3 indi-

-cators that have been gathered in this fn, ,:tion begin to
explore how well academic science. and engineering are
meeting these goals.,-Indicators have been selected in three
areas: growth in patenting of inventions by academic
institutions; knowledge transfer beyond the academic sec-
tor through the consulting process;' and knowledge.pro-
duction.,through the literature baSe.

Patents Issued to Academic Institutions
An academic scientist or engineer is primarily interested

in teaching and research and in participating in dissemi-
nating scientific knowledge through publication and
related activities._ commercialdiscovery and comm

an
cial applica-

tion of an idea or n invention have b- of secondary impor-
tance to faculty for the most Par (..1'4, nges in national
research needs and` opportunities for patenting of inven-
tions have attracted an increasing number of academic
institutions to the transfer of their research ideas into the
marketplace. In addition, the problem of adequate resources

"(bid and earlier volumes in that series.
"See ref. 73, p. 26, and ref. 105, pp. 84-101.

for academic institutions has made them more interested
in the potential economic gains through patenting.

Generally, academic inventions are brought into public
use through licensing arrangements with industrial con-
cerns." The property licensed may occasionally include
patent rights, and usually a royalty is charged. The license
may also include such items as issue fees, minimum royal
ties, and safeguards to insure the widest possible use of the
invention. Another practice in the handling of academic
inventions is the use of patent management organizationsu
who usually share royalties with the institution after pro-
viding .assistance to that institution in the patenting or
licensing of an invention.

The number-of U.S. colleges and universities- with spe=
cific patent policies is not known, although most research
universities are thought to have established patent policies
and procedures." Howeve7, it is clear from recent changes
in Federal patent`policy th'at a greater number of academic
institutions will be stimulated by events to move toward
establishing such policies.

Chief among these changes was the enactment of the
Patent and .Trademark Amendments of 1980." Section ''6
of this law establishr/d a uniform policy for assigning title
to inventions made by- small businesses or nonprofit
contractorsincluding academic institutions during Gov-
ernnient-sponsored reseerch. The primary objective of this
law is to eliminate a nu ber of individual Federal agency
policies regarding the ownership of patent rights and to,
replace them with a uniform Government-wide policy which
permits the issuance of exclusive rights to a would-be
developer of a patent." It is believed that this change will
reduce administrative costs and provide contractors with
an incentive to bring federally funded research to commer-
cial use."

The number of patents issued to academic institutions
more than doubled between 1969 and 1980, increasing at
an average annual rate of about 7.3 percent (see figure
5-15), although the total number of patents is still a very

"l bid.`
The Research Corporation, for example, was established over

70 years ago to assist college faculty in the transfer of useful technOlogy
to the public sector. Other arrangenients include autonomous institu
tions such as university -based research fOundations, separate and dis-.
tinct from the university, that assist university faculty in the transfer of
ideas to the public sector. An example is the Wisconsin Alumni Research
Foundation established in 1925. See ref, 74.

"For many years, the National-Science Foundatior: required that an
*academic institutio.i have a formal patent policy before entering into an
Institutional Patent Agreement (IPA) with NSF when the possibility of a
patentable idea Or invention was clear. The National Institutes of Hialth
similarly required institutions to have "technology transfer programs"
before,entering into an IPA

"Public Law 96- 517.4rtion 6 is sometimes referred to as the "Bayh-
Dole Act."

"See ref. 75. This is not the first attempt to make Federal patent poll
des more uniform. In 1963, a Presidential Memorandum was issued by.:
President John F. Kennedy on this subject and was revised and reissued
in 1971 by President Richard M. Nixon. Most recently, President Ronald
Reagan issued a memorandum directing Federal, agencies to adopt' and
implement the same policies for all R&D contractors as those set forth in
Public Law 96-517 (February 18, 1983). .

"The recently enacted patent fees bill (Public Law 97-247) might also
increase the number of patents issued to academic institutions because it
lets universities get and maintain patents at half the cost imposed on,
most firms.



Consulting Activities
Evidence of current shortag s in some S/E fields, as well

as expectations of a decline in lcademic support from Fed-
eral sources have prompted effarts to promote an increased
level of cooperation between the academic and private sec-
tors, including the enhancement of the transfer of research
information. One aspect of thisimformation transfer process
may be reflected by the consyting activities reported by
academic S/E faculty staff. Based on a study of the pro-
fessional activities of full-tim S/E faculty at universities
and 4-year colleges, about 3 percent of the work, week was
devoted to'consulting activitieS. The extent of this activity
varied among S/E fields and Was highest among engineers
(8 percent), psychologists (5 percent), and computer spe-
cialists (4 percent). (See figure 5-16.) The higher index of
consulting activities in these fields is generally consistent
with other data reflecting the 14rimary.and secondary'rvork
activities reported by acadeinic doctoral scientists and
engineers." The higher demand for consulting services of
academic engineers is related to their traditionally closer
ties ,.to industry.

Research Literature

,An important aspect of academic science and engineer-
ing is the publication of research findings in scientific and
technical journals. These publications are a vehicle r6r the
culmination and communication of the research activities

"See refs. 30 and 72.

small proportion of the total number. of patents issued.
The number of institutions to whom patents,were granted
also increased during that time, from an esti ated total of
30 institutions in 1969 to approximately 70 in 1980.99 The
opportunities for patenting brought about by re nt changes
in Federal policies will undoubtedly contributelito the con-
tinued growth of patent activities in this sector. It its important
to keep in mind; however, that although trends in the
number of patented inventions can serve as an indicator of
the output or level of accomplishntent of academic R&D,
the growth in the number of patents granted o academic
institutions could more likely reflect the grea er opportu-
nity and interest evident in the past decade fo universities
to seek patents. Thus, this indicator does n necessarily
reflect greater inventive activity on the part of academic
investigators.9'

"A substantial number of these patents were issu
management organizations as the ltesearch Corpora
data do not permit a count of the number of institteri
such patent management 'organizations, the number
tutions involved in patenting is somewhat underestim
evidence of growth in the number of academic instil
these data is not compromised.

"Compare this indicator, for example, with the tre
patenting activity found in Chapter 4 of this report: ,

to such patent
ion. Because the
s represented by
f academic insti-
ted. However, the

Itions presented in

tment of industrial



Poiceni rhips In 104 nombotl oclonit;10111,Jech0ologL.4
articles'
1973'0 1980

rcent;dectsast?

30' ;-25'

Clinical medicine

Biomedicine

1

All fields

t,

declined in number between 1973 and 1980." The annual
number of journal-based publicaticins by academic authors
during this 7-year period rose only in the fields of clinical
medicine (12 percent) and biomedicine (11 percent). Despite
declines in the number of articles published in many of
these fields, their influence has changed very little. (See
appendix table 5-22.) Only in the field of physics did the
ratio of- the number of citations to the number of pub-
lished articles decrease to a level of, lesser influence as
shown below:

Biology

Chemistry

Earth and
space sciences

Engineering

and technology

Mathematics

i

'Bated tinItte and revil
1973 SON. Clifir!144,

nellappettttot table lt17:to tlittltiptitidsit'iattat4
Based on appendix labfe523,"

of academic scientists and engineers, and contribute sub-
stantially to the growth of the scientific literature base."

The research literature indicators presented in this sec-
tion are largely based on articles; notes, and reviews from
Over 2,100 highly. cited or influential journals. The same
set of journals has been examined for the 1973-80 per-
iod sCvthatilongitudinal comparisons could be made with-
out the artifact of a change in level of research coverage.
Academie institutions are responsible forabout two-thirds
of these influential scientific and technical articles.

Overall, the number of an U.S.-authored articles found
in this journal set declined by 5 percent between 1973 and
1980," but U.S. articles by college and university authors
declined overall only by 1 percent. Decreases in the num-
ber of articles occurred in six of the eight, fields examined.
(See figure 5-17.) Especially notable declines are evidentn
mathematics (37 percent), and engineering and technology.
(23 percent). These two fields also emerged as the only
fields in which both U.S. and non-U.S. articles have

"ApproNimately 68 percent of all the articles written by U.S. scientists
and engineers in 1980 represent the work of academic investigators. See
appendix table 5-22.

9'See-appendix tables 1-18 and 5-22 foi a summary of the publication
and citation trends for all U.S. authors, and the chapter on 'International
Science and Technology:: for a discussion of world trends. The coin-
parisons here do not reflect, of course, the groWth of publications.result -
ing from articles published in journals that have appeared since 1973 or
which are not considered as the term is used here, For
f urtfier infOrmation on the evaluation of bibliometric data, see ref. 79.

Field

All S/E fields
Clinical medicine
Biomedicine
Biology
Chemistry
Physics
Earth and space sciences
Engineering and technology
Mathematics

Relative citationtatio".

1973 1978

1,04
1.02
1.00
1.10
1.10
1.00
1.04
1.24

.99

1.05
1.03

01
1. 6,
1.13 \
.91 \

1.05 \
1:21

.99

The distribution of scientific and technical articles by,
U.S. college and university authors also varies across fields
when analyzed by institutional rank.'" The first 10 insti-
tutions, based on publication counts, typically account for
more than one-fifth of all academic-based articles, as
shown below!

Field -
Percent of articles by
first 10 institutions

Earth and space sciences . 32
Biology 29
Physics 27
Clinical medicine 26
Engineering and

technology 26
Biomedicine 24
Mathematics 23
Chemistry

r.

The first 100 institutions in each of the fields pro-
duced over 80 percent of the academic -t°
although differences are evident across oee 1,,adix
table 5-25.) The relative distribution of these research'
articles by institutional rank has remained quite stable
since 1973.

Changes have occurred in the number of scientific and
technical articles written by U.S. college and university
authors when analyzed by character of work. As figure
5-18 reveals, the number of academically authored articles,
from the more basic research journals increased between
1973 and 1980 in only twoof the eight fields analyzed,

'''See appendix table 1-16 for a comparison of U.S. and world scientific
and technical articles,

"A citation ratio of 1.00 would mean that the citecrsector received a
share of citations equal to its share of published articles.

'71-nstitutions are ranked by number of articles published in each field;
of science examined here, .
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namely. medicine (18 percent) and biomedicine (12
percent), Substantial declines in the publication of articles
in more basic journals wereevident in the fields of math-
ematics (37\ percent) and engineering,and technology (27
percent).

With respet to publication in the more applied jour-
nals, growth ...as observed only in the fields of'clinical
medicine and phySics,9 percent and 24 percent respectively.
These divergent trends among fields may reflect changes
in editorial policies or: -,the changing patterns of national
supPort for 'research among these fields.

There is evidence of coiis.iderable growth in cooperative
research being conducted between U.S. research institu-
tions," In the field of clinical -medicine, for example, co-
authored articles with at least one writer employed in a uni-
versity or collegejncreased from 54 percent in 1973 to 61
percent in 1980." Articles .written by, U.S. college and

"In order to be.counied as a ''cooperative- effort, an article must be
coauthored by at least one author from another organization. An effort

. has not been made to restrict the analysis only to authors from other
sectors. Hence, an article will be counted as "coauthored" if a scientist
in one university coauthors an article with a scientist from another uni-
versity despite the fact that. both are. employed in the same sector of the
labOr force.

"See appendix table 5-27.

university authors are coauthored most frequently with
researchers employed by the Federal Government in four
of the eight fields examined:'"

Sector most frequently
coauthoring with universities Field

Federal Government Clinical medicine
Biomedicine
Biology
Earth and space sciences

Industry Chemistry
Engineering
Mathematics

FFRDC's .Physics '

These relitionships may derive from funding and em-
Ployment patterns specific to each field.

Many of the publications by university-based 'scientists
and engineers represent the culmination of-many years of
research, often-by entire laboratories of scientists or engi-
neers where advanced graduate training is also carried out.
A recent survey of individuals who earned their doctoral
degrees in academic fear 1969-1970 reveals that Substan
tial contributions to the literature base are alio made through.
the publication of dissertation results. As table 5-7 -sug-
gests, on average, about one journal publication resulted
per person from findings derived directly from disserta-
tion research and.almost one-half were cited by other
research publications (see apr zndix table 5-28), although
publication and citation rates vary considerably by field.

In summary while all U.S.-authored publications declined
by 5 percentage points overall between 197:1 and 1980,
those by U.S. ollege and university authors held up quite
well, deCreasing by only I- percent in that period. U.S
college and university authors were coauthoring more in

"°This analysis considers the sector most frequently identified other
than coauthorship:with other academic authors. See ref d.

,
...pubQaeon cowls through 1978 ear l oge,

oleitreitilif1900/70-4 ;



1980 with othersectors, compared to 17,3, Infour of the
eight fields examined, academic researchers\coauthored most
actively with scientists and engineers working in the Fed -
eral sector, \\

OVERVIEW

Significant changes have come about in recen year:, in
both the scope and magnitude of the U.S. academi science
and engineering enterprise, following two decades of lmost
unprecedented expansion.

National support for academic research and develop
activities in 1983, for example, is expected to be about
percent lower in constant-dollar terms than the histori
catty high level of funding support reached in 1981. The
12-percent average annual constant-dollar growth rate in
academic R&D observed in the 1960's slowed to 2.8 per-,
cent in the 1970's and is estimated to have remained
essentially constant since 1980. At the same time, a sig-
nificant shift has been reported in the relative emphasis
'placed on basic research and on applied research and
development 'by our Nation's colleges and universities.
Academic expenditures for applied research and develop-
ment (nearly all of which are in the applied research area)
are reported to have grown at an average annual constant-
dollar rate of 7.6 percent between 1972 and 1981, six times
the rate observed for basic research support. Basic research
has thus declined as a proportion of academic R&D expendi-
tures from a level of three-fourths in 1972 to a little over
two-thirds of the total in 1981.

S/E degree production is another area in which substan-
tial growth rate changes have already taken place. The
number of S/E degrees awarded each year grew rapidly in
the 1960's, declined abruptly in the early 1970's, and stabi-
lized later in the decade. At the baccalaureate degree level,
for example, 1981 total S/E degree production matched 1975
levels, but still was 3 percent lower than the alltime high
reached in 1974. The most significant gains in baccalaureate

-degree production continue to occur, however, in only two
fields of S/E -'the computer sciences and engineering
which are at record alltime high levelswith slower rates
of growth-or decline typifying degree production in other
S/E fields.

Patterns academic S/E 'employment also began to change
in the 1970's. These new employment configurations have
resulted in changes in the type of academic appointments
available to scientists and engineers: Between 1973 and
1981, the number of doctoral S/E's employed in academia
increased. Much of this growth was in nonfaculty positions.
For example, nonfaculty S/E positions (excluding post-
doctoral appointments) grew at an average annual rate of
7.8 percent compared to an average annual growth rate of
1.4 percent in faculty positions. The slower growth in the
number of faculty staff also resulted in a decline in the
proportion of young facultyin S/Edepartments. The pro-
portion of those Ph.D.-holders in full-time faculty posi-
tions in doctorate-granting institutions who earned their

-degrees within the preceding 7 years declined sharply from 39
percent in 1968 to 2.8 percent in 1974 to 2.1 percent in
1980.

Academic employment opportunities vary, of course,

across fields of science and engineering. About one-tenth
of the full-time engineering faculty positions were vacant
at the beginning of the 1981-82 academic year. About 9 in
10 engineering colleges reported a decrease in their ability
to staff full-time positions during the past 5 years, attrib-
uting much of the problem to reduced numbers of new
engineering doctoral graduates and increased salary com
petition from industry in hiring them. Moreover, instruc
tional needs have riren dramatically in this field in recent
years, with full-time undergraduate engineering enrollments
growing at an average annual rate of over 9 percent be.:
tween 1977 and 1981.

The slower growth in national support for academic '2

R&D which began in the 1970's has been accompanied
by a sliming in the growth cif, R&D as a primary work
activity among academic scientists and engineers. Between
1979 and 1981, the growth of those primarily engaged in

&D increased at a rate of lesS'-than 2 percent per year
lowing a six-year period in which the growth rate
aged 8 percent per year.

T ere is concern that academic scientists and engineers
may of have at their disposal Sufficiently Up-to-date scien-
tific equipment. Universities and colleges spent 6 percent
of all separately budgeted R&D expenditures in 1980 on
the purchase of research equipment. Hqwever, a prelimi-
nary study of selected fields in 38 leading academic R&D ,
institutions has shown that. almost 50fpercent of the in-
struments in the laboratories surve4ed-wes! Jess than
5 years old in 1981, while more than 21qpercent were more
than 10 years old. Evidence also points iVa probable reIatiOn-
ship between the proportion °I: equipMent un14vallable for
use because of maintenance or repair Work and the average
number of users of the equipment.

Academic science and engineering coriOnues to cant
ute sigrttificantly to knowledge production t :'rough reseal,
publicat'inns academic authors provide abou) two-
thirds of the research literature appearing in the world"S--;*
most influential science and technology journals, a ratio
that has increased only slightly over thepast 10 years. The
10 U.S: academic institutions pUblishinkthe most research
articles within each S/E field typically account for more
than one-fifth or these .academic-basid publications. ,-
There is evidence, furthermore, of conSiderable growth in
cooperative research being conducted betw4ien U.S. research'
institutions. Coauthored articles with at least one writer
employed, by a U.S. university or college iricreased from 39
percent in 1973 to 48 percent in 1980. In four :A the eight
fields examined, U.S..S. academic authors ost frequently
coauthored with researchers employedby the. Federal
Government.

In addition to the generation of new knowledge through,
research and publishing activities, acadeMic scientists and
engineers contribute to the transfer of new technology to
the public sector through the patenting of inventions. The
number of academic institutions to which patents were
issued increased by a factor of two between '969 and
1980. E

The overall picture that emerges, then,ifor the late 1970's
and early 1980's is one of continued, thatigh slower, growth
in academic science and engineering.



REFERENCES

1. Verne A. Stadtman, Academic Adaptations: Higher
Education Prepares for the 1980's and 1990's (Wash-
ington, D.C.: Carnegie Council on Policy Studies in
Higher Education, 1979).

2. Carnegie Council on Policy Studies in Higher Educa-
tion, Three Thousand Futures (San Francisco: Jossey,
Bass, 1980).

Michael S. McPherson (ed.), The Demand for New
Faculty in Science and Engineering (Washington,
D.C.: National Academy Press, 1980).
National Science Foundation, Young and Senior Sci-
enceand Engineering Faculty, 1980 (NSF al-319).

5. Roy Radner and Charlotte V. Kuh, Presertnog a Lost
Generation: Policies to Assure a Steady glow of
Young ScholarS Until the Year 2000 (Washington,
D.C.: Carnegie Council on Policy Studies in Higher
Education, 1978).

6. Fred E. Crossland, "Learning to Cope with a Down-
ward Slope," Change, vol. 14 (July/August 1980),
pp. 18-45.

7. Carol Frances, "Apocalyptic vs. Strategic Planning,"
Change, vol. 14 (July/August 1980), pp. 19-44.

8. Robert Klitpard, "The Decline of the Best?" Discus-
sion Paper Series, Number 65 D, JFK School of Gov-
ernment, Harvard University, May 19:9.

9. R. W. Hodge, P. M, Siegel, and P. IA, Rossi, "Occu-
pational Prestige in the United States,1'i25-63," Ameri-
can Journal of sociology, vol. 70 (1964), pp. 286-302

1C. National Science. Foundation, Science and Engineer-
ig Education: Data and In frit:Minion (NSF 82-30).

3.

4.

11. Frederick Rudolph, Curriculum, A History of, the
American Undergraduate Course Since 1636 (Wash
ingtotl D.C.: Carnegie Council on. Policy Studies in
Higher Education, 1977).

Carnegie Foundation for the Advancement of Teach-
ing, Missions of the College Curriculum (San Fran-
cisco: Jossey-Bass, 1977).

13. U.S. Department of Education, National Center for
Education Statistics, Digest of Education Statistics,
1982, 1982.

National Academy of Sciences, Science for Non -
Specialists: .The College Years ( ashington, D.C.:
National Academy Press, 1982).

National Science Foundation, "T ends in Science
and Engineering Degrees, 1950 Through 1980," Sci-
ence Resources Studies Highlights (NSF 81-320).

National Science Foundation, Academic Science,
1972-81 (NSF 81-326).
Natio'nal Science Foundation, Women and Minori-
ties in Science and Engineering (NSF 82-302).

National Science Foundation, Academic Science/
Engineering, Graduate Enrollment and Support, Fall
1981 (NSF 83-305).

19. National Science Foundation, Foreign Participation
in U.S. Science and Engineering Higher Education
and Labor Markits (NSF 81-316).

20. Institute of International Education, Profiles: The
Foreign Student in the United States (New York,
N.Y., 1981), and unpublished data.

21. National Association for Foreign Ste,tent Affairs,
The Relevance of U.S. Graduate Programs to Foreign
Students from Developing Countries (Washington,
D.C., 1979).

2..-L National Science foundation, Academic Science, Sci-
entists and Engineers,January,1981 (NSF 327305).

23. National Science Foundation and U.S. Department
of Education,Scknce and Engineering Education for
the 1980's and Beyond, (Washington, D.C., 1980).

24. National Science FoUndation, "Engineering Colleges
Report 10 Percent of Faculty Positions Vacant in Fall
1980," Science Resources Studies Highlights (NSF
81-322).

35. Engineering IN/L, nower Corr nission of the Ameri-
can As ,nciation Flgineering locle3ies, Engineer-
ing and Technology Enrollments, Fall, 1980: Part 1,
Engineering 4Washington, D.C., 1981).

26. U Der ntrner'0 of National Center for
E. Degrees Conferred,
(annual series).

27. National Academy of Sciences, Summary Report
1980: Doctorate Recipients from United States Uni-
versities (Washington, D.C.: National Academy
Press, 1981).

28. National Science Foundation, "Academic Sciende/
Engineering Employment Increased 3% Between
1980 and 1981;-" SCience Resources Studies High-

' lights (NSF 82-312).

29. National Academy of Sciences, Postdoctoral Appoint-
ments and Disappointments (Washington, D.C.:
National Academy Press, 1981).

30. National Science Foundation, Survey of Doctorate
Recipients in Science, Engineering and the Humani-
ties, (biennial series).

31. National Science Foundation, "Tenure Practices in
Universities and 4-year Colleges Affect Faculty Turn-
over," Science,Rescurces Studies Highlights (NSF
81-300).

32. Malcolm Moos, "The Future of the Land Grant-Uni-
versity," Change, vol. 14 (May /June 1982), pp:30-35.

33. Marilyn McCoy, Jack Krakower, and David Makow-
ski, Financing at the leading 100 Research Universi-
ties (Boulder, Colorado: National Center for Higher
Education Management Systems, 1981).

34. Nationai Academy of Sciences, Summary Report:
Conference on the Federal Research and Develop-
ment Budget for and Future-Years (Washington,
D.C., 1982).



35. Joseph Ben-David, "Scientific Productivity and Aca-
demic Organization in Nineteenth Century Medicine,"
American Sociological Review, vol. 25 (December
19b0), pp: 828-843.

36. Bruce L. Smith and Joseph Karlesky, The State pf
Academic'. SCienee: ,The Universities in the Nation's
Research Effort (New York: Change Magazine Press,
1977).

37., David J. Bowering, Research Study of the Direct and
Indirect Effects of Federally-Sponsored R&D in Sci-
ence ,and Engineering at :Leading Research- Institu-
tions (Washington, D.C.: SCM-Management Tech-
nology, Inc., 1981).

38. National Academy of Sciences, Personnel Needs and
Training for Biomedical and Behavioral Research (bien-
nial series).

39. National Academy of Sciences, Science and Mathe-
matics in the Schools; Report of a Convocation (Wash-
ington, D.C.: National Academy Press, 1982).

40. National Institute of Education, Mathematical Knowl-
edge and Skills, (Report IA -02). (Denver,
Colorado: National Asses Educational Prog-
ress, 1979).

41. Iris Weiss, Robert Stake, Jack. asley, Stanley Hegel-
son, Marilyn Saydam, Patricia Blosser, .Alan Osborne,
Karen Wiley and Jeanne Race, The Status of PreCollege
Science, Mathematics, and Social Studies Educational
Practices in U.S. Schools, National Science Founda-
tion, 1978.

42. Paul DeHart Hurd, "Falling Behind in Math and 'Sci-
ence," The Washington Post, May 17, 1982.

43. Earl McGrath, General Education and the Plight of
Modern Man (Indianapolis, Ind.: Lilly Endowment,
Inc., 1976).

44. Robert Blackburn, et al., Changing Practices in Under-:
graduate Education (Washington, D.C.: Carnegie
Council on Policy Studies in.1- Iigher Education, 1976).

45. Arthur Levine, A Handbook on the Undergraduate
Curriculum (Washington, D.C.: Carnegie Council
On Policy Studies in Higher Education, 1978).

46. Ronald Cody, "Computers in Education," Journal of
College Science Tee 'I. rtg, vol. 3 (October 1973),
pp. 22-28. .

47. Richard Atkinson and Joseph Lipson, "Instructional
Technologies of the Future," a paper delivered at the
88th Annual Convention of the American Psycho-
logical Association, Montreal, Canada, September 3,
1980.

48. Donald Langenberg, "University Research Equipment
Support Through Industrial Donation," Memorandum
to the National Science Board Planning and Policy
Committee, February 12, 1982.

49. Executive Office -Of the President, America's New
Beginning: A Program for Economic Recovery, Address
of, the President of the United States to a Joint Session
of Congress, Part. III, l'ebruary 18, 1981. -

50. Willis H. Shapley, Albert H. Teich, and Jill P. Wein-
berg, Research and Development: AAAS Report VII
(Washington, D.C.: American Association for the
Advancement of Science; 1982).

61. National Science Foundation and NationA Research
Council, unpublished data.

52. National Science Foundation, Characteriifics of Doc-
toral Scientists and Engineers in the United States:

-,-.7979 (NSF 80-323).
1

53. National Science Foundation, "University S/E Faculty
Spend One-Third of Professional Time in Research,"
Science Resources'Studies Highlights (NSF 81-317).

54. Advisory commission on intergovernmental Rela..
tions, The Federal Role in the Federal System: The
Dynamics of Growth, (Washington, D.C., 1981).

55. Vannev,ar Bush, Science: The Endless Frontier, (Wash
ington, D.C.: U.S. Government Printing Office, 1945).

56. Robert G. Snyder, "Federal Support of Graduate
Education in the Natural Sciences: An Inquiry into
the Social Impact of Public Policy," UnpUblished doc-
toral dissertation, Syracuse University (June, 1981).

57-Council for Financial Aid to Education, Inc., Cor-
porate Support of Higher Education, 1980, (New,`
York, November 1981).

58. Frederick Suppe (ed.), The Structure of Scientific
Theories (Urbana, Illinois: UniversitY of Illinois
Press, 1974).

59. National Science Foundation, Only One Science (NSB
82-1).

60. Charles Bowsher, "Research Instrumentation Needs
of Universities," Statement before the. U.S.' Senate
Committee on Commerce, Science and Transporta-
tion, May 27, 1982.

61. National Academy of Sciences, Revitalizing Labora-
tory Instrumentation, (Washington, D.C.: National
Academy Press, 1982),

62. William Fowler and Donald Shapero, "Scientific
Instrumentation," Science, vol. 216 (May 14, 1982)
p. 687.

63. Irene Gornberg and Frank Atelsek, Expenditures for '

Scientific Research Equipment at Ph.D,.-Granting
Institutions, FY 1978, (Washington, D.C.: American
Council on Education, 1980).

64. Association of American Universities, The Scientifi.: -
Instrumentation Needs of Research Universities,
(Washington, D.C., June 1980).

6.5. Westat, Inc., Indicators ofScientific Research Instru-
mentation 'in Academic Institutions: A Feasibility
Study, (Rockville, Maryland, 1982).

b6. National Science Foundation, "Uniliersities Spent 6
percent of Separately Budgeted R&D Expenditures
forResearch Equipment in 1980," Science Resources
Studies Highlights (NSF 82-316).



67. Carnegie Commission on Higher Education, The
Federal Role in Postsecondary Education (Washing-
ton, D,C.; 1975).

68. Association of Research Libraries, ARL Statistics,
1979-80 (Washington, D.C., 1980).

69. .National Academy of Sciences, Scientific Communi-
cation and National Security (Washington, D.C.:
National Academy Press, 1982).

70. Lyle V: Jones, Gardner Lindzey, and Porter E. Cogge-
shall (eds.), An Assessment of Research Doctorate
Programs in the United States: Mathematical and
Physical Sciences (Washington, D.C.: National Aca-
demy Press, 1982).

71. Carol A. Mandel, Letter to the Editor, Science, vol.
214 (November 13, 1981), p. 743.

72. National Science Foundation, Activities of Science
and Engineering Faculty in Universities and 4-Year
Colleges: 1978/79 (NSF 81-323).

73. Willard Marcy, "The Academic Inventor,"themical
Engineering Progress, vol. 67 (November 1971), pp.
24-27.

74. Willard Marcy, "Patent Policies at Educational and
Non-Profit Scientific Institutions," paper presented
at the 175th meeting of the American CheMiCal Society,
March 13-14, 1978.

. U.S. Congress, General Accounting Office, Patent
and Trademark Amendments of 1980 Set the Stage
for Uniform Patent Practice by Federal Agencies, 1982.

76. National Science Foundation. Academic Science,
R&D Funds, Fiscal,year 1980 (NSF 82-300).

77. National Science FOondation, "Real Growth Rate of
Academic R&D Expenditures Slowed to 2% in FY
1981," Science Resoitrces Studies Highlights (NSF
83-304). , . - ,

78. Robert C. Gillespie, Camputing and Higher Educa-,
tion: An Accidental Revolution (Seattle, Wash.:
University of Washington, 1981).

79. Francis Narin, Evaluative Bibliometrics: The Use of
Publication and Citation Analysis in the Evaluation
of Scientific Activity (Cherry Hill, N.J.: Computer
Horizons, Inc., 1976). -

SO. Computer Horizons, Inc., unpublished data.
81. The, Rockefeller Foundation and LES, Executive Office

of the President, Science for Agriculture, report of a
workshop on American agricultural research, June
14-15, 1982, Morrilton, Arkansas (New York: The
Rockefeller Foundation, 1982).

82: Robert J.Hermann, USDRE Independent Review of
DOD Laboratories (Department of Defense, 1982)..

83.
-

84.

Nationai Academy of Sciences, Reiearch Excellence
in the Year 2000 (Washington, D.C.: National Aca-
demy Press, 1979).

National Science Foundation, Federal Support to
Universities, Colleges, and Selected Nonprofit Insti-
tutions, Fiscal Year 1979 (NSF 81-308).

85. Barbara Barksdale Clowse, Brainpower for the Cold
War (Westport, Can.: Greenwood Press, 1981).

86. Edwin Mansfield, "Engineering Employment, Fed-
eral Funding, and Private R&D Expenditures:: paper
presented before the annual meeting of the Amer-
ican Economic Association, December 28-30, 1982,
New York.

87. Dale W. Jorgenson, "The Contribution of Education
to U.S. Economic Growth, 1948-73," paper presented
before the annual meeting of the American Economic
Association, December 28-30, 1982, New York.

88. Robert Haveman and Barbara Wolfe, "Education
and Economic Well-Being: on Defining and Measur-
ing the Benefits of Educaticin," paper\ presented
before the annual meeting of the American'4onomic
Association, December 20-30, 1982, New York.

89. Christian Arnold, "The Federal Role in Funding Educa-
tion," Change, vol. 14 (September 1982), pp. 39-54. ,

r

90. Howard R. Bowen, The State.of the Nation and the
Agenda for Higher Education (San Francisco: Jossey-
Bass, 1982).

91. John Geils, "The Faculty Shortage: A Review of the
1981 AAES/ASEE Survey," Engineering Education,
vol. 73 (November 1982), pp. L47-154.

92. Michael S. McPherson, "Higher Education: Invest-
, ment or Expense?" in Financing Higher Edtcation,

John C. Hoy and Melvin H. Bernstein (eds.) (Boston:
Auburn House Publishing Company, 1982).

93. U.S. Congress, Office of Technology Assessment,
InforMational Technology and Its Impact on Ameri-
can Education, 1982.

94. Jack Magarrell, "Computer Literacy Gaining Place in
Undergraduate Curriculum,- Chronicle of Higher.
Education,vol. 24 (April 21, 1982), pp. 1-8.

95. Robert McC. Adams, Neil Smelser, and Donald J.
Trieman (eds.), Behavioral and Social Scientv Research:
A NatiOnal Resource (Washingtrin, D.C.: National
Academy Press, 1982). ,

96. Paul Brinkman, Higher Education Financing: 1973-
1980, (Boulder, Colo.: National Center for Higher
Educauon Management Systems, November, 1982). ,

97. Warren J. Haas, President, Council: on Library Re-
sources, "Closing Pandora's Box: The'Research Library
in the Year 2000,- paper presented a i\ the 22nd annual
meeting of The Council,of Graduate Schools in the
U.S., Colorado Springs, December-L-3, 1982.

98. Robert M. Rosensweig and Barbara Turlington, The
Research Universities and Their Patrons (Berkeley,-
California: University of California Press, 1982).

99. National Commission on Higher Education Issues,
To Strengthen Quality in Higher Education (Wash-
ington, D.C: American Council on Education, 1982).

100.- David W. Brreneman, The. Coming Enrollment Crisis:
What Every,Trustee Must Know (Washington, D.C.:
The Association of Governing Boards of Universi-
ties and Colleges, 1982).

1-A0



101. Don 1. Phillips and Benjamin Si'. Shen (eds.), Re-
search in the Age of the Steady-State University
(Boulder, Colorado: Westview Press, 1982).

102. U.S. Department of Energy, Energy_Research Advisory
Board, The Department of Energy Multiprogram Lab-
oratories, (Washington, D.C.,.1982).

103. Executive Office of .the President, Office of Manage-
ment and Budget, "Special Analysis K," The Budget
cif Ilw United State; Government, 1984, 1983.

104. National Academy of Sciences, Strengthening ihe
GovernmentUniversity Partnership in Science (Wash-
ington, D.C.: National Academy Press, 1983).

105. Robert H. Linnet! (ed.), Dollars and Scholars (Los
Angeles, California: The University of Southern
California Press, 1982).

15u
A.1

106. National Science Foundation, Federal Funds for Re-
search and Development, Fiscal Years 1981, 1982,
and 1983, Volume XXXI, Final Report (83-320).

107. National Science Board, Commission on Precollege
Education in Mathematics, Science and TechnolJgy,
Policy, Today's Problems,'Tomorrow's Crises (CPC:-
NSF -01).

108. Executive Office of the President, Office of Science
and Technology Policy, Report of the White House
Science CouUcil, May 1983.

109. National Science Board, Commission on Precollege
Education in Mathematics, Science and Technology,
Educating Americans for the 21st Century (CPCE-
NSF-03).

..



Chapter .6

Public Attitudes Toward
Science aneTechnology



Public Attitudes ,Towaid Science and Technology

HIGHLIGHTS

The public continues to hold scientific research in rela-
tively high esteem. A 1981 public opinion survey found
that 7 out of 10 Americans believe:the benefits of scien-
tific research outweigh any harmful results. Equally
high esteem for science. was expressed in 1979. How--
ever, the proportion, who believe .harmful effe..is out-
weigh benefits rose slightly. The attentive public--the
20-percent segment of the that is most interested
in and most informed about science and technologyholds
still more favorLie opinions. Ninety percent of all atten-
tives believe the benefits of scientific research outweigh
the harmfaresults. (Seel). 1464

However, the public shows some ambivalence in response
to questions that link science with technology. For example,
three-quarters'of the general public believe that most
problems can be solved by applying more and better
technology. Yet three-quarters also believe that science
and technology "often get out of hand, threatening society
instead of Serving it." (See p.146.)

The attentive public has high expectations for scientific
advances over the next 25 years. Strong Majorities (from
59 to 74 percent) believe that research will lead. to new
sources of cheap energy, amore economical method of
desalinating sea water, a way of predicting earthquakes,
and a cure for common forms of cancer. HOwever, they
are doubtful abOut science producing a way to cure in-
flation or unemployment or a way to put communities

. of people in outer space. These beliefs are not expert
predictions of future developments, but they indicate
the areas in which the respondents have more or lesS
confidencein science and technology. (See p. 155.)

Opinion leaders in science and technology policy out-
side the Government express some concern about the
status of U.S. science and technology in the world.
Only 2 in 10 of the opinion leaders believe the United
States is currently ahead of other countries in "almost
all areas of basic research, while 5 out of 10 think it

all areas of applied science and technology, while 4 in
10 thirikithould. (See p.1481

very iew in either group want to lower-current levels
of scientific research expenditures. (See pp. 151-152.)

In choosing among specific research areas for increased
funding, 82 percent of attentive:, mention disease-specific
medical research, the area most often chosen_ Next...in
order of mention is research into human learning processes
(67 percent). The nongovernment -S/T opinion leaders
do not share this emphasis on medical reseigch, but
identify science and engineering education and basic
biological research as their main priorities. (See p. 152.)

In evaluating specific technologies, the public wants to
see continued technological advances in a wide variety
of areas, with more than 80 percent favoring further
advances in medicine. !r, 1981, support ftir advances in
nuclear power and synthetic fibers was somewhat lown
than in earlier years, while support for space exploration.
and advanced weaponry was higher. (See p.

A majority of the nongovernmental S/T opinion leaders
and the attentive agree that the benefits of recombinant
DNA research and of nuclear power outweigh the risks,
and that the space program is worth the costs. A third of
the opinion leaders believe that the level of Governinent
regulation of the construction of nuclear power plants
is too low, while 'a fourth think it is too high. In other
cases, a majority considers the level of regulation';about
right." (See pp. 156-1594 .

',On some subjectsin particular, research that might'
lead to the creation of new forms of life or the ability to
select the sex of a child at conceptionabout one -half, of
the attentive are willing to see scientific inquiry restrained.
On three other subjectsresearch that might enable most
people to live to be 100 years old, research that might
discover intelligent beings in outer space, and, research
that might lead to precise weather control and modifi-
cationno more than one-fifth to one-quarter of atten-
fives want' any limits placed on scientific study. (See
pp. 150-151.)

ment =o= the =general - =public -(38= percent)
are "very interested" in new scientific discoveries, and
34 percent are very :nterested in the use of new inven-
tions and technologies, ranking them fourth and, sixth



In September 1945, 3 weeks after the end of World
War II, President Truman told a joint session of the Con-
gress: "'Progress in scientific research and development is
an indispensable condition to the future welfare and secu-
rity of the nation."

Today, nearly four decades later, science and technology
___seern_firmlv Imbedded in the Nation's customs and_laws._

About half the bills introduced in Congress involve sci-
ence or technology to some degree;I the U.S. House of
Representatives has a standing..Committee on Science and
Technology; the President has a Science Adviser and an
Office of Science and Technology Policy in the White
House; and the Congress has its Office of Technology
Assessment. Moreover, some $77 billion per year, equally
divided between Federal and private sectors, is being spent
on research and development. This amounts to about $350
peT year per citizen.2

in a democracy, a continued national commitment to
scientific research and development must rest firmly upon
citizen support.' This support is seldom expressed directly.
Only rarely does a scientific or technological issue come
up for a direct vote by citizens, o; even figure prominently
in the election of candidates. (Among the rare exceptions
are nuclear power and fluoridation.) It is evident, none-
theless, that public financing of scientific activities depends
on a tacit consensus that science and technology are vital
to the well-being of the Nation. In addition, citizens can
use their power to reverse policy decisions on specific
issues related to science and technology if they care enc ugh
about the issue to mobilize.

In this context, it is especially usefut to be aware of
public attitudes or science and technology. Public opinioi.
surveys offer a unique way of revealing these attitudes.
Through scientific sampling, attitude surveys can repre-
sent the views of the entire country. With thoughtful
wording of questions, such surveys can bring to public
attention views that may not yet have been publicly ex-
pressed.

By the some token, since the wording and context of
questions is crucial, surveys can be misused.' An accurate
and sensitive reflection of public opinion depends upon
using a wide range of questions to put the issue at hand
in perspective, using a variety of questions on a single
topic, framing questions that force choices or trade-offs,
and comparing answers to the same question over time to
capture trends. In spite of these problems, well designed
surveys have been shown to give results that apply to\the
whole population, and are useful for policy studies.8

This chapter reports on current views of the U.S. publi
on several science and technology issues; drawn mostly

--from 'surveys done by nationally recognized polling organiza-
tions between 1979 and 1982. Attention is given to the

'See ref. 1.

views of three special groups, in addition to the views of
the broad public. All were surveyed in late 1951.6 The first
specialgroup is the "attentive public"those citizens,
comprising 20 percent of the general public, who take an
active, continuing interest in science and technology and
keep informed about the issues! People were classified as

_attentive if they re_ported a high interest in science or tech-
nology, if they achieved a minimum score (based -fiarfly on
self-ratings) on a simple scale of scientific knowledge, and
if they regularly kept up with news of science and tech-
nology or with the news.: general. In controversial
matter's, attentives are more li ly to take public positions.
The second special group, tlle.,':potential attentives"
roughly 20 percent of fthe public is made up of those who
were "very interested" in science and technology but did'
not achieve the minimum score on the knowledge and
information acquisition scales. These people are impoitant
in this context because they are the ones who could most
readily become attentives.8 The remainder of the public,
by contrast, may recognize the importance of science and
technology, but in an era of information overload do not
select t4 is area for sustained interest.°

The third soeeial group whose views are assessed in this
chapter are 287 nongovernment policy ),-, ers n science and
technology.'° The 1981 survey was/he firs time these
people had been identified and systematically surveyed."
They were sampled from a specially drawn list of about
3,500 eminent scientists, engineers, doctors, science jour-
nalists, and other professional leaders in science-related
areas from universities, nonprofit institutions, air industry.
Included in the list were all current officers of national
scientific societies, recent members of major advisory com-
mittees for the Federal Government, officers and board
members of the top 20 science and engineering corpora-
tions of the Fortune 500 list, members of the National

eTelephOne interviews were conducted by the Public Opinion Labora-
tory at Northern Illinois University during November and December
1981. ,The study of attentives, potential attentives, and the hist of the
public is based on a multi-stage cluster sample and a random digit dialing
procedure based on J sample of working telephone numbers for each of
the 150 primary sampling units. This r;ludy follows &major survey of
public attitudes toward science and technology conducted in 1979. SeC
refs. 7, 8, and 35.

'The attentive public sample that was interviewed in thr 1981 survey
numbers 6,37 people. They come from a national sample of 3,195 adults
over 18 years of age. The notion of attentiveness was first developed igr
connection with public involvement with foreign policy. See ref. 34. The
characteristics that accompany being attentive are discussed in ref. 36.

'Typically, potential attentives' views lie between those of attentives
and those of the remainder of the pub. c, who make up 61 percent of the
sample.

The analytic report for the study of attentives and Potential atten-
nves is re tupich c,f th-e-mu-est-ionnaires.uF.e44n,.thi;--
study in addition to presenting the basic findingS: With the size of the
samples for the attentives and potential attentives, reported percentages
will differ by S points or less from the percentages that would have been
renoried if the whole Braun had been interviewed. Where data are



Academies of Science and Engineering, winners of Nobel
Prizes for science, and authors of recent books or refereed
journal articles on science and technology policy.12 The
r, ason for selecting the nongovernment leaders for special
attention is that they are the most knowledgeable and .
influential members of the public with regard to science
and techn,u1,));y issues: Nongovernment leaders often com-
municate-directly-with the_policymakers_who make decisions
on these_issues. The policymakers themselves are often
drawn from the ranks of the .nongovernment leaders.

This chapter describes the attitudes of attentives, poten-
tial attentives, and nongovernment leaders, as well as
those of the general public, on the broad issues. It also
gives in some detail the preferences of the leaders, poten-
tial attentives, and attentives for various scientific endeavors,
as well as their opinions on certain highly visible issues:
recombinant DNA, nuclear power, space exploration, and
government regulation of science and technology. In some
Cases. parallel data on these topics from other national
surveys are introduced for comparison. Finally; the, chapter,
points out similarities and divergences between the atten-
tives, the potential attentives, the general public, and the
nongovernment leaders.

GENERAL ATTITUDES TOWARD
SCIENCE AND TECHNOLOGY

Overall Benefit vs. Harm
The public continues to hold scientific research in rela-

tively high esteem. In the 1981 survey, about 7 out of 10
adult Americans said that the benefits of scientific research

"The.deinographic co4osition of the attentive, potential attentive,
and nongovernment leadership groups can be seen on appendix table 6-1.

have outweighed the harmful results.'3 This level of stip-
port is similar to that in a 1Cs7y national survey of public
attitudes toward science and technology (table 6-1 and
appendix table 6-2). The opinion of the attentive public is
even more favorable, With high percentages of attentives
and of potential attentives concluding that scientific
research has produced more benefit than harm. However,_
the number holding the opposite flew has increased
'slightly since the question was asked in 1979."

A certain ambivalence in public opinion appears, par-
ticularly in response toquestions that join technology with
science (table 6-2). According to a 1982 poll, people are
strongly optimistic that science and technology can raise
America's standard of living and solve problems (iteins a
and b of table 6-2). This optimism is tempered: a majority
does not believe that scientists could solVe any problem we
might face (item c). A less positive public sentiment also
emerged from this poll when people were asked whether
science and technology do as much harm as good. A majority
said yes (item e). When the issue was_posed as "science_
and technology often get out of hand, threatening society
instead of serving it," more than three- quarters of the
respondents agreed (item 415

Some indication that public opinion is more favorable
toward scientific knowledge than toward its technological
results appears in the survey of the attentive public.'°

"This level of support was also found by surveys discussed in ref. 41.
"Questions about the balance between the good and bad effects of sci-

ence and technology have been asked in surveys since 2957. For sum-
mary, see ref. 9, p. 1o1.

The response to agree/disagree questions of this type is known to be
particularly sensitive to variations in question wording. Thais, here and
elsewhere, the meaning Of the exact percentages reported is not always
clear. However, the responses taken together suffice to bring out the
ambivalence in the rublir's feelings about science and technology.

For other studies which made similar observations. see ref. 10
and ref. 11.

Table 6-1. Beneficial versus harmful consequences..of scientific.
research: 1981

(Percent)

Response

Benefits have outweighed harms
About equal'
Harms have outweighed benefits
Don't know

N,=

Total Potential Res? of
public Attentives attentives public

74. 90`\ 79 66
11 3' 5 5 15-
14 7 \ 15 18

1
__ 1 2

1,540 637 617 924

1Nnwrfor-a-different -typo_of..questionPeopletave frequently -noted that scientific research has produced
both beneficliftWflifirnful consequences:Would-pirSaytharorrbatance;-thiteriefii&Ofacientificluearch_______L_____
have outweighed the harmful retults, or have the harmful results of scientific research been greater than its

benefits?" \
sa naenAno.0 but rtni aunclAgt it



Table 6-2 The general public's views about science and technology: 1982
(Percent)

Question Agree Disagree
Don't
know

d. "Through science and tectinolOgy
-we can continue to raise our
standard of living." 18 3

a. "Most problems can be solved by
applying more and better technology." 77 t1 2

c. "Scientists can solve any problem
we might face if they are given
enough time and money." 42 55 3

e. "Science and technology do as
much harm as good." 56 39 4

b. "Science and technology often
get out of hand, threatening
society instead of serving it." 77 21

N =1,310

NOTE: The questions were asked in the indicated order, from a to e.

SOURCE: Research and Forecasts, Inc.. survey performed for The Continental Group, Inc.. unpublished
data.

Both attentives and potentiaLattentives agree, by very
large margins (88 percent and 86 percent respectively),
that scientific knowledge "is good in itself: it is only the
way it is put into practice that often causes problems."'"
A substantial majority of the attentives is doubtful about
a technological safety net for potential harm 'from- tech-
nological de velopment; 61 percent disagree with the strong
statement that "new inventions will always be found to
counteract" any such harmful consequences.'8 The poten-
tial attentives are more optimistic that technological fixes
will be found;,,53 percent agree with the statement.

. Status of U.S. Science and Technology in the World
Surveys have shown that .the public regards "techno-

logical knoW:Tfo-iV;" "scientific creativity," "scientific
research," and "industrial know-how" as the most impor-
tant in a long list of factors which have given the United
States a leading influence in the world." Recent data show
that the public harbors some doubt about the continued
primacy of American technology, especially with regard to
Japan. The survey of nongoYernment leaders indicates
that they share some of ,these doubts. -

A' May 1981 survey asked whether "U.S. 'technology
and know-how" are better than, equal to, or not as,good
as the technology of four other major industrial nations:

Science Indicators-1982

6-3). While U.S. technology was clearly rated higher in the
case of the first three countries, the ratings were more
nearly even when the United States was compared with
Japan." Of the scientists, engineers, and administrators

"According to the Sentry stud) of productivity. given a choice of four
factor'., 49 percent of a sample of U.S. business executives chose "a
failure to invest enough in new equipment and facilities" as the factot
which has done most "to inhibit the growth of productivity in this coun-
try.' Only 23 percent of Japanese executives in a parallel study choSe this
factor. See ref. 15, p. 74.

Table 0-3. General public's comparison of U.S.
technology with technology of selected countries:

1981
(Percent)

Country

France 70 16
West Germany 45 34
The Soviet Union -45 32
Japan 37 37

N = 1250

Better Equal
than to

Not as
good as

Don't
know

4. 10'
12 9
17 6
22 4



Table 6-4. Leaders' view of the international position
of the U.S. In basic and applied research: 1981

(Percent)

Basic Applied
research research'

U.S. is currently ahead of
other countries in:

Almost all areas
Most areas
Only a few areas
Don't know

U.S. should be leader in
almost all areas-

-

19 9
59 57
17 31

4 3

"Now let me ask you to compare Ariterictul science and technology to that of
other countries. First, in terms of basic scientific research (applied science and
technology), would you say that the United States is currently ahead of other
countries in almost all areas . . in most areas .. :or In only a few areas of
basic scientific research (applied Science and tachnology)T*

"As a matter of national policy, do you think the United States should seek to
be the leader in abOost all areas of basic scientific research (applied science

and technology), or should we focus our efforts on only selected areas of basic
research (applied science and technology)7"

' Includes technology.

See appendix table 6-3.
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surveyed in the 1.981 study of leaders, only one in five
considers the United States ahead of other countries in
.almost all- areas of basic research (table 6-4). With
regard to applied science and technology, fewer than 1 in
10 see this country as ahead of others in -almost all"
areas. In the case of both basic research and applied sci-
ence, the majority of respondents takes the middle position,
that the United States is ahead in "most" areas. However,
nearly one leader in ,three holds the view that
with regard to applied science, United States is ahead
in -Only' a f,.v- areas. .

The leaders express considerable dissatiSfaction with the
state of affairs as khey see it. Half think the United States
should lead in "almost all- areas of. basic research.more
than twice as many asthose who believe the United States
does in fact lead. Various disciplines differ, however. Bio-
logical and physical science leaders are the strongest pro-
ponents of U.S. supremacy in basic research. The majority
of social scientists andengineer/medical scientists?" chose
the alternative position offered in the question, that the-
United- States should focus national efforts on only selected
areas of basic research (appendix table 6-E). Support for
U.S. supremacy in, applied science and technology is less
.strOng. Nevertheless, about 4 out of 10 leaders think this
Nation should be ahead in "almost all- areas, compared

An important foundation for world leadership in sci-
ence and technology is a strong system of education in
science and engineering. Although 89 percent of the non=
government leaders believe that the United States ought to
be the world leader in this area, only 58 percent believe
that it actually is. At the same time. the leaders show
concern about the current quality of prec011ege science
education. l'Vhen asked whether "the quality of ',.,;cience
instruction in American high schools is on the rise,-
o3 percent disagrees. 21 percent strongly .22 The attentive
public is somewhat more sanguine about the status of sci-.

ience nstruction than the leaders; only percent dis-
agreed' when asked the same question.23 As a later section
-Of this chapter shows. the leaders questioned in the survey
gave high priority to funding for science and engineering
education.

The foregoing results suggest that the American public
has a relatively high regard for science and technology.
The more awareness people have of science and tech-
nology issues. the greater their Support: While public
esteem for science appears strong and clear, technology
seems to evoke a more, complicated response. American
appreciate technology for its contributions to the Nation's
high standard of living, but many are concerned that some
applications of science may get out of hand, threatening
society with dangerous, unintended consequences. Non-
government leaders of science policy express some con-
cern about U.S. world leadership in science and technolOgy
and believe that it should be-improved as a matter of national
policy.

Confidence
Some writers on the role of science in American society

believe they discern a growing distrust of science as it
affects the well-being of society.24 Confidence in science
has fallen in the last two decades, they say, as'controversy
over certain scientific and technological issues has become
more common, and as the side effects of technological
advances (such as air pollution caused by automobiles) art
better undefStood by the public. This view seems to be

accepted by the 45 percent of the nongovernnunt leaders
who agreed with the statement that -there is a growinE
distrust of science in the United StateS..today.-25 Among
the various disciplines, biological scientists most otter
agreed with the statement (61 percent)perhaps becaus(
of recent controversies over recombinant DNA and genetic
engineering. As described below, the 'leaders. in genera
put -inadequate public understanding of science- near an
top among problems on the.Nation's science policy agenda.

To assess whether there is in fact growing distrust o,
science, it is useful to review survey findings on public
confidence in the leadership-of various institutions. Sur)
polls often include -medicine- and 'the "scientific corn
minify in their list of institutions., Relevant question,



are repeated often enough by 'the _same survey organiza-
tions that changes over time may he revealed."

These polls show that the leadership of "medicine- and
that of "the scientific community" currently stand highest
in public confidence of the institutions included in the
surveys (table 0-5). This probably reflects the level of
public confidence in the medical and scientific communi-
ties themselves.27 As for shiftS in confidence over time,
polls on the ques_tion from 1966 to 1982 do suggest :hat a
slide in" public confidence in all institutions has
taken place over 15 years." Nevertheless, medicine has
remained at the top among the listed institutions over this
entire period: and science, exhibiting a slight upward trend,
is now second. The National Opinion Research Center

2.--;mith has shown that there are only partial explanations for the dif-
ferences in confidence levels recorded by different survey firms using the
same questions at approximately the same time. See ref. 13. The' trend
data presented here are restricted to polls taken by one survey house, the
National Opinion Research Center (NORC). This is intended to minimize
(though not completely eliminate) the variability not associated with true.
attitude 'change.

"Methodological research on the question used in these surveys has
shown that -confidence is a widely and correctly understood term" and

-that ''the concepts of trust and faith are central" to people's under--
standing of the term. A substantial minority (40 percent) were unable to
come 'tip with a relevant organization, group of peopleor individual
when asked whom they have in mind when they think of was was the
people running the scientific community. This suggests that their 'answers
to this question represent a generalized response to the image of the sci-
entific ( (immunity rather than to its leadership. See ref. 13, pp. 119-171.

"See ref. 12.

(NORC) series, which began in 1973, shows that confidence
in the scientific community has essentially remained steady
throughout the past decade (appendix table 6-4)."

The data show that the higher people's educational level,
and the more they report that they follow "what's going
on in government end public affairs," the more confidence
they have in the scientific comrnunity.3° In this respect,
the scientific community is unique. No such relationship
was found for the 12 other institutions included in the
poll (table 6-5). This finding reinforces results from the
survey of the attentive public: thc more aware people are
about science and technology, the more supportive they
tend to be of these institutions."

Despite the strong, steady expressions of public con-
fidence in the science community, a more complex picture
sometimes emerges in answer to related questions. In a
survey that asked the general public to rate institutions
on the "trustworthiness of information" they provide, the

"Similar results were found in a survey of the California population in
late 1981. See ref. 14. The scientific community -receives an especially
high level of "don't knows" on table 6-5. This may be due to the low
level of public familiarity with science and scientific leaders.

3`Fiftytwo percent of those who follow "most of the time what is
going on 'in government and public affairs whether there is an election

:going on or not, possess this degree of confidence, as compared with 43
percent for the sample as a whole.'Tabulation provided by Tom Smith,
using data from the 1982 General Social Survey conducted by the National
Opinion Research Center.

"Similar results were found in a national survey in 1957. Sec ref. 37.

- Table C-5. Confidence cfi the general public in leaders of major
I nstitutions: 1982

(Percent)

Institution Great deal

46
'38
33
32
.30 53
31

g. Oledicine .. . .
J. Scientific community ..... ...
c. Education ................
b. Organized religkin
i, U.S. Supreme Court ........
I. Military ... . .
m. Banks and Magda!

institutions .....
a. Major companies ...............
f. Press ....... . .
d. Executive branch of the

Federal Government ....
h. Television
k. Congress
e. Organized labor

COIY some Hardly any Don't know
40 7
48 tA 6 , 10

, 13
'49 15 4

52 15 - 3

55 '16 2
. 58 14 6 _

59 ' 21 2

54__ 24 3
57
62
53, 30 - 5

"I am going to minis some i in this country As far. as the people running these Institutions are
concerned, would you say you have a grekti of confidence only some confidence, or hardly any confidence



scientific community received only a medium ranking
(appendix table o-51. The medical community once again
was at the top, together with higher education. It should
be noted that the confidence question appeared after a
series of questions probing public opinion on environ-
mental and energy trade-offs. In this context, the public
may have been reacting negatively to the use of scientific
justifications for opposite sides of energy and environ-
mental controversies. Nevertheless, about two-thirds of
the public in this survey regarded the information they got
from the scientific community as trustworthy at least

most of the time" compared to four out of five for the
medical community:Moreover, in another question in the
same survey, the scientific community was rated highest
as a source of information about the risks of.nuclear
power 32 In fact, people. placed the scientific community
well ahead of the opponents of nuclear power, the Govern-
ment, and the utility companies as a source to be trusted.

Science and Economic Growth
Strongly favorable views toward science appear in the

assessment by attentives of another topic that affects
people directly: the relationship.between science and
economic health. Sixty-two percent of the attentives dis-
cern a close tie between basic scientific research and
economic growth; another 28 percent see a loose tie.
Potential attentives are somewhat less convinced, yet 83
percent believe there is some relationship. The attentives'
views on this question parallel their strongly favorable
views about scientific research in general."

"See ref. 42.
"Sec ref.:, table 6.

In answer to a similar but differently worded question,
34 percent of nongovernment leaders said they believe
that the economic growth of a nation is largely determined
by-its level of basic scientific' research; while 60 percent
think that economic growth is "only somewhat determined"
by basic research. Only 5 percent see no relationship.34

Limiting Scientific Inquiry
The question of limiting scientific inquiry is closely allied

to public apprehension about possible harm to society
from scientific or technological development. Some people
have expressed fears that scientists or engineers may be
doing studies that should be left alone. On the other hand,
scientists might be expected to take the view that inter-
ference with the freedom of scientific inquiry is poten-
tially dangerous to scientific progress. In recent years,
controversy over limiting scientific inquiry has been
especially heated on research with recombinant DNA.
How supportive is the most interested and knowledgeable
segment of the public toward free inquiry in subjects with
dramatic implications for everyday life?

Members cf the attentive and potentially attentive
public were told in the 1981 survey that "some people
are worried that scientists are studying problems that are
better left alone" and that others "feel it is a bad idea
to limit the kinds of things that scientists can study."
These groups were then asked whether scientists should
or should not be allowed to conduct certain kinds of
research (table 61'4 Only one-fifth to one-fourth of the
attentives oppose research aimed at extending human life

"See ref. 8, table l I and ref. 40.

Table 8-8. Willingness to restrain scientific inquiry: 1979 and 1981

Respondents
Attentives, 1979 61

Percent willing to prohibit
sclenifffc research concerning ...

Intelligent
New of 7 rtfo Living

fchns'of child at In outer. to be Controlling
life conception apace 100+ Weather N

Attentives, 1981 . 50
Potential attentives, 1981 .... 67

NA not available.

NA --.12
50 24
57 27

20 322_
'20 20 637 -..

24 23 617

"Next, let me ask you about the types of studies that scientists 'ought to be able to conduct. Some people

are worried that scientists are studying problems that should be leftalone. . Other people feelthat It. Is a bad

idea to limit the kinds of things that scientists can study. _

rm going to read you a short list of studies that have caused some debate. For each study, please tell me

whether you think scientists should or should not be allowed to conduct that kind of research. If you don't

care one way or the other; lust give me that answer.
First, studies that Might enable most people in society to live to be a hundred or more. Should scientists

41.1. ena e.1 tr.. asr n,, Qtwid* that 'rriletht land to oracles weather control and



to egf,.. 100 or more, the discovery of intelligent life in outer
space, and -precise"' control over the weather, When it
comes to research that might give people control over the
sex of their child or research "that might allow scientists
to create new forms of life" (which, in the context of these
questions, may have been interpreted by the sample as
potentially creating a monster)," fully one-half of the
attentive public has misgivings. Only 24 percent of the
attentive public is willing to allow scientists to pursue all
five of the listed areas of research (see appendix table 6-7).
The potential attentives are even more resistant to allow-
ing research on the topics in question. Willingness to
restrain scientific inquiry is especially common among...,
those in the oldest age group and can also be noted in the
youngest age group, at the lower educational levels, and,
in specific areas, among women.36

Four of the five questions asked in 1981 were also asked
in the 1970 survey. In thi. '"rief time interval, there was
an apparent change in only one item: in 1979, one in ten of
the attentives was willing to restrict research that might
discover intelligent beings in outer -space; by 1981-, this
number had risen to nearly one in .fotir.

PUBLICPREFERENCES AND EXPECTATIONS

Science. Versus Other Spending Priorities
However favorably the public may regard scientific

research, these activities must still .compete with .many
other desirable programs for funds The surveys of atten-.
fives and leaders asked questions that put spending for
scientific research in the context of spending for other
goals. Despite the long rang' .:haracter of payoffs to be
expected from basic research and the pressing nature of
other national needs, the results suggest that the atten-
tive public is sensitive to the funding needs of scientific
:esearch. The general public, while by no means anti-
science, is somewhat less supportive.

Menthe's of the general publicthe attentiVes,, the
potential attentives, and the rest of the publiclwere
asked to consider 11 programs supported by Federal
funds, and to say whether "we are spending too much,
too little, or about the right amount" for each." Except
for -conducting scientific research," all programs on the

list concern specific social problems. A number of these,
..: such as crime, health care, and national defense, are

regarded as pressing national problems.
All three groups place "reducing the crime rate" and

-.helping older people" at the top of the list" (table 6-7);
"improving health care" and "improving education" are

I to the atiFfil Ives views about recombinanl
t.DNA i..watch is discussed later in this chapter.
,ippendix tables 6-o.and b -7. Appendix table 6-7 is based on an

Table 6-7. Subpart for increased spending for
pro*ms: 1981

"(Percent)

Problem area

Helping older Poo*
Reducing the criine rate
Providing and conserving

energy .4..
improving education
Reducing and controffing

pollution
lmixoving health care
Conducting scientific

research
Helping row - income

Attentive
public

Potential Rest at
atterdives putfic

77 74 71
71 81 75'

53 45
60 _ 61

63 55 47
59 62 60

35

Persols \ 42
Exploring space 39
Developing and improving ,

national defense weapons

-

Prevertting and treating

45 45

drug addiction 23 \ 17 14

= 326 \ 312 1017

-we we faced with many protiiems in this countiy.\ rm going to name some
of theie problems, and for each one rd are you'tooll me if you think were
wending too much money on it, too Rae inor7r 'on it. or about the right=cant:
SOURCE: Jon D. Nbly-'1. A Natiolial Survey*, Pubic Attitudes Toward Scktoce

and Ter;Aology (Deka), Northam Illinois University, 1982).
I tat*, 74,
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also strongly favored for increased funding by all three
groups. 'Conducting scientific research" places seventh
among the 11 programs with the attentive public,. and
ninth with bOth the potential attentives and the rest of
the public, While half of the attentives want. increased
spending for scientific research, only about one-third Of
the potential attentives and one-quarter of the rust of the
public favor this. Very few say they want lower than cur-
rent levels of spending for scientific research.

A survey of the general public cotl,lucted in November
1981 showed similar. results. This survey, examining a
different list of programs, also asked whether spending
for each was too low, too high, or at the right level.
This survey explicitly stated that the spending came froth
"all sources, government and nongovernment." A follow-
up, question asked whether people thought a cutback in
Government spending in each of the areas would be made
up by the private sector (appendix table 6-8).

Again, services for, the elderly rank first. '13asic scien-
WIC researclioccii-Ples
out of five people think spending is too low; only 15 per-
Innf eat, it it inn ilia}, Ahntit half rinliht that (-nil-lac-Lc in



total Federal spending is cut, or whether spending for this
purpose should be exempt from cuts. Only 28 percent of
the leaders favor a proportional cut for basic science. In
contrast, 69 percent of the attentives and 74 percent of
the potential attentives would favor such an approach.39

Science Policy Agenda
To the_nongovernment.leaders, one of the most pressing

issues in science and technology policy today is adequate
funding for bask scientific research_ Asked to comment
on seven issues in science and technology and to categorize
them as -a major problem," "a problem but not major,"
or not really a problem,"" fully two-thirds of the leaders
cite funding for basic research as a major problem (table
6-8; cf.. appendix table 6-9). In all settings and disciplines
from universities to industry, from engineers to biologists,
the leaders put this issue at the top of their national agenda
of major_problems_".-- --

Ranking next with the nongovernment leaders are pub-
lic understanding of science and precollege science educa-
tion Nearly half cite these as major problems. Among the
various disciplinary groups_ the biologists are somewhat
more concerned about public uralerstanding of science
(again, perhaps a4 reflection of the public debate about
recombinant DNA research and genetic engineeringj, and

"See ref. 40 and ref. 7, table 15.
'The list was derived from the literature and consultants' advice. The

seven items in it closely matched answers to an open-ended question in
the leader$ survey, which asked "what do you think is the most
important science policy question facing the United States today?" See
ref. 8, aprendix B.

"The attentive public was not as;...ed to name or rank major problems
in science and technology, but answers to other questions in this survey
indicated a somewhat lower levpi of support for basic research and a
greater interest in applied science or utilitarian programs.

Table 6-8. Major problems for sclerice and bchnoklgif,
Identified by nori-govemmetttal SSIT'leadaro:1981

Percentages
classifying each

Problem problem s major

Funding for basic scientific research ...
Public understanding of sCfence . .. .
Pro-collegiate science education .:. .. 45
Scientific instrumentation for research ,
Training and research Opportunities

for young scientists
Incentives for industrial research

and c1evelopment ,

toward end product. s and uses
N = 287

the physical scientists show a special concern about high
school science education.

The two items of least overall concern on the list are
incentives far industrial research and development and
applying scientific knowledge to end products and uses.
Not surprisingly, incentives for industrial research are of
greater concern to leaders in the for-profit sector than
to others; even so, these leaders, like the rest of the group,
are far more interested in funding for basic research than-
in any other issue.

The leaders showed their serious concern about funding
for basic research in their answers to another question as
well. Told to assume that the level of Federal funds for
scientific research and development will remain constant
over the next F to 10 years, leaders were asked about their
preferences for reallocating resources more -,rard basic
scientific research or more toward applied research. In
this no-growth funding situation, almost half_of_the leaders._
would favor biiiFfesearch7GrilFf3-percent would favor
applied research (appendix table 6-10). No disciplinary sub-
group among the leaders would favor applied research at
the expense of basic research. While leaders from academia
where most basic research is performedmight be expected
to favor basic research, it is notable that even among the
private industry respondents support for basic research is
at least equal to support., for applied research.

The attentive public gave quite a different answer to the
same question. fewer than 3 out of 10 Of the attentives
would favor increased funding for basic research. The
remaining 7 out of 10 in about equal numbers would prefer
maintaining the present balance or increasing funds for
applied research (appendix table 6-10).

The attentives' preference for applied science research
emerged in another question as well. Membars of the atten-
tive and potential attentive public as.well as the nongov-
ernmental leaders were given a list of 12 items, and asked
to state their preferences for more funding, less funding,
or a constant level. Again, the assumption was that total
spending would be held level. In this situation, four out
of five attentives and potential attentives would favor
increased spending for disease-specific medical research
(table 6-9). This item is at the top of their list by a large
margin." Only a third of the leaders would support more
funding for disease-specific medical research. In the case
of basic research in biology, chemistry, and physics, the
nongovelnment leaders assigned them high priority, espe-
cially in the case of biology. Attentives gave them nearly
average rankings, while potential attentives gave them

'relatively-low rankings. Economic research was a relatively
high priority for attentives and potential attentives (espe-
cially the latter), but it was quite a low priority for the
leaders.

In other areas, the choices cf leaders_and a ttentives_were
much more alike. Both rank -sTience ma engineering edu-
cation and human learning research among the top, three

;riren.cori Roth nut mathe-



Table 6-9. Areas of science for increased funding If total Federal support
were to be held constant: 1981

Area

Science and engineering education
a. Basic biological research
h. Human learning process research
i. Basic chemistry research
k. Engineering research
c. Basic physics research
f.- Behavior in complex organizations

research
Disease specific medical research
Space exploration

e. Mathemaresearch
research

g. Weapons researchland development

i-
d.

N =

Percent approving increases

Science - ---Potential-
policy leaders Atten.ves attentives

55
54
42
41
39
37

33
34-

.34
22

18-
11

287

57 52
44 35
67 67
47 49
46 46
46 37

39
82
47
32
48
36

40
84
38
32
53
47

637 617

In the context of a no-growth federal resource situation, some people have iuggested a reallocation among
various areas of science to recognize differences in need and probable outcomes. rd like to read you a short
list oi areas of scientific research currently receiving federal support iind d like for you to indicate if you
would prefer to increase., to decrease, or to hold constant the share of federal funding for each area. In the
same context, would you prefer to increase, to decrease, or to hold constant the share of federal funding for
science and engineering education?"

NOTE: The items were asked in the indicated order, from a to I.

SOURCES: Jon D. Miller, A National Survey of Public Attitudes Toward Science and Technology (DeKaib:
lit: Northern Illinois University, 1982) table 17; Jon D. Miller, A National Survey of the Non-
governmental Leadership of American Scie 'we and Technology (DeKaib, M.: Northern Illinois
University, 1982), tables 13-17,23.27-32.
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Table 6-10. Views about policies to promote technological Innovation by.

t3olicy

American industry should,
invest more heavily in
scientific research and

The oral Government
should providb larger tax
incentives toincrease
Industrial research and\
de

If patent Iaws in the U.S.
were modified to extend the
period of exclusive use, we

American Industry: 1981
(Percent)

Respondents Agree Elsa' wee
Don't
know N

Leasers 93 5. 2 287
Attentives 91 17 1 637
Potential

attentives 88 11 1 617

Leaders 70 26 3 ?87
Attentives 72 27 1 637
Potential

____attenfives---70-- ---:--29---- ----1------ 6- f7----

Leaders 25 66 10 287
Attentives 58 37 5 617



(The potential attentives, however, give a higher ranking
to weapons research. placing it around the middle of the

Government and Industry Roles in Fostering Research
Another way of looking at the question of government

spending for research is to ask people how large a role they
think government should undertake in this area. Closely
connected is the question of how active a role industry
should take in promoting research and innovation. Recent
surveys indicate widespread public support for a govern-
ment role in basic research and a conviction that industry
should invest more heavily in scientific research.

A 1981 public attitude survey asked howl.. -lch govern-
ment should be involved in "fostering basic research" in
the context of eight other areas "in which government

might play a role." Of the nine areas, fourgood health
care, protection of the environment, economic development,
and provision of enough good jobsreceived considerably
stronger support than basic research for a "major govern-
ment role" (appendix table 6-11). However, 89 percent of
the people surveyed favor some degree of government
involvement in basic research withmore than half saying
government should play a "major role."

According to the 1981 surveys, nongovernment leaders,
the attentive public, and potential attentives all agree over-
whelmingly that American industry should invest more in
scientific research and developMent (table 6-10). The three
groups also support, by large margins, larger Federal tax
incentives for industrial research and development. Inter-
estingly, the leaders and the i_ttentive public disagree on
changing the patent laws to allow a longer period of exclu-
sive use. A majority of attentives and a larger majority of

Table 6-11. General public's preferences for advances In technology: 1974,
1976, and 1981

Fieki of technology

e. Medical transplants (heart kidney,

f. Biological and medical engineering
to Improve or correct defects In
human beings

Development of new food sources

Methods of local public transpor-
radon (buses, subways, etc.)

d. Nuclear power for peacehil purposes

a. Exploration of space

c. Cable TV technology, programming, '

and home information services

h Synthetic fiberaand materials
(nylon, dacron, etc.) rr

Advanced wearronry (missiles, etc)

k.

g.

Percent desiring
continued advances

1974 1976 1981

-88 89 90

1- Compact computers for home use

I. Automated and self-service shopping
facilities (self:service food rnarkeis,
gas stations', automated banking, etc.)

Synthetic foods (meat substitutes
made from soy protein, chemicals, etc.)

Development of new living spaces
(under sea, in space)

S- peedvf-jet-plinealoFlong------
distance travel

(c.) Electronic surveillance devices
(microphones, wire taps, etc.)

31

27,` NA



potential attentives agree with the suggestion that this
change would bring forth a major increase in technological
innovation. Two-thirds of the leaders disagree, and there
is also a relatively high percentage reporting "no opinion."
The negative assessment of the usefulness of extending
the duration of patent protection was shared by all sub-
groups of the leaders,, including the engineer/medical sci-
entists and those in the for-profit sector.

Desirable Arkiances in Technology
People's personal assessments of the specific goods and

services provided by applied scientific research and tech=
nology are bound to have a good deal of weight in their
overall assessment of the benefits and harm of science or
technology, in their preferences for further scientific and
technological advances, and in their willingness to spend
society's resources (both public and private) to get them.
Three times over the past decade, members of the public
have been asked whether they believe that certain tech-
nologies should be advanced further or whether they
think that the technologies have already gone too far. The
results suggest that, for the most part, Americans continue
to desire technological advance (table 6-11). More than 6
out of 10 surveyed said they desire further advances in
two medical technologies. Large majorities also favor
further development of new food sources and public
transportation. Although slightly less than half of the
public look forward to continued advances in 11,34 com-
puters, b4 percent of the college educated public sat' in
1061 that they favor further progress in this field. In 1981,
a majority also wanted continued advances in nuclear
power, a particularly controversial technology, although
support was somewhat lower than in 1974 and 1076. Sup-
port fur advanced weaponry increased from 1974 to 1981.
Space exploration rose in the public estimation so that in
1981 a majority favored continued advances in the explora-
tion of space, as compared with a minority in earlier years..

The generally very favorable public responses to these
lists of specific- technologies contrast with the sense of
some uneasiness about scientific and technological advance
discussed above. It appears that people are inclined to
-evaluate technological advance favorably in areas with which'
they are familiar. Medical-advances have a particularly
strong appeal.

Expected Advances in Science and Technology
Consistent with their high esteem for science and tech-

nology and their support for continued funding of scien-
tific research, large majorities of attentives and, potential

,TITEfilives have hig1 expectations of scientific advance
over the next 25 years (table 6-12). At least three out of
five in both groups think it "very likely" that, within a
quarter'of a century, scientific research will come up with
a more efficient source of cheap energy, an economical
way to desalinate salt water, a way to predict earthquakes,

Table 6-12. Expectations that possible scientific
achievements are very Ilk* vrithk1 25 years: 1979

and 19111
(Percent)

Achievement

Cheap erergy .......
Predict earthquakes . 72
Desainaki sett water

whore catty . .......
Cancer cure
Put cornea in in

outer space
Control inflation and

unemployment ... . . 19

N 637

ton 1981 1979 1981

81 74 59 65

NA not available.

"Now, let mot at* yju to thy*. about the long-tenw future. I am going io read
you a fist of possibie scientific results and ask you tow *sly you *Mick is
that each of Pail re*ufl be wawa* in ,ext 25 years Of sae A
way to predict when and where earthtjuithea war Do you think that t is
very liely; potable but not too Rely, co not SkilY at el thet researchers will
*Mews this mew widert the next 25 iiitice so? b.) More sTcient sources
of cheap energy. c.) A ass for turestext loans of cencei; A' Saw Its put
ocsenmunities in outer space,: a.) A way b erionoinicilly desalinate' seawater
lc( lama consumption. t.)Arl **milk theory io Or"' 1144144°6 and reduce

See appendix table ti-14.

opinions, except that attentives are more optimistic about
the most favored achievement (energy) and more pessimistic
abcut the least favored achievements (inflation, unemploy-
ment, outer space). In general, the attentives and potential
attentives are not technical experts in these subjects'and
are not necessarily in a position to make accurate forecasts
of technical developments. However, their responses indi-
cate their level of confidence. in science in specific areas
of application.

Table 6-12 suggests that there was a slight overall decline
from 1979 to 1981 in the attentive public's expectations
from science and a comparable increase in the expectations
of the potential attentives." In the 1981 survey, the views
cf men Lnd women, young and old, and the more or less
educated similar on these! questions (appendix table
6-14). Young people, for example, are no more confident
than their elders that important scientific advances will,
take pra-Ceiht-KE next 25 years.

The attentives' optimism about new energy sources is
shared by nongovernment leaders, About 83 percent of
the leaders and a similar proportion of attentives and
potential attentives believe that science and-technology
can be depended upon "for a long term solution to the



In sum, survey results indicate that in comparing scien-
tific research with other national funding needs, science
appears to have considerable support, especially among
attentives. It is by no means at the top of the list, but
half of the attentives favor increased funding for scien-
tific research. Few among the general public wish to cut
back spending for this purpose.

Nongovernment science policy leaders are strongly sup-
portive of basic scientific research, rating adequate fund-
ing for this purpose as a high priority for national science
policy. Attentives are more inclined to favor applied sci-
ence or utilitarian programs, such as disease-specifi.;
medical research. The importance of science and :v:;-/:.?eer-
ing education arid of human learning procs..-:'
appeals to both leaders and the attentive pubic.
surveys indicate that the public desires continua teth-
nological advance in most areas; especially in health care;
and has high expectations of such progress in developing
desalinated seawater, predicting earthquakes, developing
new sources of etvi.:rgy, and finding cures for cancer.

SPECIFIC ISSUES

Some scientific and technological issues receive so much
attention, or generate so much controvery, that the general
public becomes actively interested and sometimes politically
involved in them. Other issues, no less important, receive
less publicity, and a narrower segment of the public gives
them much consideration. In the 1981 survey, the views of
the attentive public, the potential attt.. ves, and the non-
government leaders were explored on selected issues.
These included nuclear power, a highly visible and highly
controversial subject; recombinant DNA, also controver-
sial but not a front page news item; Federal regulation
of various aspects of science and technology; and space
exploration, a Subject of renewed- publicity and interest
with the launching of the space shuttle.

Recorribinant DNA
When research on recombinant DNA, or genetic engi-

neering, was first widely discussed, many scientists and
concerned citizens expressed fears that the'new technology
might be abused, or might accidentally liberate harmful
new arms of life." In 1976, an advisory committee estab-
lished by the National Institutes of Health (NIH) issued
guidelines intended to regulate all NIH-funded research
on recombinant DNA, and to set a standard for research in
industry, universities, and elsewhere. As experience with
the new .technology grew,- many research projects' were
exempted from the guidelines' controls." In 1982, the NIH
Advisory 'Committee Tecommended new guidelines, drop-
ping some rest; ictions but keeping some controls and pro-
hibitions."

Most of the debate over recombinant DNA has taken
place among scientists and policy leaders. although the

The 1981 survey of nongovernment science policy leaders
reflects the zvolving consensus amonif; scientists that
recombinant DNA research is a legitimate and highly
promising enterprise. A very large majority (76 percent) of
the leaders surveyed says that the benefits outweigh the
risks (appendix table 6-16). Among biologists, who in
general are closest to this controversy, 89 percent say that
the benefits outweigh the risks.' Among the attentive
public, support is also strong; 58 percent asses, the bene-
fits as greater than the risks, while 32 percent hold the
opposite view. A plurality of 47 percent of the potential
attentives also believes that benefits outweigh risks; risks
appea: greater than benefits to about 35 percent.

As discussed above, one--half of the attentives ard, two-
thirds of the potential attentives believe that scientists should
not be allowed to conduct research 'that might allow them
to create new forms of life, a position in apparent con-
tradiction with this favorable assessment of recombinant
DNA research (cf. appendix table 6-6). What underlies
these divergent views? It appears that latent fears about'
the creation. of new life forms do exist, ,even among the
attentives, and that the wording of the earlier question
may have activated these fears. For example, the wording
of this question presented the creation of new life forms
as something that :night best "be left alone," possibly
conjuring up monsterlike images. In contrast, the risk/.
befiefit question is stated in rather neutral, abstract terms
and relates the creation of new life forms to the specific
research field of recombinant DNA. it also cites explicitly
the benefits that society as a whole may enjoy."

A majority (58 percent) of the nongwernment leaders
surveyed in late 1981 believes that the level of government
regulation of recombinant DNA research is "about right,"
although one in six believes that regulation is too high,
(table 6-13). (This question was not asked of the attentives.1
Biological scientists, who are closest to the subject, ar
more inclined than any other group to believe that gof-.
ernment regulation is too strict. Interestingly, 1 in 10 Of
the biological scientists, and one in five-of the physicll
scientists and a miscellaneous category "other" (mostl
composed of humanists, educators, and some health scien
tists) have no opinion on the level of government regulation
in-this area." Apparently, these science. policy lead,-; s feel
that they are not sufficiently knowledgeable about this
rapidly changing area of scientific research and policy to
offer an winion.

Nuclear Power
Public controversy about nuclear power is longstanding,

with many instances of disputes Over siting of nuclear
power plants, level of allowable radiation, disposal of wastes,
and so on, from the 1960's onward.5° Public opinion surveys
showed that, from 1971 through March 1979, majorities



Table 6-13. Nongovernmental science leaders' views about the pre
of regulation of science and technology: 1981

(Percent)

ent level

____Too_______About_______T_oo_ Don't
Activity high right

New pharmaceutical products 36 49
Conduct of.basic scientific

rest:Arch 26 ) 63,0
Construction of nuclear

power plants 25 40
Recombinant DNA or genetic

engineerin experiments 1.7 58-
Research In olving human

,

, subjects 17 63

Use of chemical additives
in food 13 53

Production-and 'sale of
pesticides 12 54

N = 287

low ; know

9 6

4

33,.

-9-- .----15_

109

29 5

27 8

"Now. I'd like to turn to the general issue of governmental regulation. I'm going to read,you a short list of
activities and for each one -I'd Ike for you to tell me whether you think that the present level of governmental

--)

' regulation is too high, too low, or aboutrighl."

SOURCE: J D: Miller. A National Survey of the Non-governmental Leadership of AmencaniencEi and

. :. .
...

Te milogy (DeKaib, ;H.: NrrO,tn Illinois University, 1.984 tables 35. 37, 42-46,

or at least pluralities of -the.public supported the. idea of
power,plants,,For. a tinieaf ter the

three Mile lslano .,16..iden in March '1979, there was more
.,.:opposition to buildng new nuclear power plants than

later polls; support once more exceeded Opposi-
ti611-,. but at a, 16,61 significantly. lower than before the
aCcident.52

On the whole, the attentive public believes (by a margin
:of 55. to 45) that the benefits of nuclear power outweigh
the risks: the potential attentive: are about evenly divided;
and the nongovernment -.science policy leaders strongly
believe (by ,a rnargiTt of 60 percent to 30 percent) that
benefits outweigh risks (appendix table 6-17).

But opinion. on the issue continues to be distinctly
polarized. Da ta .are available on how strongly the attentives
and the potential attentives feel on the nuclear power risk/
benefit question (appendix table 6718).53 It is notable that
35 percent of the attentives believe strongly that the benefits

. of nuclear power outweigh ,the risks, while almost the
same proportion (29 percent) stands at the opposite,
extreme.54 :Potential attentives also exhibit these 'extremes
of'opinion, although negative feelings are more frequent
than -positive feelings.

-- .
Distinct. differences 'on the issue also emerge among

the subgroups. The higher the education among attentives,
the.less favorably is nUclear, power recorded. This is, uniistal,
since support fol: science and technology ,oidinarily in--.
creaseswith the level 61.%.tke 'respondent's educalion. A
-large middle group of high school and college graduate
attentives assesses nuclear power favorably (55, to 4'5,per-
cent), but:with the same polarization 'aS in the grout

.,-

as a whole. . . .

The leaders" assessment of nucloar poiver, while definitely
favorable on-the whole, is similarly rnai-ked by differences
'among subgroups. About four - fifths of physical scientists .,
and engineers/medical scientists say thelicriefitsof nuclear.'
power exceed the risks. However, about half of social
scientists di5agree.55 .

. . .. . ,
....

Answers to a.qUestion about the regulation of nuclear
power tend to Confirm the Unusual degree of .polarizaticin
among the leadelg.'on the question of n-ue.',riar power. One-
third, say regulation of nucllear plant construction is too
low, While One-quarter regard it as ;:,--;) high As a later

.!.;ecticiii shows, the leaders' opinion on regulation in other .,
areas is much closer to a consensus. Engineers /medical
scientists are thrgroUp most likely. to think regulation of
nuclear ower. iS too high (appendix. table 6-17),bULeven -
in -Their rtst:-.4;ib,tanti-a-1.-mintarity:betieves---reguirtion is



Regulation
Government regulat affects many other, aspects of

science and technology:in addition to recombinant DNA
and nuclear power, Because of the present reevaluation of

__government regulation in general, the 1981 survey asked
the nongovernment science policy leaders for an assess-
ment of regulation in seven fields related to science.

Majorities of the leaders believe that the present level
of regulation is satisfactory in the fields. they assessed,
except for nuclear power where only a plurality thinks
the degree of regulation isSatisfactory (table 6-13; cf.
appendix table 6-17). In several instances, however, sub-

--stantial minorities express dissatisfaction. Over one-third
believe' that regulation of new pharmaceutical products is
too high, Leaders particularly affected by regulation in
this area are most inclined to think it is overregulated;
48 percent of the biologistS, 50 perCent of the engineers/
medical scientists, and 57 percent of the leaders who mirk
in a for-profit setting say that regulation of new drugs
is too strict." Opinion on regulation of the use of chemical
additives in foods and the production and sale of pesticides
is at the other extreme. About 3 out of 10 leaders consider
tl(rese areas underregulated at.present.

Most leaders regard the level of regulation of research__
involving human subjects, and of basic scientific research
as 4kisi actOry. In the latter case, however; a substantial

/ (one in four) sees overregulation. As noted earlier,
ntiv..far power is an anomaly on this list, because nearly
equal numberS believe that the level of regulatIOn is too
high or too low, and only slightly more find it satisfactory.

Space. Program

Advances in space technology capture, theimagination
of many Americans.'In 1981,42 percent in one survey said
that they believe "people from Earth will e.ventually-
coloniie the moon or other planets."57 In another survey
conducted in the same year, 42 percent said that they
would takfbadvantage of a chance to travel in outer space
if it were offered to thern."

Afters-an interval of almost 6 years, piloted space flight
was resumed with the first NASA space shuttle flighton
April 12, 1981. This venture and the subSequent flights
showed that space shuttle technology, with its promise of
research, commercial, and military space applications, is
feasible. According to a survey conducted less than a month
'after the first space shuttle flight, 76 percent of Americans
judged the success of this flight as "a major breakthrough"
for U.S..teChnology and know-how. The:heightened public
visibility of the space program during-this period occasioned
several public opinion surveys on the subject, making it
possible to assess the impact of the shuttle successes on
public support for the space program. The surveys of
potential attentives, 'attentives, and leaders occurred just
after the- second - shuttle flight in November 1981; the
11PIAN of thPcP arming can he compared with those of the

The space program is not highlycontroversial on grounds
of risk, but it has been criticized for its cost. Recent surveys
show that the. general public continues to feel, by roughly
two to one, that the space shuttle program is. wor,',h1 its
current cost.59 Asked to assess whether the benefits t f 'he
space program exceed the costs, the leaders, potential
wriebtives; and attentiveg-gupporrthe program stro-ngly
(table 6-14). The.potential attentives are about evenly
divided oh whether the benefits exceed the costs. ;

Survey data show a close relationship between knowledge
and interest in science and technology and support for
increased spending for "exploring space.." Among the
general public, there is relatively little support for increas-
ing spending on space beyond the current-levels of ex-.
penditures, a historic pattern which the shuttle program
has not reversed (appendix table 6-19; cf. table 6-7). Since
1973, the n\umber of those who said we are spending "too
little" on the program has varied between 7 and 18 percent,
with the latest (spring 19S2) data showing 12 percent, a
decline from 1980's 18 percent. Results of another survey
may explain why more people do not support expansion
of the space program's budget, despite the successes of
the shuttle Program. In spring 1982, just before the third
shuttle launch, 46 perceia of the general public said that,,
rather than/being excited about the prospect, they "don't'
care all Thai much" about space launc, "hes. The attentive
and potentially attentive public, however, are far more

i :supportive of increased funding for the space program,
as shown' in table 6-7 earlier in this chapter. Whereas
only.]: in/10 of the rest of the public supports_more funding
for the

/
programs, one in four of- the potential attentives

and twosin five of the attentives favor increased spending.
While ih general the nongovernment leaders strongly

support basic research with less emphasis on applied research,
their / preferred priorities in the space program .are for
servi e-oriented results. The leaders, the attentives,.and
the ,Potential attentives were asked .whether, over the next
10 years,. they would favOr satellite Systems that offer
us/ful services, such as weather forecasts and communica-,
,lions, or whether they would choOse to concentrate efforts
6n deep space probes "to learn more about the origin and

/nature of the universe" (table 6-141. T.wo=thirds of the
attentives and potential attentives favor the service-satellite
systems. The leaders agree with this position by only a
slightly smaller majority (three-fifths).

In sum, the findings reported in this section indicate
that, biter a brief period of concern and" controversy in
the scientific community, nongovernment science policy
leaders now overwhelmingly believe that-the benefits of
recombinant DNA research exceed the risks. A, substantial

"A Harris poll conducted shortly after the first shuttle flight askedv"It
could cost the U.S-. Government several billion dollars to develop the full.
potential of the space shtittle over the next ten years: All in a11, do you

1 .1



Table 8-14. Views about the space program: 1981
(Percent)

Respondents

A. Cost-benefit assessment

. Benefits Benefits
exceed equal
costs . costs'

Costs
exceed- Don't
benefits know N

Leaders
Attentives
Potential attentives

57
60
:21

7 27
38
47

10
1

. 1

287
637
617

B. Choice of emphasis over next 10 years

Prefer more . Prater more
service-oriented deep space Don't

Respondents satellite systems probes know N

Leaders
Attentived
Potential attentives

59 33 8 287
68 30 2 637.

66 32 3 617

A. "Many current issues in science and technology may be viewed as a judgement of relative risks and
benefits, or costs and benefits. Thinking first about the space program.. some persons have argeed, that the
costs of the space program have exceeded its benefits, while other people have argued that the benefits of
space exploration have exceeded its costs. In your opinion, have the costs of space exploration exceeded
its benefits or have_ the benefits of space exploration exceeded its costs?

B. "Some space scientists have focused primarily on orbiting satellite systems that can Provide useful eco-
nomic and weather forecasts and communications services. Other space scientists have focused on deep
space probes to learn more about the origins and nature of the universe. If it were necessary to place primary
emphasis on only one of these two objectives over the next ten years; Wouldyou prefer more service-satellite
systems, or more deep space probes? .

I Reported only when vOlunteered by respondent&

SOURCES: Leaders: Jeri D. Miller, A National Survey of the Non-governmental Leadership of American
Science 'and :Technology (DeKalb, Ill.: Northern Illinois University, 1982), tables 39 and 40:
.Attentives: Jon D. Miller, A National Survey of Public Attitudes Toward Science and Technology
(DeKalb, Ill Northern Illinois University, 1962); tables 26 and 27.

Science Indicators-1982

:but smaller majority of the attentive public agrees, while
only a plurality of the potential attentives takes this view.
Thus, support for genetic engineering research appears to
decline with a declining degree of interest in and knowledge
about science issues. Half Of the attentives and a majority
-of the potential attentives say they are in favor of restrain-

research on the creation of new forms of life.
In 'a somewhat similar pattern, a large majority (two to

one) or',nongovernment leaders supports nuclear power,
while attentives.support it less strongly, and the potential
attentives are about evenly split. On this highly visible,
highly controversial issue, the views Of both the leaders
and the attentives are distinctly polarized.

Nongovernment leaders appear reasonably satisfied with
the degree of government regulation in several areas of
science and technology. For six out of seven areas on which.

the,,-wefe-questioned, majorities of_ the leaders._ say. regula-
At A ..miciactory level. Opinion on nuclear Power

NONGOVERNMENT SCIENCE POLICY LEADERS
AND THE ATTENTIVE PUBLIC

Interest and Knowledge
The criteria used to identify the attentives and potential

attentives from the general public sample in the 1981 'survey
provide some additional insights on the public's interest

' in and knowledge.aboiit science and technology issues. Of
the nine issue areas presented for ranking by degree of
interest, the general public places- -new scientific dis--
coveries- fourth and "the use of new inventions and tech-
nologies- sixth as subjects of high interest (appendix table
6-20). Roughly one-third of the public are "very interested"
in each of these issues: The .level of interest in science
and technology has remainedsteady since the question was
first asked in 1979.61 By contrast, public interest in two

-ether subjects on the list (economics and foreign policy)
has Shifted dramatically.



themselves "'very well informed" about new inventions
and technologies, and only 13 perc,nt think they are very
knowledgeable about new scientific discoveries. Indeed,
37 percent say they are "poorly informed- about science
and technology. The contrast between the 38 percent of
people who say they are " "very interested in,new scien-

--tific-diseoveries-and-the-43-percent_who.say_they_are.Y.erY
well informed- on the subject is quite striking. Science
and technology, in fact, are at the bottom of the self-
'professed "level of knowledge" list.

Some implications of the knowledge scale used to identify
the attentive public are worth noting, as they,provide some
insight into the level of public scientific literacy. More
than one in five Of the attentives say they have little under-
standing of the concepts DNA and GNP (appendix table
0-21). Three in five potential attentives say they have
little understanding of DNA or of GNP; and one in four,
professes little understanding of scientific study: Of the
four terms on the ta;!,.!, only radiation appears to be widely
understood by the attentives and potential attentives.

Comparisons and Contrasts:
Attentives, Leaders; and the Public

benefits of recornbinan DNA research outweigh the risks
(appendix table 6-16).

_is 60 percent of the /leaders, 55 percent of the attentives,
and 50 percent of the potential attentives say the benefits
of nuclear power exceed the risks (appendix table 6-17).

, ,

Only 27 percent,of the leaders think thecosts of the
space progriam are greater than the benefits, while 38
percent offattentives and almost half (47 percent) of the
potent)61 attentives believe that costs exceed benefits
(table -14). (Polls of he general public'show a 2 to 1
majority/for the view that the space shuttle program is
wo1,41 the cost.)

//
One'Of the principal-differences betive-enlheiflefitiTes

and the leaders is that attentives are less inclined to sup-
pOrt basic research. Forced to they would support
Applied research and utilitarian progiams to a greater

/ degree than basic research, and they would accept cuts in
/I funding for basic research proportional to otherbudget

cuts. Te leaders, on the other hand, see basic-re-search as
primary: They give high priority_ among science policy
problems to adequaOuridirig-G basic research; a majority
of thepa_wetridt funding cuts for basic research rather

,
The 1981 surveys of attentives and nongovernment----tran applieu-research-ciuring budget austerity; more of them

leaders show that these two groups share rather similar believe that the United States' should be a world leade.t in
views on many scientific issues, yet are also divided by "almost all" areas of basic research than in "almost all"
some important differences.2 The similarities reflect a areas of applied research.
basically favorable attitude toward sciencea shared con-
viction that scientific and technological activities are good
for societyand common views about the issues such as
the value of the space program, what role industry should
play in promoting research, and the priority of science
education for Federal funding. The differences regard the
way in which scientific advances should be purSued--
whether by working on practical problems or by pursuing
more fundamental scientific inquiry.

Thie. attentives'. assessment of the benefits from science \
is even more highly favorable than that of the. general
public, and likewise, attentives are more supportive of
scientific activities .than is the public in general. Levels
of support among-potential attentives usually fall between
those of the attentives and the rest of the public. For example:

- 90 percent of attentives, 79 percent of potential atten-
fives,- and 66 percent of the rest of the public believe that
the benefits of scientific research have outweighed the
harmful results (table 6-1).

,to percent-of attentives,- 35 percent of potential attentives,
and 25 percent of the rest of the publiC support increased
funding for scientific research (table 6-7).

Ina. like manner. the attitudes of the attentives usually
lie between those of the potential attentives and the non-
goveranient leaders, with the leaders' views most favorable
to scientific and technological activites. For example:

OVERVIEW

The American general public holds scientific research :. :!
in relatively high esteem. The opinions of the attentive
publicthose citizens (20 percent of the general public) j
who take an active continuing interest in science and tech -
nology issues. and 'who are knowledgeable about those i
issuesare even more favorable. The attentive public ,.
believes there is a close tie between basic scientific research_
and economic growth. "Medicine- and ."-the scientific
community," when compared with other institutions, con-
sistently stand very high in the public's confidence.

The public's view of 'technology' appears a bit more
ambivalent. The contributions of science and technologY
to America's standard of living and to solving problerns
are highly valued. On the other hand, many Americans
express concern that some applications of science can get
out of hand, threatening society instead of serving it. On
some controversial areas of studyin particular, research
that might allow the creation of new forms of life or con-
trol over the sex of a child at the time of conceptionas
much as one-half of the attentive public favors curbs on
scientific inquiry. Still, surveys of the general publicindi-
cate that Americans desire continued technological advance
in most areas, especially health care. The attentive public
L ,res,c ne



eminent scientists, engineers, doctors, and other profes-
sional leaders from universities, nonprofit institutions,
and the for-profit sector:Surveyed in depth for the first
time in 1981; they express some concern about U.S. world
leadership in science and technology. The majority of leaders
believes the United States.is'ahead of other countries in
Most areas of basic and applied research as well as in
science and engineering education. Yet many of the leaders
feel that the U.S. position should be stronger than it is,
.especiall in basic research and education.

On nearly'all issues, nohgOvernment science policy leaders
gave the most support for scientific and technological activi-

,

ties, followed by the attentive public, and the potential
attentives-a group comprising 19 percent of the public
who are very interested in science and technology, but
somewhat lessinformed than the attentives. All three groups
are even more supportive of science and technology than
is the general public as a whole.. The attitudes of the atten-
tive public differ from those.. of the leaders in some other
respects:. their lessW support-of basic scientific research
and greater inclination to support applied research directed
toward specific practical ends, such as curing specific
diseases. Overall, however, the attentive public's regard
for science and technology is extremely high.
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Advances in Science and Engineering

INTRODUCTION

The essays in this chapter seek to convey to the nonspe-
cialist examples of some recent and significant achieve-
ments of scientific and engineering research in several
selected areas.-lts-purpose is to supplement and extend the
quantitative analyses shown in earlier chapters of this report
by giving a qualitative account of certain advances. By
focusing on the "substance" of science, a deeper apprecia-
tion is conveyed of the nature and need for scientific and
engineering research.

Altl-,ough the articles by no means capture the full gamut
of scientific inquiry, the variety, of topics discussed isintended
to st ow the great breadth of the endeavor. Some of the
topic.: concern highly abstract fields of inquiry, including
recent advances in understandink the fundamental forces
and particles in the physical universe and, in mathematical,
techniques to determine in-a few seconds on a large com-
puter whether a'100-digit fl.imber is prime or composite.
Others deal with scienti'ric exploration of hitherto inacces-
sible realmsthe deep ocean floor and, oddly, the surfaces
of solid materials. Several of the oldest and most puzzling
question!: in pharmacology have found an answer with the
discovery that the brains of man and the higher animals
synthesize natural opiatelike molecules. Finally, many of
the advances described in the essays promise important
new applicationsthe development o entirely new mate-
rials never found' in nature, the chemical fabrication Of
"baskets" to'hold artificial enzymes, and advances in.our
understanding of early childhood development.

One o: the interesting themes that emerges from several
of the essays is that progress in virtually i11 areas of research
is vitally depender t on progress in technology._ Sophisti-
cated technology provides the basis for most scientinc
instruments, and certainly for those that contemporary
scientists and engineers rely on in their researchincluding
telesenpes, particle accelerat&s, drillships, lasers, and
compaTers. But, of course, basic research underlies prog-

PRIME NUMBERS:

ress in frontier technology. Thus, there is a vital syner-
gism between basic research and new technolt._4es; frontier
technologies frequently lead to the instrumental capabilities
that in turn are'l:quired for new advances in basic research.
And, of course, the results- of basic research frequently
lead to technologies that can be incorporated into new
generations of scientific instruments.

As the statistical data in this volume make clear, the
U.S. undertaking in the sciences and engineering' is very
large and diverse. By almost every measure, th United
States continues to lead the world in scientific and engi-
neering achievement. Yet, it is worth noting' that some
statistical measures, notably the international comparisons
shown in detaii earlier in this. report, indicate that other
industrialized nations may batching up with if not already
ahead of, the United States in a few fields. In some quanti-
tative measures, such as emphasis on science and mathe-
matics instruction in the secondary schools, the United
States is certainly lagging. .

Despite weaknesses in a few areas, and evidence that
the United States is losing some of the overwhelming pre-
eminence in' the sciences, engineering, and technology' that
it enjoyed during the past several decades, the Mak*. con-
tinues to hold first place in most scientific endeavors. In
1981 and 1982, for example, 9 of 15 recipients of Nobel
prizes in the.sciences and medicine performed, their research
in the United ,States; and 2 of 3 redpients of the 1982
Fields Medals, mathematics' most prestigious award, were
U.S. citizens (see tables 7-1 and 7-2). Fields Medals are
presented at the International Congress of Mathematics
every 4 years to rrathematiciansunder the age of 40. 'As
the following essays -.yin show, the scientific enterprise
flourishes as never before, yielding important new findings,
deep insights, and significant advances at a rate that seems
almost torrential in comparison to the trickle of results
achieved in the earliest days of organized scientific inquiry.

handle torrents of data, the industrial, financial, and com
-1 ,,C T .4.1t.lrsrsctel



Disciplines Recipients

Table 7.1. Nobel laureates: 1981-82

Institution/country Description of research

1982

Chemistry

- Physics

Physiology or
medicine

Economics

1981

Chemistry

Physics

Physiology or
medicine

\ Economics

Aaron.Klug

Kenneth G. Wilson

MRC Laboratory of Molecular
Biology, Cambridge, England

Cornell University, U.S.A.

Sune K. D. Bergstrom Karolinska Institute,
& Bengt I. Samuelson Stockholm, Sweden
John-R.-Vane Milder:1e Research Labora-

tories, Kent, England

George J. Stigler University of Chicago, U.S.A.

Kenichi Fukul &
Roald Hoffmann

Nicholaas Bioembergen,
Arthur L. Schawlow &
Kai M. Siegbahn

Roger W. Sperry,

David H. Hubei &
Torsten N. Wiesel

James Tobin

Kyoto University, Kyoto, Japan
Cornell University, U,S.A.

Harvard University, U.S.A.
Stanford University,. U.S.A.
Uppsala University, Sweden

California Institute of Tech-
nology, U.S.A.
Harvard Medical School, U.S.A.

Yale University, U.S.A.

Development of brystallographic
electron microscopy and. structural
elucidation of-biologically Important-

. nucleic acid-protein complexes.

Research leading to a theory for critical
phenomena In connection with phase
transitions.

Discoveries concerning prostaglandins
and related biologically active

-substances:-

Seminal studies of industrial structures,
functioning of markets, and causes
and effects of public regulations.

Theories, developed independently,
aimed at anticipating the course of
chemical reactions.

Bloembergen and Schawlow for their
contribution to the development of
laser spectroscopy. Siegbahn for his
contribution to the development of
high-resolution electron spectroscopy.

Sperry for his discoveries concerning
the functional specialization of the
cerebral hemispheres. Hubei and
Wiesel for their discoveries concerning
ing information processing in the visual
system.

Analysis of financial rnrkets and their
relations to expenditure decisions,
employment production, and prices.

Science Indicators-1982

Table 7-2. Fields Medals recipients: 1982

Recipients Institution /country Description of research

Shing-Tung Yau

William P. Thurston

/Vain Conres

Princ0-.. a Institute for Advanced 8tudies,

Princeton University, U.S.A.

Centre National de la Recherche
Scientifique, France

Solution of the Colobi conjecture and the Smith con-
jecture and work applying the methods of geometry
Na the problem of general relativity.

Work on the relationship between three-dimensional
differential geometry and three-dime.iisional
topology.

Proof of a version of the Atiyah-Singer theorem, the
fundamental theorem of calculuS that unifies the
fields of topology and analysis.

Science Indicators-1982



On of the most remarkable mathematical developments in
recent years is_the discovery that prime numbers possess
properties that may provide a swift, cost-effective means
for maintaining the security of private sector communica-
tions. Before describing the enciphering/deciphering scheme
based on prime numbers, however, it would be helpful to
consider the nature of "primality,"

Prime numbers-2, 3, 5, 7, 11, 13, etc. are those num-
bers with the. property that they are divisible only by 1 and
themselves, All othe'r numbers are composite, and all com-
posite number's are a product of prime numbers, for example,
21 = 3 x 7, -45 = 5 x 3 x 3, or 63 = 7 x 3 x 3.

Although the distinr_tion between prime and composite
numbers is one of chik'Iike simplicity, determining Whether a

-given-number is prime and determining its factors if com-
posite within a reasonable length of time form one of the
deepest, most exasperating problems in number theory.
Carl Friedrich Gauss, probably the greatest mathematician
the world ever produced, observed:'-"The dignity of the
science itself seems to require that every possible means be
explored for the solution of a problem so el4ant and so
celebrated.

That observation was published in 1801, and it reinains
valid today. While we know quite a bit about the fre-
quency with which primes appear in large sets of numbers,
inducting the fact that they thin out rapidly as the number
set grows in size, the precise order or pattern in which
primes occur has defied 2,300 years of mathematical anal-
ysis: No simple equation to generate the values of all
primes has ever been .found, nor any efficient means to
factor a composite number into its divisors.

There are "brute force" procedures' to test for primality
and to factor composite numbers in a systematiciashion.
One is the famous Sieve of Eralosthenes, named in honor
of the astronomer and geographer who tackled the prob-
lem in Alexandrfa about 250 B.C: With this method, one
writes down all numbers up to some target value and then
strikes out every second digit after two, every third after
three, every fifth after five, and so on. Numbers remaining
must be prime. Another is trial divisiondividing by all
numbers less than the square root of,the target number to
determine what numbers produce .a whole number quo
tiEnt. If the target is 100, for example, the technique will
show that it can be evenly divided by 2, 4, 5, and 10,

'producing whole. number quotients of 50, 25, 20, and 10.
Both techniques can 'identify primes as well as the, fac-

tors of composite numbers. But both suffer from a grievous
limitation: the problem space to be examined varies as
a positive power of the target number n (for example, n1/2
in the case of trial division), while the amount of informa-:-
Lion provided as input is proportional to the number of
digits of n, the logarithm of n, which grows much more.
slowly. Mathematicians would say that the problem space
to be examined using these techniques increases exponen-
tially with the size of the input.

In practical terms, this means that a 15- or 20-digit number

Figure 7-1
Primo and composii. numbook

A 97 digit number

6,894,327,798,437,079,1353,210,688,143,932,776,298;438,
532,198,932,327,339,6514 !0,876,597,653,128,965,849,667,

, 848,978,549,137,657 . 2

IS It a prirn0

explosive growth of the "search space" eventually defeats
our most powerful machines. (See figure 7-1.)

There has been an exciting development in prime num-
'ber theory during the last several year that has had increas.
ingly dramatic repercussions. It is the discovery that, while
the prediction of prime numbers in the general number
sequence and the factoring of huge composite numbers
remain awkward, techniques have been developed that ma "'

it possible to test a given number of huge size for prime-,
and do this in seconds on a fast computer.

One of the first advances on this new front was achieved
by Robert Solovay of the University of California at Berkeley
and Volkur Strassen of the University of Zurich arid, inde-
pendently, by Michael Rabin of the Hebrew University of
Jerusakm. They devised probabilistic tests that couldi,
demonstrate the primality of .a given number "for all prac-
tical purposes_" However, for many traditional mathema-
ticians, the demonstration of an overwhelming statistical
probability that a number is not composite is not the same
as a rigorous proof that it is,a prime number.

These primality tests are based on a result generally
credited to the 17th century French mathemetician Pierre
de Fermat. Fermat noticed that if the number n were prime,
then any number b has the property that bn-b is divisible
by n. Unfortunately, a similar result can hold for composite
numbers n for (possibly) many values of b, so simply
knowing that the result holds for some 'values of I; is not
enough to guarantee that n is prime. Knowing it fails for,
any value of b is -enough to show that n is coMposite.
Composite numbers that satisfy !I:is test for a large number
of values of b in some Sense n.,..squerade as primes and
are known as "pseudoprimes.",

Tests of this type are ideally suited formachine compu-
tation, as at each stage-they depend only on the remainder
when a,number is divided by n. (Mathematicians call this
the congruence of the number with respect to n.) Thus,
while bn maybe very large, by using congruences at each
stage in generating the product, the machine can keep the
size of the numbers used in the test-within reasonable
boun'ds.

In 1980, Leonard Adleman and Robert Rumely of the
MassaChusetts Institute of Technology (MIT) fOund a way to



quickly on a typical scientific computer, becatise it em-
; ploys an -efficient- algorithm in .which the search space

grows slowly in relation to the number of .digits in the
-target- number:Since this work, algorithms based on the
Adleman-Rumely peocedure have .proved the primality of
a 65-digit number in times ranging from 6 hours to a few
minutes on a moderately fast computer. Most recently,
two European mathematicians, Hendrik Lenstra of the
University of Amsterdam and Henri Cohen of theUniver-
sky of Bordeaux, created a streamlined version of the
procedure and used it to prove routinely the primality of
100 -digit primes in an average of 33 seconds each on a
large computer.

These swift advances in primality testing coincide with
(and have been stimulated by) another development in
mathematics with important potential for application in an
era increasingly dependent on electronic communications.
This is a new technique for enciphering and deciphering
coded ttansmisIions to maintain the privacy and message

, authenticity for both sender and receiver. Unlike traditional
Military or diplomatic cipher system's, in which the de-
ciphering procedure is immediately obvious when the en-
ciphering procedure is known, the new systems embody
a special one-way feature: knowledge of how to encipher
the message offers no clue as to how to unravel the -plain-
text- from the cipher.

The original concept of the trapdoor cipher was advanced
by Martin Hellman, Whitfield Diffie, and Ralph Merkle
of Stanford University in 1976. Shortly after this con-
ceptual breakthrough, Ronald Rifest of MIT, Leonard
Adleman of MIT and the University of Southern Cali,
fornia, and Adi Shamir of the Weizmann Institute in Israel

.proposed a scheme (the RSA scheme) in Which the one-
. way property could be achiev,ed by basing the cipher on a

pair of huge prime ,numbers p,, p2, plus a third large
random number q compatible in size and congruence proper-
ties to the two large primes. The enciphering key consists
of the composite number u= p,p, and q. The secret
deciphering key consists of p,, p, and q. Using the
RSA scheme, messages could be enciphered and deciph-
ered in seconds on a computer, provided users employed
the proper keys. The importance of the new breakthroughs in
primality testing to the RSA scheme is that they provide -a
'fast way to generate keys for that scheme.

Subsequent to these breakthroughs, Hellrnan, Diffie, ZInd
Merkle devised a different though related trapdoor cipher
scheme that involved what mathematicians call the "knap-
sack" problern-iiguring out the precise subset of, items
that will exac tly fill a figurative knapsack of given size.
(See figure7-2.) The knapsack problem belongs to a great

. class of computatiOnal problems known as NP cerrplete
problems, in which the search space 'for any k owii al-
gorithm grows exponentially with the input size u of the
problem, at a rate .like 2n rather than some conStant..exT
ponent of u like .n2 or n3 as in polynomial problems.
-(Other examples of NP problems include the assignment

..1 -----

Figure 7-2
A knapsack problem

Known packages in the knapsack:

20,694
756,713

3,4814140.

Items from whiCif contents: orpackages were'aelected:
.

, 6 ',; 289 ;',`
13 , ,,". 632, '';;, ,,3,114,820:,, '447,832
531-: 943 9,734-,
85 ., 647,868

194 , 4748' 2,832,467'

PrOblem: What is In artch'PaCkage?0,2.

,. SOution:-

53+194+843+2,748+0211,20,894' ;
585-1:632+12,285-1155,839+647,8681,756,787

13+53+289+832+647,686+2,832,467

publish their enciphering keys in a directory, since knowl-
edge of these keys apparently conveys no practically usable
information about how to decipher the message. This would
permit company A to encipher a message in the public key
of company B, secure in the knowledge that the.enciph-
ered message, even if intercepted by a third party, could
only,be read by company B. To respond, B would simply
reverse the process, enciphering his plaintext message in
A's public algorithm. Hellman likens the process to a strong-
box with two different combination locksone to insert
the message and the other to extract it.

More fascinating still, the RSA scheme has a wrinkle
that permits authentication of A's message to Ba sort of
"digital' signature embodied in the structureof the mes-.
sage that could serve as legal proof in a court of.law that
only A could have originated the message and not some
third party. This can be accomplished if A first-runs- the
message through his own secret deciph irOcey and then
through B's public encipherin _key: .will then be able to
recover the plaintext first s applying his own decipher-
ing key and then A's' .lic enciphering key. The beauty
is thatorieither A 1r B will be able to discern one another's
secret deci. -ring algorithms even if doubly enciphered..
me,s5a. are exchanged in this fashion, provided reason-

----Sae precautions are taken in the use of the signature. But
at the same time, each party would be able to prove in
court that only the other could have sent the message, and
that_the content of the message was beyond the power of
either party to alter. Thus, contracts and other agreements
arrived at electronically could acquire alt the legal dignity
of traditional signed instruments.



togetlut, the pro,j. Lt is a composite of enormous size,
vhicli at present requires vast amounts of machine time to
actor. It is precisely because -the factoring problem re-

mains intractable that the fast pritnal4 testing techniques
are so appealing for the construction of highly resistant
ciphers.

The-new-public-key .codes have come under Iftense scru-
tiny in recent years. Indeed, Adi Shamir has broken one of
the.earlier, simpler versions of the knapsack cipher,- and
Leonard Adleman has broken more sophisticated versions.
It is possible that the prime number cipher will be pene-
trated as well in the constant struggle between encrypters
and decrypters. Yet mathematicians and cryptanalysts are
in general agreement that new one-way ciphers will emerge
that can he rendered so intractable as to make the cost Of
breaking them vastly in excess of the value of the informa-
tion obtained. Whether that is, a good or a bad. thing; only
the future can disclose. There is a good deal of fascination
in the realization that mathematics, the purest and most
fundamental of all the sciences, is finding such immediate
and potent application in the ongoing electronic informa-.
tion revolution. Conversely, this information revolution is
having a marked effect on the ways that mathematicians
work. Until about a decade ago, cowl:at:1s were used in
scientific and engineering research primarily to facilitate
data gathering from scientific instruments and to analyze
those data rather than to produce primary data. That is,
computers served as essential adjuncts to other scientific
instruments rather than as instruments in their own right,
and this remains true today for most science and engineer-

-ing applications.
However, the speed and memoryCapacity of the present

generation of computers have Made possible thenumerical
solution of problems that could not have been solved pre-
viously. Additionally, by offering the possibility of solv-
ing such. problerris, computers have stimulated renewed
interest in:several areas,of theoretical research and have
thus led to new and fruitful theoretical concepts.

The field of prime numbe:-- research as sketched here
provides one exarripleof the use.a.cdtripUterS as scientific
instruments in their own right. Statistical phygics provides
another. The equations relating certain thermodynamic prop-
erties of g,ases to the 'behavior of their moleculeS, for example,
involve integrals whose dimensions are equal to the num-

-her 'molecules in the gas. While the numerical solution
of I0'5-.or 1020-fold intregrals is clearly out of the question
fOr even the largest computers, so-called Monte Carlo
methods are ',7vailable to approximate such integrals. But
until a decade ago, these methods also required too much
computer time to be used in many appliCations. NOw the
situation has changed considerably, as modern computers
have begun to solve previously inaccessible problems in.
statistical physics.. The accessibility of such soluoons has
in turn stimulated renewed interest in several fundamental
pi oblemS.in statistical physics itself. In this way, numerical
calculations have assumed a role that is in a-very real sense
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THE PURSUIT OF FUNDAMENTALITY
AND UNITY

For the better part of the past century, physicists have
probed the structure of matter at smaller and smaller scales
witiiiiistruments of increasing subtlety and complexity in
pursuit of the fundamental building blocks of the physical
universe. During the past decade, the pace of this quest
has quickened as hard-won evidence accumulates that all
properties of matternot only as we know it on earth,but
also as it exists in the farthest reaches of the universe and
in the cores of the most exotic celestial objectsare describabIe
in/ terms of the properties and interactions cf just two
classes of particles: 6 quarks and 6 leptons.

The pursuit of fundamentality has been accompanied
by a major step toward another primary goal of modern
physics first introduced by Albert Einstein: unification of
all the apparently diverse forces of nature into a single
interaction that manifests itself in different ways under
different conditions. Not only would this grand unifica-
tion schemeif it could be realizedencompass all the
processes observable today in the physical universe, but, it
would relate the properties and interactions of the smallest,

most fundamental entities of matter, the quarks and leptons,
to thestructure of the universe as a whole, and the proper-
ties and distribution of matter in the universe to the proc-
esses that occurred during the first few seconds of its
lifetime.

The language used by physicists to describe both the
properties of the most fundamental constituents of matter
and the interactions through which they manifest them-
selves as matter on a larger scaleprotons, mesons, atoms,_
molecules, white dwarfs, or pulsars, for example -is highly
'mathematical. That language is framed within the context
of quantum mechanics, a set of physical postulates and
mathematical procedures developed during the 1920's and

1930's to describe the structure and properties of atoms
and molecules. Quantum mechanics and its more recent
extensions-and ref inements-involve-a-number-of-unfamil
iar concepts, such as discontinuities in the energy content
of nuclei, atoms, and molecules; the convergence of particle-
like and wavelike properties of matter and energy; forces
that manifest themselves through the exchange of parti-
cles; and deep symmetries that have no correspondence in
the macroscopic world. Yet the broad outlines of our emerg-
ing ideas about the fundamental particles and their mani-
festations are almost as simple to comprehend as the moti-
vations behind' the quest for fundamentality and unity
themselves.

As quantum mechanics provides the conceptual frame-.
work to understand the fundamental structure of matter,
so particle accelerators are the indispensable experimental
tools. (For reasons touched upon at the end of this section,
astronomical telescopes are also becoming essential in the
pursuit of fundamentality and unity.) When the intense,-

llearng nroduced by an accelerator



and maintain the raw data recorded by large, sophisticated
arrays of particle do xctoi s, In a particularly intriguing
etension of the particle accelerator, called the storage
ring, beams of protons or electrons collide head on with

. beams of their respective antiparticlesanti.protons or
positronswhich results in the annihilation of the parti-.

' des as they interact, yielding extremely energetic events.
According to) Einstein's most familiar result, a particle of

mass tit has a rest energy determined by the equation
= mc2, where cis the speed, of light.'Today, accelerators

can speed protons to several hundred times their rest ener-
ofAles, and electrons to several tens ot thousands of times

their rest energies. From a somewhat different perspective,
... accelerators can be regarded as .exceedingly subtle niicro-_

scopes. Quantum mechanics associates a wavelength with
,every moving particle, a wavelength that decreases as the
particle's energy increases. Currently the most energetic
accelerators yild particle beams with energies equivalent
to tvatTiengths several thousands of times smaller than the
radii of protons or neutrons, and thus have the ability to

the detailed structure of these nuclear constituents.
(See table 7-3.) Wavelengths available from the particle
accelerators of the early 19o0's were sufficient to probe the
detailed structure of atomic nuclei, and moresophisticated
accelerators in this/energy-range continue to be indispens-
able in nuclear science research: However, those wave-
lengths are insufficient to yield more than a very fuzzy
image of the constituent protons and neutrons. Yet, the
data that was emerging from accelerator laborratories in the
19o0's. about the properties of the proton and neutron

.were very perplexing indeed.
According to the familiar planetary. model established

almost 50 years ago, every atom consists of a positively
Charged nucleus, vt',1ich is itself composed of charged pro-

. tons and neutral neutrons (whose masses are approximately

equal), surroundedat distances about 10,000 times_the\
nuclear radius by the same number of much les' s massive,
negatively charged electrons as there are protons in the
nucleus. The electrostatic attraction between the oppositely
charged protons and electrons binds the atom into a stable.
entity. But how can one explain the fact that\luclei them-
selves exist as stable, 'composite entities, despite the very
large repulsive 'electrostatic force among them positively
charged constituent protons?. A relatively straightforward
calculation is sufficien! to show that the only other force
known in the ritid41930's, the ttractive grmitatioinatforce,
is far too:weak to neutralize this electrostatic repulsion.
Therefore, a new force Was conjectured, the-"strong','
force, as a mechanism for binding protons and neutrons
together. Unlike the gravitational and electromagnetic forces
that manifest themselves over macroscopic distances, the
hypothesized strong force manifests itself only at the nuclear
level, that is, at distances less than about 10-'3 centimeters.-
But hot is this hypothesized strong force transmitted be-.
tween le constituents of nuclei? By the mid-1930's it had
been stablislied that charged particles interact electro-
mag etically by exchanging photons"particles" of light.
On promising opproach to the strong force problem was
th suggestion, of Hideki Yukawa that the strong force

fight be mediated by the exchange of a new, hypothetical
articlethe meson. But did mesons actually exist'
Prior to' World War II, the energies of the beams pro-

duced by particle accelerators were sufficient to probe the
structure of atomic nuclei and extract information about
the interactions Of their constituent protons and neutrons,
but insufficient to give even a fuziy picture of the protons
and neutrons themselveS. Certainly Those energies were
insufficient to yield any information about the hypothe-
sized mesons., However, very infrequently observed inter-
actions induced by highly energetic cosmic rarparticles

Table 7-3. Highest eneroyaccelerators In the United States

Facilities Accelerators
FY1982 Budget lest.)

(thousands): Sponsoring agenCy,

Brookhaven National Laboratory ; 30 q0proton,Syri-
chrt-rren (iiiternatIng

5-75,200 Department of Energy

_

-gra.-ientkmchrotron)

Cornell Electron Storage Ring 16 GeV electron positrqy
colliding beams

- 8,100 National-Science Foundation

fermi National Accelerator Lab - 400 GeV protron 139,100 Department of Energy
Synchrotron

Stanford Linear Accelerator Center 32 GeV electron Unac. 70,400 Department of Energy
_ 8 GeV colliding..

'eleCtron7PoSitron beam-
. ,

(SPEAR) and 30 GeV
colliding electron=-
positron beams (PEP) .



mainly protons originating deep within the galaxy or
secondary particles produced by these protonshinted at
complexities that' could not be easily accommodated within'

:,existing theoretical concepts. In .1947, cosmic ray events
were observed that provided clear evidence that the hypo-
thesized mesonnow-called-the-pi-mesondid, in fact, exist,
although, its lifetime in its free state was only a- few ten-
billionths of a second.

With the. advent of more energetic particle accelerators
in the late 1940's, it became possible to design experiments
to produce-pi-Inesons in the-laboratory and-to study them
more systematically. Alas, these experiments, as well as

g cosmic ray events, yielded an embarrassment of riches. For
when the protons and neutrons of target nude.: were bom-
barded with highly energetic particles, they yielded not
only pi-mesons, but a host of other mesons as well as a
profusion of:massive, short -lived cousins of the proton_
and neutron. By the mid-1960's more than 200 such strongly
interacting' particles, or hadrons had been identified. Their_
existence' presentql physicists with three major problems.
First, which of these hadrons, if any, was truly fundamental!
Second, could the hypothesized strong force accommodate
all the interactions among these hadrons? Finally, what
mechanism could be invoked to describe the decay chains
of /the exotic new -particles into sets of familiar particles,
including the neutron, proton, electron, photon, and elu-
sive neutrino.

A fruitful approach to the first two of the problems was
suggested independently by .Urray Gell-Mann and George
Zweig in 1963. They proposed that all the hadrons are
composed of hypothetical. fundaental entities called
quarks: three quarks in the case. of. the proton, neutron,
and their heavier exotic cousins (known collectively ..as
baryons), and two (a quark and an antiquark) in the case
of mesons. By .assigning a number of distinct properties to
these quarks, including electric charges equal to one=third
and two-thirds the charge of the electron (or proton), Cell-
Mann and Zweig were able to- account For many of
most .important properties of all the known hadrons. Sig-
nificantly, their theory also predictedsuccessfully--the
existence of a previously unidentified hadron.

There is, by now, compelling evidence gathered from a
number of experiments that quarks actually exist and are,
in fact, one of two classes of truly fundamental particles.
These experiments have provided indirect though persua- -
sive evidence for five distinct types of quarks, and a sixth
has been hypothesized. This evidence is indirect in the
"sense that no free quark has ever_been isolated for indi-
vidual inspection. Indeed, most thebretical physicists are
now convinced that the ways in which quarks bind them--
selves to one ,another to form hadronsmay_forever pre-
elude attempts to extract them. Expe:imentali7ts, however,
remain hopeful that they can be liberated.

As the quark model was being developed and refined,
the search. for a framework that could illuminate the last of

an electron, and a third particle -the chargeless and prob-
ably massless antineutrino. Likewise, protons within cer-
tain unstable nuclei car decay into neutrons, antielec-
trons (or positrons) and neutrinos. Fermi's mathematical
description of this process was based on the assumption
that it could be regarded as an interaction mediated by. a
new type of force among the four participating particles
i.e., the original untransfonned particle and the three product
particles. This assumption Was later generalized to describe
the decays of the unstable particles discovered since World
War II. The force.that manifests itself through these decays
was christened. the '''weak" force. Like the strong force,
this fourth fundamegtal force can act only over very small
distance.4. Indeed, its range is only about 1/100iS :hilt of
the stronglorce. As its name implies, the weak.force is far.
'weaker than' the strong force. It is also far weaker than the
familiar electromagnetic force, although still coilsiderably

con4inced that no
the strong, electro-

forceswere responsible
re fundamental costituents of

processes Gbserved or rOiservable in
arse, However, only the charNcteristics of

magnetic force and (on a somewhat different
e gravitational force had been wOrked out in com-

__llele mathematical detail.
Likewise, by 1970, Considerable progress had een made

toward answering the questidp: What constitutes a fun-
damental particle? Since ele eritary particles, whether ,trUly
fundamental or not, inanif: t themselves only througbtheir-
interactiomms, it was natura to classify them according 'to
the types of interactions- p-1 which they-participate. For
example, all particles par cipate in gravitational interac-
tions. All charged partici s can also participate fully in
electrOmagnetic interactio s, and composite neutral pard-
ties, such as the neutron, participate more subtly:All obSer-
ved. part icles-rcan-also-participate-in-the-we-akTinteraetions:----
However, only the hadrons, composed of the Meson and
baryon subclasses, can participate in the strong interac-
tions. As such they Constitute a distinctive class, but a .

class that had fir too many members prior to the quark
model. Now we know that none of the 'hadrons is truly.
fundamental.

As of 1970, there were only four observed particles (in
additiorrto the photon, i.e., the quantum of electromag-
netic radiation) that did trot participate in the strong inter-
actions: the electron; the heavier, ..«hort-lived mucin, first
discovered in 1946; and one chargieless, mas;Iess (or'jv, run
ally massless) neutrino associated with each of the two
charged entities. Unlike the hadrons, all-frrur of these par-
ticles appear to be fundamental in. their own r*ht_and_are
classified as leptons. In 1975, a Still heavier, sbOrt-lived
lepton, the tau, was discovered at an experiment conduct-
ed.at the Stanford University storage ring. Symmetry
demands that a third neutrino be associated with this third

stronger than the gravitational force.
To reiterate, by 1970, physicists we

more than Icor fundamental forc
magnetic, weak, and gravitatit
for all interactions ainon
matter and thus for
the physical u
the electr
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appeared to bi: 20'0 odd 'fundamental" hadrons and four
kf toAs 1,,rinped together into a lepton crass.

Ilow-ever, as so often happens in science, advances in
solving one set of 'problems very often stimulate -whole

-. nee,- scts of questions How. for example, can compe
mathemalical descriptions iif the strong and weak inrerac-

ci,n. Atuents -be formulated?' Can the number of funda-
hole -among the fundamental particles and theirimplest

- -mental- forces be ,:educed to less than four' is it simply a
coincident,: that there appear to be exactly the same num>
her of quarks as there are le1.-. ins, or i,. there a deep-er.

.'' significancii to this correspondenc.e? -41, .

AlthoLigh . omplete ansi,vers to these three questions remain
to be found., those answers appear to be related. Indeed, by
the late 1oo0.s. a partialanswer to the second question had
already been formulated and am-titter experimental verifi-
cation...Sheldon Glashv. Steven: Weinberg, and Abdus
Sit1arn...-vorking independently, had developed .a theoreti-
t al train-work hat unified the,xlectromagnetic and weak
t (rk-es ,rito a single electro-weak force. At sufficiently high
enc.,rgies there should be, according to this theory, no dis-
-tinctions at ...ill between t14 electromagnetic and weak ireter-
actiOns among'ihe fundamental particles, However; at the
energies that characterize most interactions in the laboraf
tory.th;) electro-weak Imo manifests itself in two sepa
rate but closebt related ways.

Several major predictions made by Glashow, 'vVeinberg,
and .again were verified at .high-energy accelerator...centers
during the 1`r70 ;. The' theory requires.. that there be a

. r precise correspondence between the electromagnetic in ter-
ac tiOns-of- d-e-harged leptwt 9i protons and neutrons and
the weak interactions of the corresponding neutrino with
those entities. The scattering Of neutrinos Was first meas-
ured in 1973 amffotkrid to correspond, in its magniltde,
.to the scattering of electrons in a manner predicted bc, the
electro-weak theory of Glashow, Weinberiz. and Sulam.

-The theory also requires that the scattedrig of electrons
;from protOns and neutrons should be mediated in an exactly
predietable way by both the electromagnetic and the weak.
into- action's between the pafticles. One wayio detect the
relativelv-insign,ificant contribution of the weak component
of he ..let the weak. force is to search for a difference in
the st.attering of high- energy electrons from deuterons
(i.e., bound states of protons acid neutrons) that depends
on the polarization of the electronsthe orientation of
their spin axes. 41 ny such difference i compli;tely attrib-
utable, to- the ;veak into ,i..-ti.ons. In -19 8, the exce4dingly
small difference predicted. by Glashow, einbert, and Salarn
in the scattering of Polarized electrons from deuterons ivas
finallv observed, -. . . . .

,

Recently, Carlo Rubbia of Harvard.liniversity and the
Center for European- Nuclear Research. (CERN). reported
ort the observadon of the charg d "w par ticle."long hypi)-
hesiZed to be the carrier',Cif t weak force associated with

..1%-e .decay of nuclei and J.t... qv:ciliary particles. (See figure
7-31 In highly 'energetic collisions.of protons -and anti-
protons, a:large learn of 11.5. and -European physicists found
e'(Ilts which signify the decay Of a par ticle.into ar) electron
arid lieu trino..The "number of events:and the mass of the
Citi,...-,aying, particle fit the prediction' of the Gla-Show,

.--; Weinberg-Salani.. unified, theory of weak and dectroniag.-
Irtitic interaction:,..

Figure 7-3
Accelerator at the Center for European Nuclear Rese.arch where the
charged "vv- particle was first observed.

SOURCE: Photo CERN '

The succe's of the elect so -weak theory earned the Nebel
Prize for its thr:e originators in 1O79. Moreover, it has
spurred the search for a grand unification theory that would
embrace pot only the strong and electro-weak forces but
ultimately 4he gravitational force as well. The search for
grand unification remains elusiA, impart because z com-
pletely satisfactory theory of the`strori7-; irJ,:ractions among
the quarks has yet to be formulated. Hbweyer, all serious
contenders tot what Could ultimately be The .basis of a
grand unification theory have several fea4,Qres in common.

First, they assume that avxtremely IngT1--energies there
%you Id be one and onlyirrke type Oforce.arnpng the funda-
mental 'particles. HoweLt&r,at pro).)ressivelilower energies
the gravitational forc4, then thee.t4trong fOrce; and finally

-the weak and electromagnetic forces would begin to mani-
fe.st themselves;. . .

r"
Second, all these Itnoposal4in common with the ejectro--\weak theoryare bas n a deep symmetry pri ciple known

.1!-; local gauge invariance, and local gauge ;nvari, we requires
that every type of..quark he coupled with a distinct type
of lepton. . .

. .

Third, alt grand unification proposals predict that pro-
tons should be yery slightly unstable, decaying with life.;-
time however; that are so iong Compared with the age cif



--the univers that the effects of those decays would be
minuscule tti a 'human time scale.

Is tae search for grand unification based on anything
more than an understandable aesthetic desire to understand
nature at its most fundamental level' The energies at which
the strong and (=let tro-tveak force would combine into a
single electronuclear force are well beyond the reach of
any particle a:celerator likely to be constructed, and the .

gravitational force would merge with this electronuclear
torce at even more excessive energies. What significance,
then, could grand unification have for matter as we know it?

While these excessive energies do" not and almost cer-
tain!), will never exist on earth, they are approached and at .

one time may actually have existed in other parts of tlie
tiniverse. The energies in the interiors of extremely dense
neutron stars or pulsars,. for example, are sufficient to

L require that even though the electromagnetic and weak
;roe! at how. among the' fundamental constituent entities
niliy not he completely merged, the correspondence be-
tWeen their manifestations should be much more similar
than-on earth_ A complete grand unification theory would
provide detailed information about that correspondence.

-, More. dramatically, according to the so-called Big Bang
theory. the universe as we know it has evolved from an
exceedingly dense concentration of energy that began to

i expand about le billion years ago. Prior to its expansion,
the pnergy of the proto universe would have been so high
that only one single-, furr'.amental force would havc\been
manifest. Upon expandint,, theenergy density of the proto-
universe would have decreased at such a pi-cipitous rate
that, within the first few secorjs, the single, unified force
Would have begun to manifest its four separate aspects.
Another IOU million years would have elapsed before the
universe was cool enough for atoms to form,- and stir
another-b-:,ion before the first proto-galaxies c-%7.ild have.
begun to emerge. Yet the processes that °cell .. 1 'as sim-
plicity began to give way to complexity during the first
seconds would have left an indelible ifiipt-int on the subse-

ent his tot y of the universe, and on the forms of matter
,serve today.

example should illustrate the. intimate connection
ti...-teen me fundamental parti&les and their interactions
on the onAiand, at d the grarfd structure of the'universe
on the other. According to prec.-,ent cosmological thinking,
,;he universe could not have evolved from the energy--
lominated form that existed during the first few hundred
thousands or millions -ti years 'after the tiig Bangto its

- prescnt,ipatter-dominated form if protons were completely
stable. But all proposals for,grand.unification predict. that '
rrotons ii?Otiuld, in fact, be slightly upstable. Thus, the

.search for experimental evidence of proton decay is proz-
(-ceding jiace, ftir that evidence would help rationaliie the
Big Bang theory. In addition, it vitniqserve as a further ,

impetus in the search f4 grand unification theories.
Divilny,4;the pal had century, the piirsuit of fundamen-

tality at ever-decreasing scales has led to many Surprising
pieces of puzzles, which, when asseMbled,ave resulted

-' inla more signifit%\nt taiderstanding of the unity of the
universe. 'Interestingly, this pursuit has also served to
unify to 'skin* Agcee the discipline= of particle physics:,
which focuses on the. properties of the smallest constitu-
ents at matter, and cosmology, which is concerned with

-titbit! 74. Large Astronomy centers in the United States

Centers.
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198,;(11-58 82-260). .

Science Indlcators-1982

the overall structure and history of the universe. For this
reason, modern day astronortiical instrumentsincluding
ground-baSed optical and radio telescopes. as well as
satellite-borne optical, X-ray, alt. :ma-ray telescopes.,
have become important tools for particle physicists, as=
particle accelerators are providing important data for
cosmologists. (See table 7-4.)

No one expects that dcomplete, consistent grand unifi-
cation theory will emerge soon or come easily...But most
physicistsand astronomersbelieve that the pursuit of
fundamentality and unity will continue to lead to even
deeper insights into the intimate relationships between the
universe on its smalleSt and grandest scales.

THE SCIENCE OF SURI-ACES

Water, H20, is extraordinarily tenacious toward flissoci-
ation into its componentatonis, hydrogen (H) and oxygen
(0). Heat will convert liquid hater into steam at 212 °F.
but enormous amounts of addilional heat are required to
tear the H20. molecule apart. In fact, at 2,700°C, only
11 percent of the water will have dissociated. However, if
the water is superheated in a steel container, its dissocia-
tion proceeds much faster end-at a far lower temperature.
This-is a result of a reaction between the-water molecule,
and the iron surface of the steel Container, which forms
Fc304, rust, on the surface, and hydrogen gas.

The :Ster.at-,iron reaction:is but one example of the criti-
cal role stiffaces. play in thousands of chemical processes.

l'Hert, iron actively joins in the formatiOn-Of the end-
product, iron oxide; its role is that of a reagent. But there
are a great many other important processesin.'Which iron
serves as a catalyst, that is,as an arranger or matChmaker:.
for a reaction betWeen two different chemical species, to
form a new compound-of which iron is not a part. One of

.



the most famous of these was introduced in 1913. by Fritz
Haber and Karl Bosch to synthesize ammonia, NH3, from
atmospheric nitrogen and hydrogen in the presence of iron
-catalyst. The process. N2 3H2 -4 2N11-13. operates at
extremely high temperatures and pr,'ssures. 5.rz'l'C and
200 a tmo:phere, Its achievement ta-eed to the. :;rnit the
,henneal engineering technology of the day. but it freed.
Cerman, from dependence upon foreign sources of nitrates
to manufacture...explosives and fertilizers.

Th- unique role of catalysts Was first recognized in 183c,
by the chemist Jacob Berzelius, It was apparent that all the
action occurred at the surface of the catalyst, presumably
when reactant atoms came into close proximity with active
sites. But chemist; had no fundamental knowledge of the
nature of aces, .or indeed of atoms themselves. Until
quite recently, they lacked the analytical tools necessary to
obtain such-knowledg,e. Nevertheless, because of the great
economic importanceof catalytic processes, chemical engi-
'leers developed an impressive body of empirical data
enabling them to employ catalysts in increasingly soph-
isticated and efficient ways.

Paritdoxical as it may seem, solid surfaces have been far
more inaccessible to scientific investigation than the inte-
rior of bulk solids. One reason, is that there are far fewer
surface atoms that can be probed. Another reason is that it
is impossible to conduct surface experiments at atmospheric
pressure or even moderate vacuum. A surface will film
over almost instantaneously with a layer of oxides before

. useful measurements can be' made. In fact, even in a vacuum
\,ot a hundredth of a millionth of an atmosphere, there is

soil enough residual gas to cover the surfa::... with -a mono-.
liver of contaminant. -Thus, progress in understanding
fundamental processes at surfaces had been at a virtual

_standstill since Bcrzelius' time until the development of ultra-
high vacuum techniques 15 years ago. With the new tech -
nology, 'vacuums on the order of a trillionth (16-13) of an
atmosphere could be attained, allowing experiments to last
up to several hours before the surface ions contaminated.

Now. 'what is the geometrical arrangeme- surface.
,Moms' Suppose a well- characterized crysL solid is
cleaved along one of its crystallographic planes. What had
been the bulk is now ,i new surface. Importantly, the chemical
hands linking_One.Plane ;n .the crystalline solid to the next
have been severed. A%. a result, the freshly cleaved surface
is highly red, tive, i.e....the surface atoms rearrange them -
elves in more_ -comfortable" positions in 2-dimensional

. space. The result is that the order they exhibit is no longer
that of the bulk solich-T.f ;eit how are theSe new structures
studied:' It is-not surprising that progress in the field is
closely identified with the . levelopment of_tec.imiques exploit-
ing various atomic-scale robes. These probes inclUde'X-rays,
electrons, ions: neuli-zukaioms, neutrons, positrons, and
even superhigh frequency-sound waves.

The diffraction of.both low- ar.d high-energy electrons
brsurf aces has proven most effective for examining sur-
face geometry. -When the diffracted electrons strike a
phosphor screen, they produce 'patterns of spots from

:which the symmetrical arrangement and size of surface
atoms can be determined. Neutral and charged helium
.atoms arc particularly useful for determining howthe two-

clinaensional adsorbate -shadows- the underlying surface
substrate atoms; the angle of scattering of these particles

from adsorbates disCloses their geometry en the corrugated
surface and, thus, the sites to which they preferentially
bind.- Another. .method, extended X-ray absorption fine

_structure (EXAFS) uses X-rays to eject electrons from for-
eign adsorbate atoms. These scatter backwards off the
underlying metal surface atoms toward a more central
adsorbate ,atom. By-measuring the probability of absorp-

;non 'of X-rays by the foreign adsorbate as the X-ray energy
is varied, the location of "nearest neighbor" metal sur-
face atoms can be determined.

Bulk.solids are readily characterized by X -ray diffrac-
tion techniques, but; until very recently, these techniques
could not be employed successfully to measure the very
weak X-ray interaction with surface atoms. The availability
of extremely powerful synchrotron radiation sources now
offers a way around this old roadblock. Additionally, the
need to have such sources for research in surface science
has broadened the utility.of electron acceleration, whose
indispensibility to particle physics-research was touched
upon in the preceding section on Fundamentality. When
electrons are accelerated to high energies and maintained
in circular orbits by intense magnetic fields (as they are in
all storage rings as well as- in circular accelerators), they
lose.part of their energy in the form of synchrotron radia-
non. Such radiation is intense, highly directional, and dis-
persed across the infrared, optical, ultraviolet and X-ray
portions of the electromagnetic spectrum. Ports located at
intervals along the circumference of a circular electron
accelerator permit the emergent synchrotron radiation to
he used for a host of. experimental purposes. Monochro-
mators at the ports can be used to filter out all but the
desired wavelengths: if X -rays from such a source are allowed
to graze surfaces at very. low incidence (less than 1 degree),
they can turn the week X-ray abSorption of surface layers.'
to great advantage and characterize the geometry of .

adsorbates with high accuracy.
Other powerful techniques have been introduced to deter-

mine the distribution of the outer, most weakly bound
electrons of a surface atom. It is these "valence" electrons
that form bonds between atomsthe domain of molecular
chemistry. The distribution, density, and energy of these
states determines the electronic str...lure of surface aterni
a subject of profound importar .:. to the design of laci6;,..
catalysts and semiconducting electronic devices.

Techniques hive also been developed that determine the
..omposition of surfaces ter'a precision of 1 atom in 100.
For example, ion scattering; spectroscopy bombards the
sample with ionized helium atoms carrying a net positive -
charge. By measuring the energy of the helium ion before
and after collision as well as the angles of incidence and
reflection; the nuclear mass of the "target" atom on the
surface can be uniquely determined, and thus its cherniol
identity. Other methods employ X-rays to break core eke-
trons free of their innermost "orbits" around the nuclei of
the surface atoms; the energy of these ele('-,ms is a
measure of the binding energy required to holu- -...ern in '
close orbit and thus a fingerprint of the chemiCal identity
of the nucleus. High-resolution electron energy loss spec-
troscopy identifies not only the atomic nature of the sur-
face but the molecular chara:teristics as well. It allows
the vibrational spectrum of adsorbate on the surf.ce to be
determined.



-This process of adsorption and diffusion is of intense
interest because of the fundamental role it plays in the
catalytic dissociation of molecules and their recombination
into . w molecular species. The catalytic converter in the
exhaust systems of automobile rriploys a thin film of
platinum to dissociate oxygen moktules (02) and to adsorb
both individual oxygen atoms and carbon monoxide (CO)
molecules. The latter are sufficiently mobile to migrate
about the surface. When they encounter-one another, they
combine to form carbon dioxide (CO2), a self-sufficient
molecule with no extra bonds to share with the platinum
atoms. The CO, is released from the surface and, emitted
in the exhaust, making new sites available for additional
02 and cLO to adsorb to the Platinurh catalyst.

Other methods, for example, field ion microscopy, are
invaluable for determining the diffusion of adsorbates both
across surfaces as well as into deeper layers below the :-
surface. The latter process tends to segregate and concen-
trate impurities at the edges of crystal dislocations; it plays
a crucial role in such processes as corrosion and embrittle-
ment of structural materials. .

Nowhere has the battery of. powerful new techniques
generated more spectacular advances than in the Manufac-
ture of semiconducting materials under precisely controlled
conditions. Because of its great ease of fabricability and
the seemingly limitless density with which microcircuits
can be etched into alternating p-type (electron-deficient)
and n- type (electron-rich) layers, silicon presently is the
overwhelming choice for semiconducting devices. But there
are other interesting combinations of elements under investi-
gation, -notably the Group III-V elements:of the periodic
table..Aluminumgallium, and arsenic are among the ele-
ments -of Group III: when one of these is formed into a
binary compound,w, .; a Group V.eiement such as Phos-
phorous, arsenic, or tin, superior superconducting proper-
ties can be achieVed. Not only do the binary semiconduc-
tors permit construction of devices with unique electro-optical
properties, such as injection lasers, light-emitting diodes
(LEDs), pbotodeto-tors, and solarells, but they-also make
possible a three- to f ive-fold increase in the speed2P.Informa-
Lion processing on microcircuit chips.

Even more remarkable than the devicesihennselves is
the aggregation of techniques employed 'to achieve un-
precedented control and precision in their fabrication.
This technology is entirely the fruit of basic studies in
stn face science over the past decade, and there is no. way
it l-ould have been developed in the absence of this kind of
fundamental inquiry.

For example, most semiconductor chips available today
are etched by photolithographic techniques, which means
that the minimum jimension of an. etched "wire"..ranges
from 2 to 5 microns because of the wavelengths 6..! the
visible light empl4ed in the etching process. By utilizing
far more sophisticated techniques, it maY'be possible to
etch reliable 'circuits whose dimensions are a hundred 6r
even :several thousand times smaller. In theory, devices of
this typ( would be capable of handling enormously gi-eater
amounts of data-at greatly increased, speeds than the present
:state of the .art, the 64-kilobyte i-andorn access memory
(RAM). can handle. A national facility for ,submicron
research has been established at Cornell University to
focu: scieroific and.engineering efforts on how, to make

very tiny structures as welLas on learning what happens
when circuitsare compressed to a few atomic diameters ir
width. Structures fabricated on this scale are expected tc
display fascinating properties due to the crossover fron
the quantum regime to the behavior of microscopic objects.

Epitaxy techniques provide a sec ex a m ple of .the degret
of cc...?,-ol that is now avails in the fabrication of specia
materials. Epitaxy is the ocess of crystal growth in which
the perh_dicity, and orientat;rm of a crystalline substrata
"fixes- these properties in new layers grown upon\ it. Tht
ingredients of each layer may be deposited in vapor o
tiquidforrn,-but tl-% most exquisite control can be achiever
in a process called molecular beam epitaxy (MBE). In MBE, al
the materials required for crystal growth are'supplied ir
the form of molecular beams emitted by effusion overn
equipped with shutters to regulate beam ntensity. As man)

as six ovens are mounted in a cold-w I vacuum chambe:
so their beams will fall on the substrate, whose tempera .
ture'can be controlled to optimize crystal growth. Thi
process is conducted in anultrahard vacuum to minimize
contamination by impurities.

The surface science technique called high-energy elec
tron diffraction4f-IEED) is used to monitor crystal growtl
and regulate beam- intensity; temperature, and other,piop
erties in the chamber. An electron gun is aligned on oni
side of the chamber at an oblique angle to the growing
crystal; as electrons collide with the surface atoms, the
are diffracted, and the patterns they pi odure are displayer
on a fluorescent screen, providing continuous, real -time
information on the state-of the growing crystal and per
mitring thS deposition of layers possessing a smoothnes!
vastly exceeding that of the best mechanically polis-her
substrate " on which crystal growth begins.

In addition to the main ingredients for crystal growth, fa
example, gallium and arsenic, the effusion ovens also can
-taro impurity substance's or dopants having a surplus-or
deficit of electrons. These can be incorporated as requires
to produce the n-type or p-type conduction layers of the
semiconducting device. As the 'proce.;s proceeds, the relative
intensity of the beams can be altered abruptly, producim
'heterojunctions--so sharp that a .gallium arsenide Jaye.
only 100 atoms thick will vary by only one or two atom!
&e'er its- entire surface. In this way, a device can be_ growl
having all the properties of a single crystal, that itz, desrfiti
the variation in atomic components in Jhe various layers
all layers exhibit a matching geometrical.lattice structure

With MBE, it is possible tocconstruct semiconductor!
without the use of specific dopants. Some ,Group III- \
element combinations, such as gallium.antimc.v.-'de and in
dium arsenide, have sufficiently different electr,mic rtrtic
tures so that alternate, sjlarply defined layervvill provide
a high Mobility semiconducting superlattice. in this' case
gallium antirnonide is the netype material:. its electron
spill over into the p -type layer of indium arsenide, while

in. the latter migrate into the gallium antirricinije
Extremely thin films made. of these materials offer 11,1
fundamental scientist an Unprecedented opportunity to stud)
the behlvio of what is essentiallja two- dimensional elec
tron gas with proPt-rties remarkably- different from the
three-dimensional electron gas. Pervading ordinary. soli(
materials. Thus, the Same technoldgy generz4ed by the
meat _fundamental studies in surface is yielditil
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new materials with properties of dep interest to the sur-
face sciences. Each is enriching the other, to their great
mutual benefit.

MANMADE BASKETS FOR
ARTIFICIAL ENZYMES

A century ago, cities in die United States and Europe
relied on coal gas for municipal illumination A familiar
figure was the lamplighter who made his rounds at twi-
light with an interesting gadget on the tip of a long pole- -
a flameless igniter. Its active element was-.a very finely
divide,l platinum dioxide. known A's platinum. black. Held
in the 4rseam of hydrogen and carbon monoxide issuing
from the 'gas jet, it could ignite the hydrogen at ambient
air temperiature.

The platinum particles performed a catalytic function,
o ida/ing the 'hydrogen at very much lower temperatures
than would be required for ignition by conventional flame.
Catalysts vastly .lerate the rate of chemical reactions
without themselves entering into the end product of th'
eaction. They do this by dissociating molecules that bind.
strongly to them and than recombining the bound inter-
mediates into new molecules whose bonds are complete,
allowing them to lc we the surface of the catalyst to make
room for new "feedstock. Ca talytit processes are of vast
economic importance, playing a key role in petroleum
refining and-rforming. in the manufacture of ammonia
fOr fertilizers, in petiociteniariit;':717id in a great'variety of
other chemical processes.'

Ai impressive as these Manmade catalysts are, how-
ever, they are-vastly surpassed by nature's own catalysts,
the protein enzymes of all living organisms. Unlike most
of man's catalysts,. which often operate only at very high
pressure and temperature to achieve their efficiency,
nature's enzymes are limited to the very narrow range
biological organisms can tolerate, mostly from 10°C. to
50 °C: and,_ except for ocean-bottom dwellers, to pres-
sures on the order of one atmosphere. Despite these
rclatiYely tetricted.but-mild-conditions,eitis-not-unusual-
to find enzymes that can accelerate reaction rates by fac-
t6rs that rantre from 1 billion to 10 billion over those
that would occur in the aqueous environment of the cell
in the absenceof the enzyme.

Nature's superiority over man's in designing catalysts
is understandable when one recalls that it has been in
the business of engineering living organisms for at least
3.5 bi!'.-m years. HUMan science did not even recognize
the existence of "organic chemistry- until Frederich
Wohler's synthesis in 1828 of a biological compound,
urea, from nonbiological starting materials. Prior to that
time, living organisms -were seen as fundamentally dif-
ferent from the realm of inorganic chemistry and not subject
to chemical principleS.

. One of the greatest c-Kallenges facing modern chem;
iStry is to understand' the fundamental nature of cata-..
lytic action. Much of our present knowledge is empirical
in nature. lAle know That some catalysts work supremely
well anti others indifferently. Except for a few catalyst::
that'-have been very thoroughly studied,. we can claim a
fundamental understanding of only a few of the hundreds

of catalytic systems that have been identified.
One of the curious and fortunate things about science

is that when there are advances in one discipline, they
are often achieved in -nearby- disciplines in a way that
sheds considerable light on the fundamentals of the problem.
Over the past three decades, a number of quantum leaps,
h been achieved in the new field of molecular biology,

al of which have elucidated the structure and dynamics
of enzyme operation in the biological -realm.

Using X-ray diffraction, Max Perutz of Cambridge Uni-
versity painstakingly worked out the spaghettilike struc-
ture of the hemoglobin molecule of horse red blood cells.
Tucked deep within its folds are c,_:ur heme groupsiron
atoms surrounded by, rigid rings of nitrogen atoms. These
hemes bind oxygen in the lLngs. transport it to the peripheral
tissues, and unload it, picking up carbon ii.oxi& for the
return trip to the hangs. Here the carbon dioxide is liberated.
permitting the hemoglobin to pick tip a new cargo of oxygen
for the muscles and tissues.

The Perutz model of the hemoglobin molecule provided
several important insights. One is that the highly folded
and skewed structure of the protein containing t highly

-ereactive iron hemes plays a crucial role.in preventing oxygen:.reactive
carbon dioxide from binding so tightly to the iron"

atoms that they cannot be dislodged. The "cargo" is allowed
to get just closeenough-to form bonds, but not to become
inextricably attached. Another important finding was that
the large hemoglobin molecule experienced a significant
structural change between its "cleoxy"- and its "oxy" con-
ditions. In the first; the iron -atom remained tucked neatly
within the plane of its surrounding nitrogen atoms; in the
econd, it flipped out of plane about 0.75 angstroms. This

structural mobility. _resembling the .spring -action of a child's
cricket toy, caused the French molecular biologist, jacqueS
Monod, to call hemoglobin an "honorary enzyme," be7
cause he was convinced that such structural alterationS
were essential to enzyMe .functioning.

These findings in bidlogy have provided. much guidance
and inspiration for organic chemists seeking to understand
catalysis. They have' led to a number of ambitious efforts
to sesntheSize chemi1.-al 7baskets'...capableof holding react. -.
five atoms or molecules (catalysts) raid controlling access
of substrates (reactants) to them. This new field is called
-host-guest" chemistry, because its, object is to synthesize
host structures for guest catdysrs. 3oth most and guest are
structurally manipulatable, and host-guest complexes
lend thornselves to detailed examinati.- Molecular designs
combined with mechanistic studies promise to provide mo'e,
than the "stuff of which dre .ms _re 'made" and just possibly
they may provide manma. catalysts superior to those pros
duced by hit-or-misS techniques.

Very few of the 2 -million chemical compounds syn-
thesized to date exhibit a concave, inwardly curving
surface. Like stones found in streambeds or on ocean
shores, most display convex or sounded Shapes,.their
chemical bonds -projeCting outward like spines to link
with attached atoms. A feW natural compounds likeThe
aromatics lo have flat 'or nearly flat .ringlike structures.
Perhaps the most distinctive of the aromatics is benzene,
which. posiiesses a two-dimensional hexagonal structure
comprising 5i* carbons anthrix -hydrogens. However, con-
cave structures with inwardly directed bonds are con=



Mi-,,,it4; trout the .31-1g li.t of manmade corn-
pssunds:

Donald j. Cram of the 1.. -shaersity of California in Los
Angeles wan: s to remedy :his deficiency. He has under-
taken to t..1.0,:4 Of ,..ompourris he calls -c
Joth, ty.th :..isttltrr avi& iv2ng dimensions at least

equal to the smaller atoms and molecules. As he explains
the task, One of the supreme challenges to the organic
chemist is to design and synthesize compounds that simu-
late the properties of the working paris of evolutionary
l'hemi,try.:' The reaction of an enzyme with a substrate
reactant) to f m a omplex is a central feature of the

a a process. ''(ooperativity between catalyzing func-
t:onal eroups in enzyme systems is possible only if those
erours are held in positions which eonverge on a substraie-
hinding site, usually located in a cavity.- The design,
so.sothesis and study of these organic cavitands is the prin-
t 4,01 them s- of host-guest chemistry.

onspoulltiS called -ohorands- and -cryptonds- that
ordinarily possess folded structures with TV) cavities have
been synthesized. When they come intact with suitable
metal cations they unfold,. and the Ile ell ions neatly occupy
the cavity they 'lave induced to form. The process resembles
dressing, during which folded cloths become enve:oraing
,loths as their interiors are filled. Cr!sn-l's cavitands efe a
third class, including :'spherandse whose cavities are
formed during synthesis and prior to complexation with
appropriate metal ions or molecules. The backbone of his
simplest cavitand consists of a circular arrangement of six
benzene rings. Six methoxy groups (CH,O) project in-
ward into the cavity, one front each of the benzene'rings.
Because of spacial constraints, the six methyl groups
(CH,j turn outward and the oxygens inward in an alter-
nate up-down-up-down (octahedral) arrangement. The
total .sooperative effect of this assembly is to prevent at
but very small. rotations about the bonds and to cornpci
the unshared electron pairs of the Oxygen atoms to line
a spherical cavity surrouns2.ed by a -skin- of benzenes and
meth vls. Bekolth;e of the restricted ca'. sty size, the six-
benzene cavitand readily complexes withlithiieo and
sodium ions [Li+ and Na--1-.) but not with the large' ',)tas-
sitar), rubidium, cesium, magnesium, or calcium ions.
Thus this sphcrand exhibits a higl/ degree 'ar strut-turd
reCognition. The structure resembles the t a ick snow-
flake with a hole in the middle, eAlidl is clet.rty visible
in the crystal structure of the compound.

Cram has constructediarger collar-elia;o.set cavitands
containing a- neat'v rigid framework of eight instead of
six benzene rings; the eight oxygens attached k: the benzene
rings are directed generally toward the center as before,'
but their associated methyl groups are less congested and
have the mobility to project either inward or outward from
the center of the molecule. The resulting cavity can act/me
a variety of shapes, depending °s it. e demands of its guest
oecupants. The cavity dimensions can vary from 2.5 by 4
angstroms to 3 by 8 angstroms. This host complexes the
i4ferently sized cesium, potassium, and picrates,
exhibiting different -Ievels_of binding energy in each case
depending on whether the ''fit'' is tight or loose.

More complex collars that employ naphthalene units
stead of simple benzene rings to assemble the macroetee
have been constructed. Each naphthalene has an enforteal

planar structure larger than benzene. When naphthalenes
are attached to one another, -their spacial requirements
force them into noncoplanar arrangement -ahose cross
sections resemble open scissors. In the spherand contain-
ing eight naphthalenes. the eight oxygen atoms pt-eject
into the ca',-it,- as in the eight-beniene tructu're, but the
cavity is larger, enabling it to accommodate large molecules
like cyclohexane. The ten-naphthalene structure with ten
inwardly projecting oxygens forms a still larger cavity.
The placement of these tenoxygens is complementary to
the ten hydrogens of the ferrocene molecule (C,H,FeC,H,),
and a scale molecular model of ferrocene exactly fits into a
noel of the ten-naphthyl spherand with all the methyl
groups rotated outward from the cavity. Ferrocene is of
considerable interest in its own right, because the lone iror
atom is sandwiched between two parallel, symmetrical rings,
each comr.:osed of five CH groups.

While the lager collarlike cavitands can accommodate
some simple organic compounds in principle, all the
guess "imprisoned so far are. metal ions. This has lek.
Ceam and fhis associates consider the possibility ol
synthesizing both tota:ly-closed and partially-closed cell-
like hoe.ts to see if these can encapsulate organic guests
Of oat:icular inta-no le are the nature of the host-gues
interactions, the type _of reactions that cal: be Carried ou
on enclosed gut and whether cavitands can be prepare(

-pores- pceroitting certain guests to enter but bar .
ring passage to others. They have considered a variety o
beniene-based structures bridged in up to four places 1)
groups such as methylene (CH2) or oxydimethylene!
(CH2OCH2) that can be assembled into roughly spher
ical, rigid, entirely closed cavitands. One theoretic e! strut
ture would contain 12 benzene rings ard 24 -mtioyleni
groups, (C6/-12),2 (CH,), Only the tiniest of atomic ant
chemical entitieselectrons, protons. diatom c hydroget
(H,), and lithium ionscould enter its roomy interio
through pores.

Butif one Or more of the benzene rings and their assoc-
iated methylene bridging groups is removed, a variety-6
different shapes cart be produced, varying inform fron
pots, bowls, and vat.es to simple saucers. So far, organi,
chemists have constructed several types Of three-and iour
benzene sacieet::. (:ram's group and other Chemists .hay !
used these "foundations- to build more eiaborate bowl
and ase-shaped structures as well as cleft, openeendei
cylinders. It should be possible to manipulate the man'
(.44ferent characteristics of the binding site S' of the host
as well as their overall geometry to attract and orient specifi
organic -target- guests while rejecting others.

''One of the incentives for the exploration of host-gues
complexation chemistry is the expectation that organi
catalysts of the future will combine binding and or ienta
tion with cooperativity between catalytic functional groups,
notes Professor Cram. "We believe. that structural recog
nition in ,,ornplexetion and catalysis will depend on host
whose structures ,'re subject to a minimurn of ambiguit.
with resoect to tn,- :azes and shapes o their cavitiea an
the locations or-'heir catalytic

Ronolso r7,, tow of Colurribia University has concen
oveed t'e !avelopment of artificial enzymes coTabl

. ss: appro.! ss O.-=- the superb selectivity and the enoeinou
aeeeleratioi, of reaction rate (on the order of 10 billion
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fold) fouhd in natural enzymes. For a number of -years,he
and many other chemists have looked upon the cvclodextrins
as an ideal tool for this work. Cyclodextrins are natural
products formed by bacteria. Consisting of six, seven, or
eigirt glucose units (C611,0-3), they form an open-ended
collar or eylinder 7 angstroms deep, but 3, 7, and 9 angstroms
in cnamen.:r. i eepectively. The cyclodextrins have the in-
teresting property that many hydroxyl (OH) radicals rim
the cavity, making it ''hydrophilic," that is: soluble in
water. At the same time, however, the interior of the cavity
is -hydrophobic,- or water-repelling, so that it presents an
attractive invitation to small organic molecules with suit-
able bonds and hydrophobic inclinations to -come into the
parlor and get dry.

Earle work with these structures focused on the ability
cif t!.. i;ydroxyl groups on the rim of the cylinder to mimic
the first step an enzyme's attack on a bound substrate.
The rn. of hydroxyl attack in ene of nature's enzymes can

nnlhons of times faster than the attack on the sub-
s:ran, by simple solvents. Until recently, all examples of
cych dextrin-promoted reactions on various substrates did
not to. eed disappointing accelerations of 360-fold.

Breslow and his e,sociates undertook a detailed study
of this poor performance, initially using the este: meta-
ter-botlphenyl, acetate as a substrate. Molecular mod-
els showed that the ester hound tightly into the cyclodextrin
cavity, but that successful hydroxyl attack on the carbonyl
component of the ester required that the entire molecule be
pulled up out of its :cost stable binding position. They
had a situation in which the substrate was more tightly
bound than in its transition state in which the hydroxyl
attack is most effective; according to the chemist, 1.inus
Palling, the ideal situation is onein which the transition
state mire tightly hound than the substrate.

As a first step, the investigators modified the cyclodextrin
collar by building a "floor- into it, making it a el, :ed
-Pbeleet sl- diower than the unmodified system. Althoogh
binds leso: deeply, the substrate is still strongly bouno
because of :he contribution of the new -floor" :o the
binding. In another step, they attached additional proi-ceting
groups to the es ir substrate to prevent it from bindine,

--die ea v v.-These- steps brought thy. .-iont. tr,
closer to the ideal sitoation, accelerating the reaction r
:000-aid relative to the . ate in solvent only. In a ti
series of s..-ps, they turned from ester substrate to no.,
classes of eobstrates having geometries offering binding,.
stn. neths almost identical in VOC;l step of the process. One -
of the most shiking improvements was seen with errocene,
in whicfean irhn atom is sandwiched between two parallel
rings of CH units. This produced accelerations of 7.5:3,00(--

ncold. improved derivatives or the fnrrocene ring; molecule'
led to accelerations of e million-fold, and in one case, the
reaction favored one of two mirror image isomers in the
substrate by a ratio of o5 ro 1.-A:though still not quite up
to natural standards this is a very respectable performance
and a t- -inencloris improvement o''er the earlier experiments.

"The field.ol. sOthe,sis and study of artificial enzymes is
in a sense in its infancy," Breslow observes. However. it
is already clear ;iat with appropriate molecular 'desti,n
it will be possihfe to achieve very large rate .accelera:
!ions, comparable to those typical of enzymatic processes.
More exciting. the application of the principles learned
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f.om enzymatic eeactions permits us to design novel chem-
ical processes that car. achieve highly desirable selectivity,
of the sort not otherwise achievable outside of biochemis-
try. The selective accelerated eeiactions achieved with arti-
ficial enzymes that mimic the natural catalysts have the
potential to play an important role in chemical synthesis,
and such substances may even prove to have therapeutic
ability. Thus, one can look forward to continued vigor-c.)us
growth of this field.

OPIATE PEPTIDES AND RECEPTORS

Of all the preeerarions on the a-,..e,:hecary's shelf, none
holds more fa.scinar:on than the .mdkti syrup exuded from
unripened seedpods of the poppy flower, Pap-aver gornui-
ferum. The syrup dries into a brownish sapraw opium.
.Although its curative powers are meager, physicians have
prescribed it for more than 2,000 year'- because of its un-
rivaled pain-relieving ability. Many others crave opium
and its natural and synthetic derivative` 'or the surge of
euphoria they induce.

In addition to its ability to produce analgesia-and euphoria,
opium haS well-known side effects. Urilike other medicinal.
compounds that can be administered in fixed dosage, opium
dosage must be increased over time to obtain a constant
effecta phenomenon called tolerance. Addiction also goes
hand in hand with physical dependence;'opium users are
soon unable to disContinue _ drug without "withdrawal"
symptoms. Drugs with these properties are uniformly addic-
tive, and the laws oral! Western nations seek with vary-
ing degrees of success to confine their use to legitimate
medical need.

The search for addictive free and pott analgesics is a
relatively new endeavor, made possible by advances in
chemistry in. this century. The goals of this research are
that severe pain be relieved without clouding and alter-
ation of me mental state and that the phenomenon of
tolerance be overcome. The absence of the tolerance phe-
omenon would allow sustained analgesia to be produced

over a 'long period of time without loss of ef fectiVeness of--
the analgesic drug.

By 1925, chemists had worked out the exact three-dimen-
sional structure of morphine. It was another 25 years before
they could synthesize the correct -stereoisomer- of mor-
phine derived from opium. (Stereoisorner refers to any of a
group of isomers in which atoms are linked in the same
order but differ in thei etial arrangement.) But thanks
,to the gror.irg sophist=... -;;oft of synthesis tot :hniques, them
wee:e able an prod*rce a large number of opiate analogs.
Sboftly before VVO.?,c1 War II, Americe... chernists'symthe-
sized 'an interesting norphine derivative, nalorphine.
Although it win; a ye: minor modification of morphine.
with. the Sub. 'ilution o. an allylgroup, nalorphine proven
to be a poWerful opiate antagonist, specifically blocking
bath the analgesic and the euphoric effects of the true
opium -agoniqS.'' It proved to be an almost instanta
neous antidote frAtaat tents at the paint of death because of
acute rhoonhine or lieroin overdose, In 1954, another- star ta

fu-:r nyati d-ei.coiaered about nalorphine: by itself, it
t,n.:ki be almoSt is potent: an analgesic as morphine but

4 t- -



with teever of mot phire'e uphoric or addictive properties:.
Nalorphine is no Innger used, either clinically or as an
antagonist in the laboratory. because of the introduction
of such drugs as naloxone. Naloto..ne is a pure antagonist
without agonist properties of its own. Naloxone has played
an important part in the opiate .peptide story because its
ahility to block certain effects has become an important
criterion of the opiatd. (morphinelike) effect.

L)-uring the to. ...s, it was recognized that the nlecha-
nisnes by which opiates affect brain functions were similar
to ti ose involved in certain hormones (insulin, adrenalin,
etc.) and the action of neurotransmitters. All these chemical
signals act as intercellular messengers within the brain,
central nervous system, and other organs. Because these
compounds are effective in low concentrations and act as
intercellular messages. it was generally thought they acted
at specific receptor sites Such receptors are usually large,
spec ialized molecules on the outer membrane of the target
cells.

Several lines of evidence supported the receptor the -ary
of opiate behavior. First. all opiate agonists sho-w very
fundamental similarity in their molecular structure and,
like the hormone, and transmitters, act (initially, at least)
in vanishingly small doses. Second, opiates all exist in left
and right-handed forms. Such alternate architectures are
called isomers. This meticulous -stereospecificity- argues
strongly for an equally specific receptor molecule capable
if recognizing "handedness'. in the opiate molecule. A
third bit of evidence favoring the receptor theory is that
although antagonists like nalorphirie are only slightly
modified versions of agonists, they work with the same
spec's.' and low eoncent ration, suggesting that they may do
nothing more than occupy receptor sites, denying access
to the opiate agonists.

Whitt' these-clues favored the receptor theory, they did
nor constitute proof'. This became the major challenge of
the toil) s for pharmacologists, biochemists, and molecular

luithriany difftculti,s had to be overcome to
make any headway at all. One major stumbling block was
that hiologically active compounds, like the opiates, will
fasten to just about any kind of membrane, even in the
abe,enee of specific receptors. Such nonspecific hindine, is
a tar more frequent occurrence than true receptor binding.
One result was obtained by An.ram Goldstein and his col-
leaeues: at Stanford University School of Medicine They
synthesized radioactively labeled oniates as well as inac-
tive isomers to comp.): e their ability to bind to homoge-
nized brain cell membrane they found numerous instan-
ces of nonspecific binding, of which only about 2 percent
of total binding was stereospeciiic. This meant that thit
task of isolating the small amount of specific binding from
the verh. large amount or nonspecific binding would be
fornii&hle. But the work was the first derlonstration of
stereospecific, 3piate receptor binding, which 'Stimulated
the sear( ti for better ways of'doing it.

Building on the Goldste technique, in 1973, Candace
Per and Solinon Snyder of the Johns Hopkins Univer-
sity School of Medicine, ei,-nnhanously with and inehae:
oendently at similar work by 1 in Sweden and
Lric Bemon at New 'orl r inive;sity, used a combination
o Maneuvers to aritplif y seecifh: receptor binding while
.:rppresning nonspecific bioding. "We were able to iden-
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tify high-affinity binding sites for opiates in fragments of
cell membrane-from rat brain and guinea pig intestine with
the aid of radioactively labeled naloxone, a potent opiate
antagonist,- Snyder explained. "To investheate the specifi--.
city of the binding we compared the ability of the active
and inactive optical isomers of the opiates to compete with
radioactively labeled molecules of naloxone binding to the
receptor. We found that the active isomers of both ago-
nists and antagonists could displace naloxone that was
already bound to membrane, and that the pharmacologi-
cally inactive isomers had practically no effect on such

197ee Snyder, Pert, and '.4ichael Kuhar :napped the
distribution of opiate receptor in the brain and spinal
cord. They found that receptors are concentrkA in the
paleospinothal.amie pathway; which as-cends atong the mid-
line of the brain in monkeys and man, and they also hound
high densities in the amvgdala, the corpus striatum, ,md
the hypothalamus, all components of the limbic system,
which regulates emotional behavior. This distribution cor-
responds somewhat to the salient features of opiatestheir
ability to relieve. dull, chronic pain conveyed by the paleo-
spinal pathway (rather than-sharp pain conveyed by a
second pathway that evolved later) and their ability to
induce euphoric states.

Snyder and his colleagues also measured receptOr
ing in a wide range of animal species. Intereoingly,
vertebrates exhibit receptor binding, and there is no de- ---

table evolutionary trend; the most enirnjtive vertebrates
like the hagfish and dogfish shark not only exhibit as
much receptor binding as monkeys and than, but the re-
ceptors of these primitive creatures diso:y virtuallyotte
same opiate specificity, indicating that few changes 1-1.ve
occurred in chemical structure of receptors over the
million years of vertebrate evolution.

.

This unequivocal. demonstration of the universal pres-
ence of opiate receptors in all vertebrates posed a deeper
question: Why did these sites evolve in vertebrate brains
and central nervous systems:' It is unlikely they evolved to
exploit tlie analgesic and other properties of an exotic plant
indie,enous to the ..Middle East and Orient. ri vertebrate
brains come equipped with all these highly specifire"locks,
then in some way they also manufacture equally specific

keys- to fit these locks. The conclesion was inescapable:
The normal vertebrate brain ihutit caNble of synthesiz-
ing molecules that operate at the same sites as the orOates.

-Snyder and his ast,oeiates suspected that these encloge-
nous agents behave like neurotransmitters. Thee would
therefore act at neuronal synapi4ts where an ..hohnal fiber ,

of one neuron terminates at a junction on the outer mem-
brane of another neuron. To test this, they homogenized
brain cells, fractioned them into differ . comPonents, and
then si un the compose,(; ,,i in lcentrith .r to separak,.chem
by. specific clansity. As they surmised': specific (eceptor
binding does indeed occur largely or synaphc membi:ana.s:.
They suggested that the brain's natural opiatelike eom-.
pounds also bind preferentially to synaptic mambranesh

The nced step was n. identify the brain's natural opiate.:
Jahn file he :; and Hans Koste of the University of
Aberdeen .corei this breakthrough. First, they showed
;hat brain cell extracts ..:ouid mimic tneutffro'J, n' opiates
or smooth muscle tissue;This mimicry was both stereo-



specific and cap--'de of being inhibited by small applica-
tion of the antagonist, naluxone, strongly suggesting the
pr&sence of a morphinelike factor in the brain extract.

The clincher came in 1975 when Hughes and Kosterlitz
succeeded in isolating two nearly identical small peptide
molecule,: from pig brains, each consito ng of a chain of
five amino acids. They called the factors enkephalins, from
the Greek phrase, ''in the head. The first four amino
acids were identical in each peptide; differed only in
the fifth ammo acid. The one terminating with methionine
was called met-enkephalin while the other terminating with
leucine was called lee-enkephalin.

Once the structure of the enkephalins had been estab-
lished, the most surprising coincidences occurred. Derek
Smyth of the National Institute for Medical Research vis-
ited Imperial College and gave a talk on beta-endorphin.
Howard Morris, in attendance, was greatly surprised to
see that the first t. ye amine acids of this oeptide.had the
sentience ot met-enkephaiin Thereafter, Derek Smyth and
Ins ,olieagues established so far unknown fact that
beta-endorphin had a high affinity for the opiate receptor.

In 19e4, Choh Hao Li of the University of California
School of Medicine in San Francisco isolated a 91-unit
amino acid peptide from camel pituitary gland; he named
it beta-lipotropin because its chief function seemed to be
the metabolism of fat. However, the metabolizing function
was thought to be confined to the first 58 units of the
peptide; the role of the last 31 units remained unknown. It
was this second group of amino acids in the beta-Ihnotropin
that contained the mei-enkephalin sequence. Ay: ern Gold-
stein of Stanford University obtained samples of beta-
lipotropin from Li and found that the 31-unit fragment
had powerful opiatelike effects as well.

In 1075, Goldstein and his colleagues identified the first
opioid peptides in the pituitary; these included beta-
endorphin tnefore its structure w. -ecognized) and dy-
norphin, which required 4 more yea., for partial structure
and until 1061 101 full structure to be worked out. In 1982,
workers in he-United States and Javan used the techniques of
moleculai biology to piece togezher tl e 1ZNA tun leotide
sequence thai specifies large precursor proteins containing
the sequences of the endorphins, enkephalins, and most
recently, tf e dvnorphins. While these peptides contain
common amino acid sequences, they are brok , down
frnm different precursor proteins; It appears not these
large precorsors; ranging in site from 250 do 300 amino
acid units embody the sequence of all brain and pituitary
opioid peptides ..haracterized to date, and some of them
contain multiple copies of active e'..tkephalins.
both brain and glandular CE s},Ithesize the : urge pre-

. cursor chains, th.hi remove the sequences necessary for
their =',pecialized activities.

;here is also ev.idence that enkephalins, endorphins,
and dvnorphins play an important role in mediating
&pre', defeat, and othe7 emotions of man and the
higher ,n. lls. Ho. hc.Ai peptides Interact among then n
selvre.: and 'ith other peptide hormones and nnurottan,-

nmitt.ers is a task for donfuttme.
7yleantime, what of toe kinKst'ardin,4 gOal of physitians

and ph4renacolonsts? DO;the brain Opiates point- the
way to° the pen; ect nonadeh'tiVe 'analgesic'? Alas, the
answer scars b,` no: Rats repeatedly Injected- with

enkephalin or beta-endorphin develop tolerance and phy-
sical dependenct. just as they do wi...h morphine, and they
also exhibit- shaking, diarrhea, and other ithdraWal
symptoms when the injections are suspended. It appears
that analgesia and tolerance are inseparable at this point.
The notion ,hat we can become addicted to our own pep-
tides may be discomforting, but at least now we know
something we did not know before. As Shakespeare's Cas-
sius observed, "1 he fault is not in our stars, but in our-
selves."

HELPING PLANTS FIGHT DISEASE

When the earth entered a warming period about 7!.0,000
years ago, the great glaciers of the last ice age retreated. As
vegetation returned to the land in the temperate latitudes,
our ancestors discovered the greatest of all human innova-
tions: the deliberate cultivation of plants to produce food.

Agriculture not only permitted but required the exis-
tence of settled communities and populations. It generated
the first economic surplus, and this. according to anthro-
pologists and archaeologists, led to the development of
urban centers populated by tax collectors, clerics, artisans,
and other skilled specialists. It was these latter groups who
invented writing, wheels and axles, waterwheels, sailing
vessels, and all of the other. things necessary for the devel-
opment of early civilization. As Sylvan Wittwe: of Michi-
gan State UniverSIty put it: "Agriculture is the world's
oldest and largest industry and its first and most basic
enterprise."

Dne.pite the vast accumulation of agricultural knowl-
edge over 10 millennia, farming today is still afflicted with
the same problems that have bedeviled it from the begin-
ning: climate, pests, and disease. Droughts and early
frosts, loOusts and boll weevils, and diseases caused by a
staggering variety of bacteria, fungi, nematodes, viruses,
and other pathogenic microorganiions continually threaten
the world's growth of food, feed, fiber, and fuel.

Plant diseases are known to extract a sizable annual tax
on the world's production Ind storage. of major food
crops. Potato bl4lt in Ireland in the mid-1840's led to the
starvation of 750,000 people and emigration of 1 million
others. An epidemic of brown spot on rice killed millions
in the great Bengal famine of 1943. In 1970, an outbreak.
of southern corn leaf blight, a fungal disease, caused the
loss of 700 million bushels of U.S. corn, 15 peroent of
feed crop valued at more than $1 billion.

It was commercial plant breeders who saved the day for
hybrid corn in the United States. They rnanag:.,,c1 to introduce
a totally new cytoplasm, my! the sterile male- genotype
was discarded. The new hyhrid retained the Isiours'rack
of tassels and t.n. "orm heightthat fae-%tated harvesting.,
of the cr.' -a, st) tnere was no loss of farm pryiductivitV

Convontional plant breeding is' O,bori(nis, expens..vr,
and rime-consuming, but the crossing ?- !. re- cussing of
sexteally <corripatibl.? species of tx:onntrtic importa.. .

th' cereal rice, and corn,- ant..., ntgu,r..es
like neas and soybeans..ha..-6 c:rintributed mightily to tilt,
growth. of American, agricultural prodnetio...ty over the
past bell century. let, it is an empirice.:-; 'phenomeno-
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rt mote than a science. it lacks ara.ovenarching
the,.ny modJ that relates tke great variety of plant
protess,s- inte i olierent whole. Moreover, plant breeding

.7:- from severe constraints because it car only be applied
rt. lated species_ Thus, a trait conferring genetic

sisianee to a given dist'at- in a cereal grain. for example,
..-annot hint Into one Or the Legumes.

Plant s,.ientists believe that the great advances in ciellular
and mole, ular biology and tissue culture over the past
generation. and partit ularlv the development of techniques to
recombine and transfer genetic characteristics over the past
dee,,de, could provide the key for similar leaps in both
understai.,ding and mastery of higher plants important in
world to.,d production_ The genetic blueprints of plants
!nigh t .he re-engineered in the same direct way that raolec-
Uhl! biologists now do with ba,:teria, using viruses r plasm ids
as vehicles to transfer entirely new sets of genetic instruc-:
lions into the t hromosomal DN.-% of the target plant.

! example. one might visualize the isolation and iden-
ittit.ttion or a sequence of genes in Plant X that would
confer resistance to a disease. The amplification of this
sequenoe of DNA by cloning into bacteria and the incor-
poration of the sequence into a suitable vector, would then

irateci- embryo cells of the parents of the diseased plant
and incorporate this trait in a new kind of hybrid plant. In
theory, this direct approach would be far faster and less
costly than hit-or-miss crossbreeding.

But there are a number of formidable obstacles in dupli-
catirk.the genetic successes with bacteria in far more com-
plex, higher plant systems. Bacteria are self sufficient, single-
cell organisms, whose DNA is spread out loosely within
the cytoplasm of the tell. Tliese organisms belong to the
great class called prokaryotes. Although they lack mobility,
central nerN ous systt-.:, and sensory apparatus, higher
plants are far more soi.inisticated and differentiated multi-
cellular organisms. They belong to the second great class
of life, the eukaryotets. in them. the cellular DNA is tightly
confined within a cero,ral nucleus in the cell.

Not only do etikaryotic cells-contain far larger amounts
of chroinosonal DNA than prokaryotes, but this DNA is
an more complex in its organi,,ition and behavior. Where

Figure 7-4
Various stages of corn regeneration.
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the DNA of prokaryotes has every triplet of DNA base
pairs essential for specifying an amino acid in a protein or
sci :le pert of a regulatory function, so that all the DNA

to the organism, the DNA sequences of eukaryotes
art' TidLikti with silent sequences, ter -introns.- wich appar-
ently play tat) role in specifying at, construi_licna

ellt,y111e!,, or other structutes of ti.:t k)i in con-
trolling cellular activities. Moreover, many of the DNA
sequences of eukaryotes jump about within the chromo-
somes; these are called ""transposons.- Obviously, soph-
isticated -.editing- takes place of ter eukarvotic DNA is
transcribed into me-,senger RNA, and before this inter-
mediary sequence is translated into protein. The inability
to edit- introns out of eukaryotic DNA sequences may
explain the inability of bacteria to express some sequences
of eukaryotic DNA in the form of proteins and enzymes,.

Another obstacle is that few plants may be easily T t: 71-

crated from individual embryonic cells, or even clumps of
culls. into whole plants capable of independent giewth
under field conditions. Unlike unicellular bacteria, plants
are highly differentiated. multicellular organisms in which
an intricate sequence of control mechanisms must come
into play for the individual cells to grow roots, stalk, leaves.
and flowers, set seeds, and then enter senescence. A few
plants like potatoes, carrots, tobacco, and petunias may be
regenerated from :tingle cells, but the cereals and legumes,
the world s two most important food groups, stubbornly
resist regeneration. Yet, it is essential that this step be
mastered.to achieN e the greatest potential from future
genetic experiments.

Plant scientists are beginning to achieve some important
adVances, however, in regenerating superior cereals and
legumes from tissu and cell structures. C. E. Green and
Ronald Phillips I the University of Minnesota have
broken the -corn barrier- by inducing_ corn plants to
regenerate from a clump of cells (callus). (See figure 7-4.)
Both the age and the genotype (genetic strain) of the donor
cells however, are critical. Unfortunately, the callus is not
soft and crumbly but hard and compact, so it resists dispersal
into individual cells in a suspen-ion culture. Nevertheless',
they did find one example of soft callus, stirred it into a

Mature somatic embryos
(mug. 6.6z)
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suspension culture. and success: oily regenerated corn plants
from the ,..olture.

Green is oponustic ti.at this work will eventually lead to
the ability to clone identi:al corn plants from single cells.
For that. however, one further step is nreessary. Thy tough
011 tt'i Wan t the plant cell must be by a suitable
'roffering agent, leaving a pr,7-)plast can be readily

enetrated by an enzyme or i; if us carrying the new genetic
instructions to be incorporated into the Cant ieenome

Edwin T. Bingham of the L. aiversity of Wisconsin nas
investigated t problem of why some genotypes of alfalfa
will regenerate from culture while others won't. Bingham
and a graduate student, Bruce Reisch, found that two domi-
nant genes control the regenerability of alfalfa from callus
m suspension culture. This could explain the
greater difficulty of regeneration from s rlgle cells.

Similar work is proceeding o tomatoes. Cultivated
tomatoes do not regenerate well from culture, but a wild
strain 0: Peruvian tomato will regenerate, and Davie Pratt
and Bruce Thomas of the University of California at Davis
have .crossed the domestic cultivar with a marble-sized
Peru ..ian tomato in hopes of developing a line that would
combine the best traits of both species and'. at the same
time, allow whole plant regeneration from single cells.
Maureen Hanson of the University of Virginia has at-
tempted to culture protoplasts of the hybrid culture-
tolerant tomato developed by Pratt and Thomas, but she.
found that conditions, including the nutrient solution in
the w.-ter supplied the-donor pants and the ratio of fluores-
cent to incandescent light in the growth chamber, must be
controlled very precisely.

Although genetic engineering of plants is the long- term
goal of basic- work on rep eration now under way, a more
immediate dividend is.,the ability to induce and select desirable
mutations. If cultures of plant cells are subjected to herbi-
cides and the process repeated with the survivors, highly
resistant cells should survive, and these can be tested over
several generations to determine whether the trait is stable
:irk! heritable. Such an approach might also be possible in
searching for plant gonotypes resistant to specific diseases.
This would bring many efforts L improve plant breeds
from the field to the laboratory, sharply telescoping the
time and cost of the work. It would be more difficult,

7- however, to adapt such techniques to improve nutritional
' quality, plant structure, or other features that show up

only in adult plants.
Traits exhibited in variant or mutant cells in culture

often fail to show up in the regenerated plant. It seems
that the mechanism expressing the desired t Tait is turned
off during the growth of the cell into a co;nplete plant.
Pratt and 'Thomas found this phenomenon in the tomatoes
that they regenerated from culture. They also found that if
the single cells are taken from the regenerated plant and

'cultured again. the trait will reappear. Apparently, the longer
the cells remain in culture, the more variable and unstable
they become. Many investigators believe they are seeing
the effects of thcrrnovable 'control elrments- first hypoth-
esized more than,30 years ago by Barbara McClintock of
the Carnegie Institution based on her studies of corn.
These controiI elements semi to match the t ransposons--
the jumping ,;enes of eukaryotes. They nay be more active
in the regeneration of plants from cell cultures than when

r 181

the plant cells become ,orrailitteci- to organization-and
differentiaticn.

Plant scientists are also making slow but steady progress
in the identification and use of promising vehicles or -vec-
tors.' for delivering foreign DNA sequences into the chromo-
somal DNA of plant cells One vector attracting consider-
able att-entior. is Agr?brcteriuir, tionefildet:5, respons:ble
for crown gall disease in a wide range of broad-leavod
plants. The galls are tumors that form in the region of the
plant between root and stem. The bacteria enter the plant
at the site of a wound or 'Hiury, and a ring of tumor-
inducing (Ti) plasmids is it rted into the plant cells. A
portion of this ring, called T-DNA, becomes incorporated
into the plant's chromosomal DNA, -2.-_-;bverting its machinery
to overproduce opines, a nutrient required bacteria.

In theore he modification of the T-DN.,=,. portion of
the plasmid the well-developed techniques for con-
structing hybrid plasmids and cloning them in E. coli, and
other bacteria should not present undue difficulty. The
plasmids used to induce back rid to manufacture insulin
human growth hormone and other products are relatively
small. When cleaved with an enzyme, restriction endonu-
clease, they open in only one place, allowing insertion of
the f. reign sequence. of DN... The Ti plasmid of crown.
gal!, howeVer, is huge, with a molecular weight 95 to 156
million times that of the hydrogen atoni. When this is
cleaved with restriction endonuclease, it breaks at many
different sites in.tead of a single site. A foreign sequence
Of DNA can be -iserted, but with Mt.] nope tigit a func-
tional plasmid will reassemble.

Fortunately. the active portion of the plasmid. T-DNA,
amounts to only about 10 percent of the total. This seg-
ment has been re-engineered successfully and cloned, in E.
coli. In one experiment. streptomycin resistance has been
transferred successfully into a culture of A. time faciens,
which, in turn, has been used to infect tobacco plants.
However, it appears that the gene was not expressed in the
plants. Mary-Dell Chilton and her colleagues at Washing-
ton University believe it is necessary to splice foreign genes
into T-DNA next: to a known r ',rulatory sequence, for
example, the segment specifying opine synthesis. The regula-
tory portion of the gene is obviously read correctly by the
appropriate polymerase enzymes of the infected plant.

The next step is to infect individual plant embryo cells
in culture with the altered Ti plasmid and then attempt to
regenerate whole plants from single cells. European inves-
tigators have reported some success along these lines. Mark.
Van Montagu of the State University of Ghent, Belgium,
and Jeffrey Schell of the Max Planck Breeding Institute in
Cologne transformed pL.,- -ells with altered T-DNA. They
found one opine-positive (Ito regenerated, into a plant
and retained fn its chromosomal genes some of the T-DNA
accF.,:red in the culture. Mar, -Dell Chilton and 'her group
successfully used A. rhizogencs to infect plant roots, and
they have regenerated whole plants from the roots. They
oelieve that the T-DNA of A. rhizugenes, (16), may be an
attractive alternative to the Ti plasmid as a broad-range
vector.

Mastery of recombinant genetic techniques capable of
incorporratine desirable new characteristics in plants offers
a far greater range of applications than simply helping
plan ts'resist herbicides and diseases. Those resistance fac-
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t, Jr e likely to he realized lino, however. because they
ate ape.itled by rnl',ernegtr a tew genes, Other important
properties, euch as nitrogen tixation by n;tizobio, are con-
troileel by as :nano as 17 genes. It is these proteins that
roe, J. t000la for shoots, roots. and leaves, the ant tea
ot too- man nutrition

ean.., plant breeding and otner plant sciences are
inat,e !esearch programs in the United States, the number
oa ientists skilled in the techninues of molecular and
cellular biology and genetic engineering is very limited.
The problems they must address are eriofmous in variety
and canpleatty. When Robert Goddard pioneered devel-
opment et first liquid. propellant rockets in the United
States in the a o20 as and 1930-s, he found that he had to
develop almost single-handedly all of the separate earn-
ronents---tJnI,s, valves, turbo pumps, igniters, eombusion
chambers, noailes, and inertial control devices It was not
until a critical mass' of soil nt,ts and trigineers was rnobi-
hied to attack these problems -ystematically that a practi-
at space propulsion t- ystem could be achieved. The situa-

tion is much the same in tointging the new technique' of
molecular hiology and genetic engineering to bear on the
age-, Id- problem of improvement of agricultural crops.

While it is not clear how the powerful techniques of
molecular biology can be adapted to such complex and
sophisticated organism:, as plants, it is clear that we will
not !Pam the arise -c until the community of scientists
attac kino fundamental questions is large enough to deal
Nvith that manifold unknowns.

COGNITIVE DEVELOPMENT IN
EARLY CHILDHOOD

Humans ''can learn nothing without bein.. 'aught::
wrote Pliny the Elder nearly 2,000 years ago. Pliny was
commenting on the helpless nature of infants.

The idea of newborns living in a sea of confusion, dis-
tinguishing neither sights nor sounds, has prevailed over
the innienioa One nnablem with this theory is that it has
never been proven. Another is !hat ii is not true; ask par-
ents :alto have watched in wonder as their infant followed
a a object with its eyes or turned toward the source of a
sound.

Over tin past scientists have begun to docu-
ment dolt a newborn .. an do many things, including proc-
ess sensory information. Although scientists do not know
how vast that hank of infant sensory ability is, a clear
picture is emerging or the infant as a highly active,
information-processing being.

Researchers are using a relatively new approachcognitive
scienceto Setter understand how much children actually
know and how they learn to interact with their environ-
ment. Cognitive science focuses on how human beings
obtain, store, retrieve, and use information. eas researchers
begin to dissect the steps taken in the cognitive process,
they are finding that cognitive abilities develop much ear-
her in infancy thanJiad been thought. One reason for the
growing awareness of the cognitive coMnetence of young
children is a change in 'the way research is, approached.
Instead of testing cognitive capacities against tasks they
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will be able to do when they are older, researchers are now
focueing on what youngsters are actually able to do at a
given point in their development. Thus, for example,
young children are being tested to determine the extant to
whieh they can grasp the concept of enumerating objects

couni,h,,,i, them, rather than, as previously, whether
they use numbers correctly in ,uunting 5 or
10 objects.

Along with changes in approaches have conic new research
rnetho,.'s. `I'ou can't ask an infant what it can see, but, a
method called forced choice preferential looking can help
determine it. A display is set up wale a stimulus (a striped
figure, for exarnple) appearing on the left cr on the right.
One person holds the infant being tested in front of the
display, while an observer sits behind a peephole at the
:enter of the screen and watch,' the eve and head move-
ments of the baby. Based on those movements, the observer
can create an accurate record Of what the baby is seeing.
Researchers know that 1-month-old babies can see wide-
strped. patterns, bt.-cause- they consistently stare at them
w4tien shown on the display. But the babies' lack of interest
when the stimulus is changed to thin stripes indicates that
infants cannot see the fine patterns.

Forced choice preferential looking is the equivalent of an
infant eye chart. From it,' researchers conclude that if infants
could read in the first month of life, they could read only
the top line of an eye chart. At birth, vision is appreximately
20/400; that means that newborns can see clearly at 20 feet
what a nornial adult can see clearla'at 400 feet.

While it was important fe. scientict, to prove what
infants could see, it was astonishino to find out how
dramatically and rapidly early visual ability improves. By
0 to 9 months, infant acuity is in the range of 20/50. It
approaches normal adult values during the second year
and possibly even by the end of 1 year, although this is
difficult to test becaus'e youngsters are not usually. moti-
vated enough to be attentive for the long periods of time
needed for accurate testing. These findings on sensory
development are important to cognitive research beeause
the degree of acuity relates directly to how much informa-
tion can be stored and ultimately recalled.

Another visual development 'of great relevance is the
ability to see color. Colors .are thought to elicit and main-
tain visual attention and to induce vigilance. They carry
information about the physical world and assist in identi-
fication, coding, and differentiation of surfaces. Color is
often more imp, )rtant than size and shape in determining
how readily ano accurately we detect and locate stimuli.

Recent testing has shown that an infant's color percePe
tion ability existsbut it is weak. At 2 months, infants can
make'red/white and blue/white discriminations. But they
'farin telling yellow and green from white.

The infant eye also fails to make appropriate move-
ments. oven though the linkage between visual stimuli
where something is in spaceand. the motor responsethe

cment of the eye- -seems -to be wired genetically.
When an infant sees an object on the left, it looks to the
left without anyone teaching it to do so. Using infrared
video cameras and computerized eye movement measure-
ments, psVchologists studying the development of vision
have tracked the visual motor control of 4-week-old
infants as they follow the movement of an object. Re-
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'?:2 archer.; found that infants can visually follow objects
bur they don't do it partieularly well; there is not a smooth
mate} be tger.iert the veloaity of the eve and the velocity of
the object. as occurs in an adult The infants make repeti-
tive 5-degree eye movement's in jerky efforts to catch up
with the target. Adults, in contrast, make one, large eve
movement.

Howevcle newhorns are able to make large aduitlike eye
movements when they look around a dark room without a
target to follow. Therefore, it is not clear that the infant
eye movement mechanism is immature when it is tracking
an object. Perhaps all that is needed is more practice track-
ing objects, because by ti weeks of age most infants have
begun to refine their eye movements.

The magnitude of the changes taking place in the infant
eye's a;,lity to encode information plays a significant role
in ,,.v visual information is stored and used cognitively,
An infant might not be able to remember something it
stored at an earlier age. not because it has a memory
failure, but because there is a mismatch; the earlier visual
encoding may appear different to the more mature visual
sostem.

Normal infants coordinate vision with another sense
neaeingto find things in their environment. Until recently,
inf ant development scales placed the age of head turning
niward unseen sound between 3 and 5 months. Observa-
tions in t linical practice, however, conflicted with the sci-
entific literature; pediatricians found that newborns turned
their head's toward a rattle, that was shaken off to one side.

Scientific controls were added to the rattle experiment
ny taping the rattle sounds and presenting them over a
loudseeaker, videotaping the infant's behavior, and hav-
ing it scored for head turns, vocalizations, and head ant;
body movements by observers who did not know which
side the sound came from. The data confirmed clinical
observa tionsl-day-old infants can localize sound. More
surprising, the researchers found that newborns also can
dist riminatredifferent kinds of sounds. They do not like
loud noise and generally turn away from it.

These new findings emerged, in eart, because of new
was testily. audiovisual abilities. instead of keeping
newborns lying down in a crib, researchers , end babies
upright throughout the testing procedure and played the
sounds only when the baby appeared to be alert. Also, the
rattle ,,ounds were played for as long as 20 secondslong
enough for the infants to hear and locate the source. As
with vision, the basic auditory mechanisms are there at
birth but are not finely tuned. Infants have difficulty seeing a
small spot of light, or hearing a sound of short duration.

So newborns can hear; they have a general mechanism
for mapping auditory information. But can they do anything
with that stored information? The answer is an unequivocal
Yes. Researchers have found that newborns can discriminate
one vowel from another. When they hear the "ah" sound,
their heart rate slows down. The heart rate will return to
its normal pace, unless the "all- sound is switched to a
noticeably different vowel. Experiments have shown that
subtle vowel changes will again cause the heart rate to
slow down. To researchers, this means that, at some level
of cognitive awareness, the infants are processing speech-
like information. about vowel sounds.

Infants, however, do not respond to al', sounds. A new-
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born, for example, will not usually turn to T. click, a tap-
ping on the table, or the sound of a tfairt But a 5-r,lonth-
old will respond to virtually any sound. These changes in
discrimination suggest sizematic-brain development that
permits an infant's eespense to a wide variety of stimuli.

One stimulus that attran'is infants virtually frt,,,-n birth is
the human 13,11s: under: 3 day,; imita.te. facial
gestures and some se, chlike behavior. They open their
mouths, stick out their tongues, protrude their lips. It is
now known that this is'not merely random playing; video-
tapes show that the infants-replicate these motions.

The fact that visual preference for faces iran-eases dra-
matically at about 7 -weeks of agejust prior to the time
th -f ' ^ ants begin to coo and babbleraises the question of

ect of early visual behavior on speech acquisition.
. is anything, do babies learn about speech by watch-

. ing nameone's mouth? As adults, we subconsciously take
note of mouth movements when 'someone is talking. We
take this synchronization for granted. But think how unnerv-
ing it would be if the two Were not aligned, as occ visionally
happens in a movie.

In one experiment, infants were shown two, side-by-
side, filmed images of a talker nrticulating two different
vowel sounds"a" as in pot and "i" as in peep. A tape of
the -a" sound alternating with the sound accompanied
the films-Somehow nhe infants were aware of very subtle,
audiovisual .differc. e es that made a right and wrong com-
bination of sound and facial movements; they looked sig-
nificantly longer at the face that matched the sound. They
also produced a kind of babbling not usually hea, ti at this
age, with rise and fail contors as uttered in a declarative
statement.

There are several hypotheses to explain this audiovisual
relationship. Either the infants learn this correlation by
watching their mother or caretaker, they gather it through
their experiences babbling (a recognition of their own sound
production lead them to recognize it in others), or they are
born with some ability to do it because the are so inte-
grally linked. It is likely that at some level all three hypo-
theses are involved, but it is still conjecture which holds
the lead influence.

Children learn language ef';ortlessly with little depern
dence on forma instruction. Yet, language is among the
more complex sun ',grins to learn; it invnlves mapping sounds
and 'meanings in a eanoematic way. SMce hurna is are the
only animals with language, it is.possible that nruchsome
argue even-alleeof the ability to learn language is'innate.
This has been debated for 30 years without m .ch resolu-.
tion. But recent research on how children learn language
has shown that something very special is indeed involved,

Consider the "language" system devised by deaf chil-
th'en who have not been taught sign language. Resear0-ers
videotaped them "talking- with their mothers and found
that the youngsters had spOntanvously developed' 'j ges-
tural communication nystem. The children used nounlike
signs, usually a pointing gesture, to refer to people, places,
and things. Verblike r adjectivelike signs, often done in
par.torohne, referred to ai lions and attributes: chewing
symbolized the verbto cat "; drawing a circle in the air
with the index finger meant "round." The youngsters added
markers to modulate sentence meanings, nodding the head
-yes" or shaking it from side, to side to indicate "no,'
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or con-onant that the child has'favored in babble talk, But
p rob- words art' i cli t'.'d to rea urtis to '.-: both are
,,st'J systematically to refer to sper-if

C. litidren must know how to cattug&u inc they talk,
hr'u-attse language development depmnds on the ability to
atn'-oI we pert eptuurl inputs. But yout childt'n have their
- a -ipecial way of & ategorizing. I hey tend to take a stereo-

tvpi al view. A bird is a robinriot a penguin. All igni-
are kttiet-. Cut ioUt-!v, they know what to ,ut r' their

bro. .1 categories ---- ar, for example, could nev. be a
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kuttv. .,: a tiger '.uId i-t-. -\ ti:ne goes n, tnt- s mar-

Vt-,'L iiirir- inure dirrerenzia tt' - ar-ui at nina point, a tiger
netr be called a ;:ittv. Re,earcbt-rs ae beginnung to

u:nJt-r'-rand better -u-r dii- Jniicrr-nt:ahan t.ukt-s pi-ce. A
gi. up ot 4 -year -0!d ,, ''us studied .0 er the course

: ---a-, i' 'a-- - r'.. '; s-o-r" - -ked to give
in Vt'. - :1 r,-orr .\s the Vi'' +Ot On.

It t 13 ' Vate't'tex- and ' o
Hoi did ifli'- laprcn Contrary Vt pc"Uiat b'luii, the

- es--an. lit r fjur-J that ttitltt-r 3' not a'ieo;nttucaiiv cur-
r- rJc'rrThilJren speech arud it-fl them dat' znruper adult

o u-c. Mcttht-rs tand to urreii t only thu-'; errors that
thv consider to be u_ rung from th- child s pet -pe,tive-
-.nt Ii a- uail :r a in-i- a gin' The youngsters can read-
3'. at&t-pt 5ui.h a orr,-i tiort bt-' u--. it ftt- in with their way

hut urnot unit -'- -a .ird tncuustuc,ll', -; na -. anuta'. ci'.' ts not
a-- r'a'-'c 'if : a:' &&>rttt :heun .IlJrt-n s w.nrd---tt-ilirg
tht-ur that if'. rournuol-'t'it tit.' tall a bail is, in fact, a
barth. children vtll ortinue r° call tt a ball until their
rnnoji'.'j '-how tiu:u--,.r until the'; Ji'-cuvt'r for tinernseh'e
that there sj slat no put rnt'nt-v n V hen children he ome
aware that tip' round obiect doesti i fmnction as a halt, 'hey
n'. :11 hi- able I.: arc --:-: the adult tord for ihank. Some-'
timeS. children-u wil use a rumbination wordhail-hank
to indicate ar. it'- ri ness of the elatonshp htween two
t a it'g&iries untt ni: si paratrun is compe ic.

lit ot}it'r w :J_ & hiLir-- have their own linguistic agt'nda.
l'-nrt,-n t'. can ouide ['vi not di&tatt- wl,'n and how it will
untold. Pert-inning ilu linguistic coritept of causahy
;to'iJe-' a good e\ampie oF this. PsvcbHogkts 'nave said

mat & luili.li en do rot Inave the ahi! ty u or ca asahthinking
uriti! ihey are 7 or vt-ar- 01d. when the cat -cc a cequen-
t,nl ,n'lation bt'tneen two plryskal events. But hviguage
sp.". aIits hart' triticed th.-,t .. hddrr-n as young as 2 and 3

.tt ausal siatenents tF a are hn_tuistiraily an',l uncep-'
tually diIft'rc-n torn i.sing ;au' '' vt-rbi u, h as 'get,''

in I get dirty. . - . a

C hi Urn hear ii cmv Ut". in mint tunvrronrm p 'ur taut-at
trig. 'Jut- dog k barkin -ncau'-e he rr a-is tin go

out, or lIte inabv is r TVifltt hecauct- '-Itt' i'. u_it. But
re-t-ar hers have found that '.- ti n hiUrn'n rn_the itt 'ad
sta lenten t-. titer arc' not ep- it it i>t ad ult- have sai
I' lir't tat -'na-inn-. are ', ut'.. c;' i0t1'.' ut-v-i'd b-c nut' children,

iran t a t u;, ,kua bet ,rint - I want a ' , ;. au '.e I am
Un-;rv.

'I lit' t .ru.alit t\ m\4'-'-r '\' anti ' rear 'tIlLIS it'- t 0111-

inn2-er,-,t-, it d'ais with tI;. &z'.id '. own fe hug- Although
ti - ,,n'" -ugge' t that the & a U5li en tt ti&'ct' 'd the vourug-
-.te. at ' ego-centcrt'd, the }'lleflrtflWPtifl is strn'newhat mpte
eompl"x thajiiat. By totaLing their ausal st,'jent the
c1niklri- lvan1tira, t take into a' count thc itir'itie of
people other than dternsr,-lves, And when asking
a question that Can cut it a causal response ihty inarnl to
take he listcnt'i & intentions into zcccnu nt ard dill ertunti;rt't
it from their own titer prt'tatiuris. 'fink dccetiteniru_ is con-

Ii. tat' a tint or te..'t of' lamnguagi' and t'ognuiive
tIe vc'h pineu t.

Rest'ait her ". h. ,' ret t-tnml- tb-er veul dnnt even 2-year-
old, tan' ma ndt'rstarut tInt- pritciple of physkunl t ,susality. I
an c\pt'rimc'nt, clnil&lren e,ere shumvn a canzst"and-effect
setluence tre turning 'ii ot a hit'wcr,,u_hirin then puts nut



a candle. The children were shown two potential causative
agents. One blower had its open side facing a lit candle;
the other did not. In the past, psychologists said that chil-
dren could not understand the causal mechanisms involved
and choose the correct answer. But in this experiment,
the children systematically chose the blower whose open-
ing faced the candle.

Young children:nave some competence in comprehend-
ing physical causality, but that does not mean they have a
complete understanding' of it. They might have an implicit
understanding of causality as a rule that guides the way
they interact with their environment, but they might lack
the explicit or metacognitive knowledge of its principles.

As children get older, their intuitive cognitive abilities
become. more sophisticated. Categorizing is a good exam-

ple. Initially, natural cat oriel of objects, such as boats,
resemble one another in the child's mind. But, young chil-
dren, unlike older children and adults, find it difficult,
and at times impossible, to form categories of diverse
objects by isolating a property they have in common. It
may be beyond'young children to put a boat and a sponge
together because both float.

Changes Tn the way youngsters1 make categories have
been charted in a group of elementary school children
ranging from' kindergarten to fifth grade. In a test using
cards of varying sizes and shades of gray, children were
shown three cards from a pack; two of the cards were
identical in size bulvery different in shade (light gray and
dark gray). The third card was close but not identical in
size, and close-but not identical in shade, to the dark gray
card.

When asked which two cards went together, the kinder-
garten children uniformly picked the two that were similar
overall but which were not identical in any way. Fifth
graders selected the two cards that shared one identical
component. Data on the second graders were ambiguous;
they were in transition between the holistic and analytical
categorization strategies.

Why do youngsters make such cognitive shifts? Perhaps
there is a natural predisposition to deal with wholes first
and switch to abstract properties latera grouping strat-
egy that may better prepare children to deal with complex
concepts.

By observing how children solve problems, researchers
are also getting a better understanding of thewide range of
strategies that are used, and how cognitive abilities at one
stage of development relate to earlier abilities and to those
still to come. They have found that children learn about
problem solving without direct instruction. In an intriguing
experiment, youngsters 3 to 6 were asked to move one set
of inverted cans, each can of a different size and color,
onto pegs so that they matched the arrangement of another
identical set of cans. The rules were simple: only one object
could be moved at a time, and a small can could not be
placed on a larger one. The children instinctively devel-
oped a variety of strategies-to move the cans. On a cogni-
tive level, the youngters showed the same rich repertoire
of problem solving skills used by adultsmeans-end anal-
v,:is , search, e' aluation, planning but in rudimentary forms.

Ability to work with numbers is attracting much atten-
tion in cognitive researchbecause it appears to represent a
uniquely human cognitive ability. Perhaps it is even innate;

babies at 6 months can tell a difference between two and
three objects when different sets are flashed on a screen.

Traditional learning theory sajts that young children are
not supposed to be able to count because they fail to
comprehend the.concept of conservation, or constancy, of
numbers: that eight eggs ir. eight cups will still total eight
when they are taken out of the cups and placed in a pile.
But, as children learn complex rules of lansuag structure
by themselves, they also learn to count without the bQnefit
of formal instruction. By age 3, preschoolers understantl
the concepts of addition and subtraction, see the difference
between more and less, and can carry out simple mathe-
matical reasoning.

In the "magic experiment," children are shown two plates
one with two plastic toys and the ether with three. They
are told that the plate with fewer toys is the "loser" and
that the one ,with more toys is the "winner." When the
toys are switched around or spread out on a plate, children
as young as 3 are still able to*ntify the "winner" and
"leser7 even though to fail at
conservation tasks.

Even more impressive is evidence that children as young
as 2 years old can count even though they dd-nc;ttio it the
way adults do. In general, they tend to use number-words
differently than adults do, although they use them consis-
tently. One child might always count the objects in, the
following way: one, six, nineteen,. seven. However, that
child will always use the word "nineteen" to refer to the
third item in a set. These idiosyncratic errors in counting,
which are similar to such errors as'"I runned" made by
young language learners, show that the child's use of lan-
guage and numbers is rule governed. As they get older,
most children correct their own language and counting
errors as they develop increasingly complex cognitive skills.

Through the magic experiment and others like it, a pic-
ture of the_ capacity of young children to use numbers
competently has begun to emerge. As research in early
childhood cognition continues to probe the nature of the
young mind, it is likely that other cognitive abilities that
were previously thought to be "adult" will also fall in the
child's/ domain.

The perceptUal and'cognitive capacities of young chil-
dren,as they develop are becoming much better understood
through research. The knowledge gained will serve as a
basis for improving the processes of early childhood edu-
cation. By knowing more about sensory and cognitive devel-

. opinent, educators will be able to design better learning
programs for normal children as well as for those with
handicaps.

EXPLORING THE OCEAN FLOOR

Thelast great frontier on the planet is the ocean floor, a
lightless, long-inaccessible realm at great depth and pres-
sure composing70 percent of, the earth's surface.

As recently as 25 years ago, scientists had only the sketch-
iest knowledge abOut this vast terra incognita. By means
of survey cruises and soundings, they had learned some-
thing about the topography, age, and composition of the
seafloor. They knew that the ocean is seamed by ridges
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and troughs and that the oceanic crust is composed of
volcanic basalt. They sensed that-processes were at work
on and beneath the seafloor of an entirely different order
than those found on continental land masses, but could
only conjecture about their nature. Knowledge of these
-processes might settle longstanding controversies troubling
many established disciplines.

Consider the problems presented by paleontological dis-
:Overies. The fauna of today's widely separated continents
is highly distinctivemarsupials but no indigenous mam-
mals in Australia, :ions and leopards in Africa, jaguars and
ocelots in South Amer ca, cougars and bobcats in North
America. Yet paleontologists found increasing evidence in
the fossil record that identical faunal species roamed the
continents in the remote past, indicating that the conti-
nents-must have been connected in earlier times.'

This was not a new idea: the uncanny fit of certain-
continental margins, notably Africa and South America,
led cartographers and others to suggest this possibility as
early as the 17th century. In 1911, Alfred Wegener, a
German meteorologist. advanced the hypothesis of conti-
nental drift to explain the fossil arid-'other evidence, but
geologists stoutly resisted the idea. They saw no way the
lighter sediments and granites of the continents could plow
through the dense basalt of the oceanic crust.

A provisional solution to the problem was the hypothe-
tical land bridge between distant continents. The lani
bridge allowed the interchange of faunal species in ancient
times. La terthe bridges conveniently subsided beneath '.he
sea. This scheme could account for present faunal di-ter-
sity, and it had the virtue that it squared with the pre-
Vailing notion among geologists that the earth's topography
is shaped primarily by uplift and subsidence. Although
some conjectured that the Mid-Atlantic Ridge might be a
remnant of the land bridge linking the Old World and the
New World, there was really no'hard evidence for any of
these hypothetical structures.

In the early 1960's, several earth scientists proposed a
seafloor spreading model that offered a way out of the
impasse.. They suggested that both the continents and the
oceanic crust literally float on the viscous, semimolton upper
mantle of the earth. The midocean ridges are zones at
which magma from deep inside the mantle pushes up
through the crust, separates, and hardens to form new
crust; deep trenches delineate active margins, or zones where
crust is subducting or plunging back down into the mantle
to be recycled. Later, this basic model was refined into the
plate tectonics theory, which describes the history and
dynamics of the earth's crust in terms of a number of
plates that were constantly shifting over the earth's sur-
face and, in the process, breaking up and reassembling
continents, building mountains, and opening and closing
ocean basins:

The plate tectonics concept unifies volcanic, seismic,
geologic, paleontologic, and other diverse phenomena into
a comprehensive, dynamic whole. It could, for example,
explain the curvilinear chains of active volcanoes and the
belts of intense seismic.activity that make up the famous
Ring of Fire rimming the Pacific Basin. Research in the
deeP oceans has helped refine and advance the plate tec-
tonics theory. Measurements of magnetism over the mid-
ocean ridges showed that there were stripes of normal and

reversed polarity arranged symmetrically on either side of
the ridge. The pattern corresponded to that observed on
land, suggesting that as the basaltic lava intruded at the
spreading center, cooled, and solidified, it also registered
the prevailing orientation of the earth's magnetic field.
The symmetrical matching of the stripes on either side of
the ridge crest could be explained as representing greater
age at progressively greater distances from the ridge axis.
For most geologists, this was proof that the midocean ridges
represent spreading boundaries where two great plates are
separating over time.

Many questions about the detailed workings of the plate
tectonic process remained unclear, however. What happens to
sediments on top of a subducting plate? Are they scraped
off and piled up against the landward plate, or are they
carried downward into the mantle on the descending plate?
Are there circumstances in which oceanic crust might push on
top of the continental plate margin? _What role, if any,
does plate tectonics play in concentrating metallic elements
into ore deposits of commercial interest?

It was clear that the answers to these and many other
a4--.!stions might be found on and beneath the ocean floOr
41.d that a new and more powerful array of instruments

nd facilities would be essential if oceanographers were to
c.-; :"duct both direct and indirect probes of the ocean floor
Ind its underlying structure. Deep-diving submerSibles like
.4/!,ir; were pressed into oceanographic research service to
pcin:-- a three-man crew (a pilot and two scientitit,) to
reach dtFrahs of more than 2 miles, allowing scientists to
photogr:7,2th seafloor structures and biota, obtain samples,
deploy ;.ritruments on the seafloor, and obtain other data
by mels; Of shipboard instruments. Side-looking sonar
was developed to map seafloor topography at high resolu-
tion and seismic profiling techniques used in oil explora-
tion were adapted for use on the sea bottom to delineate
the layering of subsurface structure. Magnetic, gravinIetric,
thermal, and conductivity measurements also could -pro-
vide a wealth of other geophysical information bearing
on the subsurface ptructure of the oceanic basement crust
and sediments.

Up until the 1970's, little evidence existed of high-
temperature, hydrothermal circulation in the ocean crust,
even though most models of heat flow through oceanic
crust postulated extensive high-temperature, hydrothermal
circulation and hot springs at least along midocean rifts.
The first evidence for such activity was the recovery Of
widespread iron-manganese-rich sediments immediately over-
lying the oceanic basalt. Evidence from heat flow data
obtained at ridge crests indicated that a major proportion
of the heat associated with the formation of new oceanic
crust must be removed by convection. In the mid 1970's,
higl temperature anomalies were discovered in bottom
waters over the Galpagos spreading center. And subse-
quent submersible dives using Alvin in the same area dis-
covered active hydrothermal hot springs. (See figure 7-5.)
These and other discoveries implied that hydrothermal circu-
lation and activity are integral parts of seafloor spreading.

;Far, six regions with many active hydrothermal vent
sr ( ,prings vii the ocean floorhave been found
ti lig., four of them on the fast-spreading East Ne;i-it
1(1, , as well as on the Galapagos Rift and in the C.,
Basin. These sites have clusters of mineralized sulficle rtk4-6,°
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reduce carbon dioxide. The reduced carbon dioxide is then
incorporated into bacterial protoplasm which ultimately is
used by the tube worms. In return for this service, the
tube worm takes in oxygen and carbon dioxide through its
red plumes and circulates it through its blood system to
the bacteria colonizing it, and it also provides an optimum
environment for its tiny bacterial partners to do their work.
Bizarre as this arrangement may seem, it works beautifully.
Tube worms of a length of 2 to 3 meters have been found.

The most exotic of these seafloor hot springs was dis-
covered,in 1980 in the Gulf of California off Guaymas,
Mexico/rho hot water vents, in addition to building up
pagodalike sulfide chimneys, also form hydrocarbons in
the surrounding sediments, and crack them into a variety
of fraCtions, including gasoline-range hydrocarbons. The
process that produces and cracks the oil operates at much
higher 'temperature than the gentler but more sustained

ocesses_that create major deposits of petroleum having
,_.._.._._commercial importance. The critical factor here is the very

rapid rate of sedimentation in the Gulf of California, about
one meter per thousand years; sedimentation proceeds much
more slowly at spreading centers far from land.

Even more remarkable is the discovery in the Gulf of
California of vents of huge orange, yellow, and white mats
of bacteria plastered directly against the pagodalike chim-
neys, apparently basking in water superheated to 300°C.
This is far above the temperature tolerance of all known
bacteria,some of which can flourish inside of hot springs
and geysers on land. Biologists suspect that the ability to
withstand these temperatures is related to the fact that,
even at these high temperatures, seawater cannot boil at
depths of 2 to 3 kilometers, where water pressure ranges
from 250 to 300 times that of the atmosphere at sea level.
Another interesting feature of the bacteria is their size;

alirralt-y5 wel.ving out 7 sulfide-r.kh
332::.<:::use the newly fc t-:;17,st 7.21.ing the new,...).v

;f: heavily fractur :eill,':!ter at e prps-
slat e of 2C4 Io 300 atmospheres cf.1a:i. . in :o :'1st
to a der.-th several kilomete!.-s ard. cr.q; A" 4iDg
elements x42ch the :rroundint-1 du! y cking
up heat and posi,;biy other e:,...,tit1.1):1. . "-HY Irv.,

magma body, and 'then is expelt-
onto the ocean floor, where it .

water and precipitates various miner.,( sulfides. ,

type of hydrothermal spring, ca:" a black sm;;;';:. , -..t..-7a-

cates that they are sites of activelY;orming sulfide Mineral
cl5posits of the type existing in ,ncient oceanic crustill
silks found embedded in continental rocks.

A second, lower temperature type of spring is usually
fbund near the black smokers. It emits lukewarm water
(20°C) from hairline cracks in the pillow lava of the rise
crest and does not build sulfide mounds. These gentler
springs are fascinating for entirely different reasons than
the black smokers: they are densely populated by an exotic
biotatube worms, crabs, clams, and other mollusks. The
'predatory crabs survive by eating the bivalves, but how-do
the other organisms survive? No light reaches these great
depths, so that photosynthesis the basis of all previously
known life on this planetcannot play a role. It turns out
that several types of bacteria capable of extracting energy
by oxidizing sulfides to sulfates abound near the vents.
The filter-feeding clams and other mollusks dine upon
these bacteria.

But how do the tube worms manage? They lack mouth,
gut, and anus; while they possess bright red flowerlike
petals or plumes at one end to absorb oxygen and carbon
dioxide, what is their food?

Biuiogistl: r. &lei-mined th i thsulfide-rich water
their fo.-, . it;,,Dre 7-6), are inhabited 1

b, ,..ipabIe of oxidizing sulfide ta?
! u lie energy liberated by this proce-

I

<

ci;,4ritt 7.6
3lob4t15tcommunities of tube worms.

SOURCE: Woods Hole Oceanographic Institution
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Table 7-5. Top twenty funded oceanographic Institutions: FY 1982

I ns Total marine sciences budget

University of California, San Diego 562.665
tloods Hole Oceanographic Institution 40,500

Columbia University fLarnont-Doherty
-Geological Observatory) 16,850

University of Miami 15,590
University of Rhode Island 14,024
University of Hawaii 12,490

Oregon State University 12.000
University of Alaska 10.210
University of Washington 10,047
University of Delaware 9.500
Texas A & M University 7,422
University of Southern California 4,624
University of California, Santa Barbara 4,210

Duke University g 3,456
University of GeorgiaSkidaway 2.579
University of Texas, Port Aransas 2,315

SUNY, Stony Brook 2,078
University of South Carolina 1,969
San Jose State (Moss Landing) 1,814 -
Bigelow Laboratory 1,620

Federally funded

$50,615
32,531

12,300
9.749 .

9.761
7.837

8.510
6,278
9,043
6,000
5.360
2,997

,2887 -

2,029
1,426

365

1,453
1,874

975,
1,598

SOURCE: National Science Foundation, Directorate for Astronomical, Atmospheric, Eartli, and Ocean Sciences, unpublished
data.

sorne individual cells are large enough to be seen by the
unaided eye.

Recent discoveries made. with Alvin, though spectacular,
are but the latest results of more than two decades of
relearch on the ocean floor. During the past two decades,
advances in our understanding of the ocean floor have
depended heavily on advances in deepsea drilling techniques,
on the development of ancillary instruments for locating
and mapping promising drill sites, on the availability of
sensitive laboratory instruments for analyzing the cores of
sediments brought up from the ocean floor, and, of course, on
institutions where scientistsc.an' analyze and coordinate
information obtained. from these diverse techniques. (See
table 7-5.)

Ocean geologists often liken drillships to telescopes or
particle accelerators: they are tools of the trade, necessary
fur gathering raw data for later detailed analysis: As the
raw data obtained with these tools leads to a better under-
standing of the nature of the system investigatedbe it the
ocean floor, the distant universe; or the microscopic struc-
ture of matterthe need for more refined tools to obtain
more refined data grows apace. In the earliest years of
scientific ocean drillifig, the technique was a novelty. Any
core at all that could be extracted from the ocean floor was
bound to contain interesting data, as, in the early 17th
century, any telescope discovery was bound to reveal some-
thing new, and in the 1950's and 1960's, 'accelerators pro-
duced new kadrons ,gin profusion. Thus, even one decade
ago, 0, n go; .fists were concerned primarily with
san- 10= :ns of the ocean basins.

Science Indicators-1982

The initial exploratory stage was followed by the devel-
opment of increasingly powerful drilling techniques and
refinements in criteria for site selection. Drill strings were
developed to function in water of ever-increasing depth
atld to penetrate ever deeper into the ocean floor. The
hydraulic piston corer, capable of extracting samples
hundreds of meters long without disturbing sedimentary
layers, was perfected. At the same time, the capabilities of
seismic profiling instruments to provide precise prior sur-
vey information about appropriate drill sites grew apace.
Most recently, success has been achieved in .relocating
old drill holes and placing seismic and thermal measuring
devices within them to monitor continuously processes
occurring deep within the ocean crust. The Glornar Chal-
lenger has been the mainstay of the U.S. Deep Sea Drill-
ing Program for the past two,decades. During this period, .
the vessel has made more than 80 cruises and drilled more
than 600 holes into the floors of most of the world's oceans..
Initially a strictly U.S. venture, the program now draws
financial support and participating scientists from France,
Germany, Japan, and Great Britain as well as the United
States.

Ocean floor drilling with the Glornar Challenger has
established,'along with paleomagnetics, the age structure
of the ocean crust and has provided indisputable confirma-
tion of the seafloor spreading hypothesis..Cheinical anal-
yses of oceanic basalts indicate a wide range in element.g1
composition. This, along with geophysical measurements,
suggests that the mantle; the source of these basalts, is also
highly variable and heterogeneous in composition.



Recent interest in seafloor drilling has focused on the
spreading centers and on plate margins. Active margins,
which occur when two tectonic plates collide, are among
the most geologically active regions on earth and, therefore,
are of great interest to scientists from many disciplines.
I'Vhile the Glomar Challenger has drilled into active margins
and provided direct evidence for subduction accretion only
along the Middle America trench, the results of these explora-
tions are intriguing. Unanticipated evidence for sediment
subduction, for subcrustal erosion associated with sub-
duction, and for large vertical motion on the order of
kilometers of subsidence has emerged. Future multidisci-
plinary investigations along active margins hold considerable
promise for advances in scientific understanding as well
as for yielding information to assess the economic signifi-
cance of the margins. The large uplift and subsidence
occurring at some of these margins have s:5:-.ificance for
the development of hydrocarbon reservoirs. Likewise, the
large amounts of sediments that are subducted at the margins
may have geochemical implications related to the genesis
and deposition of other usful minerals.

Recent advances in technolog:, have significantly in-
creased the capability of the D!ep Sea Drilling Program to
provide precise, refined scientific information. Two such
advances are worth noting explicitly.

First, an hydraulic piston core' (HPC) that can, in optimum
-circumstances, drill into the ocean floor and recover intact
cores consisting.of the upper few hundred meters of sedi-
ments has been developed. By preserving the original sedi-
mentary records, the HPC permits high-resolution studies
of the youngest deposits on the ocean floor. For example,
scientists are now able to study sedimentary,cycleS that
repeat themselves on the order of every 20,000, 40,000,
and 100,000 years and are related to the earth's orbital
variations. These orbital variations, along With continental
drift, seafloor spreading, and sealevel changes. are thought
to be the major mechanisms that control present and past
climates. However, the climatic history of the, earth can
only be studied in suffiCiently fine detail by using intact,
undisturbed HPC cores in which oxygen isotope varia-
tions, biostratigraphy, and detailed magnetic stratigraphy
can be correlated on a millimeter to centimeter scale.

Of special interest to many earth, historians :has been
the discovery that cores recovered from the ocean floor
contain the same so-called iridium anomaly at the Creta-
ceous-Tertiary boundary laid down 65 million years ago..
This same anomaly has been noted in continental sedi-
ments of this age. The abrupt jump of iridium abundance

at that boundary, as well as jumps in the abundances of
certain other heavy elements to levels thus far found only
in meteorites, suggests to some scientists that the earth
suffered a collision with a comet or small (10-15 kilometers
in diameter) asteroid at this time, and the event may have
been associated in some way with the mass extinctions of
marine and land life that came at the end of the Cre-
taceous period.

A second technological advance worthy of special mention
has been the development of a capability for relocating
and re-entering earlier drill holes. By means of this capa-
bility, the Glomar. Challenger was able to reach a drill
depth of 1,350 meters early in 1982, including 1,075
meters ;n the hard crystalline rocks of the oceanic crust
underlying the top 275 meters of sediment. The operation
was conducted in the Panama Basin at a water depth of 3,470
meters;sresulting in a drill string length of more than 4.8
kilometers.

Hole 504B, the official tag for the Panama Basin project,
did far more than set a record for the Glomar Challenger.
For example, it confirmed that mineralization is a by-
product of the production of new crust at the spreading
margins. Additionally, it went a long way toward con-
firming the supposition that certain mineral-rich rocks,
called ophiolites, found in Cyprus and elsewhere, are mas-
sive slabs of oceanic crust that have been shoved up onto
continental plate margins instead of being subducted into
a deep ocean trench. What makes this important is that
massive sulfide ore bodies are often found in these beached
slabs of oceanic rust. (The copper-rich deposits, on Cyprus
were arnott e first to be mined in the Bronze Age.)

The flow of important discoveries,touched upon, here
testifies to the vigor of present oceanographir research'
utilizing the wide array of tools that have rendered the
ocean floor far more accessible. But tools wear out.
after 15 years of valiant service, the Glomar Challenger is
scheduled to end its scientific drilling career at the end of
1983. It is to be replaced by a more modern drilling plat-
form or a large vessel, probably a leased commercial drill
ship. Plans call for such a vessel to operate at higher lati-
tudes and in worse weather, remain at sea longer, provide
more laboratory space, and, not least, handle a drill string
much longer than the Glomar Challenger.

If, as historians tell us, the past is prologue to the future,
the investment in ocean drilling, new research vessels, and
both manned and unmanned submersible craft and equip-
ment will yield as much new knowledge about the processes
of the ocean floor in the next 25 years as they have in the
past 25 years.
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Appendix table 1-1. National expenditures for research
and development': 1969 and 1979

(Dollars in billions)

Country 1969 1979

France 2.7 811.0

West Germany 3.1 20.9

Japan 3.0 19.3

United KIngdom2 2.5 7.1

United States 25.6. 55.0

U.S.S.R.3 31.8 88.5

Goss expenditures b' performance of R&D including associated capital
expenditures except for the United States where total capital expenditure data

are not available.
211 -K. experiiitures are for 1970179.
3 Estimates of U.S. drAar values of Soviet R&D expenditures were provided

Fri Robert W. Campbell, 4oWer R&D &Wishes 1975-1982. National Science
Foundation, 1983, pp. 28 -.a9. There are difficulties in making ruble-dollar con-
versions and therefore these estimates are only approximate figures.

SOURCES: France: Delegation Generale a tai Flecherche Scientifique et
Technique, unpublished statistics.
Japan: Scientific Counselor, Embamy of Japan, Washington, DC.. unpub-

fished statistics.
United Kingdom: Cabinet Office, The Central Statistical Office, :,,radon, un-

published statistics.
West Germany: Sunclestri:nisterium fir Fccschung uric) Tetholcgie. unpub-

lished statistics.
United States: National Seience Foundation, National Peltems of Science and

Technology Resources, 1983, in press.
U.S.S.R.: Robert W. Campbell, Reference Source on Soviet R&D Statistics,

195049713, National Science Foundation, 1978, and Robert W. Campbell,
Soviet R&D Statistics 1975-1962, National Science Foundation, 1983.

See figure 1-1.
Science Indicators -1982

Appendix table 1-1 Average annual rates of Increase' In national R&D expenditures: 1963-79

Count Period I Percent Period JI Percent Period III Percent

United S;ates 19664.70 1.7 197t) I u.;; 1973-79

Japan 1963-69 :3.9 1969-73 11.6 1973-79 5.9

West Germany NA NA 15159-73 8.0 1973-79 3.9

France 1963-69 9.9 1969-73 2.2 1973-79 3.4

United Kingdom 1964-69 2.4 1969 72 .1 1972-78 2.9

At 1975 prices.

NA = Not available.

SOURCE Organisation for Economic Co-operation an nd Development. OECD Sciende and Technology Indocuxrs I, Volume B:Basic Statistical

Series (Pann, 1982), p. 20.
Science Indicators-1982
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Appendix table 1-3. Scientists and engineers' engaged in R & 0 per labor force population by country: 1965-82
. I

COUP 1965 1966 1957 1968 1.953 1970 1971

al11MINNiIIMMIF
1972 1973 1974 1975 1976 1977 1978 1979 1980 198. 1932

&Jett and engineers: engaged R & D per too labor force poptiaton

France ...... , .. 21.0 232 252 26.4 272 272 273 28.1 28.4 28.8 293 29.9 30.0 31.0 31.6 NA NA NA

West Genrany V.7 22A 24.9 262 28.4 30.9 33.8 36.0 37.8 39.1 41.0 411 44.3 NA 47.7 NA NA NA

,14an 24.6 26A 27.8 312 30.8 33.4 375 23.1 42.5 44.9 479 48.4 49.9 49.4 50,4 53.6 55.6 NA

United Kingdom 192 NA NA 20.8 NA NA NA 314 NA NA 312 NA NA 33.2 NA NA NA NA

United States 64.1 66.1 661 66.9 652 63,6 60.4 57.9 56.5 55.8 55.5 555 56.4 55.9 57.9 180,8 62.4 631
U (I4rest) 44.8 47.1 50.7 53.5 56.5 58.4 63.0 665 712 74.5 782 79.8 81.0 82.8 84.4 863 99.4 89.8

U.S.S.R. (highest) 48.2 51.4 553 58.8 62.1 64.2 69.1 732 79.2 82.9 87.5 89.4 911 93.4 95.5 982 101.4 102.4

Scientists and .engineers engaged in R & D (in thousands)

France 42.8 47.9 52.4 541 572 58.5 60.1 612 62.7 641 553 67.0 66.9 709 72.9 NA NA NA

West C-errnady 61.0 602 64.5 88.0 74.9 825 902 96.0 101.0 1025 1039 104.5 111.0 NA 1220 NA NA Nit
Japan 117.6 128.9 138.7 157.6 157.1 172.0 194.3 198.1 226.6 2382 2552 2602 272.0 273.1 281.9 302.6 317.5

United Kingdom 49.9 NA NA 52.8 NA NA NA 767 NA NA 805 NA NA 871 NA NA NA , NA

United States 494.5 .521.1 534.4 550.4 5552 546.5 526.4 5183 518.3 525.1 532.7 546.3 570.4 5942 6202 663.4 691.4 716.9

U.S.S.R, (lowest) 521.8 556.5 607.8 650.8 698.8 733.3 804.0 862.5 937.0 995.8 1,061.8 1,1008 1,135.4 1,177.4 1,216.4 1,2712 1,320.4 1,340.4

U.S.S.R. (t4g1-00) 561.4 607.6 662.6 7152 767.5 606.8 881.6 952.1 1,042.4 1,108.0 1,1878 1223.7 1,276.8 1,328.0 1,377.4 1,442.4 1,497.9 1,340,4

Total labor lace (n thousands)

France 20,381 20,522 20,676 20,744 20,996 21,465 21,638 21.817' 22,083 22,282' 22.310 22.440 22,697 22,894 23,059 NA IA NA

West Germany 26,887 26,801 25,950 25 . n 26,356 26,568 26,725 26,655 26,712 .26215 25,323 25, I :: 25.044 25,230 25,573 25,833 25,680 NA

Japan 47,870 4910 49830 50,610 50,980 51,530 51,860 51,940 53,10 53,100 55230 53,780 54,520 55,320 55,960 .56,560 :57270 NA

United Kingdom 25,498 25,632 25,490 25,378 25,275 25,309 5,123 25,195 25,54' 25,601 25,798 26,097 26292 26,407 26,464 2a,380 26,105 NA

United States 77,178 78,893 80,793 82,272 84240 85,959 87,198 89,483 91,755 94,178 95,955 98,302 101,142 104,368 107,050' 109,042 110,812 112383

U.S.S.R. 116,494 118,138 119,893 121,716 123,584 125,612127,672 129,722 131,610 133,500 135,767 137,997 140,140142,214 144,201 146,068 147,753 149,215

'Includes all Scientists and engineers engaged in R 6 D on a full-timetquivalent basis (except for Joan whose data include cam primarily employed

in R & D exclurkg social scientists, at the United Kingdom whose data include only the Government and industry sectors).

NA = Not available.

NOTE: Estimates are shown for most countries for latest years and for the Unled States for 1966 and 1967. A range has been provided for the U.S.S.R,

because of the difficulties inherent in comparing Soviet scientific persrinnel data. The fgures tar Wet Germany increased in 1979 in pad because of

;rimed coverage of small and medium entefortes not surveyed in 1977.

SOURCES: Organisation for Economic Co-operation and Development Labor Force Statistics, 1965-1976 (Paris, 1978), p. 23; Quarterly Supplement:

Council of Economic Advisors, Economic Report of the President, 1::c, p.196.

France: DelegatoliGinerale a la Recherche Sciereque et Technique, unpublished statistics.

Japan: S:ientific Counselor Embassy of Japan, Washington, D.C., unpublished statistics.

United Kingdom: Cabinet Office, The Central Statistical Office, London, unpublished statistics.

West Germany', Sundesmirasterium 10r Forschung and Technologie, unpublished statistics.

United States: National Science Foundation, unpublished data.

U.S.S.R.: Dr, Robert W. Campbell, Reference Source on USSR R & D SlaUstics, 1950-197a National Science Foundo.tiOn 1978; Steven Rapawy, Estimates

and i'roiections of the Labor Force and Civilian Employment in the U.S.S.R., 1950 to 1990, Frr, r.convm: RepOrl, No. 10, U.S.. Department of

Commerce, 1976, p. 19; Robert W. Campbell, Soviet R & D Statistics 1875-1952, .,unthdion, 1983.

See figure 1.2.
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Appendix table 14. First degrees conferred by higher educational institutions, by major kid ofStudy for selected countries: 1950-80

Field ci study 1960 1965 1970 1975 1976 1977 1979 1980

US. U.S.S.R. US. tau. U.S. USS.R. U.S. U.S.S.R US. U.S.S.R. U.S. U.S.S.R. U.S. U.S.S.R. US. U.S.S.R. Japan

NI

Number (in du.sands)

eids total 394.9 343-3 519 413.9 8333 8395 987.9 713.4 997.5 734.6 993.0 751.9 1000.6 790.0 10202 817.3 376.7

Natural science and engineering

total 89.4 162.5 109.3 211.8 147.6 328.5 161.4 3702 164.4 383.4 163.7 E1,9 179.6 416.9 185.7 436.5 98.9

Physid and life sciences

and mathematics' 453 25.1 65.7 25.6 91.4 39.7 96.5 44,9 98.2 46.3 97.5 47.8 93.6 498 935 52.2 11.6

Engireeeing3 ..... 37.8 102.9, 3613 1523 44.8 2305 47.3 272.1 46.7 4: 1.4 49.7 291.4 623 306.8 693 319.8 73.5

Agricutre 6.3 34.5 6.0 33.9 11.4 583 17.6 53.9 195 56.7, 215 58] 232 603 22.9 645 139

Oeds 3055 180.8 429.6 192.1 6853 3023 826.5 3425 833.1 3512 824.3 S34.0 821.6 373.1 825.1 3808

. As a percent of the 2223 year old pcculticc2

All fields total 17.6 7.8 18.1 13.3 23.9 19,3 26.0 16.4 25.6 17.1 23,5 16,8 24.1 16.4 23.6 16.8 24.3

Natural niece and ar6rieenni

total 4.0 3.7 5.7 7.0 4.2 10.1 4.3 85 42 8.9 4.3 r_t.: 4:3 8.7 4.3 9.0 6.3

Physical and life sciences

and mathematics' 2.0 .6 22 .8 2.6 12 2.5 1.0 25 1.1 2.5 1.1 2.3 1.0 22 1.1 3

Engivefirg3 1.7 a 12 5.0 1.3 7.1 1.2 62 12 6.5 1.3 on 1.3 6.4 1.6 6.6 4.7,

Agriculture 3 .8 2 1.1 .3 1.8 .5 12 .5 13 5 13 .6 . 13 .5 1.3 .9

Other fields" 13.6 4.1 14.4 6.3 , 19.6 93 21.8 7.9 21.4 8.2 20.8 T.9 192 7.8 19.3 7.8 17.9

'Figures for the US.S.R. are estates node to approximate the U.S. definitions.

213ased on 22-year-olds for the U.S. and on ayear-olds for the U.S.S.R., because of the differenies in average length of yeais required to receive a first

degree. Figures for Japan are an average of 20-24 year ots.

%reticles final prole-stet degrees and technology erigMeers lor the United Stns. Under NS; defions v.* exclude engineering technology, the

number of US. engineering degrees in was 59,240, 016 percent of the to1a1

ilnctudes social sciences and health fields.

SOURCES: Catherine P. kites and Francis W. Rushing, The Science liace:,Training and Utilization of Scientists and Engineers, U.S. and U.S.S.R (New

York: Crane Russ*, 1 ) p. 68. Updated U.S. and U.$,S.R. data for provided by Catherine P. Mei Japanese data from Statistical Abstract ol

Education Science and Cut iiiirtisty of Eduction Science and Culture (Tokyo, Japan, 1981), p.96 and 1990 POplia#011 Census of Jepan, Statists

Bureau, Prime Ministeei Offce, (Tokyo, Japan, 1981), p. 10.

.4.

See figure 13.
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Appendix table 1-5_ National expenditures for performance of R&D as a
percent of gross national product (GNP) by country: 1961-83

West United Unite' d
Year France Germany Japan Kingdom :motes USSR

Ratio of R&D expencidures to gross national product'
_

1961 1.38 NA 1.39 2.45 2.73 NA
1962 1.46 125 1.47 NA 272 2.64
1963 1.55 1.41 1.44 NA 2-86 223
1964 1.81 1.57 1.48 229 2..96 287
1965 2.01 1.73 1.52 NA-- 2.90 2.85_
1966 2.06 1.81 1.46 2.31 289 2.88

1967 2.13 1.97 1.E2 2.29 2.89 2.91
1968 2.08 1.97 1.60 2.25 2.82 NA
1909 1.94 2-05 1.64 2.22 2.72 3.03
1970 1.91 2.18 1.81 NA 2.63 323
1971 1.90 2.38 1.85 NA 2.48 3.29
1972 1.86 2.33 1.86 205 240 3.58

1973 1.76 2-22 1.90 NA 2.32 . 3.66
1974 1.79 2.26 1.97 NA -2.29 3.64
1975 1.80 2.38 1.96 205 2.27 3.69
1976 1.77 2.29 1.95 NA 2.27 3.55
1977 1.76 2.31 1.93 NA 223 3.46
1978 1.76 2.31

.
1.96 2.13 2.23 3.47

1979 1.81 2.59 2.06 NA 227 3.44
1980 (pad.) 1.85 2.65 2.18 NA 2.38 3.67

' 1981 (prel.) 1.97 2.68 - 236 NA . 2.45 3.66
1982 (est) NA NA NA NA 2.58 3.65
198-3 (est) NA NA NA NA 2.65 NA

R&D expenditures (national cUrrency in billions)2

1961 4.5 NA 275.5 0.68 14.3 NA
1962 5.4 4.5 319.3 NA 15.4 52
1963 6.4 5.4 368.3 . NA 17.1. 5.8
1964 8.3 6.6 438.1 .77 18.9 - 6.4
1965 9.8 7.9 508.6 ,, NA 20.0 6.9
1966 11.0 8.8 576.6 .89 21.8 1. 7.5

1967. 12.2 9.7 702.5 .93 23.1 8.2
1968 13.1 10.6 877.5 .99 24.6 9.0
1969 14.2 12.2 1,064.7 1.05 25.6 10.0
1970 15.0 14.8 1,355.5 NA 26:1 11.7
1971 16.6 18.0 1,532.4 NA . 26.7 13.0
1972 18.3 19.2 1,791.9 . 1.31 28.5 14.4

1973 19.8 20.5 2215.8 NA 30.7 15.7
1974 23.0 22.3 2,716.0 \ NA , 32.9 16.5
1975 26.2 24.6 2,974.6 2.15 352\ 17.4
1976 .29.8 25.7 3,320.7 NA 39.0 17.7
1977 33.2

37.7
27.7.
29.9

3,651.3
4045.9

NA\
3.51\1978

42.8
48.2

18.3
19.3

1979 44.1 36.1 4,583.6 NA 55.0 20.2
1980 (prel.) 51.0 39.3 5,2462 NA 62.7 223
1981 (est.) 31.0 41.3 5,982.4 NA - 72.1 23.4
1982 (est.) NA NA NA NA 79.0 24.0
1983 (est) NA' NA NA , NA 86.5 25.5

(continued)
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Table 1-5 (Continued)

Year Frances, Germany Japan Kingdom States U.S.S.R.

Gross national pr uct (national currency in billions)

1961 328A, 331.4 62.8 27.5 524.6 NA

1962. 367.2 360.5 ,, 59.5 28.9 565.0 197.2

1963 . 412.0 --382.1 -25592.1 30.8 _ 596.7 206.8

1964 . 456.7 419,6 29.661.9 33.5 837.7 2232

1965 , 489.8 4582 33,550.2 = 36.0 691.1 2A2.1

1966 / 5320 4874 39452.0 . 384 756.0 260.1
...

1967 574.8 493.7 46175.6 40.5 799.6 282.0

1968 630.0 . .535.2 , 54,689.2 43.8 873.4 NA

1969 0 734.0 597.7 64,8502, 47.1 944.0 329.6

1970:. 7820 679.0 75,091.6 51.6 992.7'' 362.2

1971 873.1 756.0 82,725.8 57.8 1,077.6 394.8

1972, ;961.3 827.2 96,424.0 63.9 1,185.9 401.8

I
1973 1,121.3 920.1 , 116,636.3 742 1,326.4 429.4

1974 I 12844 986.9 138,044.6 842 1,434.2 453.1'

'1975 1452.0 1,034.9 151,797,0' 105.2 1,549.2 471.8

'1976 1,677.8 1,125.0 170290.0 125.7 '1,718.0 498.6

1977 . 1,885.0 1,200.0 188,804.3 143.2 1,918.3 5;..8.8

1978 2,141.0 1,290.7 206,762.5 1642 2,163.9 551.8

1979 2439.0 1,395.3 222,043.1 191.1 2,417.8 587.9

1980 (prel.) 2,759.0 1A84,2 - 240,647.0 223.0 2,633.1 607.7

:`1981 (est.) 3,094.0 1,543.1 253,811.2 NA 2,937.7 640.1 ,-

1982 (eat.)`.., NA ' NA NA Nes. 3,057.6 658.1

1983 (est.) NA ' NA NA . NA 3,262.0 NA
1.

I Calculated from unrounded figures.
\ 11)

2 Gross expenditures for performance of R&D including associated capital expenditures except for the

United States where total capital expenditure data are no; aveilble. U.S, ,estimates for the' pried 1972-80

show that the Inclusion of capital expenditures would have an impact of less ttan one tenth of one percent

on the R&D/GNRratio.
,

NA .--- not available.' \
. \

NOTE: The latest for each country data may be preliminary or estimates. The figures for West Germany

;increased in 1979 in,part because of increased, coverage of small and medium enterprises not surveyed in

1977.
)

I

SOURCES: International Monetary Fund, International Financial Statistics; va-30 (May 1977); vok-31 (May

1978) ial. 31 (August 1978); vol. 32 (January 1979); and vol. 33 (August 1980) and U.S. DepartmeNhof

Commerce, International Economic Indicators (June 1982) \

France: Delegation Generale a to Recherche Scientifique et Technique, unpublished statistics.

Japan: Scientific Counselor Embassy Of.JaPan; Washington, D.C., unpublished statistics.

United Kingdom: Cabinet Office, The Central Statistical Office, London, unpublished statistics.

West Germany:'Bundesministerium far Forschung and Technologie,.uckiblished statistics.,

United States: National Sclence Foundetion, Nationre'Patterns of Science and Technology Resources 1983,

in press.
U.S.S.R.! Robert W. Campbell;Reference Source on Soviet R&D Stalistics, 1950-1978, National Science

Foundation 1978, and Robert W:Campbell, Soviet R&D .Statistics 1975-1982, National Science Foundation,

1983.

. 3 Gross domestic product.

116
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Appendbc table 1-6. Estimated ratio of civilian R&D expenditures' to gross
/ nitionalproduct (GNP) for selected countries: 1961-83

N. West United United
France Germany Japan Kingdom States

, Estimated civilian R&D expenditures as a percent of GNP

1961 0,97 NA 1.37 1.48 1.20
1962 1.03 1.14 1.46 NA 1.23

1963 1.10 1.26 1.43 NA 1.29

1964 -1.34 1.38 1.47 1.49 1.27
1965 1.37 1.53 1.50 NA 1.33
1966 1.40 t62 1.44 1.58 1.39

Year

1.50 1.70 1.49 1.65 3..48
1.54 = 1.72 1.57 1.66 1.47
1.52- 1.81 1.61 1.66 1.49

/1.47 1.96 1.77 NA - -1.50
1.33 2.16 1.82 NA 1.46

z 1.35 2.13 1.82 1:48 1.42

1973 1.30 2.02 1.86 NA 1:44

1974 1.36 ', 2.07 1.91 NA 1.49 '
1975 1.39 2.19 1.90 1.38 1.50
1976 / 1.36 2.10 1.89 NA 1.50
1977 / 1.38 2.13 / 1.87 , NA 1.50

1978 1.36 2.13 1.90 1.49' 1.54

1967
1968
1969
1970
1971
1972

1979 1.38 2.41 .2.01 NA 1.59

1980 (prel:) 1.39 2.48 2.13 NA 1.69;
1981 (est.) NA 2.53 2.30 NA - 1.69

1982 (est.) NA ' NA NA NA 1.76

1983 (est.):, NA NA NA ,NA 1.75

Estimated civilian R&D expenditures2 (national currency
in billions)

1961 1 3.2 NA
1962 316.5

6.30272.8 0.41

365.2
NA e.933.8 4.1

1963 4.6 4.8 NA _ 7.68

1964 6.1 5.8 4
50

344..75

i

.50 8A 1

1965 6.7 7.0 NA 9.22

1966 7.4 7.9 571.61, .61 10.49

\ \1967 8.6 8.4 695.8 .70 11.80

1968 9.7 9.2 868.9 .73 12.80

1969 11.0 10.8 1,055.4 .78 14.10

1970 11.5 13.3 1,e33.3 NA 14.90

1971 12.0 .16.3 1,508.0 NA 15.74

1972 13.6 17.6* 1,758.0 .95 16.80

1973 14.6 18.6 2,173.2 NA 19.05

1974' 17.5 20.4 2,655.4 NA 21.36

1975 20.2 22.7 2,892.5 1.45 23.24
1976 232 23.6 3,225.5 NA 25.75
1977 26.0 25.6 3,565.1 NA 28.70

V'1978, ...--'
29.0 27.5 3,925.6 2.46 33.25

33.6 33.6 4,456.5 ' NA 38.48
38.4 36.8 5,114.6 NA 44.54
NA 38..0 5,844.8 NA 49.76
NA NA NA NA 53.72
`NA NA NA ' NA 57.09

_97g1980 (prel.)
1981 (est.)
1982 (est.)
1983 (est.)

(continued)
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Tabie 1-6. (Continued

Year
West

France3 Germany , Japan
United United

Kingdom States

Gross national product (national currency In billions)

1961 328.4 331.4 19,852.8

1962 367.2 360.5 21,659.5

1963 412.0 382.1 25,592.1

1964 , 456.7 419.6 29,661.9

1965 489.8 458.2 33,550.2

1966 532.0 487.4 39,452.0

27.5 524.6
28.9 565.0
30:8 596.7
33.5 637.7
36,0 691.1
38,4 756.0.

1967 574.8 493.7 46,175.6 40.5 799.6

1968 630.0 535.2 54,689.2 43.8 873.4

1969 .734.0 597.7 64,850.8 47.1 944.0

1970 782.0 679.0 75,091.6 51.6

1971 , 873.1 756.0 82,725.8, 57.8

1972 961.3 827.2 96,424.0 63.9

1,121.3 920.1 116,636.3 74.2 1,326.4
1,284.4986.9 138,044.6 84.3 1,434,2

1,452.0 1,034.9' 151,797.0 105.2 1,549.2

1,677,8 1,125.0 170,290.0 125.7 1,718.0

1,885.0 1,200.5 188,804.3 143.2 1,918,3

2,141.0 1,290.7 206,762.5 164.6 2,163.9

1973
1974
1975
1976
1977
1978

992.7.
1,077,6
1,185.9

_,----- -1979 2,439.0 1,395.3 222,043.1 191.1 2,417.8

1980 (prel.) 2,759.0 1,484.2 240,647.0 223.0 2,633.1

1981 (est.) 3,094.0 1,543.1 253,811.2 NA 2,937.7

1982 (est.) . NA NA NA __-NA- 7--3,057.6--
---

h

1983 (est.) NA .NA NA------ NA 3,262.0

1 National expenditures for R&D; excluding Goveinment funds for defense and space.
2 Gross expenditures for performance of R&D including associated capital expenditures, except for the

United States. where total capital expenditure data are not available.
3 Gross domestic product.

NA = Not available.

NOTE: The latest data from these sources may be preliminary or estimates. The figur,es for West Germany

increased in 1979 in part because of increased coverage of small and medium enterprisds not surveyed in

1977.

SOURCES: Calculated from appendix table 1-3 and data from country sources listed there and Organisation

for Economic Co-operation and Development, Changing Priorities for Government R&D (Paris, 1975), OECD

International Survey of the Resources Devoted to R8D by Member.Countries, International Statistical Year-

1973: The Objectives of Government R&D Funding 1970-76 vol. 2B (Paris, 1977). Science and Technology

IndicatOrs, vol. A, The Objectives of Government R8D Funding, 1969-1981 (Paris, 1981), and National

Science Foundation, unpublished statistics.

See figure 1-5.
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N.

endix table 1-7. Distribution of -Government support of R&D by national objectives, by country:
1970-80

(Percent)

United States Japan2 West Germany France United Kingdom

1975 1980

632 64.8
52.8 59.4
2.5 2.3
72 3.1 -

Objective 1971 1975 1980 1975 1980 1970 1975 1980 1975 1980 1970
Defense- and aerospace 752 67.5 ' 63.7 19.5 16.8 41.8 29A 24.4 45.6 49.3 NA-- -Defense 52.2 50.8 .47.3 4.7 4.9 29.5 19.2 15.3 32.8 40.1 72.3

Space 19.6 14.5 14.5 14.8 12.0 8.8 7.4 6.6 6.1 6.8 32
Civil aeronautics 3.6 2.1 1.9 ..-- -- 3.5 2.9 2.4 6.8' 2.4 NA

.Agriculture and industry 2.5 2.5 3.0 41.9 37.6 10.9 132 152 13.1 12.2 NA

Agriculture 2.0 2.2 a7 27.7 25.4 3.5 32 2.9 4.2 4.3 4.2

Inddstrial growth .6 ,-.3 3 14.2 122 7.4 9.9' 12.4 8.9 7.9 NA

Energy and infrastructure 6.6 10.9 14.2 22.9 34.4 23.4 252 .30.9' 17.6 16.0 16.0

. Production of energy 3.6 7.2 11.4 16.0 26.2 18.8 18.3 20.9 9.4 8.3 12.3.
Transport, telecommunications : . . 1.1 1.2 .9 3.9 2.9 2.5 3.2 32 3.0 1.4

Urban and rural planning A .5 A 1.2 23 . 1.9 5.7 1.6 1.5 1.9

Earth and atmosphere 1.5 2.0 1.6 1.8 22 2.8 3.1 4.3 , 3.3 .5

Health and welfare 12.2 14.8 15.2 12.1 11.2 8.6 15.9 15.3 6.5 7.5 4.1

Environmental protection .9 .9 3.2 3.4 .6 1.7 3.1 .9 1.2 1 .7

Health 8.7 11.9 12.1 , 6.3 6.1 3.5 5.6 9.3 4.4 4.9 2.3

t, Social development and .

services 2.6 2.1 2.3 2.5 1.7 4.5 8.5 6.0 1.2 1.4 1.1

Advancement of knowledge 3.3 , 4.3 3.0 3.5 4.1 15.3 15.7 14.2 17.1 15.0 NA
,

specified R&D funding 100.0 100.0, 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

' Excluding general university funds (G.U.F.)
2 Government intramural expenditure only.

8.2N 82
4.8 4.5
3.4 3.8

10.3 10.1
7.1 7.3
.7- ---,7,..

1.8 1.1- --------._
..8 1.0

4.1 3.9
.p .9

2.3 1.8

I

1.2, 1.2
14.1 12.9

I

100.0 100.0

SOURCE: Organisation for Economic Co-operation and Development, OECD Science and. Technology Indicators I, (Paris, 1982),/p. 83.
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Appendix table 1-8. R&D performed in the business, enterprise sector by source of funds:

Country and source

France
Total domestic

Business enterprise
Government
Private nonprofit
Higher education

From abroad

Japan
Total domestic

Business enterprise
Government
Private nonprofit'
Higher education

From abroad

United Kingdom'
Total domestic

Business enterprise
Government
Private nonprofit
Higher education

1970, 1975 and 1979

National currency
(in millions)

19701970 1975 1979

8,322.4 15,616.5 26,260.0 100.0
8,007.3 14,393.5 24,460.0 96.2
5,310.0 9,965.8 18,723.0 63.8
2,689.0, 4,376.8 5,674.0 32.3

4.6 47.2 58.0 .1

. 3.7 3.7 5.0 .....

. 315.1 1,223.0 1,800.0. 3.8

895,020.0 1,684,847.0 2,664,913.0 100.0
894,193.0 1,683,200.0 2,662,698.0 99.9
876,608.0 1,654,502.0 2,624,843.0 97.9

17,585.0 28,698.0
..

36,807.0 2.0
NA NA 935.0 NA

' NA NA _ 113.0 NA
827.0

680.3
647.7
431.2
216.5

NA
NA

1,647.0

1,340.2
1,255.5

484141.41

NA
NA

From abroad 32.6 64.7,
United States2 18,067.0 24,187.0

Total domestic 18,067.0 24,187.0
Business enterprise 10,288.0 15,582.0

Government 7,779.0 8,605.0

Percent

.

1975 1979

100.0 100.0
92.2 93.1
63.8 71.3
28.0 21.6

.3 .2- -
7.8 6.9

100.0 100.0
99.9 . 99.9
98.2 96.5

1.7 1.4
NA -
N/' -

2,215.0 .1 .1 .1

100.0 . 100.02,324.3 100.0
2,138.8 95.2 93.7 , 92.0
1,459.0 63.4 62.8 62.8

679.7
NA
NA

31 ,"
NA
NA

185.5 4 1;

38,226.0 100.0
38,226.0 100.0
25,708.0 5e..+.9

12,518.0 43."

30.9 29.2
NA PIA.

N' NA
6.3 Rr.0

100.0 100.0
100.0 100.0
64.4 67.3 -
35.6 32.7-Private nonprofit - - -- - --

Higher education -
From abroad -

West Germany3 7,114.0 14,469.0 20,720.0 19r..1.0

Total domestic i 7,090.0 14,005.0 20,070.0

Business enterprise 6,146.0 11,397.0 15,650.0

Government 939.0 2,596.0 4,400.0'

Private nonprofit ........ 5.0 12.0 y 20.0

Higher education ' - - -
From abroad 24.0 .464.0 650.0

11970 figures foi. the United Kingdom are from 1969, and 1979 figures are from 1978.
2 Ciirrent exPenditures plus deprectation only.
3'1970 figures for West Germany are from 1969.

NA = Not separately available.

NOTE: Details may not add to totals because of rounding.

.SOURCES: Organisation of Economic Co-operation and DevelopMent, OECD Science and Technology Indicators, vol. B (Paris, 1982) and

National Science Foundation. Research and Development in Industry 1911, in press.
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Appendix table 1-9. Industrial R&D expenditurbs as a percentage of the
domestic product of industry: 1967-79

Japan
1b67
1971
1975
1979

National currency in millions

BERD' DPI2Country and year

United States
1967 16,385 659,200 2.49

1971 18,320 878,300 2.09

1975 24,187 1,253,00.1 1.93

1979 38,226 1,973,000 1.94

United Kingdom
1967 605 30,212 2.00

1971 831 48,037 1.73

1975 1,340 78,075 1.72

1978 2,324 124,354 1.87

West Germany
1967 5,683 444,070 128

1971 10,521 657,390 1.60

1975 14,469 875,3301 1.65

1979 23,120 1,184,81 1.95

France
1967 6,292 442,700 1.42

\1971 9,336 695,297 1,34

1975 15,617 1,150'.085 1.36

'. 1979 26,260 1,918,245 1.37

''378,969
895,020

1,684,847
2,664,913

BERD/DPI
(In percent)

45,315,500' .84
73,641,000 1.22

131,474,000 1.28

193,857,000 1.38

1 Business enterpris'e R&D (total industrial R&D expenditures).
2 The domestic product of industry.

NOTE: The industrial R&D expenditures (BERD) and the domestic Industrial product (DPI) figures are

shown in millions of national currency.

SOURCES: Organisation of Economic Cooperation and Development, international Survey of the Re-

sources Devoted to R&D by Member Countries, International Statistical Year, 1971, (Paris, 1974) and

unpublished tabulations from OECD, 1982.
. . Science Indicators-1982



Appendix table 1710. Percent of private Industrial R&D in selected industries: 1969.79

West.
United States Japan Germany

Industry 1970 1979 1970 1979 1969

Six-industry total
Aerospace
Electrical and electronics
Instruments ,

Machinery
Computers
Chemicals group'

,I,

L

i

71.2
11.8
19.5
5.3

114.6

20.3

70.2
8.6

17.6
7.8
6.0

11.5
18.7

61.5-
24.9
2.3
8.7
2.9

22.7

55.6

23.4
2.9

,7I' .0r \
2.8
19.5

71.1
.1

29.3
1.6

1i 7.0

33.1

1 Includes chemicals and allied products and petroleum refining industries.
- ,

SOURCES: Organisation for Economic Co-operation and Development, OECD Science and Technology Indicators I, vol. D, (Paris, 1982), and
National Science Foundation, Research and Development in Industry 1981, in press. t
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1979

72.4
.6

26.9
, 2.1

1

26,2

United
Kingdom France

1969 1978 1971 1979

58.4 60.7 NA 61.7
1.1 5.4 7:8 . 8.8

20.4 16.0 16.5 20.2
3.1 1.9 '. NA 1.2
8.8 66 .6 '. NA 4.2
2.9 5.2 'NA 3.9

22:1 25.6 242 23.4

Appendix table 1-11. Percent of total industrial R&D concentration in tIticted industries: 1969-79

Industry

United States Japan

19791916''

West
Germany

United
.. Kingdom

1970 1979 1969 1979 1969 1978

SIX-1( idustry total .
Aerospace
Eleco.rical and electronics
Instruments
Machinery
Computers
CheMicals and allied products

78.7
28.9
23.4

4.1

1 9.6

12.7

74.6
21.0
20.5
6.6
42
8.4

13.9

61.1-
24.8
2.3
8Z
2.8

22.4

55,3-
23.3
2.9
7Z
2.8

19.4

73.0
. . 7.0

28.1
1.5

1 7.6
J

28.8

'69.8
5.8

25.2
1.9

i 14 8

22.1

71.9
23.1
20.7

2.5
7.1
3.4

15.1

72.8
18.3
24.1
. 1.5
4.7
6.2

18.0

France

1970 1979

72.1 69.1
20.5 18.1
21.2 23.3

1.1 1.2
5.9 3.4
5,4 4.9

18.0 182

SOURCES: Organisation for Economic Co-operationind Development OECD Science and Technology Indicators I, vol. b, (Paris, 1982), and
National Science Foundation, Research and Development in Indystry 1981, in prow., .
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Appendix table 1-12. U.S. and world scifintlfIc and technical articles' by field: 1973-80

Field2 1973 1974 1975 1976 1977 1978 1979 1980

U.S. articles as a percent of all art!cles

Ail fields 38 38 37 37 37 38 37 . 37
Clinical medicine 43 43 43 43 43 43 43 43
Biomedicine 39 38 39 39 39 39 40 40
Biology 46 46 45 44 , 42 42 43 42

Chemistry 23 22 22 22 22 21 21 21

Physics 33 33 32 31 30 31 30 30
'Earth and space sciences 47 47 44 46 45 45 45 , 42

Engineering and technology 42 42 41 41 40 39 41 39
Mathematics 48 46. 44 43 41 40 40 40

Nurnberof U.S. articles3

All fields 103,777 100,066 97,278 99,970 97,854 99,207 99,377 X98,394
Clinical medicine 32,638 31,691 31,334 32,920 33,516 34,966 33,975 34, 12
Biomedicine 16,115 15,607 15,901 16,271 16,197 16,611 17,649 17,582

Biology
''

11,150 10,700 10,400 10,573 . 9,904 9,663 10,553 9,594

Chemistry
,..

10,474 9,867 9,222 9,337 8,852 9,266 9,182 ',9;50
Physics 11,721 11,945 11,363 11,502 10,995 11,015 10,99 i'015;
Earth and space sciences 5,591 5,371 4.97,5 5,537 5,197 5,043 5,167* 4,832
Engineering and technoiogy 11,955 11,088 10,431 10,346 , 10,081 9,694 9,018. 8,461

Mathernatio .... ", 134 3,797 3,652 3,484' 3,112 2,949 2,838 2,648

Number of all articles

1 All fields 271,513 265,130 260,908 267,354 263,700 270,128 267,953 269,556
Clinical medicine 76,209 74,509 73,485 76,699 77,597 81,209 78,827 80,533
Biomedicine 41,155 40,632 41,244 41,891 41,388 42,968 43,631 44,267
Biology 24,047 23,414 23,260 23,905 23,757 23,176 24,734 22,838
Chemistry. 45,004 44,529 42,502 42,773 40,734 43,550 43,273 44,448

Physics 35,854 35,708 35,104 36,902 36,057 35,515 36,700 37,944
Earth and space sciences 11,977 11,479 11,356 12,011 11,531 11,224 11,596 11,395

,Engineering and technology 28,617 26,600 25,664 25,146 25,003 24,588 22,182 21,459

\Mathematics 8,639 8,25.9 8,293 8,127 7,573 7,298 7,011 6,673
. .

18ased on the articles, notes. and reviews in over 2,100 of 'Me influential journals carried on the 1973 Science Citation Index Corporate Tapes
the Institute for Scientific Information.

2 See appandix table 1-13 for the subfields included in these fields.
When an article is written by researcheis from more than one country. that article Is prorated across the countries involved. For example, if a

givan article has several authors from France and the United States, it Is split on the basis of these countries regardless of the number cf organizations

represented by the authcrs.

\TE: Detail may not add to totals because of rounding.

SOURCE: Computer Horizons. Inc.. unpublished data.

See ble 1-2 in text.



Appendix table 1 -13. Fields and subfieids of international, scientific literature: 1900

Number of.articlei

. Meld and subfield World
United
States Field and subfield

Clinical medicine
General & internal medicine
Allergy
Anesthesiology
Cancer
Cardiovascular system
Dentistry

80,533
14,575

543
1,009
3,496
3,070
1,758

p,612
948
227
393

1,755
1,453
1,051

Marine biology & hydrobiology
Botany
Ecology
Agriculture & food science
Dairy animal science
Mikellaneous biology

Dermatology & venereal diseases 1,203 389 Chemistry

Endocrinology 3,173 1,389 Analytical chemistry

Fertility 921 '475 Organic chemistry

Gastroenterology. 1,291. ' 420 Inorganic & nuclear chemistry

Geriatrics 502 297 Applied chemistry

Hematology 1,347 519 General chemistry

Immunology 5,269 2,599 Polymers

Obstetrics & gynecology
Neurology & neurosurgery

1,531
5,748

783
2,605

Physical chemistry
.....

Ophthalmology 1,825/' 766 Physics

Orthopedics 818 233 Chemical physics

Arthritis & rheumatism 427 155 Solid state physics

OtOrhinoloary itji;logy - 869 504 Fluids & plasmas

Pathology 2,163 840 Applied physics

Pediatrics/ 2,723 1,290 Acoustics

PharmacOlogy /7,293 2,670 Optics

Pharmacy 3,164 911 General phySiCS , ,

Psychiatry 1,662 1;06 Nuclear & particle physics

Radiology & nuclear rnerlitine 3,178 1.448 Miscellaneous physics

Respiratory system 734 302

Surgery r ; 4, i 97 2,153 Earth and specs science

Tropical medic no 587 117 Astronomy'a astrophysics

Urology 865 '496 leteorology a atmospheric science

Nephroiogy 247 138 Geology

Veterinary medicine 2,552 1,124 Earth & planetary science

Addictive diseases 250 162 Geography

Hygiene & public health 7/ 1,230 752 Oceanography & iimnology

Miscellaneous clinical ..... 310 215
Engineering and technology ... .......

Biomedicine 44,267 17,582 Chemical engineering

Physiology 2,824 1,206 Mechanical engineering

Anatomy & morphology '.1 624 208 Civil engineering

Embryology 639 355 Electrical engineering & electronics . . . .

Genetics & heredity .3,331 1,125 Miscellaneous engineering &

Nutrition & dietetics 1,480 728 technology

Biochemistry & molkular.biology 15,090 6,205 General engineering

Biophysics .830 313 Metals & metallurgy

Cell biology, cytology & histology 3,286 ,286 Materials science

Microbiology 3,278 1,064 Nuclear technology

Virology 1,525 .729 Aerospace technology

Parasitology: 768 357 Cornputers

Biomedical engineering 929 366 Lib'ary & information science

Microscopy 241 73 Oderations research & management

Miscellaneous biomedicine 1,040 608 science

General biomedicine 8,382 2,960
Mathematics

Biology 22,838 9,594 Probability and statistics

General biology 1,452 492 Applied mathematics

General zoology 959 277 General mathematics

Entomology 1,425 766 Miscellaneous mathematics

Miscellaneous zoology 1,756 833 All fields

SOURCE: Computer Horizons, inc., unpublished data.

Number of articles

United
World States

1,532
6,192
1,327
6,291

425
1,479

567
2,572

786
2,770

128
295

44,448 9,250
4,138. 1,233
7,209 1,859
2,883 704
2,479 334

14,747 2,141

3,673 856

9,319 2,122

37,944 11,415
.4,598 1,905

6,068 1,449
851. 450

9.192 2,674

1,1(78 508
1,412 718.

11,378 2,227
2,586 1,162

691 ,=.292

11,395 4,832
3,527 1;554

801 459
1,737 811
4,447 1,746

34 8

849 254

21,459
2,383
1,998
1,140
5,735

31

1,252
2,746
2,257
1,691

630
968
155

8,461
1,138

825
677

2,277

21
251
508
833
749
366
505
117

472 193

6,673
1,043

987
4,293

350
269,556

2,648
564
354

1,539
191

98,394
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Appendix table 1.14. Relative citation katiosl for UPS, artIcies2 by field: 1973.78

Cited All Clinical Earth and Engineering and

Source of citations year fields medicine Biomedicin Biologi Chernisli,. Physics space sciences technology Mathematids

World citalivis to U,S, , , ,

U.S. citations to U.S. . ,, , ......

Non.U.S, citations to U......... .

.

,

1973 1.40 125 1.42 1.07 1.66 1.53 . 1,39 1.28 123

1974 1.41 , 126 1.43 1.10 1.67 1.53 1.40 1,27. 1.22

1975 1.42 1.36 1.41 1,10 131 1,55 1.46 1 1.25 1.22

1976 1,41 1.35 1.40 1,09 1.70 L59 1.39, 1,22 1.21

1977 1,44 1,37 1,40 1,13 1,80 , 1.59 1.45-, 1.29 128

197 1.45 1.39 1.36 1.09 1.88 1,57 1.46 1.33 . 1,37

1973 1.87 1,72 1.81 1,58 271 2,12 1,66 1.80 1.61 I

1974 1.92 1.74 1.85 1.65 2,85 2.14 1.67 1,84 1,64

1975 1,94 1.74 1.81 1.67 2,91 2.22 1,77 1,87 1.70

1976 1,95 1.75 1.85 1.69 2.95 2.30 1.67 , 1.83 1,75

1977 1,97 1.75 1.82 136 3.04 2.31 1.73 1.87 1.78

1978 1,99 1.77 1.80 1.75 3.16 2.31 1.11 1,95 1.86

1973 1,01 ,9,, 17 .67 1.17 1.15 1.06 .86 .85

1974 .98 .98 1.03 .65 1.12 1.11 1.05 .79 ,82

1975 .97 .97. , 1.01 .63 1.13 1.10 t09 .74 .78

1976 .94 .94 ' .98 .69 1.08 1.10 1.01 .69 .74

1977 .98 ,98 .97 .62 1.19 1.09 1.09 .76 6 .82

17 .O6 .98 ,90 .57 1.25 1.04 1,11 .79 .. .90

, V

of 1,00 re,tgicls nio oaf. of uroder-oung of the U.S. scientific and technical literature, whereas a higher ratio indicates a greater influences ipactor utility

than would have been evaded from the number of U.S. articles for that year. For example, the U.S. biology literature for 1973 received 7 percent more citations from the

rid literature of later yaws than could be accounted for by the U.S, share of the world's biology articles published in 1973. ., !

sad on the articles, notes and reviews in over 2,100 of the influential journals carried on the 1973 Science Citation Index Corporate Tapes of the Instit'Ute for Scientific

lfornfirL For the size of this data base, see appendix table 1.12.

3 See a'pQ,dix table 1.13 iota description of the subllelds Included in these Ileids.

NOTE; These ratios are calculated by a method that used citations from articles from the 197380 Science Citation Index to leactibe the utilization of a given years literature.

SOURCE; Computer Horizons, Inc., unpublished data ,

iSee table 1.3 in text:
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Appendix table 1.15, U,S, patents granted to inventors from celected countries, by date of grant and nationality of Inventor; 1966-62

Country 1966 1967 1963 1969 1970 1971 1972 1973 1914 1975 1976 1 1977 1978 , 1079 1980 1981 1982

Total .... . , ..... 68,405 65,6152 59,103 67,559 64,429 A.,317 74,810 74,143 76,278 72,002 70,226 65,269 66,102 46,854 51,819 65,771.1 57,889

United States 54,634 51274 45,783 50,395 47,077 55,958 51524 51,504 50,649 46,713 44277 41,434 41,2fA 30,081 37,356 39223 33,836

Foreign 13,771 14,378 13,320 17,164 17,352 22,333 23,268 22,639 25,629 25289 25,949 23,785 24,848 11773 24,463 26548 23,993

We,11 Germany 3,961 3,766 3,442 4 523 4,435 5,522 - 5,729 5,587 6,153 6,036 6,180 5,537 5,850 4,527 5,747 6,252'0.5;409

Japan 1,122 1,424 1,464 2,152 2,625 4,029 5,151 4,939 5,888 6,352 6,543 6,217 6,911 5,251 7,124 8,388 ; 8,149

United Kingdom . , , 2,674 2,800 2,481 3,178 2,954 3,464 3,167 2,855 3,145 3,043 , 2,990 2,651 2,722 1,910 2,406 2,475 : 2,134

Frano 1,435 1558 1,4.',8 1,809 1,731 2,214 2,229 2,143 2,566 2,367 2,408 2,108 2,119 1504 2,088 2,181 1,975

Swit:erland . . ,,,,, 983 948 822 1,058 1,112 1,281 1,305 1,326 1,454 1,456 1A75 " 1,347 1,330 = 1,025 1,265 1'239 ,' 1.147

Canoda . .......... 1, 938 991 897 993 1,066 1,326 1241 1,346 1,326 1,296 1,192 1,219 1,226 862 1,080 1,135 .' 990

U.5,5 R. ......... . , 66 11 95 159 218 333 356 382 492 421 , 426 394 412 354 460 373' 209

Other E., EC. countries' , 782 821 . 744 938 927 1203 1,191 1,157 1,291 1,071 '1291 1,151 1,128 646 1,085 1,0711 1,014

'Othar European Economic Community (EEC,) countries Included here are Belgium, Denmark, Ireland, Luxembourg, and the Netherlands..

NOTE: U.S. patent counts far 1979 are unreliable because the patent and Trademark Officedid no: have enough money in that year to print at approved

patents.

SOURCE Office of Technology Assessment and Forecast. U.S. Patent and Trademark Office,Indicators of Patent Output of U.S. Industry (1963-1981),

June 1982, and unpublished data

See ligure 1.7,
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Appendix tabl6 1-16, Numbe; of US. patents granted to selected foreign countries' by proNct field :or the period 1963-81

Country of inventor

All

fields I II III.

-

IV V!'/ VI VII VIII IX X Yl XII XIII *V XV

To14 1,234,643 14,105 12,753 201,786 30,945 17,098 64,353 29,825 16,307 157,200 .385,768 '133,272 143,156. 78,246 27,201 149;425

United Stales 866,124 9,725 8,235 128,369 17,407 14,596 46,698 21594 10,204 118,688 264,670 96,556 101,914 53,738 16,931 103,333

Foreign 369,519 4,380 4,518 73,417 13,538 2,502 17,655 8,2,11 6,1e. 38,512 121,098 .36,716 41,242 24,503 10,270 46,092

West Germany 91,359 589' 1,368' 21,060' 3,135' 456' 4,092' 1,742' 1,245' 8,973' 31,624' 8,462' 7,850". 6,762' 2,748* 11,145'.

Japan 77,450 1,534' 877* 15,139' 2,277' 339' 3,767" 1,747' 1,399' 6,032' 20,857' 8,4'161 1:,013' 4,698' 2,63713,353'
United Kingdom 51,138 463' 707' 3,238' 1,820' 531' 2.750* 1,416' 772' 5,990' 17,233' 6,317" 5,976' 4,030'. 1,845'. ,478'

France . 35,244 305' 337' 6,722' 1,607' 252' 1,720* 864' 588* 3,919' 11,100' .,758' . 4',4c5* 2,A3' 1,229' 3,645'

Switzerland 21,622 245 413' 7,011' 1,496 57 747 265 254 1,924 6,487' 1,906'' 1,258 371 179 2,527'

Canada 20,241 248' 130 2,307 444 353' 1,067' 456' 4419' 3,030' 7,082' 3,839 1,773 1,382' 373' 1,763 .

Sweden 13,368 128 103 924 307 47 761 407 320 2,194 5,713 1,348 .1,007. 1,099 298 1,491

11,958 116 135 3,122 682,k). 48 578 191 150 1,097 4,283 1,0CA___ 847 648 243 932

Neterlanc15---- 11,103 232 82 2,129 30 182 496 236 98 1.057 3,195 1,4 3 2,701* 363 .131 1,007,

USSR 5,111 54 25 759 94 62 93 113 188 359 ; 2,228 813 454. 15. 63 616

Belgium 4,459 37 55 1,074 188 31 245 175 90 410 1,186 264 360 15'i 28 945

Austria 4,080 35 22 433 91 19 ..v; 88 153 1,795 250 273 205 80 449

Australia 3,585 48 '.40 454 82 17 219 96 80 5 1 1,365 246 ,198 212 . 76 483

Ilaenmark 2,520 81 29 329 115 7 160 BO 11' 1 947 295 161 62 30 ,373

Mexic,o

Other foreign2

1,075

15,206

28

237

5

120,

428

2;288

339 3

511 98

45

712

20

165

31

305

113

1,938

259

5,744

44 21 50

1,217 895 853.

23 80

287 1,805--'

'Indicates ranking among the top live foreign countries in this particular product field. l

I.)
'Countries were selected on the basis of being in the top IC of at least one of IIAStandard Industri Classili4tio. hi,

.3
20ther foreign includes patents granted to foreign countries not shown separately. 1 H.-\--- 1

2' 1

o

t, -- ----,

I Food and kindred products

II Textile mill products

III Chemicals, except drugs and medicines

IV Drugs and medicines

V Petroleum and gas extraction and Petroleum ;alining

VI Rubber and 'miscellaneous plastics products

VII Stone, clay, gla5i and concrete Protdcts

VIII Pri...P.,77;',etals

IX Fabricated metals

Nonelectr;p1nrchinely

XI Electrical eqUipment except communication equipment

XII Communication equipnient and electronic components C.

XIII Motor vehicles and other transportation equiprsnt except aircraft

X'V Aircraft and pans .

XV Professional and scientific instruments

SOURCE Compiled from information in Officef Technology Assssment and Forecast, U.S. Patent and Trademark Office, Indicators of the Patent Outputpf U.S. Industry

IV (1963-81), 1982.
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Appendix table 1-17. Share of foreign patenting in the United States for the three most active countries,
by selected product fields: 1981

Product field
Total

foreign
West

Germany Japag
United

Kingdom
Other

foreign

Chemicals, except drugs and medicines
Drugs and medicines
Nonelectrical machinery
Electrical equipment, except

communication equipment
Communications equipment and

electronic components
Motor vehicles and other

equipment except aircraft
Aircraft and parts
Professional and scientific instruments

Percent of foreign

100
100
100

100

100

100
100
100

28
23
26

21

18

26
28
22 t,

27
22
27

37

44

34
42
43

11

14
9

8

9

9
10

8

34
40

' 38

. 34

A 29

31
21'
27

Number of patents 1

Chemicals, except drugs and medicines 5,338 1,520 - 1,452 566 1,800

Drugs and medicines ''' 1,288 300 288 182 518

Nonelectrical machinery 8,166 2,088 2,240 731 3,107

Electrical equipment, except
.

communications equipment 2,541 535 952 202 852

Communications equipment and
electronic components 3,027 534 1,338 279 876

Motor vehicles and other transportation
equipment except aircraft 1,652 429 563 151 509

Aircraft and parts 777 216 .323 '75 163

Professional and scientific instruments 4,100 892 1,760 ' 329 1,119

SOURCE: Office of Technology Assessment and Forecast, U.S. Patent and Trademark Office, Indicators of Patent Outf5ut of U.S. Industry (1963-

1981). June 1982.

See figure 1-8.
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Appendix table 1.18. Patents granted In selected countries by nationality of Inventor : 1966-81

Country 1966 1967 1 1969 1970 1971 1972 1973 1974

United States

Total 68,406 65,652 59,102 67,557 64,427 '78,316 74,808 74,139 76,275

Granted to nationals 54,634 51,274 45,782 50,395 47,073 55,988 51,515 51,501 50,643

Granted to all foreigners 13,772 .14,378 13,320 17,162 17,354 22,328 , 23,293 22,638 25,632

Foreign patents granted to U.S' 49,098 47,9V 48,229 50,852 48,807 49,849 49,628 43,326 39,990

West Germany

Total 22,598 19,871 21,169 22,623 12,887 18,149 20,600 23,934 20,539

Granted to nationals 13,095 11,520 12,143 12,432 6,386 8,295 9,642 11;191 9,793.

Granted to U.S. 3,733 3.406 3,804 4,483 2,882 4,393"-4,5754:9-4-9-3,913
Granted to all foreigners 9503 8,351, 9,0269,026 10,191 6501 9,854 10,958 12,743 10,746.

U.S. patents as percent of foreigners 39.3 40.8? 42.1 44.0 442 44.6 41.8 38.8 36.4

Japan

Total 26,315 20,773 27,972 27,657 30,878 36,447 41,454 42,328 39,626

Granted to nationals 17,373 13,877 18,576 18,787 21,403 24,795' 29,101 30,937 30,673

Granted to U.S. 4683 3,432 4,903 4,657 4,774' 5,700 : 5,948 5,485 4,432

Granted to all foreigners , 8,942 6,896 9,396 8870 9,475 11,652 12,353 11,391 8,753

U.S, patents as percent of foreigners 52.4 49.8 522 52.5 50.4 48.9 48.2 482 50,6

United Kingdom

Total 37,272 38,999 43,038 38,790 40,995 41,554 42,794 39,844 37,808

Granted to nationals NA . NA NA 9,807 10,343 10,376 10,116 9,357 8971

Granted to U.S. 14,117 13,676 12,588 12,678 12,728 12,682 13,001 11,717 10,976

Granted to all foreigners NA NA NA 28,983 10,652 31,178 32,678 31487 28,837

U.S. patents as percent of foreigners NA NA NA 43.9 41,5 40.7 39.8 38.4 38,1

France

Total 43,950 46,995 47,990 32,020 26,297 51,456 46,217 27,939 24,725

Granted to nationals 14,881 15,246 15,627 10,288 17,758 13,696 10,767 10,817 9,282

Granted to U.S. *9,807 10,911 10,794 6,943 5,664 /11,973, 11,206 5,047 4,719

Granted to all foreigners 29,069 31,749 32,363 21,732 8,539 '17,760/ 35,450 17,122 15,443

U.S. patents as percent of foreigners 33.7 34.4 314 31.9 66,3 311 31.6 29.5 30.6

. /
(continued)

1975 1976 1977 1978 1979 1980 19814

71994 '70,236 65,269 66,102 48,853 61,827 65,770

46,603 44,162 41,383 40,979 30,605 37,152 39,224

25,391 26,074 23,886 25,123; 18,248 24,675 26,546

39,300 38,028 39,477 36,649 32,791 31,301 29,520

18,290 20,965 21,749 23,514 22,534 20,188 13,429

9,077 10,395 10,815 11,581 10,895 9,826 6,537

3,140. 3,333 3,488 3,819. 3,713 3,211 2,229

'9,213 10,570 10,934 11.933 11,639 10,362 6,892

34.1 11.5 31.9 32.0 31,9. 31.0 32,3

. l

46,728 40,317 52,608 45,504 44,104 46,106 50,904

36,992 3211465 43,047 37,648 34,863, 38,032 42,

4,918 4029 4,884 4,014 4,625 3,968 4,371

9,736 7552 9,561 7,856 9,241 8,074 8,824

50.5 1512 51.1 51.1 50.0 49.1 49,5

40,689 39,797 36,549 40,823 20,800 23,804 ` 22,924

9,120 8,855 7,722 8,464 4,182 5,158 6,076

11,497 11,024 10,420 11,690 5,951 6,726 6,234

31,569' 30,942 28,827 32,359 16,618 18,646 16

36.4 '1 35.6 36.1- 36.1 35.8 36.1 37.0

14,320 /29,754 31,045 30,530 24,618 28960 21,477

4,962 / 8,420 8,361 8,083 6,846 8,438 6,855 ...-

2,801 ! 6,171 6,671 6,810 5,235 . 5,581 -4;184

9,358 i 21,334 22,684 22,447 ;17,772 19,622 14,622.

29,9 J 28.9 /23,4 30.3 29.5 28,4 28:5



Table 1.18 (Continued)

Sw

rota! 22,50121,850 17,450 16,775 17,575 16,079 14,921 13,680 12,970 13,700 12,300 22,555 704 6,614 5,961 8 4:1;

Granted to int:mats 6,174 5,388 4,277 4,260 4,452 4,165 3,942 3,959 3,647 3,794 3,482, 6,320 229 1,638 1,475 1,908

Granted ro U.S. 3,466 3,632 3,126 3,110 3,090 2,736 2,528 2,140 2,101 2,070 1,847 3,191 66 1,070 981 1,171

Granitoaflforeigners 16,333 16,462 13,173 12,515 13,123 11,914 10,979 9,721 9,323 9,906 8,818 16235 475 4,976 4,466 6,381

U.S patents as percent of foreigners 212 22.1 217 24.9 23.5 23.0 23.0 22.0 22,5 20.9 20.9 19.7 13.9 21,5 21.9 18A

Cana

:otal 24,417 25,836 25,80628,981 29,193 29,242 28,295 21,246 21,287 20,544 21,750 20,793 21,796 23,546 23,895 22,696

Granted to nationals 1,222 1,263 1,263 1,461 1,395 1,587 1,551 1,218 1,368 1,260 1,301 1,291 1,404 1,408 1,503 1,369

Granted to U.S. 16,614 17,583 17,583 19,147 18,663 17,992 17,289 12,964 12,785 12,220 12,411 11,931 12,458 13,387 13,386 12,523

Granted to al foreigners 23,195 24,573 24,543 27,520 27,798 27,655 26,744 20,028 19,919 19,264 20,449 19,502 20,392 22,138 22,392 21,327

US patents as percent of foreigners 71.6 71.6 71.6 69.6 67,1 65.1 64.6 64.7 642 63.4 60,7 612 61.1 60.5 59.8 58.7

Other EEC countries2

Total 25,505 24,133 24,627 26,263 26,124 24,322 24,752 25,280 23,341 22,276 21,713 22,609 19,340 16,357 13,416 11,345

Granted to nationals 2,423 2,337 2,1w 2,233 2,078 2,023 2,156 2,074 1,869 1,759 1,720 1,801 1,762 1,848 1,543 1,448

Granted to U.S. 6,483 6,253 6,225 6,777 6,670 6,346 6,287 6,071 5,783 5,455 5,384 , 5,563 4,602 4,045 3,029 2,992

Granted to at foreigners3 .23,062 2196 22,538 24,030 24,046 22,299 22 596 23,206 21,472 20,517 19,993 20,808 17,578 14,709 _ 11,673 9,899

U.S. patents as percent of foreigners 4,1 28.7 27.6 282 27.7 28.5 27.8 26.2 269 26.6 24.8 "26:7 262 27.5 25.5 302

'Includes patents granted to U.S. inventors by all the countries shown
here (West Germany, Japan, the United Kingdom, Switzerland, Canada, and "other EEC countriesl.

Patents granted by France are not included due to the wide fluctuations in French patents granted to foreigners.

'Other European Economic Community (EEC) countries included here are Belgium, Denmark, Ireland, Luxemburg, and the Netherlands. Comparable data for Italy are

not available.

3Based on each country as a unit rather than the groupof nations as a unit For instance, patents granted to Denmark by the Netherlands are considered as nonresident

o or foreign patents here.

'The 1981 data do not include international patent
applications filed under the PCT. The figures do include patents grated by the European Patent Convention except

for France, Belgium and the Netherlands.

2 '4

NA = not available.

SOURCE: World Intellectual Property Organization, Industrial Property Statistics (Geneva, annual issue's of 1967-81).

See figure 1-9
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Appendix table 1 -19.. Patenting activity of 10 foreign multinational
corporations': 1969-80 period

Foreign multinational corporation
Country Number of
of parent patents

Bayer A.G West Germany 7,289
Philips Gioeilampenfabrieken Netherlands 5,611
Ciba-Geigy A.G. Switzerland 5,231
Siemens A.G. West Germany 4,748
Hoechst A.G. West Germany 4.048
Hitachi Ltd. Japan 3.591
Matsushita Electric

Industrial Co., Ltd. Japan 2,709
Eiji Photo Film Co Ltd Japan 1,928
Tcshiba Corp. Japan 1,566
Sol y Corp. Japan 1,378

1 The 5 European and 5 Japanese corporations with the greatest number of patents granted in the United
States over the period 1969-80.

SOURCE: Office of Technology Assessment and Forecast. U.S. Patent and Trademark Office. Tenth Report
1981. p. 36.

Science Indicators -1982

Appendix table 1-20. Real gross domestic product' per employed person for
selected countries compared with the United States: 1950-82

(index,- United States = 100)

Year
United
States France

West
Germany Japan

United
Kingdom Canada

1950 100 43.9 39.6 17.5 53.1 Zi4.3
1955 --100" 47.0 47.7 21.1 51.9 87.6
1960 100 55.7 60.2 26.9 53.7 88.1
1965 100 62.0 64.0 34.9 51.8 87.1
1970 100 73.5 75.0 52.0 56.5 91.9
1971 100 74.9 74.7 52.5 57.5 93.4

1972 100 7- 0 76.1 55.6 56.8 93.7
1973 100 -/c ., 77.4 57.7 58.6 94.0
1974 100 82.6 81.0. 58.9 59.4 96.1
1975 100 83.4 81.8 60.4 59.2 95.3
1976 100 85.4 85.3 61.7 60.6 96.8
1977 100 85.7 86.4 63.0 60.1 95.7

1978 100 88.2 88.0 65.0 61.6 95.7
1979 100 91.4 90.9 67.7 62.2 ,95.3
1980 100 93.2 92.4 70.9 62.3 94.0
1981 100 93.5 92.4 72.5 62.8 94.3
1982 ,100 95.5 93.8 74.5 65.7 93.5

1 Output based on international Once weights to enable comparable cross-country comparisons.

SOURCE: Department of Labor, Bureau of Statistics. Office of F.toductivity and Technology, Comparative
Real Gross Domestic Product, Real GDP per Capita, and Real GDP per Employed Person,--1950432;-Aprit-
1983.

See figure 1-10,-
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Appendix table 1-21. Productivity' grovIth in manuficturing indust$es of
selected countries: 1960-82

(index: 1977=100)

Year
United
States France

West
Germany Japan

United
Kingdom USSR

1960 60.0 39.8 40.0 22.0 55.6 55.9

1961 61.6 41.6 42.1 24.9 56.1 57.9

1962 64.3 43.5 44.9 26.0 57.5 59.0

1963 ..e. . ... 68.9 45.9 46.8 ... 28.1 60.6 62.1

1964 72.3 48.4 50.5 31.8 64.9 64.4

1965 74.5 512 53.8 33.1 67.0 68.6

1966 ....... , ... 75.3 54.8 55.7 36.5 69.5 68.7

1967 75.3 57.8 59.4 41.9 72.7 70.8

1965 78.0 64.4 63.4 47.1 78.0 73.0

1969 79.3 66.7 67.1 ; 54.5 79.9 75.3

1970 79.1 70.1 68.2 61.4 80.5 77.6

1971 83.9 73.8 71.0 65.3 83.7 81.3

1972 88.2 782 75.- 72.7 902 84.3

1973 93.0 82.4 80.1 80.2 95.8 89.1

1974 90.8 85.3 84.5 82.1 96,5 92.9

1975 93.4 87.9 89.0 85.3 94.6 96.3

1976 97.5 95.1 95.3 , 93.3 99.4 97.7

1977 . , ....... 100.0 100.0 100.0 100.0 100.0 100.0

1978 100.8 105.7 103.3 107.9 103.3 102.3

1979 101.5 110.7 1C3.3 117,4 106.8 104.0

1980 101.7 112.6 109.9 125.4 108.1 NA

1981 104.6 114.4 112.8 126.3 114.2 NA

1982 103.6 122.3 114.7 127.6 1182 NA

' Output per hour.

SOURCES: Department of Labor, Bureau of Labor Statistics, Office of Productivity and Technology, In-

ternational Comparisons of Manufacturing Productivity and Labor- Cost Trends, Preliminary Measures for

1982," May 1983, mimeograph. Productivity figures for Soviet Union were provided by Francis Rushing of

SRI International.

See figure 1-11.
Scierzo indicators-1982

Appendix table 1-22. Capital Investment, as a percent of output for selected
countries!: 1960-81

Year
United.
States Canada Japan France

West
Germany

United
Kingdom

1960-81 13.9 17.4 25.9 16.1 16.7 14.8

1960-69 13.8. 17.5 26.3 16.2 17.5 14.4

1970-79 13.9 .16.9 25.7 16.1 16.0 152

1980-81 14.6 18.9 24.8 15.2 15.7 15.3

1 Fixed capital investment excluding residential construction at market Prices, as a percent of output at

factor cost, in current dollar prices.

SOURCE: U.S. Department of Labor, Aureau of Labor Statistics, Office of Productivity and. Technology,

unpublished tables, December 1982.

See figure 1-12.
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Appendix table 1-23. Number of robots installed by type and country: 1981

Programmable

Country

Servo-controlled Nonsenro Methanical
. transfer

devices
(pick and place) Total

Diecasting
Continuous Point-to- General and molding

path point purpose machines

Total 1.418 10,701 4,293 13,819 101,947 177,386

Japan NA 6,899 NA 7,347 r' 53,189 67,435
United States

i
400 2,000 1,700 600 , 40,000 44,700

West Germany 290 830 200 100 10,000 11,420

France 120 500 NA NA 38,000 38,620

USSR NA NA NA NA NA 3,000

Switzerland 10 40 NA NA j 8,000 8,050

Sweden 250 150 250 50 / 111n 800

Noway 20 50 120 20 50 260

Czechosilvakia 150 50 100 30 200 530

United Kingdom 356 223 54 80, NA 713

Poland 60 115 15 50 120 330

Denmark 11 25 30 110 176

Finland 35 16 43 22 51 167

Belgium 22 20 82 124

Netherlands 48 3 5 15 71

Yugoslavia 2 3 5 ; 15 25
Australia : :.., .. , NA NA 62 , NA 120 182

Italy NA NA NA NA 400' 753

NA = Not available.

SOURCE: Robot Institute at America. EIndwide Robotics Sculley and Directory (Dearborn, Michigan,

.1982), p. 2.

See figure 1-13.
Science Indicators-1982

0



Appendix table 1-24. U.S. trade balance' in R&D-intensive and non-intensive
manufactured product groups: 191,40-8O.

[Dollars in millions]

Year

R&Dintensive' Non-R&D-intensive

Balance2 Export Import Balance2 Export Import

1960 $ 5,891 $ 7,597 $ 1,706 $ -179 $ 4,962 $ 5,141
1961 6,237 8,018 1,781 -12 4,730 4,742

1962 6,720 8,715 1.995 -691 4,940 5,631

1963 6,958 8,975 2,017 -765 5,284 6,049
1964 7,970 10,267 2,297 -678 6,121 6,799

195S 8,148 11,078 2,930 -2,027 6,281 8,308

1966 7,996 -4,178 -3,325 6,913 10,23812,174
1967 8,817, 13,407 4,590 -3,7'29 7,437 11,166

1968 9,775 15,312 5,537 - 6,581 8,506 15,087

1969 10,471 16,955 6,484 -6,698 9,830 16,528

1970 11,722 19,274 7,552 -8,285 10,069 18,354

1971 11,727 20,228 8,501 -11,698 10,215 21,913
1972 11,012 22,003 10,991 -15,039 11,737 26,776

1973 15,101 29,088 13,987 -15,370 15,643 31,013

1974 23,873 41,111 17,238 -15,573 22,412 37,985

1975 29,344 46,439 17,095 -9,474 24,511 33,985
1976 28,964 50,830 ',.!1 ,866 -16,45^ 26,411 42,910

1977 27,107 53,370 26.263 -23,509 26,781 50,290.

1978 29,598 63.908 34.31e -35,379 30,627 66,006
1979 39,285 79,126 39,841 -34,835 37,550 72,385

1980 52,404 98,324 45,920 -33,464 45,646 79,110

"-t&D-intensive manufactured products are those associated with industries with an average of 73 or More
sciersts and engineers engaged in R&D per 1,000 employees and total R&D funding arnountillg to 3.5

'percent of net sales. See appendix table 1-25.
2 Exports less imports.

alf
SOURCE: Department of Commerce, Overseas Business Reports August 1967, April 1972, April 1977,

August 1979, July 1980, and November 1981.

See figure 1-14.
Science Indicators-1982



Appendix table 1-25. R&D-Intensive manufacturing
ratios for selected industries: 1981

Industry

R&D per
net sales' R&DS/E's per

(In percent) 1,000 employees

Chemical and allied products 3.8 45
Nonelectrical machinery 5.2 35
Electronic and electrical

equipment 6.8 48
Aircraft and missiles 15.3 97
Professional and scientific

instruments 8.3 44

SOURCES: National Science Foundation. Research and Development in
Industry, 1981, in press.
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Appendix table 1-26. U.S. tre;r: talance in selected manufactured product groups: 1960-80

(Dollars in millions)

Product groups 1960 1961 1962 1963 1964 1965 1966 1967 1

Chemicals'

Balance2 $ 955 $1,051 $1,104 $1294 $1,862 51,634 61,318 $1,844 $2158

ExPoll 1,776 1,789 1,876 2,009 2,364 2.403 2675 2,802 3,287

Import 821 738 712 715 702 769 957 958 1,129

Machren?

Balance2 3,752 4,179 4,493 4648 5211 5,135 4,991 6,180 5,012

1fr9:4 4,476 4,968 5,448 5,702 6,525 7,935 7,678 8279 8.844

import 724 789 955 1,064 1,314 1,900 2,687 3,099 3,772

Aircraft

Balance2 , ,,,,,,, 970 766 857 726 791 990 824 1,271 2,015

Export 1,024 503 817 874 1,130 1,047 .1,519 2,309

Import ,,,, ........ 54 137 123 91 83 140 273 248 294

Professional, anc scientific

instruments'

Balance2 214 241 266 290 306 389 463 522 530

Export 321 358 411 447 504 610 724 807 872

import ,,, , 107 117 145 157 198 221 261 285 342

Autos & part

8afance2 643 810 860 955 1,063 934 536 237 -589

Export 1270 1,188 1,365 1,518 1,749 1,744 2,154 2,503 3,123

Import 627 378 515 563 686 810 1,618 2,266 3,712

'Includes drugs and other allied products.

2Exports less imports.

3 M a c N n e r y i n c l u d e s all n o n e l e ctr i c a l a n d e l e c i r k a l , c o m p ut e r : 4 n d c o m n x i n i c a t i o n e q u ip m e n t B e g i n n i n g in 1977, s o u n d reorders; r e p r o d u c e r s 2 1 0 a x e s s o r i e s are cl a ss

in machinery (previously included in other manufactured goods) and photocopy apparatus which had previouslybeen in scientific and professional instruments.

'Beginning in 1917, includes electric measuring and controlling instruments which were classified as machinery prior to 1977.

1969 1970 1971 1972 1973

$2,155 $2.376 $2224 $2,118 53286

3:383 3,826 3,836 4,133 5,749

1,228 1,450 1,612 2015 2,463

5,567 6,311 5,780 5,846 1,08

10,137 11,685 11,839 13,562 17,588

4,570 5,374 6,059 7,916 10,15Q

2,140 2,382 3,049 2,566 3.556

2,423 2,656 3,387 2,995 4,119

283 274 338 415 563

609 653 674 668 822

1,012 1,107 1,166 1,313 1,632

403 454 492 645 810

-1,104 -1,823 4,897 -3492 -3,679

3514 3,245 3,819 4,473 5,573

4,618 5,068 6,778 7,965 9,252

1974 1975 1976 1977 1978 1979. 1980

$4601

8,819

4,018

.12.507

24,318

11,811

54.995 55,187 $5,842 56.193 $9,827

8,691 9,959 10.812 12,623 17,306

3696'; 4,772 4,970 6,430 7,479

11245 16,667 13,794 13.353 17,384

29215 22,113 32,630.38,105 45,914

11,970 15,446 18,836 24,752 28,830

$12,157

20,740

8.583

24,977

57263

32286

3,258 5.617 , 5,670 5271

5,766 6,136 6,104 5,874

508 519 434 603

1,308 1,487 1,439 2200

2,209 2,397 2,654 4,054

901 910 1,215 1,654

_

7,601 8641 10,931

8.203 9,719 12,816

602 1,078 1685

2,451 3,433 4,339

4,977 6,187 7,505

2.526 2754 3,166

-3,016 -64 -2,972 -4,957 -8,431 -8,149

7,248 9,290 10,132 10,881 12,148 13,904

10,264 9,913 13,104 15,644 20,579 22,053

-10

13,117

24:15

SOURCE; U.S. Department of Commerce, Overseas Business Reports, kigust 1967, A 4 1972, April 1977, June 1978, August 1979, July 981 and November 1981.

See figures 1.14 and 1.1.f\



Appendix table 1-27. U.S. trade balance with selected nations for R & D-Intensive rnanufaclued products: 1966-80

.

\Dollars in millions)

Country 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

Developing nations'

Balance' $3,441' $3,677 $4,430 $4,455 $4,928 $5,087 5,277 $6,641' $10,658 $14,726 $16,052 $16,022. $17,942 $23,310

Export 3,682 3,923 4,822 5,002 5,679 5,996 6,765 8,966 ',14,025 17,700 -20;104 20,993 24,685 31,510

Import 241 246 392 , 547 751 i 909 1,488 2,325 3,367 2,974 4,052 4;971 6,743 8,200

Western EuroPel
)

Balance' 1,890 2,283 2,566 2,986 3,942 3,599 3,089 4,126 '5,982 6,700 7,0biT 6,918 .10,203 10,042

Export 3,865 4,359 5,020 5,655 6,927 6,861 7,345 9,597 12,621 13,540 14,649 15,712 22,159 ''24,382

Import 1,975 2,076 2,454 2,669 2,985 3,262 4,256 5,471 6,639 :.k.54140 7,588 8,794 11,956 14,340

Canada ( 1

Balance' 1,800 1,760 1,719 1,9141-1;684 1,865 2,333 3,003 4,242 4,833 4,732 4,530 4,872 5,420

Export 2,838 2,983 3,142 3/478 '3,513 3,914 4,678 5,741 7,419 8,136 8,831 9,182 10,467 12,211

. Import: 1,038 1,223 1,423 1,564 1,829 2;049 2,345 2,738 3,177 3,303 4,099 4,652 5,595 6,791

Japan

. Balance' -1.33 -115 -200' -324 -224 -516 -971 -848 -550 -1,020 -2,654, -3,460 -5,694 -4,275

'-,Export 661 772 930 1,180 1,536; 1,520 1,639 2,21e 3,007 2,390 2,701 2,792 3,630 5,318

Import ' 794 887 1,130 1,504 1,760 ,2,036, 2,610. '3,066 3,557 3,410 5,355 6,252 9,324 9,593

West Germany

Balance' (4) (4)
( ") 81 287 190 -56 -204 -211 64 58 -7 -351 -49

Export (4) (A)' (4) 912 1,277 1,295 1,340 . 1,579 1,932 2,143 2,346. 2,674 3,480 4,299

Import (4) (1 (4) 831 , 990. 1,105 1,396 1,783 \2,143 2079 2,288, .2,747 3,831 4,348

Communist Areas q,

Balance NA NA , 48 86 87 117 110 326 497 8q9 799. 568 605. 845

Export NA NA 65 103 '106 137 140 373 596 93. 915, 691 , 807 1,..144'

Import NA NA 17 17 19 20 30 53 99 B9 - 116 123 202 299

'Includes the Republic of South Africa in 1966 and 1967,

?Exports less imports,

3Includes West Germany,

'Included in the totals for Western Europe but not separately availab:e.

NOTE: R&D-intensive manufactured goods are these found in appendix table 1-25.

SOURCE:. U.S, Department of Commerce, Overseas Business Reports, May 1972, June 1974, October 1976, December 1979, October )960, and November 1982,
6

.44

See figure 1716

1980

$29,818

39,845

10,027

14,584

30,849

.16,265

6,283

13,520

7,237

-3;563

6,255 I
9,818

216

, '5,206

4,990

871,

1,325

4154
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,APpendix'table 1-28. Changes inworidl export shares of all inanufactu led
products and of R&D-Intensive products,2 for selected countries:1955-80

P

Cbuntry'and
product group

-4

1955 1960 1970

United States -
..

Alf manufactured products 25.9 22.8 18.4
R&D-intensive products 35.53 27.6 23.1

Japan
All manufactured products 4.8 , 6.5 8.9

R&D-intensive products 1.83 4.2 9.7

West Germany .

All manufactured products 14.6 18.2 19.8
R&D-intensive products 17.63 21.2, 20.4

France
All manufactured products 8.8 9.1 8.3

R&D-intensive products 6.43 7.7 7.6

Change from
1980 1955.80

16.4 . , -9.5
1.9.9 -15.6

11.0 +6.2
{14.5 +12,7

19.8
19.3

10.2 +1,4
e 9.0 +2.6

, 'World'. exports are defined'as the sum of the export, from 14 or 15 most IMPortant OECD (industrial)
countries:-The listed` countries' percentages differ very little depending on whether the sum of the 14 or 15
countries is used in the calculation.

2 Based on DOC1 definition of R&D-intensive products, which includes automobiles as well as the product
groups in figure 1-14.

3 Dati are from 1954.

SOURCE: U.S. Department of Commerce, An Assessment of U.S. Competitiveness in High Tehnology
Indushies,.1983, p. 46.

See figure 1-17.
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Appendix table 1-29. Changes In world export shares1 by selected product groups: 1970 and 1980

(Percent)

/ United States Japan West Germany France

Change
from

Change
from

Change;
from

_ .

Change
from

ity groupCommodity 1980 1970-80 1970 1980 1970-80 1970 : 1980 1970-80 1970 1980 1970-80
'otal merchandise trade 15.4 12.0. -3.4 8.9 10.6 1.7 15.7 15.6 ,0.1 , 8.1 , 9,0 '.. 0.9

*otal manufactured pioducts 18.4 16.4 -2.0 8:9 11.0 2.1 19,8 19.8 - 9.1 10.2 1.1'

High-technology. products 29.9 26.1 -3.8 11.9 15.8 3.9 14.6 15.7 1.1 7.2 7.8 .6
Drugs and fnedicinals 17.1 15.8 -1.3 2.7 2.3 -.4 19.9 17.6 -2.3 9.3 11.6 2.3
Business machines and

-equipment 37.7 37.0 8.0 9.9 1.9 15.1 .13.0 -2.1 7.8 7,82
Computers 31.5 35.5 4.0 11.1 12.3 1.2 11.2 12.1 .9 9.0 7,1 -1.9
Electrical and electronic

machines and equipment 21.6 18.0 23.6 10.3 , 18.7 8.4 19.5 18.7 -.8 8.1 9.2 1.1
Telecommunications equipment 21.9 '18.1 -3.8 11.9 23.1 11.2 15.2 14.6 -.6 5.5 .7.7 2.2.,

Electronic components 39.8 27.6 -12.2 6.3 27.0 20.7 -12.5 14.3 1.8 8.6 .8.8 .2
Consumer etectronics 9.3 '9.9 .6 49.0 53.0 4.0' 14.3 12.0 -2.3 2.3 5.5 2.2
Jet engines 40.4 32.0 -8.4 .1 .1 - 5.4 5.3 -,1 5.6 7.8 2.2
Aircraft 66.0 53.1 -12.9 .8 .4 2:9 10.7 7.8 7.6 9.1 1.5
Scientific instruments 29.3 . 26.8 -2.5 8.7 10.4 1.7 21.5 19.4 -2.1 7.1 8.1 1.0

' World' exports are define) as the sum of the exports from 14 cr 15 most important OECD (industrial) countries. The listed countries' percentages differ very little depending
in whether the sum of the Td or 15 countries is used in the calculation.

2Average 1979-80.

SOURCE: U.S. Department' of Commerce, An Assessment of U.S. Competitiveness in High-Technology Industries, 1983, pp. 44-45.
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Appendix table 1-30. U.S.S.R. imports of Western technology: 1970-81

(Dollars in millions)

1 Sources of hi0-technology products/
1970 11972 1979

High-tech. , High-te4h. . High-tech.
, exports As %of export's As % of exports As % of

Countries to USSR total to USSIR total to USSR total

Total 100.0

United States 12.5 3.1

$329.21

8.1 154.7 6 84.7 ) 3.6 i 56.5 . 3.3

$402.9 100.0 $2,371.3 100.0

26.81

Canada 2 - :4 2 11.3 5

Japan 43.5 10.8 41,8 12.7 398.9 16.8
/ .. .

. .
Belgium- Luxemburg 5.9 1.5 4.3 1,3 21.1 / .9

Denmark 4.8 '1.2 4$ 1.4 17.1 / .7

-France 56.5 14.5 ,369 11.5 376.8 ,/ 15.9

West Germany 92.9 23.0 79:4 24.1 668.3 28.2
Ireland - / -7. - /,12 .1

Italy 69.6 17.3 / 51.1 1 5.5 257.2 . 10.8

Netherlands 1.1 .3 / 3.2 . 1.0 , 16.7 .7

United Kingdom 56.0 13.9 ./. 43.4 13.2 94.0 4.0
Austria 5.6 1.4,I 4.8 1.5 3.7 1.8

Finland 6.3 1,8 5.4 1.7 /% 70.9 3.0

Norway r .1 :# 2 .1/ 8.2 .3

Sweden 22.3 /5.5 99 2.7. . . 119.9 5.1

Switzerland 23.6 ( 5.9 . 16.3 /5.0 111.3 4.7

1980 1981

Hig 1 -tech. High -tech.
/exports As % of exports As % of

/ to USSR total to:USSR total
f$2,330.0 100.0 $1,735.5 .100.0

27.5 1.2 1 .4 -
400.2 17.2 366.0 21.1

. .

I

18.0 8 12.1" ,7

34231.31

.1 17.9 1.0
14.8 204.7 11,8

727.2 31.6 501.8 28.9

222.22

-
9.6 156.3 9.0

6.1 .3 te.e . .6
.5 93.61 5A125.7 54

48.2 2.1 , 30.4 1.8

86.2 3.7 I 121.8 79
12.3 5 6.5 A
71.1 3.1 ,. 77.3 4.5

. 136.4 5.9 1 .80.0 4.3

Sources of manufactured products 1

1970 1972 1979 1980 1981

Manufactured High-tech. Manufactured High-tech. Manufactured High-tech., Manufactured High-tech. Manufactured High-tech.
exports as % of exports :"as % of exports as % of exports as 0/,, of I exports as % of

Countries to USSR total to USSR .1._ _total to USSR total to USSR total to USSR- total

$15,113.1 15.4 i $14,435.4 12.0

423.7 20.0 586.0 9.6
169.0 16.3 53.5 .7

2,607.8 15.3 3,091.5 11.8
490.5 3.7 '327.5 3.7

61.0 37,9 58.4 30.8
1793.3 19.0 1,179.0 17,4

3,904.5 18.6 2,877.3 17.4
4.7 5.4 69 .8

1,176.3 18.9 1.151.0 13.6
204.0 3.0 2139 4.7
950.9 13.2 908.3 10.3
445.7 , 10.8 F 4609 '6.6

2186.4 39 1957.7 4.1

94.6 139 87.5 7.5
3042 23.4 2729 284

Total $2,212.4 18.2 $2,726.0 20.3 ', $13,642.4 17.4

United States 83.1 15.1 102.4 38.4 656:6 23.6

Canada 6.3 .3 13.9 S.6 227.8 59
Japan 327.7 13.3 492.4 17.7 2959.5 16.9

Belgium/Luxemburg 50.0 11.7, 80.1 4.2 414.3 5.1

Denmark 23.1 20.7 23.7 '23.0 60.5 28.3

France 257.0 22.8 , 271.9 25.1 1,772.7 21.3
West Germany 412.6 22.5 699.4 23.4 3,474.5 19.2

Ireland - .6 - 4.5 29.7

Italy 292.3 23.8 256.7 249 1,165.0 22.1

Netherlands 33.0 33-----,.. 40.8 5.7 , 169.0 , 9.9

United Kingdom 219.5 25.5 202.3 28.1 796.4 11.8

Austria 78.8 7.1 93.1 9.6 510.9 8.5

Finland 2427 2.6 294.9 3.2 1,379.5 5.1

Norway . 202 .6 18.5 24 809 10.3

Sweden .116.3 192 66.3 18.7 3062 39.2

Switzerland 499 47.3 699 46.9 . 264.6 42.1

'Estimate. 23a
SOURCE: U.S. Department of Commerce, Quantification of Western Exports of High- Technology Prortticts to Communist Countnes, fortticoming.
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Appendix table 1-31. Ratio of receipts to payments of royalties and fees:
1970-81

(Percent)

United States Total (Affiliated and unaffiliated)

FranceYear Total Affiliated Unaffiliated Japan West Germany

1970 ' +::-- , 948 1,406 503 13 NA
1971 '.. ' 985171

',
1,489 502, 13 37

1972 tr::1 1-:873 1,619 471 13 43

1973 Z; 785 1,105 405 12 36
1974 .1,036 1,771 404 15 41

1975 847 1,132 407 20 39

1976 847 1013 435 22 38
1977 1,038 1,474 482 21 36
1978 871 1,082 487 24 39 :

1979
.1980..

752 888, 457 25 38
, 868 1,057 478 27 42

1981 998 1,289 525 . NA NA

34
30
30
32
40
37
33
52
51

53
48

SOURCES: United State's: BaSed on appendix tables 1-33, 1.34, and 1-35.
Other countries: Alan FlitpoPiin and Asim Erdilek, "Technology-transfer as a Key Variable Affeding In-

ternational Competitiveness," National Science Foundation (in press).

Science Indicators-1982

nuix table 1-32. Direct investment- related U.S, receipts of royalties and fees' by Industrial area:
\ 1981

(Dollars in millions)

All Total
Country industries manufacturing

Food P&F2 Electrical Transportation Other.

products Chemicals metals Machinery machinery equipment_ manufacturing

Total net receipts $5,867 $4,007 $247 $1,001 $159 $1,140 $429 $337 $694

Developed countries 4,805 3,510 188 881 117 1,106 304 308 606

Canada 980 747 35 104 25 176 44 219. 143

Europe 3.035 Z264 112 657 84 736 216 73 387

United Kingdom 832 669 34 197 28 217 31 38 125

West Germany 369 311 17 68 22 107 31 18 49

France 324 327 10 105 25 105 28 7 46

Japan 413 310 27 47 4 175 26 7 25

Developing countries , 1,331, 497 59 120 42 35 125 28 , 88

I Includes film and tape rentals, which represents 6 percent of total net receipts.
2 Primary and ferrous metals,

SL,,FiCE: U.S. Department of Commerce, unpublished data, August 19, 1982.
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Appendix table 1-33. U.S. receipts and payments of royalties and fees' with selected nations: 1967-81

(Dollars in millions)

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

(prel.)

Total net receipts2

Developed countries'
$1,516

1,152

$1,683

1,271

$1,842

1,404

$2,134

'1,651

$2,375

1,856

$2,566

2,031

$3,021

2,421

$3,584

2,857

$4,008

3,177

$4,084

3,273

$4,503 ,

4,027

$5,312

4,547

$5,747'$6,617
4,808 5,487

$6,917

5,625

United Kingdom 208 214 238 273 306 334 376 427 523 520 563, 724 821 837 923

European Community3 334 383 431 511 585 631 794 954 1,091 1,043 1541 1,515 1,637 1,956 1,795

Other Europe 107 112 135 142 163 188 216 276 337 345 371 482 475 630 712

Canada 275 296 295 344 365 394 426 555 585 651 807 838 892 963 .1,009
Japan 132 < 4, 175 208 268 306 342 426 439 419 485 514 729 , 711 746 762

ANZSA4 86 86 97 113 131 142 183 -206 222 222 230 261 ' 272 353 418

Developing countries 365 , 411 440 483 520 536 '599 726 831 813 752 991 1,148 1,418 1,561

Total net payments5 166 . 186 221 225 241 294 385 346 . 473 482 434 610 764 762 : 693

Developed countries 163 183 217 216 234 289 376 346 452 451 481 585 731 901 977

United Kingdom 43 56 67 54 . 48 59 73 84 103 85 91 159 , 195 304 340

European Community 43 51 54 54 58 63 95. 75 84 92 100 190. 258. -164
Other Europe 27 22 27 34 54 93 114 173 135. 149 120. 143 170 216 235

Canada 46. . 51 60 66 p 66 79 53 148 146 126 142 179 184 . 282

Japan 11 7 8 . 8 5 7 14 -35 -17'. -21 -18 -55 -60 -65 -45
, . ANZSA4 14 14 8 14 14 8 8 -4 -1 -1 -1

'. Developing countries 4 4 5 9 7 10 20 33 16 24,, 32 -140 '-286

'Excludes film rentals which are included with receipts and payments of royalties and fees in the intemational transactions tables in the Survey of Current Business.

2Represents net receipts of payments by U.S. firms Irom their foreign affiliates for the use of intangible property such as patents, techniques, processes, formulas, designs,

trademarks; copyrights, franchises, manufacturing rights, management fees, etc.

30riginal six members only.

4ANZSA = Australia, New Zealand, and the Republic of South Africa. .

5Payments measure net transactions between U.S. alfIllates and their foreign parents. See footnote 2.

.

NOTE: Detail may not add to totals because of rounding. Negative payments represent foreign liabilities to U.S. based affiliates.

SOURCES: Appendix tables 1.34 and 1.35.

See figures 1.18 and 1-19.
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Appendix table 1-34. U.S. receipts and payments of royalties and fees' associated with foreign direct-investments: 1967-81

(Dollars in millions)

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 '1977 1978 1979 1980 1981

(prel,)
,, ..

Total net receipts' $1,123 $1,246 $1,356 $1,561 $1,757 $1,911 $2,309 $2,833 $3,251 $3,262 $3,583 $4,256 $4,645 $5Al2 $5,531

Developed countries 809 893 9Th 1,142 1,299 1,448 1,783 2,200 2,522 2,570 3,237 3,654 3,885 74,517 4,489
United Kingdom 153, 161 183 217 240 271 302 356,2 444 448 481 630 719 -. 732 795,
European Community3 237 ,. 275 297 354 424 473 625 .7.67 892 833 1,315 1,265 1,370 1,687 1,444
Other Europe 78 79 99 104 112 131 157 203 257 /258 247. 369 355 517 579
Canada 242 265 267 311 333 356 394 517 547 : 613 765 791 849 903 945,
Japan 37 45 53 66 83 102 153 190 200 239 239 385 368 385 389
ANZSA4 62 68 76 90 107 115 152 167 182 179 189 216 224 291 347

Developing countries ,. 315 . 352 382. 418 458 464 525 632 729 693 622 828 969 1,203 1,301

Total net payments' 62 80 101 111 118 155 209 160 437 293 24 393 523 514 429

,

Developed countries 62 80 101 108 115 154 208 167 270 267 237 X37.5 497 666 , 729
United Kingdom 11 21' 26 19 11 15 20 17 27 8 19 t:,13 102 224 247
European Community' -3 -'- , 2 :.!. 3 6' 23 5 17 25 37 117\ 164 166 ,83

Other Europe 11 9 13 21 36 72 91 151 115 132 '99 124, \141 --.192 215
Canada 43 47 56 62 64 60 73 46 139 137- 118 132 p.s' , 166 269
Japan - 3 , 4 4 1 1 -47 -26 -34 -34 -69 -75' -84 -84
ANZSA4 I - - - -5 ' -:2 -1 -2 3 2\ 2 '-1

Developing countries 1 2 -9 16 27 17 25 -302

'Excludes film rentals which are included with receipts and payments of royalties and fees in the international transactions tables in the Survey of Current Business.

2Represents net receipts of payments by US. firms from their foreign affilialestor the use of intangible properly such as patents; techniques; progesses, formulas, designs,

tridemarks, copyrights, franchises, manufacturing rights, management fees, etc. .

30riginal six members only.

4ANZSA = Australia, New Zealand, and the Republic of South Africa.

&Payments measure net transactions between U.S. affiliates and their foreign parents. See footnote 2.

NO; E.., G.':ail may not add to totals because of rounding. Negative payments represent foreign liabilities to U.S.-based subsidiaries. Beginning with 1977 (negative) receipts
. .

from international organizations are included in the total but are not shown separately,

. .. . .

SOURCES: Meryl L. Kroner, "U.S, International Transactions in Royalties and Fees, 1967-78t' Survey of Current Business, vol. 60 (January 1980), p, 34, and U.S.

Department of Commerce, unpublished tables. .

See appendix table 1.33,
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Appendix table 1-35. U.S. receipts and payments of roy ities anc+ fees associated with unaffiliated foreign risidentsl:

'otal net receipts2

Developed countries
United Kingdom
European Community'
Other Europe
Canada
Japan
ANZSA

Developing countries

total net payments5

Developed countries
United Kingdom
Europeai Cornmunity3
Other Europe
Canada
Japan
ANZSA4

Developing countries
. ' .

19-81

(Dollais

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

$393 $437 $486 $573 $618 $ 5 $712 $751 $757. $822 $920

.

343 378 429 509 557 583 638 , 657 655 703 790
55 53 55 56 66 63 74 71 79 72 82

107 113 134 157 161 158 69 187 199 210 :226
29 33 36 38 51 57 '9, 73 80 87 124

33' 31 28 33 32 38 3. 38 38 45 42

95 130 155 202 223 240 .273 249 219 246 275
24 18 21 23 24 27 31 39. 40 43 41

50 59 58 65 62 72 74 102 120 130

104 106 120 114 123 139. 176 186 186 189 191

101 103 116 108 119 135 168 179 182 184 181

.32 35 41 35 37 44 53 67 76 77 72
46 47 52 52 55 57 '.72 70 67 X67 63

16 13 14 13 18 21 23 22 20 17 21

3 4 4' 4 5 6 6 7' 9 9 8

4 4 4 4 6 13 12 9 13 16

1 1 1 1 1

3 3 9 8 4 6 12
.

-'Excludes film rentals' which are includecl with receipts Ind payments of noyaltieS and fees in k ...fnfernetional transactions.tables in they of Current Business.
2Represents net receipts of payments by U.S. 16.015 :70m their foreign -affiliates for the use of inns-igible property such as patents. processes, formulas,. designs

ademarks,:copyrights, franchises, manufacturing rights, Management lees,' etc.
.0riginet six' members only (Belgium. prance. West Germany, Italy, Luxemburg and the ",,Aterlands). 4.4,,

4ANZSA = Australia, New Zealand, and tho Republic of South r.Africa.
5Payments measure net transactions between U.S. affiliates ands Ar forek.' Mrer,i . <)e fleolnote 2."

1978

$1,056

893
94

250
.113

47
344
45

163

1979 1980 1981
,(pret.)

$1,102

923

$1,185

470

$1,386.

,12

1,126
103 105 128;1,

267 269 351A
120 113 13,31=6

43 60 64P::

343 361:,: 379 ,;'j

\ 48 62 71r,

179 215 260?
,,

,217 241

210 234 235 248;
91 93 80 , 93
73 80 92 811
19 29 24 .1

10 16 .18 141
14 15 19 39?
3 1 2

,

16

NO1E: Detail may i1t11 od(: 4,1 totals because of round:N.
1

SOURCES: Me yl L. Kroner, "LI.S. internatiunal Transactions in'Royalties and Fees. 1967-78:- Survey of Current Business, vol. 60 (January 1980), p. 26, and U.S.
)epartment of Ctrimerce, unpubl;shed tables. r

;est appendix-table 1-33.
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Appendix table 1-36. Transfers of innovations by U.S.-based multinational enterprises to their manufacturing
subsidiaries abroad by A&D intensity of the parent: 1945-77 period

Innovations classified by-
Fio expenditures parent

Number of
innovation&

Percentage
transferred abroad,

by number of years between
U.S. introduction and initial transfer

Less
.than

2 years
after

Under 2 petcent
2 to 3 percent
4 percent and over

Under 100 percent
100 to 199 percent -
200 percent and over

Total

10 or
2 to 4 to 6 to more

3 years 5 years 9 years years .

after after after after . Total

Parent's R&D expenditures as percent of sales

108 22.2 12.1 15,7 13.0 14.7 77.7
190 14.7 16.3 10.0 16.3 21.6 78.9
108 22.2 20.4 11.1 13.0 22.2 88.9

Average annual
transfer rate
from year of
first foreign -

introduction to:

3rd
year

there- 1977
after year end.

0.803 0.349
1.003 .293
1,067 .331

Parent's R&D expenditures as percent of sales, normalized by parent industry

152 13.8 12.5 11.8 23.0 17.8 78.9
123--- 17.1 17.1 15.5 16.3 13.0 79.0
131 26.0 19.8 -8.4 21.3 10.0 85.5

406 18.7. 16.3 11.6 14.3 20.2 81.1

' Transfers of 406 innovations by 57 U.S.-based multinational enterprises.

SOURCE: Raymond Vernon and W.H. Davidson, Foreign Production of Technology-Intensive Products by U.S.-Based Multinational Enterprises, National
Science Foundation. 1979. p. 55.

.777
1.000
1.297

.302

.302

.382

1.017 .326
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Appendix tables 1-37. U.S. direct investment abroad in manufacturing for selected nations and Industry groups: 19B6-81

(Dollars in millions)
,

Counlry 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

All countries' $20,740 $22,803 $25,160 $28,332 $31,049 $34,359 $38,325 $44,370 $51,172 $55,886 $61,161 $62,019 $69,669 $78,640 $89,161 $92,480

Chemical products .. , .. 3,840 4,541 5,068 5,539 5,865 6,519. 7,253 8,415 10,172 11,107 12,183 11,864 13,989 16,578 18,888 20,000

Machinery' 5,033 5,455 5986 7,012 7,842 8,930 10,096 11,811 13,992 15,595 17,091 11,223 13,007 20,924 23,371 24,293

Developed countries' 17,214 18,912 20,721 23,285 = '25,572 28,320 31558 36,550 41,973 45,427 49,766 50494 56292 63,518 71,385 73,163

Chemical products 2,857 3,396 3,803 4,164 4,419 4,959 5,500 6,488 7,821 8,471 9,295 ' 6,990 10,536 13,031 14,456 15,380

Machinery 4,473 4,866 5,317 6,223 6,931 7,907 8,917 10,259 12,003 13,231 14,338 10,189 11,792 17,911 19,870 20,353

Canada', 6,697 7,059 7,535 8,404 8,971 9,504 10,491 11,755 13,450 14,691 15,965 14,795 15,736 17,392' 18,877 19,659

Chemical products 1,058 1,146 1,222 1,297 1,320 1,453 1,583 1,767 2,049 2,268 2,462 2,249 2,577 2,966 3,402 3,721

Machinery 1,345 1,424 1,508 1,743 1,773 1,891 2,111 2,325 2,682 3,042 1246 1,552 1,736 2,896 3,161 3,609

All Western Europe' 8,906 9,867 10,940 12,372 13,819 15,628 17,529 20,777 23,990 26,013 28,788 30,470 34,655 39,403 45,333 45,533

Cherhival prodUcts 1,523 1,793 2,058 2,271 2,451 2,792. 3,146 3,818 4,757 5,161 '5,756 5,698 6,745 8,646 9,551 9,964

Machinery 2,681 2,930 3,226 3,829 4,383 5,097 5,727 6,743 7,971 8,774 9,550 7,299 8,450 12,934 14,382 14,169

France' 1,162 1,260 1,303 1,464 1,812 2,107 2,441 2,943 3,428 3,844 3,997 4210 44 4576 5,128 5,916' 6,500

Chemical products 164 215 226 266 299 330 390 453 543 592 638 692 755 919 1,049 1,017

Machinery 443 443 456 503 620 744 .834 1,011 1,194 1,415 1,405 1,579 1,835 2,207 2,610 2,392

United Kingdom' 3,568 3,751 4,159 4,492 4509 5,427 5779 1 6,611 7,371 7,555 7,734 '' 0,310 9,483 11;425 8,618 13,359

'Chemical products 591 608 632 644 702 819 870 0,042 1,221. 1,262 1,327 1,167 4 1,461 2,010 2,139 2,175

Machinery 1,049 1,146 1,197 1,412 1,590 1,744 1,853 2,008 2,293 2,405 2,500' 1,973 2,194 3,278 .4 3,739 3,901

Germany' 1,748 1,956 2149 2,581 2675 3,107 3,837 4,442 4,814 5,328 6,706 , 7,264 8,348 1575 9,657 10,312

Chemical prorlucts 179 200. 239 . 259 295 373 . 425 578 691 770 915 861 1,162 1,394 1,500 1,644

Machinery 526 583 692 906 976 1,172 . 1,388. 1,681 . 1549 .2,101 2,436 1573 2528 3,205 3,390 3215

Japan' 366 442 527 645 , 768 978 1,185 1.399 . 1,520 1,557 1,691 ''1,968 2,343 2,775 2,972 3,276

Chemical products ..... 87 103 131 161 180 209 244 ', 301 327 360 374, 465 544 i 670 . 700 781

Machinery 222 266 (2) (2) P1 511 633 732 .. 775 787 862, 852 1,075 1,245 1,343 1,416

Developing countries' 3525 3,891 4,439 5047 5,477 6,038 6,767 7,820 9,200 10,459 11,395 11,545 13,377 11122 17,774 19,316

Chemical products 983 1,145 1,264 1,375 1,446 1,561 1,753* 1,927 2,351 2,636 2,888 2,874 3,453 .'5,847 4,432 4,620

Machinery 560 589 669 789 910 1,023 1,178 1,552 1,989 2,364 2,752 1,034 4 1.215 3,013 3,499 3,940

' Total manufacturing, .

2 These data are withheld by the U.S. Commerce Department to avoid disclosure of data for individual companies.

SWAGES: US. Department of Commerce, Bureau of Economic Analysis, Selected Data on U.S. Direct Investment Abroad, 1966-78. 1980, and Survey of Current

Business, (February 1981), pp. 50-51, Survey of Current Business (August 1981), p. 31-32, and Survey of Currant Business (August 1982), pp.21-22.
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pendix table 1-38. Distribution of foreign students wit percentage of all foreign students by field of study, for selected years: 1954/55-1981182

Field of study

1954 55 1959 60 1964 65 \ 196970 1975/76 1978r79 197980 198081 1481/82
Number

of

students Percent

Number

i of

students

Number
di

Percent students Percent

Number

of
students

.

Percent

Number
of

students

t

Percent

Number

of

students Percent

Number

of
students' Percent

Number
of

students Percent

Number

Of

students Percent
oring 7,618 22.3 11,279 23.3 18,084 22.0 29,731 1,22.0 42,000 23.4 76,030 28.8 76,950 . . 26.9 80,470 25.8 75,220 23.1issmanagernent . 2,953 8.6 4,114 8.5 7,116 8.7 15587 11.6 28.670' 16.0 43,500 16.5 46,960 16.4 54,380 17'. 59,420 1821 and Ile

.

nces 3,691 10.7 6,261 .12.9 11,731 14.3 17.006 12.6 23,910 13.3 ' 24.190 92 21,880 '7.6. .73,030 7.4 24,870 7.6sciences 5;041 14.7 6,782 14.0 12.609 15.4 17,272 12.8 20,730 11.6 23.360 8.9 22,530 !.9 ;14,310 7.8 25200 7.7Ion 1,457 4.3 2,483 5.1 ---3299 4.9 7,779 5.8 9,790 5.5 14.790 5,6 12,340 4.3 11,980 3.8 12,410 3.8oalics and .
.

puler science 436 1.3 1.015 . L.1 2,670 3.3 4,400 3.3 9,060 5.1 14,740 5.6 15.390 '5.4 19,180 6.1 22,8,10 6.9itcl applied arcs 1,997 5.8 2.417 5.0 3,946 4.8 6,297 4.7 8,320. 4,6 14,120 5.3 14,J50 5.0 15,450 . 5.0 . 15,190 4.7tilos .. . . ,, .. 5.502 16.1 6,829 14,1 12,137 14.8 20,211 14.9 15,030. 8.4 14,960 5.7 11,340 4.0 13,070 42 12,810 ,,, 3.9professions 3.184 9.3 3,685 7.6 4,918 6.0 5,969 .. 4,4 7,180 ,0 12,470 4.7 10,950 Pa 11,320 3.6 11,570 3.5lure .. .. , 1,199 3.5 1,615 ,ti ... 3.3 3,211 3.9 3,667 2.7 5,270 29 . 8,710 3.3 8.750 3.1' 8,660 2.8 8,e80 2.7 I1,164 3.4 2,006 4,1 1,624 1.9 7,040. 52 9,380 52 17,070 6.4 44.900 15.7 50,030, 16.1 58.109 17,8
..

I . . .. , 34,232 , 100.0 48.486 1000 , 12,045 100.0 134,959 100.0 179.340 '100.0 263.940 100.0 286,340 100.0 311,880 , 100.0 326.299 100.0

Cr e 1978 79 includes students in'a new category called Intensive English Language.
:lades undeclared majors.

JRCE, Open Doors: 1978'79 (Washington O.C.: Institute of International Educaton, 19801, pp. 16-19, Open .]oars 1980.81, p. 16, and Open Odom 198192.

gure 1-20.
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Appendix table 1-39. Doctoral degrees' awarded to foreign students as a percent of all doctoral degrees
from U.S. universities by fled: 1959-812

Field 1959 1963 1967 1971 1975 1979 1981

All fields s 11.7 12.3 '11.0 14.4 16.2
..

16.1 17.2

Science and engineering 14.8 15.5 17.5 18.7 22.1 21.1 22.1

Physical sciences 12.6 14.0 15.7 16.7 22.9 21.0 22.0

Physics and astronomy 14.9 14,5 16.9 18.6 27.6 25.7 26.1

Chemistry 10.5 12.2 14.6 15.6 19.8 19.7 21.2

Earth sciences3 17.1 19.9 17.2 14.6 22.1 16.6 17.1

Mathematical sciences 13.4 15.2 14.6 17.5 24.3 25.5 30.8

Mathematics NA NA NA NA NA 26.7 33.7

Computer sciences NA NA NA NA NA 21.3 26.3

Engineering 24.5 20.8 23.7 29.8 42.1 46.8 51.5

Life sciences 17.6 17.5 19.6 18.2 19.5 16.5 19.8

Biological sciences 15.5 16.5 16.2 14.3 14.9 12.1 11.1

Agriculture and forestry 24.9 21.0 32.4 33.6 37.4 35.2 7.6

Social sciences 10.7 11.6 13.5 13.7 13.7 12.9 13.0

Psychology ' 5.5 4.0 4.4 5.6 5.8 4.0 3.9

Other social sciences -15.5 17.6 19.9 19.3 20.2 22.4 24.0

- ....._
Nonscience total 6.0 6.5 7.4 8.0 8.7 10.1 -11.0

Percent of those whose citizenship is known..
2 Fiscal year of doctorate.

.3 Includes oceanography.

NA = Not avzilable. \
SOURCE: National Science Foundation, Doctorate Record File. Special Tabulations, unpublished data.

Gee figure 1-21.
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Appendix table 1-40. Index of international cooperative recearch2 by field: 1973-80

Field2 1973 1974 1975 1976 ,1977 1978 1979 1980

Internationally co-authored articles as a percent of all institutionally
co-authored articles

All fields .

Clinical medicine
Biomedicine
Biology
Chemistry

Physics
Earth and space sciences
Engineering and technology
Mathematics

12.7

6.6
13.7
15.5
16.3

22.7
23.1
13.2
34.3

13.3

6.9
14.2
13.6
17.2

23.7
22.5
14.0
39.5

14.0

6.8
15.2
15.4
17.7

26.4
24.6
15.5
39.8

14.8

7.8
15.7
17:0
18.1

25.9
27.7.
14.0
38.6

15.1

7.5.
16.3
17.0
20.7

27.5
27.5
16..2
37.9

15.4

7.7
16.4
17.9
20.0.

29.4
28.7
17.2
38.8

Internationally co-authored articles

All fields 8,420 9,113 9,737 10,559 11,338 12,317

Clinical medicine ' .881 2,013 1,989 2,314 2,440 2,709
Biomedicine 1,454 1,581 1,775 1,862 2,032 2,156

Biology 723 655 779 853 915 1,007

Chemistry 1,088 1,241 1,286 1,384 1,546 1.600

Physics 1,570 1,757 1,933 2,142 2,321 2,548
Earth and space sciences 647 658 698 833 849 956

Engineering and technology 584 650 720 626 721 806

Mathematics 473 558 557 548 515 535

'All institutionally col-authored articles

ai rields 66,105 68,529 69,579 71,220 75,283 79,955

Clinical medicine 28,617 28,974 29,078 29,564 32,E43 35,160
Biomedicine 10,648 11,117 11,683 11,845 12,436 13,116

Biology 4,660 / 4,829 , 5,073 5,024 5,405 5,620
Chemistry 6,694 7,224 7,264 7,632 7,485 7,996

Physics 6,897/ 7,410 7,601 8,.271 8,433 8,661

Earth and space sciences 2,798 2,920 .2,832 2,994 3,085 3,335
Engineering and technology 4,412 4,642 4,647 4,470 4,437 4,689

Mathematics 1,379 1,413 1,401 1,420 1,359 1,378

16.1 16.3

8.1 8.1
16.9 17.1
18.6 18.3
21.5 21.8

27.8 30.2
28.7 -30.7
18.2 18.2
40.0 42.5

13,225 14,057

2,837 3,032
2,395 2,533
1,116 1,051
1,763 1,932

2,758
1,021

803
532

2,960
1,108

842
600

81,894 86,115

35,097
14,144
5,985
8,185

9,179
3,553
4,421
.1,330

37,250
14,807
5,744
8,856

9,792
3,615
4,638
1,413

' Obtained by dividing the number of articles which were written by scientists and engineers from more one country by the total number of .

articles jointly written by S/E's from different organizations. This index is based on the articles, notes, and reviews in over 2,100 of the influential'
journals carried on the 1973 Science Citation Index Corporate Tapes of the Institute for Scientific Information.

2 See aorendix table 1-13 for the subfields included in these fields.



Appendix table 1-41. Index of International cooperative research' for selected countries: 1973-80

Country2 1973 1974 1975 1976 1977 1978 1979 1980

Internationality co-authored articles as a percent of all institutionally
co-authored articles

West Germany 35.6 37.3 38.2 40.6 41.3 - 41.6 43.8 46.2
United Kingdom 35.3 37.0 37.7 39.6 40.7 40.2 40.4 41.8

Canada 37.0 38.0 37.3 38.5 38.4 39.4 39.9 40.0
France 26.7 26.9 29.8 31.4 32.5 33.5 33.9 34.0

._ U.S S R 9.6 10.9 13.3 14.2 17.3 16.3 20.1 19.9

United States 14.0 14.3 15.0 15.9 15.9 15.7 16.6 16.9

Japan 16.4 16.4 16.1 15.2 15.9 15.5 16.3 16.4

Internationally co-authored articles

West Germany 1,283 1,527 1,568 1,741 1,923 2,176 2,244 2,459

United Kingdom 2,029 2,219 2,364 2,574 2,633 2,784 2,889 3,159

Canada 1.302 14369 1,422 1,532 1,599 1,715 1,812 1,819

France 1,131 ;1,209 1,460 1,591 1,769 1,837 2,003 2,153

U.S.S.R. 288 318 380 432 523 528 604 637

United States 4,807 5,037 5,254 5,675 , 5,972 6,248 6,755 7,192

Japan 472 495 543 555 635 678 767 872

All institutionally co-authored articles

West Germany 3,605 4,093 4,108 4,287 4,654 5,228 5,128 5,324

United K;ngdom ...... . 5,749 6,002 6,268 6,501 6,473 6,925 7,159 7,553

Canada 3,521 3,604 3,809 3,976 4,166 :4,358 4,543 4,542

France 4,233 4,492 4,901 5,065 5,445 5,491 5,902 6,341

U.S S R 3,011 2,926 ' 2,860 3,033 3,031 3,233 . 3,005 3,199

United States 34,364 35,338 35,100 35,799 37,618 39,768 40,784 . 42,508

Japan 2,881 3,018 , 3,363 3,657 3,984 4,386 4,696 5,308

' Obtained by dividing the number of articles which were written by scientists and engineers from more than one country by .me total number of
articles jointly written by S/E's from different organizatiOns. This index is based on the articles notes and reviews in over 2,100 of the influential
journals carried on the 1973 Science Citation Index.Corporate Tapes of the Institute for Scientific Information.

2 When an article is authored by scientists and engineers from more than one country, that article is counted once for each country involved.

SOURCE: Computer Horizons Inc., unpublished data.

See figure 1-23.
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Appendix table 1-42. Distribution of scientific and technical articles' in U.S. and foreign journals by
field: 1973-80

Field 2 1973 1974

All fields 19,157 19,176

Clinical medicine 4,695 4,850
Biomedicine 4,124 4,092
Biology 1,660 1,711

Chemistry 2,346 2,342

. Physics 2,661 2,702
Earth and space sciences 1,200 _1,131

Engineering and technology 1,382 1,338
Mathematics 1,089 1,010

.

All fields 28,425 , 28,902

Clinical medicine 6,794 6,867
Biomedicine 4,148 4,340
Biology 2,013 1,889

Chemist, y 5,484 5,700

Physics 4,118 4,384
Earth and space sciences 1,284 1,204
Engineering and technology 3,723 3,611

Mathematics 861 907

Al! fields 9,263 9,726

Clinical medicine 2,099 2,017
Biomedicine 24 248
Biology 353 178

Chemistry 3,138 3,358

Physics 1,457 1,682

Earth and space sciences 84 73
Engineering and technology 2,341 2,273
Mathematics -228 -103

1975 1976 1977 1978 '1979 1980

U.S. articleS.3 in foreignjoumals4

18,913 19,463 19,373 20,365

5,000 4,854 4,975 5,384
. 4,098 4,544 4,306 4,720

1,999 2,180 2,049 2,006
2,107 1,970 2,018 2,168

2,513 2,516 2,742 2,535
996 1,109 1,126 1,152

1,195 1,255 1,302 1,565
1,005 1,035 855 835

Foreign articles in U.S. journals

30,425

6,882
5,144
1,865
6,270

4,434
1,108
3,748

974

32,502 33,058 33,860

7,560 7,923 8,398
5,154 5,377 5,158
1,803 1,971 2,296
7,062 6,583 6252

5,048 5,143 5,556
1,170 1,146 1,283
3,618 3,848 3,904
1,087 1,067 1,013

Balances

20,080 _20,644

5,268 5,118
4,896 4,817
2,037, 2,025
,2,036 .2,321

2,525 2,853
1,179 1,176
1,351 1,557

768 771

36,353 36,161

8,898 9,283
5,493 5,584
2,587 2,417
6,769 6,703

6,095 6,144
1,251 1,280
4,241 3,792
1,019 958

11,512 13,039 13,685 13,495 16,293 15,517

1,882 2,706 2,948 3,014 ' 7,30 4,165
1,046 610 1,071 438 697, 767
-134 -377 -78 290 550 391
4,163 5,092 4,565 4,084 4,733 4,382

1,921 2,532 2,401 3,021 3,570 3291
112 61 20 -131 72, 104

2,553 2,363 2,546 2,339. 2,890 2,235
-31 52 212, 178 251 :187

1 Based on 'he articles, notes, and reviews in over 2,100 of the influential journals carried on the 1973 Science Citation Index Corporate.Tapes
of the Institute for Scientific Information. For the size of this data base, see Appendix table 1-12.

2 See Appendix table 1-13 for a description of the sublields included in these fields.
3 When an article is written by reset-schers from more than 'one country, that article is prorated across the countries involved. For example, if a

given article has several authors from France and tho united States, it is split to these countries on the basis of the number of organizations



Appendix table 1-43. U.S. use of other nations' research literature compared to all foreign usage by field: 1973 and 1980

Field'

United
Kingdom

West France USSR Japan
Germany

Canada

1973 1980 1973 1980 1973 1980 1973 1980 1973 1980 1973 1980

Relative citation index2

All fields U.S. use NA 1.06. NA 0.73 NA 0.67 NA, 0.15 NA 0.71 NA 1.07

Foreign use3 NA 1.10 NA _85 NA .74 NA .20 NA .74 NA .99

Clinical medicine U.S. use 1.06 1.03 .29 .44 .30 .44 .06 .05 _ .56 .71 1.13 1.06

Foreign use 1.12 1.13 .43 .55 .37 .49 .07 .07 .57 .72 1.05 .98

Biomedicine U.S. use 1.17 .94 .60 .85 .46 .67 .09 .12 .78 . .84 S7 1.00

Foreign use 1.20 .98 .67 .94 .50 .70 .11 .13' .78 _85 .93 .98

Biala% U.S. use .95 .94 .57 .70 .43 .78 (4) (4) .44 .49 .93 1.04

Foreign use 1.11 1.06 .72 .84 .56 .92 (`) (4) A8 .56 .85 .94

Chemistry U.S. use 1.42 1.46 1.20 1.20 .67 1.00 .14 .16 .59 .79 1.46 1.37

Foreign use 1.35 1.46 1.33 1.27 .69 1.01 .17 .19 .56 .73 1.25 121

Physics , - U.S. use .96 '1.10 .98 1.07 .88 .89 .30 .29 .63 .82 125 . 125

Foreign use .93 1.10 .99 1.05 .87 .89 .31 .34 .64 .80 1.14 1.15.

Earth and space sciences U.S. use 1.07 .91 .73 .75 .58 .69 .20 .18 .62 .85 1.01 .97 .

Foreign use 1.11 .93 .80 .82 .66 .75 .22 .22 .66 .87 .96 .93 .'

Engineering and technology U.S. use 1.01 .93 .46 .53 , ! .74 .77 .15 .18 .64 .93 1.21 .97

Foreign use .95 .96 .62 ,.63 .70 .82 .18 .21 .59 .88 1.01 .87

Mathematics-
..

U.S. use 1.15 1.14 .. .72 .59 .59 .69 .92 .39. .60 .60 .81 1.10

Foreign use 1.09 1.06 .82 .64 .84 .75 .89 .46 .73 .62 .77 1.01

U.S. use compared to world use (in percent)2

All fields NA -4 NA -14 NA -9 NA -25 NA -4 NA +8

Clinical medicine -5 -9 -33 -20 -19 -10 -14 -29 -2 -1 +8 . +8

Biomedicine -3 -4 -10 - -10- . -8 -4 -18 -8 same -1 +4 +2

Biology -14 -11 -21 -17 -23 -15 (4) (4) -8 -12 ..+ 9 +11

Chemistry +5 same -10 -5 -3 -1 -18 -16 +5 +8 +17 +13. .

Physics + 3 same -1 +2 -1 same -3 . -15 -2 .. +3 +10 +9 .:.

Earth and space sciences -4 -2 -9 -9 -12 -8 -9 -18 -6 -2 +5 +4

Engineering and technology +6 -3 -26 -16 +6 - -6 -17 -14 ' +8 +6 +20 +11

Mathematics +6 : +8 -12 -8 -30. -8 +3 -15 -18 -3 +5 - +9

See appendix table 1-13 for a description 61 the subfields included in these fields.

2 An index of 1.00 reflects no over- or under-citing of a country's research literature. It is defined as the ratio of a country's share of all the world's citations in a field

to the share of its publications in that field. For example, in 1980, U.S. researchers used 20 percent more of the West German chemical research literature than could

have been accounted for by the West GerMan share of all chemical researchrticles in this journal set.

3 These "foreign use" relative citation indexes do not include citations from articles authored by researchers from the country being cited.

Cannot be calculated since the U.S.S.R, biology articles in this set of journals is less than two percent of the world total.

5 These percentages show how the United States differs in its use of other nations' research compared to all 10.,eign use of a country's research literature.

NOTE: Based on the articles, notes and reviews in over 2,100 of the Influential journals on the 1973 Science Citation Index Corporate Tapes of the Institute for

Scientific Information.

SOURCE: Computer Horizons, Inc., unpublished data. -

See table 1-11 in text.
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Appendix table 2-1. Gross national product price
deflators used in the calculation of 1972 constant

dollars throughout this report: 1960-83

Year
Calendar year GNP

price deflator
Fiscal year GNP

price deflator

1960 0.6870 0.6957

1961 .6933 .7036
1962 .7061 .7137

1963 .7167 .7256
1964 .7277 .7338

1965 .7436 .7498

1966 .7676 .7696

1967 .7906 .7944
1968 .8254 .8231

1969 .8679 .8617

1970 .9145 .9104

1971 .9601 .9562
1972 1.0000 1.0000

1973 1.0575 1.0445

1974 1.1508 1.1206

1975 1.2579 1.2326
1976 1.3234 1.3188

1977 1.4005 1.4076

1978 1.5042 1.5033

1979 1.6342 1.6346

1980 1.7864 1.7782

1981 1.9551 1.9528

1982 24)722 2.0902
1983 2.1809 2.1945

NOTE: Calendar year deu.tors were taken directly from sources cited te;low.
Fiscal year deflators were calculated from quarterly data in the same sources.

SOURCE: U.S. Department of Commerce. Bureau of Economic Analysis.
Survey of Current Business, and Commerce News.
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Appendix table 2 -2. National R&D expenditures by source as a percent of GNP: 1960-83

(Dollars in billions)

Current dollars \ Constant 1972 dollars' As a percent of. GNP

Year GNP Total Federal Other GNP Total Federal Other Total Federal Other

1960 $ 506.5 $13.5 $ S.7 $ 4.8 $ 7:37.3 $19.6 $12.7 $ 7.0 2.67,. 1.72 0.95

1961 524.6 14.3 9.3 5.0 756.7 ".20.6 13.3 7.3 2.73 1.77 .95

1962 565.0 15.4 9.9 5.5 800.2 21.8 14.0 7.8 2.73 1.75 .97

1963 596.7 17.1 11.2 5.9 832.6 15.6 8.2 2.86 \ 1.88 .99

1964 637.7 18.9 12.5 6.3 876.3 25.9 17.2 8.7 2.96 1 1.96 .99

1965 691.1 , 20.0 13.0 7.0 929.4 26.9 17.4 9.5 2.90 , 1.88 1.01

1966 .756.0 21.8 14.0 7.9 984.9 28.4 18.2 10.3 2.88 \ ,1.85 1.05

1967 799.6 23.1 14.4 8.8 1,011.4 29.2 18.2 11.1 2,90 1.80 1.10

1968 873.4 24.6 14.9 9.7 1,058.2 29.8 18.1 11.7 2.82 1.71

1969 944.0 25Z '14.9 10.7 1,087.7 29.6 17.2 12A 2.72 1.58 '1.13

1970 992.7 26.1 14.9 11.3 1,085.5 28.6 16.3 12.3 2.63 150 1.14

1971 1,C'7.6 26.7 15.0 11.8 1,122.4' 27.8 115.6 12.2 2.46 ,39

1972 .... ' 1,185.9 28.5 15B 12.6 1.185.9 28.5 15.8 12.7 240 133

1973 1.326.4 30.7 16.4 14.4 1,254.3 29.2 , 15.6 13.6 2.32 1.24 1.09
2.29 .

1974 1.434.2 32.9 16.9 16.0 1,246.3 28.8 14.8 14.0 1.18 1.12
.

1975 1,549.2 35.2 18.1 17.1 1,231.6 28.2 14.5 13.7 2.27 1.17 1.10

.

1976 1,718.0 39.0 19.9 19.1 1,298.2 29.5 15.1 14.4 2.27 1.15 1.11

1977 1,918.3 42.8 21.6 21.2 1,369.7 30.5 15.4 15.1 2.23 1.13 1.11

1978 2,163.9 48.2 23,9 24.3 1,438.6 32.0 15.9 16.1 - 2.22 1.11 1.12

1979 2,417.8 55.0 26.9 28.1 1,479.5 33.6 16.4 16.2 2.28 1.11 1.16

-
1980 2,633,1 62.7 29.7 33.0 1,474.0 35.2 16.7 18.5 2.38 1.13 1.25

1981 (prelim.) 2.937.7 72.1 33.8 38.3 1,502.6 36.9 17.3 19.6 2.45 1.15 1.30

1982 (est.) 3,057.6 79.0 36.6 42.4 1,475.5 38.1 17.6 20.5 2.58 1.20 1.39'

.1983 (est.) 3,262.0 86.5 39.6 46.9 1,495.7 39.6 18;1 21.5 2.65 1.21 1.44

-k,

GNP Implicit price deflators used 1' conver, current dollars to constant 1972 .dollars.

NOTE: Percents are calculated from unrounded figures. Detail may not add to total because of rounding.

SOURCE: National Science Fowidation, National Patterns of Science and Technology Resources. 1982 (NSF 82-319) and unpublished data, and U.S. Department

of Commerce. Bureau of Economic Analysis, Survey of Current Business. and Commerce News.

See figures 2-1, 2.2, 2.3, and 2-4..
Science Indicators-1982



Appendix table 2-3. National expenditures for R&D source: 1960-83

(Dollars in millions)

Year Total .
Federal

Government Industry
Universities

and colleges'

Other
nonprofit

institutions

Current dollars

1960 $13,523 $ 8,738 $ 4,516 $ 149 $120
1961 14,316 9,250 4,757 165 144
1962 15,394 9.911 5,123 185 175
1963 17,059 11,204 5,456 207 192
1964 18,854 12,537 5,887 235 195
1965 20,044 13,012 6,548 267 217
1966 21,846, 13,968 7,328 304 246
1967 23,146 14,395 8,142 345 264
1968. 24,605 14,928 9,005 390 282
1969 25,631 14,895 10,010 420 306

1970 26,134 14,892 10,444 461 337
1971 26,676 14,964 10,822 529 361,
1972 28,477 15,808 11,710 574 365'
1973 30,718 16,399, 13,293 013 413
1974 32,864 16,850 14,878 677 459
1975 35,213 18,109 15,820 749 535
1976 39,016 19,914 17,694 808 600
1977 42,829 21,642 19,629 887 671

1978 48,184 23,933 22,450 1,035 766
1979 54,972 26,860 26,081 1.194 837

1980 62,734 29,716 30,771 1,314 933
1981 (prelim.) 72,118 33,752 35,897 1,512 957
1982 (est.) 79,000 26,610 39,955 1,540 895
1983 (est.) 86.500 39,625 44,285 1,615 975

Constant 1972 dollars2

1960 $19,635 $12,673 $ 6,573 $ 214 $175
1961 20,584 13,282 6,861 235 206
1962 21,750 13,989 7,256 259 246
1963 23,733 15,570 7,611 285 267
1964 25,857 17,179 8,090 320 268
1965 26.896 17,443 8,801 356 291

1966 28,442 18,180 7 395 320
1967 29,241 18,176 11499 434 332
1968 29,833 18,108 10,910 474 341

1969 29,586 17,209 11,536 488 .353

1970 28,613 16,316 11,421 506 370
19714 27,814 ,15,615 11,271 553 375
1972 28,477 -15,808 11,710 574 385
1973 29,147 15,594 12,572 588 393
1974 28,763 14,826 12,930 604 403
1975 28,153 14,537 12,579 608 429
1976 29,508 15,072 13,370 612 454
1977 30,539 15,416 14,016 630 477
1978 32,039 15,916 14,926 688 509
1979 33,637 16,435 15,959 731 512

1980 35,159 16,672 17,225 739 523
1981 fnrelim.) 36,900 17,274 18,361 774 491

1982 (est.) 38,048 17,601 19,280 737 430
1983 (est.) 39,605 18,119 20,305 736 445



Appendix table 2-4. National expenditures for R&D by performer: 1960-83

(Dollars in millions)

Year Total

Federal
intramural.

laboratories
Universiti. 3

Industry' and colleges= FFRDC's2

Other
nonprofit

institutions'

1960 $13,523 $1,726 , 509 $ 646 $ 360 $ 282
1961 14,316 1,874 10,908 763 410 361

1962 15,394 2,098 11,464 904 470 458

1963 17,059 2,279 12,630 1,081 . 530 539

1964 18,854 2,838 13,512 1,275 629 600

1965 20,044 3,093 14,185 1,474 629 663

1966 21,846 3,220 15,548 1,715 630 733

1967 23,146 3,396 16,385 1,921 673 771

1968 24,605, 3,494 17,429 2,149 719 814

1969 25,631 3,503 18,308 2225 725 870

1970 26,134 4,079 18,067 2,335 737 916

1971 :26,676 4,228 18,320 2,500 716 912

1972 28,477 4,590 19,552 2,630 753 952

1973 30,718 4,762 21,249
...

2,884 817 . 1,006

1974. 32,864 4,911 22,887 3,023 865 1,178

1975 35,213 5,354 24,187 3,409 987 1,276

1976 39,016 5,769 26,997 3,727 1,147 1,376

1977 42,829 6,060 29.825 4,065 1,384 1,495

1978 48,184 6,870 33.304 4,621 1,717 1,672

1979 54,972 7,463 38,226 5,354 1,935 1,994

1980 62,734 7,769 44,505 6,050 2,235. 2,175

1981 (prelim.) 72,118 8,729 51,830 6,793 2,476 2,290

1982 (est.) 79,000 9,250 57,850 7,010 2,540 2,350

1983 (est.) 86,500 9,750 64,250 7,400 2,600 2,500

Constant 1972 dollars°

1960 $19,635 $2,481 $15,297 $, 928 $ 517 $ 412
1961 20,584 2,664 15,1":3 1,085 582 520

1962 21.750 2,940 16,227 1.266 659 648

1963 23,733 3,140 17,622. 1.489 730 752

1964 25,857 3,868 18,569 1,738 857 825

1965 26,896 4,124 19,077 1,965 838 892

1966 28,442 4,183 20,256 2,229 819 955

1967 29,241 4,273 20,725 2,417 848 975

1968 29,833 4,246 21,116 2,612 874 985

1969 29,586 4,065 21,094 2,582 842 1,003 ,

1970 28,613 4,481 19,756 2,564 809 .1,003

1971 27,814 4,422 19,081 2,613 749 949

1972. 28,477 4,590 19,552 2,630 '753 952

1973 29,147 4,559 20,094 2,763 '81 950,

1974 28,763 4,383 19,889 2,696 772 1,023

1975 28,153 4,344 19,229 2,766 801 1,013

1976 29,508 4,374 20,400 2,826 870 1,033

1977 30,539 4,305 21,297 2,888 983 1,066

1978 32,039 4,569 22,142 3,073 1,142 1,113

1979 33,637 4.565 23,391 3,276 LIN 1,221

1980
\

\ 36,159 . 4...s69 24,914 3,4C:. 1,257 1,217

1981 (prelim.) \q6.900 4,470 26,511 3,480 1,268 1,171

1982 (est.) 38,048 4,426 27,918 3,354 1,216 1,134

1983 (est.) 39,605 4,442 29,461 3,371 1,185 1,146

Expenditures for federally funded research and development centers administen,A t v industry and by
nnhaink it ..tea M 916 msnertive sects;:;



Appendix table 2-5. National R&D expenditures by ctiarazter of work:
1960 -b3

(Dollars in millions)

Year

Current dollars Constant 1972 dollars'

Basic
research

Applied
research

Develop-
ment

Basic
research

App fled
research

Develop-
ment

1960 S 1,197 $ 3,020 $ 9,306 51,72_0 $4,380 $13,526

1961 1,401 3.065 9.850 2,004 4,399 14,181

1962 1,724 3.665 10,005 2,427 5,175 14,148

1963 1,965 3,742 11,352 2,720 5,201 15,812

1964 2.289 4,128' 12,437 3,129 5,658 17,070

f 965 2,555 4,339 13,150 3,416 5.818 17,662

1966 2,814 4,601 14.431 3,660 5,989 18,793

1967 3.056 4.780 15,310 3,853 6,036 19.352

1968 3,296 5,131 16,178 4,001 6,223 19,609

1969 3,441 5,316 16,874 3,985 6,139 19.462

1970 3.549 5,720 16,865 3,895 6,265 18,453

1971 3,672 5,739 17,265 3,836 5.985 17,993

1972 3,829 5,984 18,664 3,829 5,984 18,664

1973 3,946 6,597 20,175 3,766. 6.266 19,115

1974 4,239 7,228 21,397 3,757 6,341 18,665

1975 4,608 7,863 22,742 3,720 6,297 -18,136

1976 4,976 9,045 24,995 3,769 6,844 18,895

1977 5,534 9,746 27.549 3,937 6,945 19,657

1978 6,388 10,844 30952 4,248 7,211 20,580

1979 7,252 12,370 35,350 4,436 7,570 21,631

1980 8,071 14,056 40,607 4,533 7,881 22,745

1981 (prelim.) 9,188 16,866 46,064 4,704 8,631 23,565

1982 (est.) 9,700 18,230 51,070 4,653 8,76 24,619

1983 (est.) 10,450 19,725 56,325 4,771 9,027 25,807

' GNP implicit price deflators used to convert current dollars to constant 1972 dollars.

NOTE: The National Science Foundation utilizes the following definitions of :,Iaracter of work in its ret ource

surveys.
Basic research. Basic research has as its objective "a fuller knowledge or understanding of the subject

under study, rather than a practical application thereof." To take into account industrial goals, NSF modifies

this definition for the industry sector to indicate that basic research advance', scientific knowledge "not having
specific commercial objectives, although such investigations may be in fields of present orpotential Interest

to the reporting company."
Applied research. Applied research is directed toward gaining "knowledge or understanding necessary for

determining the means by which a recognized and specific'need may be met" In industry, applied research

includes investigations directed "to the discovery of new scientific knowledge having specific commercial

objectives with respect to products or processes."
Development. Developt.ant is the "systematic use of the knowledge or understandinggained from research,

directed toward the production of UsefUl materials; devices, systems or methods, including deajci and de-

velopment of prototypes and processes.''

SOURCE: National Science Foundation. National Patterns of Science and Technology Resources, 7982

(NSF 82.319) and unpublished data.

See figure 2-9.
Science Indicators-1982



Appendix table 2-6; Total research expenditures by source: 1960-83

(Dollars in millions)

Year Total
Federal

Government Industry
Universities

and colleges'
Nonprofit

institutions

Current dollars

1960 S 4,217 S 2,403 $ 1.568 S 138 $108
1961 4,466 2.628 1.556 154 128

1962 5,389 3,198 1.864 172 155

1963 5,707 3,436 1,908 193 170

1964 6,417 3,995 2,026 221 175

1965 6,894 4,3W 2,115 252 194

1966 7,415 4,560 2,351 286 218
1967 7,836 4,895 2,381 325 235
1968 8,427 5,146 2,660 373 248
1969 8,757 5,226 2.860 403 268

1970 9,269 5,569 2,955 448 297
1971 9,411 5,537 3,041 515 318
1972

. 9,813 5,737 3,178 555 343
1973 10,543 6,103, 3,496 580 364
1974 11,467 6.446 3,983 635 403
1975 12,471 7,079 4,222 702 .468

1976 14.021 7,970 4,772 756 523
1977 15,280 8,609 5,260 829 582
1978 17,232 9,672 5.945 957 658
1979 19,622 10,913 6,685 1,109 715

1980 22,127 12,195 7,910 1,224 798
1981 (prelim.) 26,054 13,685 10,131 1,411 827

1982 (est.) 27,930 14,400 11,315 1,435 780

1983 (est.) 30,175 15,310 12,520 1.505 840

Constant 1972 dollars2

1960 $ 6,109 $3,472 $2,282 $198 $157
1961 6,403 3,757 2.244 219. 183

1962 7,602 4.503 2,640 - 241 218

1963 7,921 4,758 2,661 266 236
1964 8.787 3,462 2,784 301 240

1965 9,234 5,794 2.844 336 260
1966 9,649. 5,930 3,063 372 284
1967 9,839 6,172 3,012 409 296
1968 10,224 6,248 3,223 453 300
1969 10,124 6,050 3,297 468 309

1970 10,160 6,110 3,232 492 326

1971 9,821 5,785 3,16/ 538 , 331

1972 9,813 5,737 3,173 555 343
1973 1U,032 5.823 3,307 556 , 346
1974 10,098 5.713 3,463 567 355

1975 10,017 5,713 3,359 570 '375

1976 10;613 6,038 3.606 573 396

1977 10,882 6,123 3.756' 589 414

1978 11,459 6,433 3,953 -636 437
1979 12,006 6,677 4,213 sn 437

1980 12,414 6,661 4,428 688 447

1981 (prelim.) 13,335 7,007 5,182 722 424

1982 (est.) 13,429 6,908 5,459 687 375

1983 (est.) 13,798 6,989 5,739 686 384

Includes State and local government sources.
2 GNP implicit price deflators used to convert current dollars to constant 1972 dollars.



Appendix table 2-7- Basic research expenditUres by source: 1960-83

(Dollars in millions)

Year

Other
Federal Unive rsities nonprofit

Total Governmant trldustni and colleges' irstiiutions

1960 $ 1.197 $ 715
1961 1.401 874
1962 1,724 1,131

1963 1,965 1;311

1964 2,289 1,598
1965 2,555 1,809
1966 ... 2.814 1,978
1967 3.056 2,201
1968 3.296 2,336
1969 3.441 2,441

1970 3,549 2,489
1971 3,672 2,529
1972 .3,829 2,633
1973 3,946 2,709
1974 4,239 2,912
1975 4,608 3,139
1976 4,976 3,436
1977 5,534 3,821
1978 6,388 4,443
1979 7,252 5.043

1980 8,071 5,546
1981 (prelim.) 9,188 6.220
1982 (est.) 9.700 6,560
1983 (est.) 10.450 7,020

1960 $ 1,729 $1,030
1961 2,004 1,246
1962 2,427 1,590
1963 2,720 1,811

1964 3.129 2,182
1965 3,416 2,415
1966 3,660 2,571
1967 3,853 2,774
1968 , 4,001 2,837
1969 3,935 2,829

1970 3,895 . 2,733
1971 '3,835 2,644
1972 3,829 2,633
1973 3,766 2,589
1974 3,757 2,589
1975 3,720 2,540
1976 3,759 2,604
1977 3,937 2,716
1978 4,248 2,955
1979 4,436 3,085

1960 4,533 3,117
1981 (prelim.) 4,704 3,185
1982 (est.) 4,653 3,143
1983 (est.) 4.771 3.202

I Includes State and local government sources.

Current d'Rars

$ 342 $ 72 $ 68
361 85 .81
394 102 97
425 121 108
433 144 114
461 164 121

510 197 129
492 223 140
535 276 14S
540 298 162

528 350 182
547 400 196
553 415 218
605 408 224
651 432 244
705 478 286
769 474 297
850 526 337
964 603 373

1,091 707 411

1,265 800 460
1.597 ;-)05 466
1.765 915 440
1,995 965 470

Constant 1972 dollars2

$ 497 $103 $ 99
521 121 116
558 143 136
592 167 150
595 196 156
620 219 162
665 2,6 168
622. 281 176
649 335 180
623 346 187

578 384 200
570 418 204
563 415 218
573 391 213.
567 386 215
562 388 230
581 359 225\
607 374 240
so 401 251
'667 433 251

708 450 258
817 463 239
861 438 211

914 440 215



Appendix table 2-8. Applied,research expenditures by source: 1960.3

(Dollars in millions)

Year
Federal Universities

Total Government Industry and colleges'

Oth r
nonpr fit

institutions

1960
1961
1962

Current dollars

$ 3;020 N.
3,065
3,665

$1,688
1,754
2,067

$ 1,226.- $ 66
1,195 '69

'. 1,470 70

. $ 40
47
58

1963 3,742 2,125______.-.1,483 ---- --72:---------62
1964 4,128 2,397 1,593 77 . 61

'0965 4,339 2,524 1,654 88 73

1966 4,601 2,582 .1,841 89 89

1967 4;780 2,694 1,889 102 95

1968 5,131 2.810 2,125 97 99

1969 5,316 . 2,785 2,320 105 106

1970, 5,720 3,080 2,427 98 . 115

1971 5,739 3,008 2,494 115 122

1972 5,984 3,104 2,615 140 ,.125
1973 6,597 3,394 2,891 172 140

1974. 7,228 3,534` 203 159

1975 7,863 3,940 3,517 224 142

1976 9,045 4,534 4,003 282 226

1977 9,746 4,788 4,410 '303 ;'.45,

1978.
%.

10,844 . 5,229 4,981 354 *:, 280

1979 12,370 . 5,870 6,794 402 304

1980 14,056 6,649 6,645
,
'424

.

338

1981 (prelim) 16,866 7,465 .8,534 506 361

1982 (est.) 18,230 '7,840 . 9,538. 520 340

1983 (est.) 19,725 8,290 10,525 540 370

Cohstant 1972 dollars2

1960 $ 4,380 $2,442 $ 1,785 c..$ '95 $ '58

1961 4,399. 2,511 1,723 98 67

1962 5,175 2,913 2,082 98 82

1963 5,201 2,947 2,069 99 86

1964 .5,658 3,280 2,189 105 84

1965 5,818 3,379 2,224 117 98

1966 5,989 3,359 2,398 116 116

1967 6,036 3,398 2,390 128 120

1968 6,223 3,411 2,574 118 120

1969 6,139 3,221 2,674 122 122.

170 6,265 3,377 2,654 108 126

c471 '5.985 3,141 2,597 120 127

1972 5,984 3,104 2,615 140 , 125

1973 6,266 3,234 2,734 165 133
1974 6,341 3,124 2,896 181_.-,.;, 140

1975 6.297 3,173 2.797 182 145

197':' 6,844 3.434 3,025 ----214 171

1977 6,945 3.407 3.149, 215, 174

1978. 7,211 3,478 3,312 235 '186
1979 7.570 3,592 3,546 246 186

1980 7,881 ,3,734 3,720 238 189

1981 (prelim.) 8.631 3,822 4,365 259 185
tnon ids,. 1 fl 77R -17R5 4 -593 249 - 164

.

,;.



Appendix table 2-9. Development expenditures by source: 1960-03

(Jo liars in millions)

Year Total
Federal Universities

Government , Industry and colleges'

Other
nonprofit

institutions

1960
1961
1962
1963

., 1964
1965
1966
1967
1968
1969

1970
1971

'1972
1973
1974
1975
1976
1977
1978
1979

,1980
1981 (prelim.)

I 1982 (est.)
1983 (est.)

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

1970
1971
1972
1973
1974
1975
1976 r

1977
1978
197s

1980
1981 .(prVim.)
i OA? ;cat 1

Current dollars

$ 9,306
9,850

10,005
11,352
12,437
13,150
14,431
15,310
16,178
16,874

16,865
17,265
18,664 t
20,175
21,397
22,742
24,995
27;549
30;952
35,350

40,607
46,064
51,070
56,325

$ 6,335 $ 2,948 $ 11
6,622 3,201 11

6,713 3,259 13
7,768; 3,548 14

8,542 3,861 14

8,679 4,433 15
.9,408 4,977 18

9,500 5,761 20
9,782 . 67:314505 17

:19,669 7

9,323 7,489 13

9,427 7,781 14
10,071 19
10,296

8,532
9,797 33

10,404\ 10;895 __ 42
11,030 \ 11,598 47
11,944 12,922 52
13,033 14,369 58
14,261 16,505 78
15,947 19,196 85

.17,521 22,861 90

20,067 10125,766
22,210 28,640 105
24,315 31,765 110

\

/
/

"

$ 12
16

20
22
20
23
28
29
34
38.

40
43
42
49
56
67
77
89

108
122

135
130
115
135

Constant 1972 dollars2

$13,526
14,181
14,148
15,812
17,070
17,662
18,793.
19,352
19,609
19,462

18,453
17,993
18,664
19,115
18,665
18,136
18,895
19,657
20,580
21,631

22,745
23,565
94 R10

$ 9,201 $ 4,291 '$
9,525 4,617
9,486

461167:6

10,812 4,950
11,717 5,306
11,649
12,250

5,962

12,004
6,484

11,860
7,287
-7,687

11,159- 8,239

10,206 t 8,189
9,830

810,071 8,532

9,771 9,265
9,113 9,467
8,824 .. 9,220
9,034 9,764
9,293 10,260
9,483 10,973
9,758 11,746.

49,821 12,797
10,267 13,179
111 MI 1:4 RN

16
16
18
19
1/9

0
23
25
21
20

14
15
19
32
37
38
39
41

52
52

51

52
50

$ 18
23
28
31
28
31

36
36
41

44

44
44
42
47
48
54
58
63
72
.75

76
67
55



Appdndix table 2-10. Federal outlays for R&D and R&D plant, as a percent of
total Federal outlays, and as a percent of the relatively controllable portion'of

the Federal outlays: 1960-83.

(Dollars in billions),

Year

Total
Federal
outlays

Total Federal
R&D and ,

R&D plant
outlays'

Outlays for
R&D & R&D plant

as a percent of
total Federal

outlays

Outlays for
R&D & R&D plant

as a percent of
controllable

Federal outlays

1960 $ 92.2 $ 7.7 8.4 NA

1961 97.8 9.3 9.5 NA

.1962 106.8 10.4 9.7 NA

1963 111,3 12.0 10.8 NA

1964 118.6 14.7 12.4 NA

1965 118.4 14.9 12.6 NA

1966 134.7 16.0 11.9 NA

1967 157.6 16.9 10.7 16.3

1968 178.1 17.0 9.6 14.7

1969 183.6 16.3 8.9 14.6

1970 195.7 15.7 8.0 13.7

1971 210.2 .16.0 7.6 14.0

1972 230.7 16.7 7.2 13.9

1973 245.6 17.5 7.1 14.4

1974 267.9 18.3 6.8 14.3

1975 324.2 19.6 6.0 12.8

1976 364.5 , 21.0 .5.8 12.7

1977 400.5 23.4 5.8 13.0

1978 448.4 . 25.7 5.7 12.5

1979 491.0 27.8 5.7 12.3

1980 576.7 31.9 5.5 12.2

1981 657.2 35.8 5.5 12.5

1982 (est.) 728.4 39.3 5.4 12.7

1983 (est.) 805.2 42.4 5.3 12.6

I Reported by Federal agencies.

NA = not available.

.SOURCE: Executive Office of- the President, Council o Economic Advisers, Economic Report of the

President, 1983, O. 248: Office of Management and Budget Budget of the U.S. Government, FY 1984, 1983,

pp. 9-38 and 9-39; National Science Foundatkm, Feder Funds for Research, Development, and Other

Scientific Activities, Fiscal Years 1981, 1982 and 1983, v 1. XXXI (NSF 82-326), and earlier volumes.

See figure 2-12.
Science Indicators -1982



*(/Appendix 2-11. Federal funds for R&D by major budget functIon:/ 960-84

Year

Dollars in billions

Total Defense other

As percent of 7(61 obligations

Defense / -__All other

20
23
30
38
45

50
51

48 _.....-.-----

1960 $ 8 $ 6 2 80* i
1961 : 9 7 2 77
1962 10 7 3 70,E
1963 13 . 8 5 62
1964 14 -8 6

1965 15 7 7 ?0
1966 15 8 8 49
1967 17 9 8 52
1968 16 8 8 52
1969 16 8 7 54

1970 ' 15 8 7
1971. 16 8 7 52
1972 17

_
9 8 54

1973 17 9 8 54
1974. 17 g 8 52

t

1975 19, 10 9 51

1976 21 10 10 50
1977 24 12 12 50
1978 26 13 13 50
1979 ,28 14 14 50

1980 30 15 15 50
1981 33 18 15 55

1982 36 22 . 14 61

1983 (est.) 33 25 14 66
1984 (est.) 46 32 14 \ 70

48 ,-----
4 ...6-------1

48
46
46
48

49
50
50
50
50

. 50
45
39
34
30

NOTE: Detail may not add to totals due to rounding. Estimates given for 1984 may change significantly as

ihe
result of congressional action on agency budget requests. Data for 1960.77 are shown, in obligations;

data for 1978.83 are shown in budget authority. . .

SOURCE: Executive Office of the President. Office of Management and Budget, "Special Analysis K,"
Budget of the U.S. Government. 1984, 1983.

See figure 2-14.
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Appendix table 2-12. Federal fundst for R&D by budget functions; 1971-84

(Dollars in millions).

Function 1971 1972 1973 1974 1975 1976 1977 1978 1979 1900 1981 1982 1983

lest.)

Total $15,5425 $16,4951 $16,800.2 $17,410,1$19,038.8 $20,779.7 $23,542.2 $25,998.9 $28180.4 $30116.8 $33,319.3 $35187.7 $38,386.3

National defense ..,.'. , - - .. , . , 8,1091 1,9011 91013 9,0155 9179.3 10429.7 11,8618 '12,899A 13,7911 14,946.4 18,413.0 22,0710 24,9113

Health 12871 1,5461 21616 2,170.2 2,350,6 2,628,5 2,9671 34013 3,694.3 ,3,870.8 3,867,5. 42471

Energy $55,8 5741

.1,585.0

629.7 759.2 1163.4 1,6485 2;561.8 3,134.4 3461.4 3,603.2 3,501,4 2,920,2 2,533.2

Space research & technology 3,048.0 2,931.8 2,823.9 2,701,8 2764.0 3,129.9 2,923.7 2,961.5 3,008.5 2,981,1 2,696.0 2,584.2 1,883,3

General science 512.5 6253 657,6 749,4 813.3 857.7 973.8 1,050.2 1,119,1 1,232.6 , 1,340,0 1,353,3 1489.6

.Transportation , 727,9 558.2 571,5 693.4 634.9 630.5 708.4 , 767,5 798.2 887.5 869.5 791,0 893.9

Natural resources & environment , , 415.5 478.5 553.8 516,0 624.3 683.0 753.1 903.9. 1,009.6 999.3' 1,060.5 942.8 913.2

Agriculture 259.0 294.4 308.1 313,1 341.8 382,5 456.7 501.3 551.6 585.3 658.5 692,7 746,6

Education, training, employment

AA & sqcial services , 215.4 235.3 290.4 Z6.4 238,6 254.8 230.1 345.1 353.5 468.0 298,4 226.9 219.9

International affairs ......... , . .,.... 31.9 28,6 28.3 3.8 29.0 42.4 66,3 57.2 116.8 127.3 160.0 165,0 152.1

Veterans benefits & services 62.9 69,1 741 84,6 ,94.8 97,7 1071 111.1 122.8 125,8 1429 139.2 1575

Commerce & housing credit 895 497 502 50.8 641 687 705 761 92.7 102,1 105.5 1019 , 1019

Income security 144.9 1013 106,3 701 71,9 . 48.3 552 673 518 77.2 42.6 311 421

Administration of justice 10.4 214 332 34,7 44.3 34.8 29.9 417 415 45.1 33.8 319 314

Community & regional development . 64.6 651 78,4 82.1. 92.5 108.5 1009 919 1273 ,119.4 1041 625 47.7

General government , . .. , , 6.6 7/ 7,4 13 11,7 111 121 , 203 213 220 22.1 60 51

I Listed in descending order of 1984 budget authorty. Data for the period 1971.77 are shown in obligationi; data for 197854 are shown in budget authority.

NOTE: Detail may not add to totals because of rounding,

. 1984.

(ea)

$45,577.0

31,984,1,

4,3561

2,217.3

1,897.1

1,718.0

1,090.7

796.9

748.3

223.8

160.8

1514

91,1

', 434

411

392

81

:SOURCE: National Science Foundation, Federal R&D Funding by Budget Function, Fiscal Yeats 1,981.83,1982; Executive Office of the President, Office of Management

and Budget, Budget of the U,S. Government, 1984, 1983; and unpublished data.

See figure 2.I5.
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Appendix table 2-13. Federal obligations for basic research by agency: 1967-83
(Dollars in millions)

Year
All

agencies USDA DOD HHSI NASA NSF
All other
agencies

Current dollars

1967 $1,846 $100 $284 490 $328 $239 .$405
1968 1,841 100 264 517 321 252 386
1969 1,945 107 277 537 380 248 396
1970' 1,926 116 317 513 358 245 377
1971 1,980 118 322 575 327 273 365
1972 2,187 137 329 665 332 368 356

1973 2,232 143 307 667 350 392 363
1974 2,388 146 303 850 306 -415 368
1975 2,588 154 300 903 309 486 436
1976 2,768 171 .47 986 293 ''-' C24 467
1977 3,259 205 373 1,120 414 625 522
1978 3,699 243 410 1,292 480 678 596

1979 4,193 256 472 1,575 513 733 643
1980 4,674 276 540 1,763 559 815 721
1981 5,041 314 604 1,:uu0 531 : 897 795
1982 (est.) 5,311 332 674 1,971 575' 911 848
1983 (est.) 5,765 359 782 2,042 077 976 929

Constant 1972 dollars2

1967 .$2,234 $126 $358 -$ 617 / $413 $301 $510
1968 2,237 122 321 628 390 306 469
1969 2,257 124 . 322 623 / 441, 288 . 460
1970 / 127 348 563' 393 269 ... 414
1971/

.2,116
2,071 123 337 601 342 286 382

1972 2,187 137.. .329 665 332 368 356

1973 2,137 137 294 639 335 375 348
1974 2,131 130. 270 759 273 370 328
1975 2,100 125 243 733 251 394 354
1976 2,059 130 248 748 222 397 354
1977 2,315 146 265 : 796 294 444 371

X1978 2,460 162 273 859 319 451 397

1979 2,565 157 289 964 314 448 3 ,_`3

1980 2,628 155 - 304 992 314 458 406
1981 ' 2,581 161 309 973 '272 459.. 407 ,

1982 (est.) 2,541 159 323 , 943 275 436 406
1983 (est.) 2,627

a
164 356 931 309 445 423.

' Data for 1567-78 represent obligations by the Department of Health, Education andWelfare: 1979-83 data represent obligations by the Department
of Health and Human Services.

2 GNP implicit price deflators used to convert current'doliars to constant 1972 dollars.

NOTE: Details may not add to totals because of rounding.

SOURCES: National Sciente Foundation. Federai Funds for Research and Development, Fiscal Years. 1981, 1982, and 1983, vol. XXXI (NSF
82-326). and detailed historical tables. 1982/

Scienca Indicators-1982



Field'

Appendix table 2.14. Federal obligations for basic research by field of science: 1967.83

(DollaM in millions)

All fields , , ,

Life sciences ,,,,,,,
Biological & agricultural

Medical . ,,,, ...

Other life sciences ..... ,

Environmental sciences' ,

Physical sciences

Chemistry

Physics

A Astronomy

Other physical sciences

Psychology .........
Mathematics and

computer sciences . ,

Engineering ....... , ,

Social sciences

Other sciences

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

$1,846 $1,841 $1,945 $1,926 $1,980 $2,187 $2,232 $2,386 $2,588 $2,768

706 716 717 697 748 866 1,032 1,116 1,222

419 496 504 , 485 519 597 609 692 747 818

233 206 197 199 211 246 253 318 342 374

53 13 15 13 17 25 27 23 27 29

209 IP 235 243 261 263 273 292 281 294

596 589 651 601 593 . 637 628 650 709 721

118 113 119 127 110 141 146 149 159 168

349 353 351 339 351 362 351 360 379 388

107 110 174 131 124 129 122 133 163 160

22 13 7 5 8 6 10 , 7 8 5

53 47 47 48 46 51 45 46 59 46

64 66 54 59 55 67 60 53 62 82

153 153 152 202 191 206 221 215 263 273

55 60 72 64 70 80 80 75 74 86

10 11 18 11 16 16 .36 26 26 43

' Includes atmospheric sciences, geological sciences, oceanography and other environmental sciences.

SOURCE: National Sciehce Foundation, Federal Funds for Research and Development, Fiscal Years 1981, 1982, and 1983 vol. XXXI (NSF 82.326), and detailed historical

laoles, 1982.

See frpre 2-18 and table 2.1 in the text,

1977 . 1978 1979 1980 1981'

$3,259 $3,698;.: $4,192 $4,674 $5,041 $5,311 $5,765

1,383 1,588 1,892 2,054 2,224 2,330 , 2,428

:934 1,079 1,279 1,339 1,462 1,533 1,601

415 468 560 657 706 740 749

35 42 52 58 55 57 59

388., 451 457 522 533 524 559

890 941 1,050 1,221 1,325 1,432 1,650

209 203 225 257 298 323 349

467 519 536 668 735 778 905

193 210 281 , 279 274 314 379

21 10 9 16 17 18 17

56 84 751. 84 91 92 100

83 98 104 . 116 140 165 186

338 376 435 465 526 588 655,

96 124 130 147 137 122 124

26 35 50 64 65 59 62

26



Appendix table 2-15. Federal outlays for R&D plant:
1960-83

(Dollars in millions)

Year
Current
dollars

Constant 1972
dollars'

1960
1961
1962
1963
1064

1965

$ 443.8
539.1
555.2
673.6
948.1

1,077.4

$ 637.9
766.2
777.9
928.3

1,292.0

1,436.9
1966 s 1,047,8 1,361.5
1967 792.7 997.9
1968 723.8 870.4
1969 657.0 762.5

1970 . 578.9 635.9
1971 , 612.7. 640.8
1972 564.4 564.4
1973 638.4 611.2
1974 704.6 628.8

1975 829.7 673.1
1976 800.6 607.1
1977 800.2 568.5
1978 1,107.8 736.9
1979 1,202.8 735.8

1980 1,481.7 833:3
1981 1,606.7 822.8
1982 (est.) 1,695.3 811.1

1983 (est.) 1,207.9 550.4

1 GNP fiscal year implicit price deflators used to convert current dollars to
constant.1972 dollars.

SOURCE: National Science Foundation. Federal Funds for Research and
Development Detailed Historical Taigas: Fiscal Years41967-1983. 1982, and
earlier years.

See figure 2-20.
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Appendix table 2-16. Federal obligations for R&D plant by performer:
1962-83

(Dollars in millions)

Year Total

Federal
intramural

laboratories
Universities

Industry' and colleges
Nonprofit

FFRDCs2 nstitutions'

Current dollars

$ 555.2 NA NA NA NA
,

NA1962
1963 1,168.3 NA NA NA NA NA

1964 1,098.5 NA NA NA, NA NA

1965 1,131.6 $ 913.3 NA $141',6 $ 50.2 NA

1966 858.3 629.0 NA 162:9 31.1 NA

1967 620.1 239.0 NA 111.7 138.8 NA

1968 603.8 294.2 $ 81.7 98.1 101.7 $ 20.9

1969 669.0 260.4 141.7 61.9 176.6 25.8

1970, 524,4 166.0 102.3 56.1 169.0 28.8

1971 611.2 200.0 167.4 49.2 178.7 5.8

1972 602.1 246.6 142.4 45.3- 130.4 30.0

1973 774,3 323.8 221.8 42.6 162.3 18.8

1974 766.3 308.7 294.1 25.0 118,4 8.3

1975 820.7 346.8 291.9 35.9 131.8 14.1

1976 836.7 316.8 279.6 35.2 189.6 15.6

1977 1,367.2 711.9 319.3 37.0 277.8 12.8

1978 1,295.7 518.0 334.0 54.6 376.3 12.7

1979 1,475.5 544.8 438.8 42.0 414.1 27.0

1980 1,555.7 491.1 560.0 41.8 426.3 33.2

1981 1485.7 468.0. 548.7 37.1 370.9 61.2

1982 (est.) 1,483.9 460.3 483.5 32.9 433.2 73.9

1983 (est.) 1,298.6 559.2 262.6 45.9 274.5 156.4

Constant 1972 dollars'

1962 $ 777.9 NA NA NA
--14A

NA NA

1963 1,610.1 NA NA NA NA

1964 1,497.0 NA NA NA. NA NA

1965 1,509.2 $1,217.7 NA $188.9 $ 67.0 NA

1966 1,115.3 817.3 NA 211.7 40.4 NA

1967 780.6 300.9 NA 110.6 174.7 NA

1968 .. 733.6 357.4 $ 99.3 119.2 123.6 $ 25.4

1969 776.4 302.2 164.4 71.8 204.9 29.9

1970 576.0 182.3 112.4 61.6 185.6 31.6

1971 639.2 209.2 175.1 51.5 186.9 5.1

1972 6021 246.6 142.4 45.3 130.4 313.0

1973 - 741.5 310.1 212.4 40.8 155.4 18.0

1974 684.6 275.8 262.7 22.3 105.8 , 'T4

1975 666.9 281.8 237.2 29.2 107.1 11.5

1976 635.5 240.6 212.4 26.7 144.0 11.8

1977 972.7 506.5 227.2 26.3 197.7 9.1

1978 864.0 345.4 222.7 36.4 250.9 8.5

1979 906.1 334.6 269.5 25.8 254.3 16.6

1980 874.9 276.2 314.9 23.5 239.7 18.7

1981 760.8 239.7 281.0 19.0 189.9 31.3

1982 (est.) 709.9 220.2 231.3 15.7 207.3 35.4

1983 (est.) 591.8 254.8 119.7 20.9 125.1 71.3

' Expenditures for federally funded research and development centers administered by industry and by

nonprofit institutions are included in the totals of the respective sectors.

2 Federally funded research and developrbent centers administered by universities.
. rietllarc tr, rnnctant 1972 dollars.



Appendix table 3-1. Scientists and engineers by field, sex and labor force status: 1976-81

Field and sex

Total Labor force Outside labor force

1976 1978 1980 1981 1976 1978 1980 1981 1976 1978 1980

All SI fields , ,,,,,,,,,, . , , . 2,623,600 2,873,500 3,149,500 3,351,100 2,369,000 2,671,000 2,941,200 3,167,400 154,600 202,600 208,300

Men , ..... ...: ......... . 2,270,600 2,556,400.2,739,500 2,913,200 2,148,500 2,391,600 2,591,700 2,741,900 122,100 164,800 167,800

Women 753,000 317,100 410,000 467,900 220,500 279,300 369,500 425,500 32,500 37,800 40,400

Physical scientists 223,60 255,100 264,800 271,800 200,700 221,400 226,900 '' 233,200 22,900 33,700 37,900

Men ,:. , ... . , . , .. ......... 196,30 223 100 228,600 234,500 178,500 196,600 199,100 204,500 17,800 26,500 29,500

Women 27,300 32,000 36,200 , 37,400 22,200 24,800 27,800 28,700 5,100 7,200 8,300

Mathematical scientists 96,000 106,000 127,300 141,600 0,200 99,300 120,000 134,000 5,800 6,800 7,300

Men , 79,700 87,800 101,500 110,300 76,200 83,000 96,500 105,300 3,500 4,700 4,900

Women 16,300 18,300 25,800 31,300 14,000 11200 23,500 28,700 2,300 2,000 2,300

Computer specialists 209,500 306,800 357,400 430,400 204,100 299,600 349,900 422,500 5,400 7,100 7,500.

Men 171,900 .239,400 262,200 314,600 169,900 236,700 259,500 311,600 2,100 2,700 2,800

Women 37,600 67,400 95,200 115,800 34,200 62,900 90,400 110,900 3,400 4,500 4,800,

Environmental scientists' 70,800 89,700 103,700 116;100 66,300 82,900 95,400 106,500 4,600 6,700 8,300

4
N

,0

Men

Women

65,600

5,300

01,000 91,200

8,700 12,500

)9,500

16,500

61,900

4,300

. 75,200

7,700

84,300 91,800

11,000 14,700

3,700

900

5,700

1,000

6,900

1,500

Life scientists 298,300 349,400 407,200 439,800 282,900 326,900 383,600 415,100 15,400 22,500 23,600

Men .? 242,700 280,700 316,500 335,400 234,600 268,600 303,4041322,000 8;100 12,100 13,100

Women 55,600 68,700 90,700 104,400 48,300 51400 80,200, .93,100 7,300 10,300 10,500

Social scientists 240,500 223,700 231,300 246,600 221,300 206,300 214,700: 029,600 19,100 17,400 16,700

Men 132,600 168,500 169,700 179,400. 172,000 157,900 159,500 169,100 10,700 10,700 10,103

Women 57,800 55,100 61,700 67,100 49,400 48,400 55,1061 60,500 8,500 6,700 6,600

Psychologists 118,200 127,400 134,000 141,700 112,300 119,600 126,000 133,200 5,900 7,800 8,000

Men 77,900 81,300 81,000 82,800 75,800 . 78,600 77,906 79,500 2,100 2,700 3,100

Women 40,300 46,100 53,100 59,000 36,600 41,000 48,100 53,700' 3,800 5,000 4,900

Engineers 1,266,700 1,415,500 1,523,700 1,593,100 1,191,300 1,314,900 1,424,800 1,493,200 75,400 100,600 99,000

Men 1,253,800 1,394,700 1,488,900 1,556,600 1,179,700 1,295,000 1,391,400 1,458,000 74,100 99,600 97,400

Women 12,900, 20,800. 34,900 36,500 11,600 19,900 33,300 35,20Q 1,300 1,000 1,500

'Includes earth scientists;oceanographers, and atmospheric scientists,

NOTE: Detail may not add to totals because of, roundihg.

SOURCE: National. Science Foundation, U.S. Scientists and Engineers, 1980 (NSF 82.314) and unpublished data.

1981

213,700

171,300

42,500

38,600

29,900

8,700

7,600

5,000

1,',600

7,900

3,000

4,900:

9,600

7,700

1,900

24,600

13,400

11,300

17,000

10,300

6,700

8,500

3,200

5,300

99,900

98,600

1,300



Appendix table M. Scientists and engineers in the labor force by field,,sex and employment status: 1976-81

I

I I
rErnp edo0 Employed but Unemp1oyed tql .

., ,Total employed . 'in St jobs i not in SE Iasi,...., - seeking employment
1

Field and sex 1976 1978 1500 1981 1976 1978' 1980 1981 '1976 1978 1980 1981 1976 1978 1980 1981 .

All SI fields `ti,. . 2,324,500 2,643,300 2,910,500 1134,100 2,103,500 2297,500 2,593,600 2,795,600 221,000 245,800 316,900 338,500 44,500 27,600 30,700 33,300

,Men , ' 2,110,700 2,368,500 24546,400 2,715,000 1,913,700 2,153,100 2,277,400 2,429,500 197,000 215,400 269,000 285,500 37,900 23,100 25,300. 27,000

Women 213,900 274,800 364,100 419,100 189,800 244,400 316,200 366,000 24,100 30,400 47,900 53,100 6,600 4,50 5,400 6,300

Physical scientists 196,000 217,600 223,200 229,500 168,700 188200 186,300 191,400 27,300 28,800' 36,300 38,100 4,7 3,800 3,700 3,700 ,
Men 174,500 193,600 196,100 201,600 152,000 170200 165,200 169,000' 22,500 23,300 30,900 32,600 4 3,000 3,000 2,900

Women 21,500 24,000 27,100 28,000 16,700 18,500 21,700 22,400 4,800 .5,500 5,400 5,600 .7 . 800 1 800 700

Mathematical scientists . 87,800' 98,500 119,000 132,900 78.000 88,600 10800 116,700 9,800 9,900 12,200 14,200 2100 f a ' 1,000 1,100

Men 74,300' 82,600 96,000 104,800 66,100 75,000 87100 94,900 8,200 7,600 8,900 9,900, , 1,9000 400 600 500

Women 13,500 15,800 .23,000 28,100 11,900 13,700 l'' 19 700 23,800 1,000 2,100 3,300 4, 400f 400 500 .6,00

Computer specialists 201,500 298,000 348,000 420,200 191300 285,900 -327;601 397,000 8,200 12,100 20,400 21 2,600 1,660 1.900 2'':,, 1

Men 160,3r 235,300 257,800 309,600 161,000 224,200. 352,000 302,100 7,300 11,100 1,800/ 7, 1,600 1,400 1.700 2.,'400

Women ,,,,,,,, , .. . 33,200 62,700 90,200 110,500 32,300 61,700 75,600 94,900 900 1,000 14,600 15,600, 1,,000. 200 200 '400 '

Environmental scientists' 64,700 81,000 93,000 103,900 57,000 69,800 73800 87,800 7,760 11,200 14,200 .16,1004 1,900 2,400 2,660

Men 60,500 73,409 82,300 89,600 53,800 64,000 /-* 69,80E 76,000 6,700 9,400 ..12,500' 13,600 1,400,0 1,800 2,100 , 2,200

N
oi Women 4,200 7,600 10,700 14,300 3,100 5,800 9,000 11,800 r,100 1,800 . 1,700 2,500 100' I. 100 300 400

o
Life scientists 279,000 323,100 379,600 411,000 '257,700 300,800' 351,480.. 381,400 21,300 22,300 .28,200 29,600 4,000 3,800 4,100 4,100

Men , 232,500 265,b00 300,300 318,900 213,900 247,100 277,600, . 295,100 18,600 18,500 22,700 23,800 2,200 3,000 3,100 '3,200

Women 4. 5500 57,500 A,200 92;100 43,800 53,800 73,800, 86,300 2,700 3,704 5,400 5,800 1,800 ' BOO , 1,000 1,000

Social sc'entistS 217,600 203,300 211,400 226,000 172,400 159,500 171,9001' 183,900 45,200 .3,800 39,500 42,100: 3,700 3,000 3,300 3,600

Men 169,500 156,100 157,400 1166,600 132,800 127,100 134,700 36,76.0 ' 4700 30,300 32,100 2,500 1,800 2,100 1300;

Women 48,100 47,300 64,000 59200 39,500,

4,422,400

37,000 44,0 49,100 8,605 10,300 9,200 10,100 0 11,200 1,100 1,100 1,300 ''
Psychologists 109,500 118,100 124,400 131,200 99,900 104,00 109,700 ' 115,300 9,600. 13,300,.14,700 15,990 2,800 1,560 1,700 2,000

Men 74,200 77,600 . 77,100 78,700 368,200 69,100 68,400 89,300 6,000 8,500 8,100 9,400 1,600 900 800 800

Women , . , , 35,400 40,400 47,300 52,500 31,700 36,700 41,300 46,000 3,700 4,790 .6,000 5,5001 c1,200 600 900 1,200

Engineers , , ..... 1,168,400 1,303,700 1,41240 1,479,400 1,076,600 1,199,300 1,260,400,1,320,100 . 91.800 104,400 151,700' 1.5800 22,900 11,100; 12,700 13,800

Men ' 1.157,000 1,287,100, 1,379,400 1,445,000 1,065,800' 1,181,000 1,230,200 1,288,400.91,200 103,300 149,200156,600 4,700 10,700 12.000 13,000

Women 0 11,400 19,400 32,700 34,50; 10,800 18,300 30,200 31,700 600 1,100' 2,500 2,800 n 400 700 800

'Includes earth scientists, oceenographE,s and atmospheric scientists,.

NOTE: De:ail may not add to totals because of rounding.

SOURCE: National Science Foudation, U.S. Scientists and Engineers, 1960 (NSF 82.314) and unpublished data,

See figures 14 and 3.11. (ff
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Appendix table 3-3. Scientists and engineers by field and employment status: 1981

I

/ Labor
/ force

Field Total i Iotal

-3,381.100 13,167,400All S E fields
Physical scientists 271,800 1 233.200

178.300 I 150,000Chemists '

Physicists & astronomers 68.800 / 61,200
Other physical scientists 24,800 22,100

Mathematical scientists 141.600 J 134,000
96.900) 90,900'Mathematicians
44,60d 43,100Statisticians

Computer specialists 430.40 422.500
Environmental scientists 116,10 106,500

Earth scientists 88,900 81,500
ceanographers 3,0(4) 2,800

' tmospheric scientists 24,100 22,200
Eng ,eers 1.593,100 1,493,200

Ae zsauticai & astronautical 52,600 50700

Civil 213,700 202,500
Chemical 84,400 80,300

,
Electrical & electronic 243)200 281.400

ife scientists
Other engineers
Mechanical 261300 251,200

687.900 627,100
43 ,800 415,100

Biological scientists ', 22,1,500 207.000
Agricutiural scientists 17'3,100 167,500

Psychologists 11 700 133,200
Medical scientists 45,200 40,600

Social scientists
I

246,600 229,600

Sociologists & ..Inthropologi:ras
Economists

/65,200 60,700
88,600 83,200

Other social scientists 192.600 85,600

'Too few cases to estimate.

"NOTE: Detail may not add to totals because of r t unding.

SOURCE. National Science Foundation,unpubl shed data.
',..

See figures 3.1. 3-2 and 3-5.

In the labor force

Total employed Outside
Total Employed Employed Unemployed but

employed in S/E outside S!E seeking employment

3,134,100 2,795,600 338,500 33,300
229,500 191,400 38,10r 3,700
147,600 120,700 26.900 2,400 . 28,300
60,000 52,400 7,600 1,200
22,000 18,300 3,700 100

132,900 118,700 ;4:100200
90,100 79:000

1.100
800

42,800 39,800 3,000 400
420,200 397,000 23,200 2,400
103,900 87,800 16,100 2,600:
79,100 65.100 14,000 2,400

2,800 2,600 200 (fl
22,100 20,100 2,000

2001,479,409 13,8001,320,100 159,300
50,200 45,200 5,000 500

200,300 185.600 14,700
79,400' 72,700 6,700 900

2,200
279,200 260,000 '19,200

L

249,500 231,100 18,400
620,900 525,400 95,500
411,000 381,400 29,600

6,200
4,100

21:280000

204,900 186,900 18,000 2,100
166,200 156,300 9,900 1,400

131,200 115,300 15,900 2,000
39,900 38,300 1.600 700

226,000 183,900 42,100 _3,600

60,000 , 49,300 '16,700
82,000 70,000

.11.772Fa,.

12,000

84,00C 64.600 19,400

the
labor force

213,700
38,600

7,600
2.700
7.600
6,100
1,500
7,900
9,600
7,400

300
1,900

99,900

4,100
11,300

24,600
61110314,,: ° °P5730070

5,500

8,500
4,600

17,000

4,400
5,600

7.000
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Appendix table 3-4. Doctoral scientists and engineers by field, sex, and labor force status: 1973-81

Field and sex

Total population , In labor force Total employed Outside labor force

1973 1979 1981 1973 1979 1981 1973. 1979 1981 1973 1979 1981

All S E fieles 238,900 332,300 363,900 222,900 316,700. 346,200 220,400 313,800 343,500 10,700 15,600 17,700

Men 218,000 294,400 318,100 200.300 282,400. 304,300 203,500 280,400 302,600 8,300 12,000 13,900

Women 20,900 37,900 45,700 17,600 34,300 41,900 17,000 33.300 40,900 2,400 3,600 3,800

Physical scientists 53,000 64,300 67,700 49.400 60,900 '. 63,700 48,500 60,200 63.201 2,700 3,400 4,000

Men 50,500 60,600 63,300 47,300 57,600 59,800 46,600 57,000 59,400 2,300 3,000 3.500

Women 2,500 3,700 4,400 2,000 3,200 4,200 1,900 3,100 3,800 400 400 500

Mathematical scientists 13,100 16,100 16,500 12,300 15.400 15,700 12,100 15,300 15,600 500 700 800

Men 12,100 14,800 15,000 11,500 14,200 14,400 11,400 14,200 , 14,300 400 600 600

Women 1,000 1,300 1,500 800 ?' 1,100 1,300 800 1,109, 1,30) 100 100 100

Computer specialists 2,700 6,800 9,100 2,704 6,800 9,100 2,700 6,760 9,000 (1) (I) (I)

Men 2,600 6,400 8,400 2,600 6,400 8.300 2,600 6,400 8,300 (l) (1) (d)

-- Women 100 400 700 100 400 700 100 400 700 (1) (') (')

Environmental scientists2 .. : . 10,900 15,100 16,600 10,400 14,700 16,100 10,300 14,600 16,000 300 400 500

Men 10,600 14,400 15,700 10,200 14,000 15,200 -10,,i00 14.000 15,200 300 400 400

Womeh 300 700 900 300 600 900 SOO 600 900 (1) (') (I)

Life scientists 63,61,0 86,300 93,800 58,600 81,000- 87,700 58,000 80,100 8000 3,500 5,400 6,100

Men 55,800 73,200 78,600 52,200 69.400 74.000 51,900 68,900 73,500 2,5100 3,800 4,600

Women 7,800, 13,100 15,200 6,400 11,500 13,700 6,100; 11,100 13,200 1,000 1,600 1,500

Social scientists 31,200 52,000 56,500 - 28,400 49,200 53,400 28,100 48,700 52,900 1,700 2,800 3,100

Men 27,700 43,800 47,000 25,400 41,700 44,7010 25,290 41A00 44,500 1,400 2,200 '2;300

Women 3,500 8,100 9,500- 3;000 7,400 8,700 2,900 7,200 8,400 300 600 800

Psychologists 27,200 40,300 45,400 25,200 38,400 43,600 . 24,900 38,000 43,100' 1,200 3,800 1,900

Men 21,500 30,100 32,600 20,200 29,200 31,500 20,100 28,800 31,200 700 1,100 1,100

Women 5,600 10,200 12,800 4.900 9,400 12,000 14,800 9,200 11,900 500 700 800

Engineers 37,300 51,600 58,300 35,100 50,600 57,000 35,800 50,300 57,000 700 1,100 1,300

Men 37,100 51.000 -57,500 35,900 50,000 56,300 /35,600 49,700 56,200 700 1,000 1,300

Women 200 600 800 100 500 800 ,' 100 500 800 (1) (1) (1)

'Less than 50. .. 1

ncludes earth scientists. oceanographers, and atmosphenc scientists/

l

NOTE: Detail may not add to totals because of sounding.

SOURCES! National Science Foundation. Characteristics of °Octal Scientists and-Engineers in-the United States (biertnral ie,ks, 1977-81) andunpublished data.

See figure 3-11.
Science Indicators-1982



Appendix table 3-5. Doctoral scientists and engineers in the labor force by field, sex, and employment status: 1973-81

Field andsex

Employed in SiE jobs
Eniptcryed in non-SE

jobs. Postdoc-tgates
Unemployed but

seek. 21imployment

1973 1979 1981 t 973 -0.479 1951 197? 1979 '1951 1973 1979 1981

All S E fields \\ 200.600 277,200 303,600 14,100 26,400 29,400 5,700 10,200 10,500 2,500 2,?00 2,600
Men ..... ....... .\, , .. , 1e5,900 249,400 269,700 12,700 23,000 25,100 4,800 8,000 7,800 1,800 2,000. 1.700
Women 1 14,700 27,700 33,900 1,400 3,400 4.200 900 2,200 2,800' 700 900 1,000

Physical scientists 42.400 52,200 54,700 . 4,200. 5,800 6_000 '1,900 2.200. 7,500 900 700 500
fv1en 40,900 49,700 51.800 4,000 5,400 5.500 ,1,700 1900 2100 700 600 400
Women -' 1;500 2,500 3,000 300 400 400 100 300 300 100 100 100

Mathematical scientists 11,600 13:900 14.000 400 1,200 1,500 100 200 100 200 100 100

Men 10,900 12.4'00, 12:800 400 1,100 1,400 100 200 100 200 (1) 100

Women 700 I....A 1.200 (1) 100 100 (') (1) .(') (1)' (1) (1)

Computer specialists 2,700 6,600 9.000 (') 100 `-400 (') (1) (1) (1) '(1) (1)

Men 2,600 6,200 8.300 (') 100 100 (1) () (1) (1) (1) (1)

Women 100 400 700 (1) (1) (1), (1) (1) (1) (1) (1) (I)
Environmental scientists2 1 9,900 13,800 15,100 300 500 700 200 300 200 .100 100 100

Men 9,600 13,200 14.300 300 500 700 200 300 200 100 (') 100

Women 200 600 800 (1) (1) (1) (1) (1) (1) (1) (7) (1)

Life scientists 52,800 69.900 75,700 2,400 4,000 4,400 2,800 6,200 6,700 600 900 1,000

Men -,- 47,700 -60900- 65,300 '2,000---3-.300----3-,500---g;200-4,700 - 4,700 300 500 601)

Women 5,100-- 09.000 10.400 400 700 800 600 1,500 2,000 300 400 500

Social sciertits 24,200 39,400 43,200 3,700 8.500 9,300 200 500 400 300 500 400

Men 21.730 33,700 36,600 3,300 7,300 7,800 200 300 200 200 -1-.:0 100 0-.

Women 2,400 5.600 6,700 400 1,500 1,600 (') 100 200 100 200 300

Psych0logists 23,100 34,500 39,000 1,500 2,900 3,600 300 600 500 300 400 500

Men 18,700 ,26,3000, 28,500 1,200. 2,100 2,400 200 400 300 100 300 300

Women 4.400 8,260 '- 10,500 400 600 1,200 100 200 00 100 206 100

Engineers 33,900 46,900 52,900 1,600 3,100 3,800 200 300 .7200 300 300 (1)

Men 33,800 46,400 52.200 1.600 3,000 3,800 200 200 ./. 200 300 200 1')

Women . , 100 500 700 (1) .'(') (1) (1.) (1) i (1). (1,-) (1)- 11)

.."

'Less than 50
;'incli.ides earth scientists. oceanocraohers. and atmospheric rcientists.

NOTE Detail may not add to totals because of rounding.

SOURCES Notion,. Scleme Fr Characteristics of Doctoral Scientists and Engineers in me united States (biennial series, 1977-81) an unpublished tlao.

Science lndicetors--1962
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Appendix table 3-6. Doctoral scientists and engineers by field and employment status: 1981

Field Total

In the labor force

Outside
the labor

force

Labor
force
total

Total
employed In S'E

Outside
S E

In post-
doctoral

appointments

Unemployed
but seeking
employment

Ail S E fields 363.800 346,200 343,500 303.600 29,400 10,500 2,600 17,700

Physicai scientists 67,700 63,700 63,200 54,700 6,000 2,500 500 4.000

Chemists 45,400 42,300 42,000 36,500 3.800. 1,600 300 3,100

Physicists and astronomers 22,300 21.400 21,200 18,200 2,200 900 200 900

Mathematical scientists 16,500 15.700 .15,600 14,000 1,500 100 100 800

Mathematicians 13.800 13,100 13,000 11,600 1,300 100 100 700 -'

Statisticians 2.700 2,600 2,600 2,400 200 (1) (1)
1.06

Computer specialists 9,100 9,100 9,000 9,000 100 (') (1) /(1)

Environmental scientists 16.600 16,100 16,000 15.100 700 200 100 500

Earn scientists 12,600 12,200 '12,100 11,400 600 100 .100 400

Oceanographers 1,800 1,800 1.800 1,700 (') (1) (1) (1)

Atmospheric scientists 2.700 2,100 2,100 2,000 100 100 (1 (1)

Engineers 58,300 57.000 57,000 52.900 3,800 200 (1) 1,300

Aeronautcal 2,500 2,500 2,500 2.200 300 100 (1) (1)

Chernica! 7,600 7.200 7,100 6.300 800 C) (1) 400

Civil 6,000 5,900 5,900 '. 5,500 400 (1) (') 100

Electrical 10,800 10,700 10,700 10.100 600 (1) (1) 200

Mechanical- 5,600 5,400 5,400 5,000 400 (1) (1) 200

Other engineers 25,700 25,400 25.300 23,900 1,300 100 (1) 300'
I.

Life scientists 93,800 87,700 86,700 75,700 4,400 6,700. -1,000 6,1001

Biolc.;:;--alsdient.'sts 54,400 60,500 49,700 42,000 2,800 4,900 900 3,900

Agricult!i...1 scientists 17,300 15,900 15,900 14,600 1.100 100 100 1,300

Medical scientists 22,100 21,200 21,200 19,100 500 1,600 100 900
I

Psychologists 45,400 43,600 43.100- ... 39,000 3,600 500 500 1,900

Social scientists 56,500 53,400 52,600 43,2p0 9,300 400 400 3,100

Economists 14,300 13,500- 13.4'0'3 11,100 -2,300 (') (') 800

Sociologists and anthropologists 11:-10 11,200 11,000 8,900 1,900 100 ' 200 800

Other social scientists 3U,:..400 28,700 28,500 23,200 5,100 200 200 1,500

' Less than EC

NOTE Detail may not add to totals because of rounding.

SOURCE: National Science Foundation. Charactenstics of DoPtoreJ Sciontgs and Engineers in the United Stars.; t981 (NSF 112-332;.

See figure 3-2

Appendix table 3 -7. Averr.ge annual percent increasc
in employment in science and engineering an z: other,

economic variablen: 1976-81

1976-80 1980-81 1976-81

Scientists and engineers 5.4 7.6 5.9

Scientist6- 6.7 10.7 7.5

Engrneers 4.3 4.7 4.2
Professional and technical workers 4.0 2.8 3.8
Nonfarm wage and salary workers 3.3 1.1 2.9
Gross national product 3.3 2 0. 3.(7

SOURCES: National Science Foulidation. Scientists and Engineers,
1980 (NSF 82.:.14) and unpub;thed data: U.S. Depa.lment of Labor, Em-
plornent and Training Report of the Pre.lident, 7982. p. 177; and Economic
Report of the president, 1982. po. 243 and 275:

See figure 3.3.

Science Indicators -1982
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Appendix table 3-8;, Employed scientists and engineert by field, sex, and primary work activity: 191641.......moP.X=PMR

. Field and sex

Total Research Development

Management

of R&D

1976 1980 1981 1976 1980 1981 1976 1980 1981 1976 1980 1981

All fields 2,324,500 2,910,500 3,134,100 250,400 330,OGO 355,600 376,600 471,200 515,500 200,900 221,900 224,900

Men 2,110,900 2,546,400 2,715,000 209,000 268,000 285,500 361,900 443,900 48,500 192,000 211,400 213,300

Women 213,900 364,100 419,100 41,500 62,000 70,000 14,700 27,300 33,000 8,900 10,409 11,690

Physical scientists 196,000 223,200 229,500 57,200 67,200 67,600 20,800 27,700 28,300 21,600 22,200 21,900

Men , 174,500 '196,100 201,600 49,400 58,200 58,700 19.800 25,600 26,000 21,200 21,600 21200

Women . .. 21,503 27,100 28,000 7,900 9,000 8,800 1,100 2,200 2,300 500 7C) 700

Meicmatical scie.,nts . ... 87,300 119,000 132,900 10,100 12,500 13.000 5,100 -6,200 6,800 6,300 6,700 6,900

Men 74,300 96,000 104,800 9,300 10,900 11,200 3,900 5,300 5,800 5,700 6,300 6,400

Women 13,500 23,000 L 1100 800 1,600 1,900 1200 900 1,100 600 400 500

Computer specialists . 201,500 348,000' 420,200 4,400 10,300 12,000 40,300 47,600 57,800 10,500 14,500 16,000

Men 168,300 257,800 309,600 3,500 8,000 9,300 32,300 36,800 44,200 9,50,0 12,900 14,000

Women 33,200 90,200 110,500 800 2,400 2,700 7,900 10,800 13,600 1,000 1,600 2,000

Environmental scientists' 64,700 93,000 103,900 14,900 21,700 24,100 3500 6,300 7,800 5,700' 5,200 5,400

Men 60,500 82,300 89,600 12,900 19500 20,500 3,400 5,800 6,800 5,600 4,700 4,800

Women 4,200 10,700 14,300 2.200 2,800 3,600 100 500 1,000 200 600 600

Enginee.s 1,168,400 1,412,100 1.479,400 51,000 64,700 .70,500 296,100 364,300 394,500 109,400 127,400 127,800

Men . .. 16,,..1 1,157500 1,379,400 1,445,0u0 49,000 60,700 66,100 293,000 356500 384,900 108,700 126,100 126,700

Women , 11,400 32,700 34,500 2,100 4,000 4,400 3,100. 8,300 9,700 700 1,200 1,100

Life scientists 279,000 379,600 411,000 76,600 113,700 124,900 8,200 13,300 14,300 23,100 21,900 22,300

Men ...... 232,500 300,300 318,900 57,800, 83,200 89,600 7,100 10,500 11,100 22,000 20,200 20,600

Women ,,,,, . ,,,,, . 46,500 79,200 92,100 18,800 30,500 35,400 .1,100 2,800 3,200 1,100 1,600 .1700

Psychologists 109,500 124,400 131,200 10,300 12,500 13,700 700 1,800. 1,700 6,600 8,000 . 8,400

Men ..... , , 74,200 77,100 78;700 7,200 8,500 8,800 700 1,000 900 5,600 6200 6,000

Women 35,400 47300 52,500 3,100 4,000 5,000 12) 800 800 1,000 1,800 2,400

Social scientists 217,600 211,400 226,000 25,900. 27,200 29,700 1,800 4,100 4,300 17,600 15,900 16,300

169,500 157,400 166,800 20,100 19,500 21,400 1,600 3,000 2,800 13,900 13,400 .13,700

Women
. 48;100 54,000 59,200 5,800 7,700 8,100 20C 1,100 '1,500 3,100 2,500 2,600

(continued)



Appendix table 3-8. (Continued)

Field and sex

Management Teach ng

Production and

inspection

=W=W=1.1...w.liPMMY.

Other activities'

1976 1980 1981 1976 1980 1981 1976 1980 1981 1976 1980 1981

All fields 405,600 438,900 449,400 229,800 268,200 288,900 275,000 396.000 430,200 586,300 784,300 869,500

Men 389,100 415,800 424,300 189,100 207,600 220,000 261,800 367.900 396,300 507,800 631,800 693,000

Women 16,500 23,100 25,100 40,700 60,500 69,000 13,300 28,100 34,000 78,400 '152,500 176,400

Physical_ scientists 17,700 18,800 19,100 22,200 26,100 28,300 26,600 , 31,100 33.700 29,700 30,200 30,800

Men 16,100 17,400 17,700 20,000 22,300 23,800 23,300 26,400 28.500 24,800 24,700 25,600

Women 1,100 1,400 1,500 2,200 3,800 4400 3,300 4,700 5,100. 4,900 5,400 5;100

Mathematical scientists 10,400 11,200 11,500 31,500 40,200 44,100 4,200 3,800 4,400 20,200 38,300 46,100

Men 10200 9,80 9,900 26,600 32.500 35,000 3,500 3,600 4,200 15100 27,500 32,500

Women 200 1,40., 1,700 4,900 7,700 9,100 700 200 200 5,000 10,700 13,500

Comp0ter specialists 20,200 24,600 26,700 7,100 9,000 '10,800 8,900 11,800 14,600 110,200 230,000 282,300

Men . 18,900 21,900 23,800 5,500 7,100 8,700 7,100 9,700 11,600 91,300 161,400 198,000

Women 1,300 2,800 2,900 1,600 2.000 2.100 1.800 2,100 3,000 18,900 68,600 84,300

Environmental scientists' .
9,30C 10,700 11.300 6,800 9,100 10,200 6,500. 13,800 16,300 18,100 26,000 28,700

Men 9,200 10,400 10,900 6,100 8/00 \ 9,000 6,300 11,700 13,300 17,300 22,500 24,300

Women (2) 300 400 700 800 1,200 200 2,100 2,900 900 3,600 4,400

Engineers 247,500 267,500 271,500 27,800 32,500 34,600 186,600 268,700 283,900 250,000 287,000 .296,500

Men 246,700 265,500 269,600 27,700 32,000 33,900 184,500 261,300 275,960 247,500 277,400 287,900

Women .700 2,000 1,900 100 600 700 2,100 7,400 8,000 2,700 9,200 8,700

Life scientists 43,400 55,100 57,400 45,000 59,000 62,300 30,400 51,900 60,900 52,200 64,600 69,000

Men . ....... . . . . . . 41,100 50,700 52,200 34,900 44,600 46,200 27,000 43,200 49,300 42,500 47,800 49,900

Women 2,300 4,500 5200 10,100 14,400 16,100 3,400 8,700 11,600 9,700 16,700 19,114

Psychologists 12,100 12,600 13,000 31,900 37,500 40,300 2,200 4,600 4,800 45,800 47,400 49,X0

Men . 9,400 9,200 9.300 21,000 21,100 22200 1,500 3,200 3,400 28,600 27,900 28,300

Women 2,700 3,400 3,700 10,900 16,400 18,100 700 1,400 1,400 17,000 19500 21,100

Social scientists 45,100 38400 38,900 57,500 54,703 58,300 9,600 10,100 11,800 60,100 61,000 66,700

Men 37,400 30,80C 30,900 47,200 39,800 41,100 8,500 8,700 10,100 40,800 42,100 46,600

Women 7,600 7,500 0,000 10,300 14,900 17,200 1,100 1,400 1,700 19,200 19,000 21,000

'includes earth scientists, oceanographers, and atmcs:1Linc scientists, ,

2Too few cases to estimate.

?Includes consulting: reporting, statistical won( and computing: other; and no report

NOTE. Detail may not add to totals because ul rounding

SOURCE. Natonal Science' Foundation. U.S. Scientists and &TITO'S, 1380 115F 82-314) and t,npublished data

See figures 3.;.,, and 3.10,
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Appendix table 34 Employed doctoral scientists and engineers by field, sex, and prinry work activity: 1973-81

Fe: ar-.-ti

Told' riesenh Dmitrerl
Manacerreil.

al iR&D ilaragenerft , reeling otettctaes2
1973 1979 190i 1373 1979 1;,411 1973

-
197; 1951 1973 . 7579 1481 1973 1979.. 1981 1973 1979 1991 1973 1979 19131

4tIS E 1,42.()),

le1,
.

573400

253.590

313,500

260,403

349 600

302,50

63.00(.

58,51

E$ ;00

75,93

191., '0)

9071.4

8.5X

SAX

15.000

14,573

16,400

17,600

32.,9.00 43.000

31.900 41,000

32,5',A

31,100

13.350

12,500

29203..

26,100

27,709

24,200

80.000

72.500

91,900

80.503

105.010

91,000

22,800

19.800

49,900

42,400

58200

48400
;c4r,4!1 11,C40 333.340 40.164 4530 8603 11,500 200 500 60) 1.001 2990 1,503 NC 3,109 3.509 7.500 11.400 13940 3.030 7,500 9.704

Pi-. ),...ca, 4...,:;)r.i...).i., 85.50) 6027 .63,21:.1t 1874 21.100 26,501 1:930 2800 ;7103 8,500 12,702 8,700 2201 3,600 3.200 14,390 '4.400 15.600 3.300 5.600 6,0940
1.1m 457;'. 57.51.',' 59,40:. 'co9,4 29.010 25,930 1,930 2,730 2.9A 8,600 12.30'..' 8,500 2100 3,400 .,' 3.000 13,401 ''3.400 14,500 3,100 5,300 5,600
Vit.:),r)ti

1,`,r. 3,135 3.8.13,i 500 1330 1605 I:1 133 F.I.: 100 300 200 100 203 200 9CA 1.000 1,130 200 300 400
V.a..,,e7s31gra sc -,'s 12.1).4 15.3014 til.V.:0 2.500 3.100 31.00 200 503 402 505 500 300 500 1 330 1,000 8,103 8,900 9,600 509 1.000 1,300

Man . 14200 14,300 2 430 3 000 2 '1',.)0 150 505 400 533,430 305 400 1,233 7,000 7,5% 8,100 5,700 400 900 1200
Vi,i'nE*1 e33 1100 1.300 100 IX 355 i

21
03 43) )3) (3) 131 431 190 131 60) 800 900 100 100 100

t...)..4-;).11.1 ,..).t.,(.. 4) ..t 700 5 700 9 COO 500 930 1.600 600 2,100 3.090 400 1.090 800 200 700 crA 900 1,100 1,503 100 9943 1,300
!,1,w, 2600 6409 5.353 500 930 1 .400 6431 2,000 2,500 400 900 soo 200 700 900 905 1.100 1.490 100 600 1200
)`',..r,frri 190 433 700 ili ..i.

1- ) 193 01 100 200 3
I. I. 01 0 131 j) Pi (3) :30 103 0) 100 ix

E-,-;',7-:."':.a. sc,,... 13.330 I4 i,f'...6 15.0)3 3.530 5.240 5,040 150 430 300 2909 2450 2,400 603 '.260 1,200 3,100 3,000 3.509 1.001 2,400 2,500
mk.,... 1 0 1 O 0 1 4 . 0 4 3 1 5 , 2 9 3 3 4 0 0 4 . 9 30 5100 100 411 r- 1.9.50 2.300 2.300 603 1290 1200 3,000 2900 1,43; 956 2.409 2,303
11.tt;it..iii 300 6049 903 150 350 453 13 [3? P? 01 100 100' 131 100 100 100 loo zoo I. 100 260

E7,.1)4..0,-) 35.850 53109 57,000 ,...t 300 13.000 13509 5000 7.590 9,900 8,303 12.500 10,300 2200 4230 4.900 8,900 9,3Y3 10703 3,10,0 6,400 7.609
1,i1.?r, 35.603 41700 59.259 .ii, 20C 9.830 1.":),' 900 4.93) 7,750 9.730 8,300 12,400 10203 2.200 4200 4,900 8,800 9350 10,600 3,1'30 6.300 7500
',1,tvrre 1517 10`34 9570 (3; 200 3111 131 100 '00 15) 15'2 103 43) 43) 13) 13) 100 100 13) 100 200

5.14 SCle"1.s1y 58.X.r: 50.100 86,700 23,400 32945 35,&0 SOO 900 1,100 8.900 9.,..5k. 5,800 2,600 6,600 5,700 18,100 19.200 22.000 5000 112N 12,400
!'en 51.950 68,990 73,500 20.600 27,890 32.400 400 790 900 000 8.800 6,300 2,400 6:003 4,800 15.900 15.900 10.400 4.600 91.00 10.700
,',,',...'neo 6,100 11 ' X 13200 2.000 4,800 6.400 (3) 300 100 400 800 500 200 800 90 2200 3200 3,600 500 1,400 1,100

r'5lci,,r.V,?,,1,,, 24,900 36,031 43.10 Ina 4.630 5900 200 300 400 2.400 1.600 1160 2500 5.000 4.800 9,300 10.,400 lza 7,300 16,100 19,30
Mi.T 20,100 ,28900 31,20 2,70 3 630 3,800 100 200 300 2,103 1,301, 6439 2.250 4,000 3,504 7,503 8000 9,300 5,450 11,700 13,400
No^if...,, 4800 9,200 11.900 500 1,000 1,100 1.3 03 '10 ,3', 3 300 20 430 1,300 1,300 1,800 2.400 3,00 1,900 4,400 5.900

''icx.,:i s,-,,e7.,;,...,

v,..;1

7.en

20,130

, 25.030

59°0

48,700

41.400

72)0

52.900

44:10

41 4)0

3900

3.200

400

723'4

EON

1 200

7.300

57901

1.400

200

100

(3)

200

200
,i)
r. )

200

200

43)

2.200 3,000

2,000 2.500

200 400

2,300

1,90'

400

2,400

2.300

100

6,400

5,500

900

6,011

5,103

1,000

17.30

15.400

1,900

25,600

21,900

2,700

29.305

24 700

4.600

2.400

2,100

300

6,203

5,100

900

7.8110

6.700

1,100

Ism,...
ucea5oqinherS, and .,!incspeeK s:Antisis.

nqudra tor,50Jr9:.prOdzli0ru1SPeC001. sales pralfwmal servces, repoiing, wor# cornp.,31. Wet, and no o:virl

!iyi cases in e1.1 male

NOTE. D not :.7+1 to ,013'5 V.Kause inunding

SOURCES Nganal Swic; F,),;nlation, Cr. !,-,Iees!.cs 401 Doctoriit t!i 3ine4rF, ,1 the UrVed Sates 4Dieln)al w)es, 1977.811 and unAubltV,ed Ced

1Ar: 3 9.
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Appendix table 340. Employed f4Intists and engineers by field, se; and sector of employment: 1976-81

hod and sex

iota; Business and Indust, Edtatenal inslapti

1981

federal Govemmeri All other emptiyete.

1976 1978 1960 1981 1976 1973 1983 1981 1976 1578 1930 1976 1978 1980 1981 15". 1978 1980 1%1

Aa SE ftics . ... 2.324500 2,643.300 2,910500 3,134,100 1274,900 1365,300 1,731,100 1.87/900 421,900 455.403 510,600 54300 `219200 235200 251,853 269.000 384.430 477,100 443901

Men 2,110,900 2.363,500 2,546.400 2715 000 1214.400 1,465,400 1556,900 1,702.300 348200 371,000 40230 425,600 202,700 214,900 223.9001 234,700 345.400 317.207 333,600 352,400

Women . 213,900 274800 364,100 419.100 0,600- 99.900 144,150 170500 73300 97,400 103...130 122,730 16,600 20,300 27,93 34,300 60 100 67200 633.00 91.600

Pn0sical scientists . 196,000 17,600 223,200 229500 100,600 114,409 118,40 122.000 4820 54,100 56.502 58,400 19,000 20.503 19.903 19.510 28.40 4,600 3,500 4.600

Men . 174,530 193,600 196.100 ,?01,600. 91,100 103.300 10530;) 108503 42,001 47,200 49,000 50,400 17,400 17,900 17200 17,100 14,000 25200 24,600 25 600

Women 240n0 27,103 28000 9,500 11.100 13,100 13,500 6.300 6,900 7.630 8,000 1,600 2,600 2,0 2A00 4.100 3,400 3.303 4.133

MaMematicat scientists 87.800 96 :''0 119,000 132.900 27,900 33.100 42.100 47.530 39.40u 44,40G 52.300 57.700 11,300 11,30 12,703 14,500 9.303 9,700 11,900 13200

Men .
74.300 62,600 16,003 104,0 24,100 27,390 34,200 37,400 33.300 37,603 42,700 46,100 10.030 9.900 10.800 12.100 6,930 7300 83t% 5203

Women ....... . 13,500 15300 moo 28,100 3,800 5,303 7,900 10,100 6,101 6.700 97013 11.500 1,330 1.500 1,803 2530 2,303 2300 '3.600 4,000

Computer specialists 201,500 298.000 34830 423201 142,t00 211.800 257,160 315,400 18,830 32,300 36,603 42,400 15,500 13.900 2..700 24500 25200 28,100 32,500 37,900

N Men 168,300 235,300 257,80E 309,600 119,100 174,100 192,800 roAco 15,900 22.603 24,100 28,500 12,500 77,000 17500 19,503 20.400 21.600 .23,40'3 27,00.

Women , , 33200 62,790 93200 110'300 22,903 4330 64,300 81,000 3,000 9,800 12,700 13.900 2,90 2,000 4200 5.000 4,701 6.300 9,000 : 10.600

Enuaonmertal scertists' 64,700 81,001 93,003 103.900 29,003 40.400 45.500 62,300 73.200 15,200 17.200 19,300 11,030 WOO 40 KV 17,500 12200 14,300 ,76.000

Men 60,500 73,400 62.300 89,600 zoo 36,800 41,300 45,700 11,600 13300 16900 16200 10,300 12200 1.200 14A00 1130 10,800 12,300 13,303 ',

Women . 4.200 7,60 10,700 14,030 1,609 3,600 5,100,. 6,660 uo uo 1,270 uw 609 900 1,400 1,9,09 409 1.500 2.000 2800

Engineer: 1,168,400 1,303,700 1,412,100 1,479,500 845,300 1,001,400 1,089,900 1,144,300 52,200 57,303 evco 71200 M,300 99,700 10 000 136.200 1770 145,300 152,800 157.700

Men 1,157,003 126430 1,379,400 1,445,000 837500 986,90 1,064,900 1,111,000 51200 55,600 63.100 68200 92,500 sa,:to 101,100 103,700 175,790 143,500 150,00 155,100

Women 11,40 19,400 32,700 34,500 7,700 14,500 24,900 26,300 1,000 1,703 2.600 3,000 800 1,300 2,1,00 2.500 1,900 1,900 2,900 2,709

life sceriIists 279,000 323,100 379,600 471,000 72,300 91,300 107,600 117,600 114,200 135500 154,300 16500 41,700 44,500 50.800 56,100

'54
56,800 46.900 71,500

Men 232,500 265,600 100,303 318,900 66200 84.803 92,100 98.503 88,800 101,300 115,800 12'' 0 38,400 40.30 44,100 47,400 114,100 41100 if 48.300 51000

Moo . 45,500 57,500 79,200 92,100 6,090 10400 15,500 111,703 25,400 29,100 38,500 3,200 4,203 6,700 8,700 1190 13,809 18,500 20550

Nftloysts. 109,500 119,101 124,400 131200 13,700 19,600 19,600 20.200 45,300 48,400 49,690 0, 3,100 A000 2,900 2,900 47,200 47,100 suoe 5,5,01

Men , . , . 74,200 77,600 77,100 7V00 10,600 14,500 13,600 13,800 31,100 32000 31,000 31,053 2,000 7,800 1,700 1,700 30,500 29,300 30,600 32,201

Women , 35,400 40,400 47,300 52300 3,100 5,100 5,800 6,500 14,200 16,300 18,600 21,400 1,400 130 1200 1,200 16,700 11.800 21,700 23.400

scienfiVs 217,600 43500 211,40 225,000 41,20 47,30 49,400 53,600 90500 76,300 78,100 0130 24,200 23,200 25,700 28,900 04700 56,503 58230 62,300

. 169,500 156,110 157,400 166,800 38,300 41,000 42,000 45,700 74,500 61,100 61,300 63,500 19200 17,500 18,000 18,90 37.530 36,50. 36,103 38,700

Women . , , 48,100 47,330 54,000 59200 5,900 6,300 7,400 7,900 16,001 15,200 16.900 17,000 5,000 5,703 7,700 10,000 21,200 20,100 22 701 23,600

4.1F.N.=.1.81.1.1.=11PMw..110.M1M1

'Includes earth scientists, ocearTaphers. and rincispnefic SOOMISIS.

2indudeS n0nProm organtialorts; 005Pdalackts, military: Stale, local and otNer government, other, and m report.

NOTE Deal may rot add 10 totals becaude of rounding,

SOURCE. NnItonal Science FOundalOn, U.S. Scient;:s and Engiiieers 1980 (NSF 82.314) and unpublished uta.

See !iguie. 3.7.

2Si

=6,1111,

Science Indicators-1982

4NOW111m1.141116



Appendix table 3-11. Employed doctoral scientists and engineers by field, sex, and sector of employment: 1973-81

Educational Atl
Total Business and industry institutions Federal GOverament other employers2

Field and sex 1973 1979 1981 1973 1979 1981 1973 1979 1981 1973 1979. 1981 1973 1979

All S E fields 220,400 313.80:1 343,500 53.400 82,800 99.000 129,400 174.000 186,800 18200 23,900 25,100 19,400 33,000
Men 203,500' 280.400 302.600 52.000 78,200 91,800 117,200 152,100 161,000 17200 22,300 23,100 16.900 27,806
Women 17.000 33.300 40,900 1,400 4,600 7200 12,200 21.900 25,800 1.000 1.600 2,000 2,500 5,300

Physical scientists 48,500 60.200, 63,200 19,700 25,000 27,400 22,000 27.200 28,300 4,100 4,600 4,300 2,700 3,300
Men --,46:600 57.000 59.400 19,400 24,200 26,300 20,700 25,400 26.300 4.000 4,400 4,100 2,600 3,000
Women 1.900 -3,1003,100 3,800 300 -800 1,100 1,300 1,800 2.100 100 200 200 100 300

Vlathematical scientists 12.100 15,300 15200 90Q 4,400 1,600 10,500 12,600 12,700 500 800 900 300 400
Men 11.400 14.200 14;300 800 1,400 1,500 9,700 11,700 11,700 500 800 800 300 400
Women 800 1,100 1,300 (3) 100 100 700 1,000 1,100 (3) (3) 100 (3) .100

7.:omputer specialists .... 2.700 6,700 9,000 1.000 3,700 5,200i 1.400 2,500 3,000 100 300 400 200 300
Men 2.600 . 5,400 8.300. 1,000 3.500 4,800 1,300 2,300 2,800 100 300 300 200 300
Women 100 400 700 (3) 200 400 (3) 100 300 (3) (3) (3) (3) (3)

Environmental scientists' . 10,300 14,600 16,000 2.200 4,200 4,800 5,200 6,200 6,800 2,000 2,700 3,100 1,000 1,500
Men 10,100 14.000 15,200 2.200 4,100 4,600 5.000 5,900 6,400 1,900 2,600 2,900 900 1.400
Women 300 600 1' 900 (3) 100. 20p 200 300 400 (3) 100 100 (3) 100

Engineers 35,800 50.300 57,000 17,800 26,400 "31,700 13,000 17,000 18,100 2.700 3,600 3,800 2,300 3,200
Men 35,600 49,700 56200 17,700 26,200 31,200 13,000 16.900 17,900 2,700 3,500 3,800 2,300 3,100
Women 100 500 .800 100 300 400 100 100 200 (3) (3) (3) (3) ; (3)

LA scientists 58,000 80,100 86.700 7,200 11,500 13,500 39,200 52,200 56,800 6.100. 7,500 7,600 5,500 8,900
....Men -- 51,900 68.900 .73,500 6,900 10.600 12,200 34,700 44,100, 47,300 5,600 6,800 6,800 4,700 7,500

Women 6,100 11,100 13,200 .,,30o 900 1,300 4.600 8.100 9,500 500 700 800 700 1,400
Psychologists 24,900 38,000: 43,100 3,100 7,100 10,100 15,100 19,900 21,800 1,200 1,100 1200 5,400 9,900

Men 20.100 28,800 31,200 2,600 5,300 7,100 12,200 15,200 15,800 1,000 900 1,000 4,200 7,400
. Women 4,800 9,200 11,900 500 1,800 3,000 2.900 4,800 6,000 .200 200 200 1,300 2,500
Social scientists 28,100 48,700 52,900 1,600 3,500 4.700 23,000 36,300 39,300 1,500 3,300 3,900 2,000 5,600

, Men 25,200 41.400 44,500 1,500 3,000 4,100 20,600 30,700 33,000 1,300 2,900 3,300 1,800 4,700...

Women 2,900 7,200 8,400 100 400. 600 2,400 5.500 6,300 100 400 503 300 900

Incliides earth scientists, oceanographers. and atmospheric scientists.
2Includes nonprofrorganizations; hospitals/clinics; military; State, local, and other government; other; and no report.
3Too few cases to estimate.

1981

32,600
26,700

5,900
3,100
2,1300

400
400

. 300
... (3)

..00.

(3)
1,400
1,300

100
3,400
3,300

100
8.900
7.00
1.600
9,900
7,200
2,700
5,100 .

4,100
1,000

NOTE Detail may not add to totals because of rounding.

SOURCE: Nationa)Scieric,imdation, Characteristics of Doctoral Scientists and Engineerg in the United State's (biennial series, 1977-81) and unpublished data,
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Appendix table 3-12. Doctoral intensity' of the science
and engineering work force: 1976 and 1981

Field 1976 1981

All S/E fields 11.6 11.0

All scientists 19.7 17.3

Physical scientists 30.6 30.4

Chemists 28.1 28.4

physicists & astronomers 36.7 35.4

Mathematical scientists 16.1 11.7

Mathematicians 19.4 14.5

Statisticians 10.3 6.0

Computer specialists 2.3 2.2

Environmental scientists . 19.4 . 15.4

Earth scientists 17.9 15.3

Oceanographers 47.3 63.6

Atmospheric scientists 18.9 9.6

Life scientists 24..6 21.1

Biological scientists 30.8 242
Agricultural scientists .,, 13.2 9.6

Medical scientists 32.8 53.0

Psychologists 29.1 32.8

Social scientists 17.7 23.4

Economists 18.1 16.4

Sociologists & anthropologists 21.0 18.3

Other social scientists 16.4 34.0

All engineers 3.7 3.8

Aeronautical engineers NA 5.0

Chemical engineers NA 9.0

Civil engineers NA '2.9

Electrical & electronic engineers NA 3.8

Mechanical engineers NA 2.2

Other engineers NA 4.1

Employed dectoral scientists and engineers as a percent of all employed

scientists and engineers. sr

'NA: not available.

SOURCES: National Science Foundation, U.S. Scientists and Engineers.

1980 (NSF 82-314); Characteristics of Doctoral Scientists and Engineers in

the United States (biennial series. 1977 -81); and unpublished data.

See figure 3-8.
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1,-Appendix table 3-13. Distribution of employed scientists and engineers by field and minority group:
1981

All All Other
Field -,S/E's minorities Blacks Asians minorities

Number

All SE fiel41s 3,134,100 159,400 64,100 83,500 11,800

Engineers 1,479,400 67,600 20,600 41,800 5,200
Mathematical scienfVs 132,900 10,000 5,200 4,100 700
Computer specialist:, .. 420,200 27,300 10,200 15,400 1,700
Life scientists 411,000 19,900 8,300 9,400 2,200

Physical E, ! : m t i s t s 229,500 13,800 5,000 8,500 300
Environmental scientists' 103,900 2,200 600 i 1,100 500
PSychologists 131,200 4,300 3,400 I 600 300
Social scientists 226,000 14,500 11,000: 2,600 900

Percent

All S/E fields 100.0 5.1 2.0 2.7 0.4

Engineers 100.0 4.6 1.4 .2.8 .4
Mathematica: scientists 100.0 7.5 3.9 3.1 .5
Computer sp ialists 100.0 6.5 2.4 3.7 .4
Life scientists 100.0 4.8 2.0 2.3

Physical scie'ritiSts
Environmental scientists'
Psychologist's
Social scientists

Minority scientists and engineers.

100.0 6.0 2.2 3.7 .1

100.0 2.1 - --.6 1.1
100.0 3.3 2.6 .5 .2
100.0 6.4 4.9 1.2 .4

' Includes earth scientists, oceanographers, and atmospheric scientists.
2 Too few cases to estimate.

NOTE: Detail may not add to totals because of rounding.

SOURCE? National Science Foundation, unpublished data.
-

See figure 3-12 and table 3-1 in text.
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,:lppartdix table 3-14. Field distribution of employed scientists and engineers by field and selected minority groups:
1981

Field

*F. -la fields

Erigir er s
Matt- 2tical scientists

speciatists

ick-otists
En ei- ,.'tt.tc-t-ital scientists'
Psy.i atf.t.zists
SoYt.

All SlEs Elack SiE's Asian SIE's

Total employed Percent Total employed Percent

3,134,100 100.0 64,100 100.0

1,479,400
13Z-900
420,200
411,000

229,500
103,900
131200
226,000

472
4.2

13.4
13.1

7.3
3.3
42
7.2

20,600
5,200

10,200
8,300

5,000
600

3,400
11,000

32.1
8.1

15.9
12.9

7.8
.9

5.3
17.2

Total employed Percent

83,500 100.0

41.800
4,100

15,400
9,400

8,500
1,100

600
2,600

50.1
4.9

18.4
11.3

10.2
1.3
.7

3.1

' r! earth scient..its. oceanographers, and atmospheric scientists.

r,,etail may not add to totals because of rounding.

National Science Foundation, unpublished data

$t2,2 :..-1 in text.
Science lndicators-1982

Appendix table 3-15. Annual unemployment rates:\1976-81

(in percent)

Total Professional All S/E's Scientists Engineers
r,

labor and technical
Year force workers Total Doctoral Total Doctoral Total Doctoral

19'6 1 7.7 3.2 1.9 NA 1.8 4 NA 1.9 N, %

1977 7.0 3.0 NA 1.2 NA 1.3 NA .6

1978 6.0 2.6 1.0 NA 1.2 NA .8 NA

1979 5.8 2.4 NA .9 NA 1.0 NA .5

1980. 7.1 2.5 1.0 NA 1.2 NA .9 NA

1981 7.6 2.8 1.1 .8 1.2 .9 .9 .1

NA: Not available.

SOURCES: Economic Report of the President, 1982, p. 271: U.S. Department of Labor, Bureau of Labor Statistics, Employment and Earnings,

(January, annual series): National Science Foundation. U.S. Scientists and Engineers, 1980 (NSF 82-314): National Science Foundation. Char-

acteristics of Doctoral Scientists and Engineers in the United States (biennial series, 1977-81): and National Science Foundation, unpublished

data.

See figure 3-13.
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Appendix table 3-16. Unemployment rates for all scientists and engineers and doctoral scientists and
engineers by field and sex: 1981

Field

All
scientists and engineers

Doctoral
scientists and engineers

Total Men Women Total Men Women
...

An S,E %ids 1.1 1.0 1.5 0.8 0.5 23

All scientists 1.2 1.1 1.4 Si .7 2.4

Physical scientists 1.6 1.4 25 .8 .7 2 2

Chemists 1.6 1.4 2.9 .8 .7 2.1

Physicists & astronomers .1.9 2.0 .6 .8 .7 2.4

Other physical scientists .4 .4 (1) - - -
Mathematical scientists .8 .5 21 .6 .6 1.4

Mathematicians .9 .6 2.0 .7 12
Statisticians .8 .3 2.2 .2 . (1) 1.8

Computer specialists .6 .6 .4 ''.1 (i). .4

Environmental scientists 2.5 2.4 2.8 .6 .5 1.1..

Earth scientists 3.0 2.9 3.8 .7 .7 1:7

Oceanographers (1) . (1) (I) .1 .1 (I)
Atmospheric scientists .8 1.0 (1) (1) (1) (1)

Life scientists 1.0 1.0 1.0 1.1 .7 3.3

Biological scientists 1.0 1.2 .7 1.7 1.1 4.2

Agricultural scientists .8 .9 .4 .4 .4 1.6

Medical scientists 1.7 .7 6.0 .4 .2 1.3

Psychologists 1.5 1.0 2.3 1.1 1.1 1.2

Social scientists 1.6 1.4 2.1 .8 .3 3.0

Economists 1.4 1.1 2.8 .3 .4 (I)
Sociologists & anthropologists 1.2 1.0 1.6 1.4 .6 3.5

Other social scientists 1.9 1.8 2.3 .7 .../ .2 3.5

All engineers .9 .9 2.2 .1 .1 .5

Aeronautical engineers .9 1.0 (I) (1) (1) (1)

Chemical engineers 1.1 .9 3.9 .2 .2 1.8

Civil engineers 1.1 1.1 1.2 (') (1) (1)

Electrical & electronic engineers .8 .8 (1) (1) (I) (1)

Mechanical engineers .7 .7 (1) (I) (I) (I)

Other engineers 1.0 .9 2.8 .1 .1 .8

' Too few cases to estimate.

SOURCES: National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1981 (NSF 82-332) and

unpublished data.

See figure 3-16.
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Appendix table 3-17. S/E utilization rates for all scientists and engineers and for doctoral. scientists and
engineers by field and sex: 1981

Field

All
scientists and engineers

Total Men Women

Doctoral
scientists and engineers

Total Men Women

All S E fields

All scientists

Physical scientists
Chemists
Physicists & astronomers
Other physical scientists

Mathematical scientists
Mathematicians
Statisticians

Comput:y specialists

Environmental scientists
Earth scientists
Oceanographers
Atmospheric scientists

Life scientists
Biological scientists
Agricultural scientists.
Medical scientists

Psychologists

Social scientists
Economists
Sociologists & anthropologists
Othier social scientists

veersAll eng n

Aer nautical engineers .

Che ical engineers
CNA engineert-
Electrical & electronic engineers
Mechanical engineers
Other engineers

SOURCE: National Science Foundation, unpublished data.

See figures 3-15 and 3-16.

82.4
80.5
85.6
83.1

86.6

80.1
84.2
81.1
75.4

88.5

89.1
90,6
91.7
92.4
92.0
83.8

82.6
80.8
86.1
84.3

89.0 90.2
86.9 88.8
92.2 93.3

93.6 95.9

--82:6 82.8
79.9 80.9
92.5 91.2
90.5 88.4

91.6 91.6
90.3 89.3
93.3 -92.7
94.3 97.3

88.2 88.6 86.0 90.7 91.2 87.4

88.1 88.9 85.7 902 90.7 87.2

87.1

79.7
84.1
80.3
74.6

88.4

C8.8
90.6
91.7
92.4
91.9
83.7

78.0
79.3
73.3
68.8

83.0
78.1
89.4

85.6

80.3
73.4
99.6

100.0

92.7
92.5
97.5
80.7

85.6

8113
84.7
82.3
77.8

90.1

100.0
90.6
92.1
92.1

100.0
86,9

89.8
90.1
89.1

90.0
.'90.5
89.1

89.9 89.9
89.3 89.4
93.0 92.7

99.1 99.1

95.1 95.1
88.0 94.4,
97.4 97.7
97.5 97.4

93.8 94.4
92.6 93.7
32.6 92.8
97.4 97.7

90.6 91.2

81.7 82.3
82.2 82.1
81.2 81.1
81.6 82.8

93.3 93.2

89.0 88.8
88.9 88.8
93.5 93.5
94.2 94.2
92.7 92.7
94.6 94.5

86.1
85.8
87.5

90.2
88.6
96.1

98.7

94.4
93.4
95.6
9E1.8

90.2
88.2
86.2
95.7

88.7

78.5
83.4
81.5
75.3

96.5

100.0
96.4
91.7
98.6
90.0
97.0
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Appendix table 3-18. Average monthly salary offers to bachelor's degree candidates in selected fields:
1976/77-1981/82

CUrriculum 197677 1977-75 197879 1979;80 1980 81 1981i82

Business . S 927 S 993 S1,102 S1.218 51 ,356 81,477

Humanities 810 871 983 1,074 1,204 1,283

Social sciences 863 930. 1,020 1,131 1,246 1,391

Engineering:
.Chemical 1.389 1,513 1.642 1,801 2,030 2.256

Civil 1,185 1,288 1,402 1,554 1.775 1,925

Elec. 1,245 1,367 1,520 1,690 1,882 2,064

Mech. anicai 1,286 1,404 1,536 1,703 1,908 2,098

Petroleum 1.512 1,653 1,793 1,937 2,224 2,539

Agricultural sciences 924 . 965 1,046 1,192 1."_87 1,391

BiOlogical sciences , 882 1.036 1,017 1,159 1,268 1,375

0;emistry 1,102 1,191 1,332 1,459 '.,637 1,751

Computer sciences 1,123 1,266 1,401 1,558 1,726 1,908

Mathematics 1.073 1,185 1,324 1,475 1,624 1,777

SOURCE: CPC Salary Survey, Formal Report (annual series). (Riithlehem. Pa.: College Ptaceme 't Council).

See figure 3-17.
Science indicators-1982

Appendix table 3-19. Average nutirber of monthly salary offers to bachelor's degree candidates in
selected fields: 1976177-1981;82

Curriculum 1976/77 1977/78 1978/79 1979/80 1980/81 1981;82

Business 3,649 4,565 4,796 . 4,805 4,376 4,175

Humanities ...1,018 1,010 658 581 675 651

Social sciences 1,275 2,008 1,947 1,783 1,629 1,517

Engineering:
Chemical 4,026 5,293 6,310 7,029 7,428 3,986

Civil 2,178 3,529 4,424 4,181 4,416 2,326

Electrical . , 6,106 8,599 - 10,742 11,120 10,768 9,976

Mechanics' 5,446 8,082 10,030 10,637 '0,673 7,338

Petroleum 506 663
,

717 -82 1,445 1,090

Agricultural v...,. ..u., 652 657 257 551 490 469

Biological sciences 238 313 244 "1, 222 215- 169

Chemistry 331 ... 340 379 427 409 262

Computer sciences 1,323 \ 1,803 2,168 2,569 2,876 3,227

Mathematics 554 / 679 756. 823 729 708

SOURCE: CPC Salary Survey, Formal Report (annual series), (Bethlehem, Pa.: College P?.:1Cemenr Council).
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Appendix table 3-20. Salaries and earnings of R&D scientists and engineers, production workers, and
male professional and technical workers: 1970-81

Year

Median rnontfery saiaries
of R&D SE's

Average hourly earnings
of production workers

Annual earnings of rna'.8
professional and technical

workers

Dollars
Index

(1970=100) Dollars
Index

(1970=100) Dollars
Index

(1970=100)

1970 51,437 100.0 53.23 100.0 S12,255 100.0
1971 1,512 - 1052 3A5 106.8 12,518 102.1

1972 1,567 109.0 3.70 114.6 13,542 110.5

1973 1.$32 113.6 3.94 122.0 14,306 116.7

1974 1,694 117.9 4.24 131.3 14,873 121.4

1975 1,828 127.2 4.53 140.2 15,796 128.9

1976 1,941 135.1 4_86 150.5 16,939 138.2

1977 2,060 1113:4 5.25 162.5 18,244 148.7
1978 2,205 153.4 ,569 1762 19,729 161.0

1979 2,370 164.9 6.16 190.7 21,269 173.6

1980 2,600 180.9 6.66 206.2 23,026 137,9

1981 2,869 199.7 725 224.5 NA NA

Nfi.^.---'not available.

NOTE:-Eamings of professional and technicalical workers are for full-time year-round employees Earnings of production workers are for those on

private (non-public) payrolls.

SOURCES: EC0f7CiTir -Report of the President, 1982. p. 276;13aielle Columbus Laboratories. National Survey of Compensation Paid Scientists
and Engineers In Research and Deveeopmertf Activities (1974, 1975, 1978 and 1981). Table 25: and U.S. Department ofLabor. Bureau of Census,

Cu rent Population Reports,, Series P-60, No. 120, Table 9 (November 1982).

Appendix table 3-21. High Technology Recruitment
Index: 1970-82

[1961 =1 00]

Year Index

in76 . ....... 60
71 43

172 .63
1973 97
1974 101

1975 68
1976

1977 115
1978 139
1979 144
1980 138
1981 135
1982 104

SOURCE: Deutsch, Shea, and Evans. "High Technology Recruitment Index
Y-,iar End Review and Forecast," (New York, 1983).

See figure 3-18.
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Appendix table 3-22. High school seniors by number of years of mathematics and science coursework
and type of curriculum: 1980

Amount of
coursework

Mathematics Science

Academic General Vocational Academic General Vocational

Total. including those
with no coursework 100 100 100 100 100 100

1 year or more 98 90 89 96 : 88 83
2 years or more -86 57 52 74 44 35
3 years or more 55 22 18 41 13

SOURCE: U.S. Depalmenr of Education, National Center for Education Statistks, High School and Beyond: A Longitudinal Study for the 1980's.
1981. p. a -

See figure 3-20.

Appendix table 3-23. College-bound seniors by
number of years of study for selected subjects: 1982

Years of study Mathematics
Physical
sciences

Biological
sciences

Percent

None 0.2 8.5 4.8
One 1.7 31.7 60.9
Two 10.7 35.4 26.6
Three 26.2 19.4 5.3
Four 50.0 3.8 1.7

Five or more 11.2 1.2 .7

Total 100.0 100.0 100.0

' not add tc totals because of rounding.

URGE: Based on Admissions Testing Program of he College Board,
National College-Bound Seniors. 1982 (Princeton. N.J.: Educational Testing
Service, 1982), p. 14.

See figure 3-21.
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Appendix table 3-24. Percent of high school seniors taking mathematics and science courses by type Of
course, sex, and racial/ethnic group: 1980

Sex Radai manic group
American

Indian
Or Asian or

AN
Alaskan Pacific

Course seniors i.rale Female 'Hispanic Black White Native Islander

Algebra I 79 79 79 67 68 81 61 88

Algebra II 49 51 47 38 39 50 32 76

Geometry 56 58 55 39 38 60 34 79

Trigonometry 26 30 22 15 15 27 17 50

Calculus 3 10 6 4 5 8 5 22

Physics 19 26 14 15 19 20 17 35

Chemistry 37 39 35 26 28 39 24 59

SOURCE: U.S. Department of Education. National Center for Education Statistics. High School and Beyond: A Longitudinal Study for the 1980's,

1981. p. 3.

See figure 3-20.
Science Indicators-1962

Appendix table 3-25. Scholastic Aptitude Test (SAT)
score-averages for cotlegezboundTseniors-by-sex:----

1970-82 I

Year

Verbal Mathematical

Male Female Total Male Female Total

1970
1971
1972____

459
454

_454_452

461
457

460 509 465
455 507 466
453-505-461

488
488
484

443 445 502 4601973 446 481

1974 447 442 444 501 459 480

1975 437 431 434 495 - 449 .472

1976 433 430 431 "497 446 472

1977 431 427 429 497 445 470

1978 433 425 429 494 444 468

1979 431 423 427 493 443 467

1980 428 420 424 491 443 466

1981 430 418 424 492 443 466

1982 431 421 426 493 443 467

SOURCE: Admissions Testing Program of the College Board, College-Bound

Seniors (annual series).

See figure 3-25.
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Appendix table 3-26. Graduate Record Examination (GRE) scores by prospective graduate major: 1975/76-1980/81

Prospective graduate major
Aptitude

type 1975/76 1976/77 1977/78 1978,79 1979/80 1980/81

Science fields

Physical sciences V 501 515 519 519 480 511

0 622 633 636 630 628 628

Mathematical sciences V 520 513 504 505 490 484

0 673 666 669 662 655 649

Engineering V 471 463 459 468 453 449

0 654 657 657 660 656 655

Biological sciences V 511 514 517 484 512 508

0 563 566 574. 553 569 569

Behavioral sciences V 502 512 517, 512_ 509 506

0 493 503 512 509 509 511

Social sciences V 510 499 490 487 483 481

0 : 496 490 487 485 484 482

Nonscience fields

Health ,-- V 506 498 49t 487 -484

506
---487

501 5040 518 515 507

Education V 468 458 450 451 448 448

0 460 451 450 449 448 449

Arts , V 512 509. 507, 1503 499 493

0 485 483 483 483 485 481

Humanities V '''', 641 546 543 531 537 530

0 '498 503 508 - . 507 508 509

.NOTE: V = verbal; 0-quantitative

SOURCE: Educational Testing Service. A Summary of Data Collected from Graduate Record Examination Tesf.Takers (Data Summary Reports #1-6) (Princeton,

N J.: Educational Testing Service. Inc.)

See figure 3-28.
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Lppendix table 3-27. Bachelor's and fast - professional degrees awarded by field: 1960-81

Year
Aii

fields

Science and engineer -ig fieids All
other
fields'

SE
total

Physical
sdv-ices1

Mather: atimj 1..ffe

Eng'ineerax: sdencesz senses
Social

scinces3

Number

1960 394.889 120,937 16,057 37,608 11,437 24,141 31,494 273,952

1961 401,784 121,660 15,500 35,866 13,127 '23,909 33,267 280,124

1962 420,485 127,469 15,894 34,735 14,610 25.200 37,030 '293,016

1963 450,592 135.964 16,276 33.458 16,128 27,801 42,308 314,628

1964 502,104 153,361 17.527 35,226 18,677 -31611 50,320 348,743

1965 538,930 164,936 17,916 '36,795 19,668 34,642 55,715 373.994

1966 555,613 173,471 17,186 35,815 20,182 38,964 63,424 382,142

1967 594,862 187,849 17,7S4 3C,188 21,530 39,408 72,929 407,613

1968 671,591 212,174 19,442 37.614 24,084 43,260 87,774 459,417

1969 769,683 244,519 21,591 41,553 28,263 48,713 104,399 525,164

1970 833,3 264,122 21,551 44,772 29,109 .52,129 116,561 569,200

1971 884,386 271,176 21,549 45,387 27,306 51,461 125,473 613,210

1972 937,884 281,228 20.887 46,003 27.250 51,484 133,604 656,656

1373 980,707I 295,391 20,809 46,989 27,528 59,485 140.579 585,316

1974 1,008,654 305.062 21.287 43,520 26.570 68,226 145,449 703,592

1975 987,922 294,920 20,896 40,065 23,385 72,710 137,864 693,002

1976 997.504 292,174 21,559 39,114 21,749 77,301 132,451 705,330

1977 993,008 288,543 22,616 41,581 20,729 78,472 125,143 704,465

1978 997,165 288,167 23,175 47,411 19,925 77,138 120,518 708,998

1979 1,000,562 288,625 23,363 53,720 20,670 75,085 115,767 711,937

1980 1,010,777 291,983 23,661 59,240 22,686 71,617 114,779 718,794

19815 1,019,237- 294,867 24,175 64,068 26,406 68,086 112,133 724,370

Percent

1960 100 . 31 4 10 3 6 8 69

1961 100 3f) 4 9 3 6 8 70

1962 100 30 4 8 4 6 9 70

1963 100 30 4 7 4 6 9 70

1964 100 31 4 7 4 6 10 69

1965 100- 31 3 7 4 7 10 69

1966 100 31,. 3 . 6 4 7 11 69

1967 100 32 3 6 4 7 12 68

1968 100 32 3 6 4 6" 13 68

1969 .. 100 "32 3 5 4 6 14 68

1970 , 100 32 3 5 4 6 14 68

1971 100 31 2 5 3 6 14 69

1972 100 30 2' 5 3 6 14 70

,1973 100 30 2 5 3 6 14 70

1974 100 30 2 4 3 7 14 70

197t1 100 30 2 4 2 7 14 70

1976 100 29 2 4 2 8 13 71

1977 '00 29 2 4 2 8 13, 71

1978 100 29 2 5 2 8 12 \ 71

1979 100 29 2 5 2 '.8 12 71

1980 100 29 2 6 2 7 11 71

1981 100 29 3 7 3 7 12 71

' Including envirorme. tat sciences.
2 Including statistics; computer specialties.
3 Excluding history and including psychology.

Including first-professional degrees such as M.D.. D.D.S., D.V.M., and J.D. degrees.
5 Number of first-professional degrees estimated for 1981.

NOTE: Percents may not add to 100 because of rounding.

SOURCE: National Science Foundation, Science and Engineering Degrees: 1950-80 (NSF 82-307.) and unpublished data.

See figure 3-25.
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Appendix table 3-28. Master's degrees awardedby field:'196081

Year
All

fields

Science and engineering fields

Physical Mathematical
Total sciences' Engineering sciences2

Life Social
sciences sciences3

All
other
fields

1960 . 74,497
-78,269-

1962 84,889
1963 !91,418 27,367
1964 /101,122 30,271
1965 112,195 I 33,835 ..

i01012
-22.786- --
25,146.

1966 140,772 I 38,083
1967 157,892 41,800
1968 177,150 45,425-
1969 194,414' 48,425
1970 209,387 49,318
1971 ,281,486 50,624

1972 252,774 53,567
1973 264,525 ., 54,234
1974 / 278,259 54,175
1975 293,651 '53,852
1976 31,3,001 54,747

1977 318,241
1978 312,816
1979 302,075

. 1980 299,095
1981 296,798

1960
1961
1902
1963
1964
1965

1966
1967
1968
1969
1970
1971

1972
1973
1974
1975 .......
1976

1977
1978
1979
1980
fsel

.

56,731
56,237
54,456
54,391
54,811

Number

3,387 7,159 1,765 3,751 3,950 54,48E
_ 4,085 4,486 55,483

3,929 8,909 2.680 4,672 4,956 59,743
4,132 9,635 3,323 4,718 5,559 64,051

4,567 10,827 3,603 5,357 5,917 70,851

4,918 12,056 4,294 5,978 6,589 78,360

4,992' 13,678 5,010 6,666 7,737 102,689

5,412 . 13,885 5,733 7,465 9,305 116,092

5,508 15,188 6,081 8,315 10,333 131,725

5,911 15,2,13 6,735' 8,809 11,727 145,989
5,948 15,597 7,107 8,590 12,076 160,063
6,386 -16;347 6,789 8,320 12,782 180,862

6,307 , 16,802 7,186 8,9'14 14,358 199,207
6,274 I 16,758 7,146 9,080 14,976 210,291

6,087 15,393 7,116 9,605 15,974 224,084
5,830 15,434 6,637 9,618 16,3133 239,799

5,485 16,170
, ..

6,466 9,823 16,803 258,254

5,345 16,889 6,496 10,707. 17,294 261,510

5,576 17,105 6,421 10,711 16,514 256,579
5,464 16,193 6,101 10,719 15,979 247,619

5,233 16,846 6,515 0,278 15;519 244,704

5,300 17,373 6,787 9,731 15,620 241,984

Percent

100 27 5 -10 2 5
11

73

100 29 5. 10 3 5 6 / 71

100
100

30
30

5

5

11

11

3
4

6
5

6
6

70
70

10C 30 5 11 4 5 6 70

100 30 4 11 4 5 6 70

100 27 4 10 4 5 6 73

100 26 3 9 4 5 6 74

100 26 3 9 3 5 6 74

100 25. 3 8 4 5 75

100 24 3 7 4 6 76

100 22 3 7 3 4 6 78

100 21 3 7 3 . '4 6 .. I, '/9

100 21- 2 6 3 3 6 79

100 19 2 6 3 3 6 81

100 18 2 5 3 6 82

100 17 2 5 s 2 3 . 5 83

100 18 2 5 2 3 5 82

100 18 2 5 2 3 5 82

100 18 2 5 2 4 5 82

100 18 2 .6 2 3 5 82

100 18 2 6 CZJ
3 5 82

' Including environmental sciences.
2 Including statistics and computer specialties.
3 Excluding history and including psychology.

(VOTE: Percents may not add to 100 because of rounding.

.

SOURCE: National Science. Foundation, Science and Engineering Dearegi:I950-80 (NSF 82-307) and unpublished data..

See figure 3-26.
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Appendix table 3-29.:Soctpral degrees awarded by field: 1960-1981

SCience and engineering fields All

All / . Physical Mathematical Life Social other

Year fields Total sciences' Engineering sciences 2 sciences sciences 3 fields4

Number

1960
1961
1962
1963
1964
1965

1966
1967
1968
1969
1970
1971

1972
1973
1974
1975
1976

1977
.1978
1979
1980
1981*

1960
1961.
1962
1963
1964
1965

1966
1967
1968
1969
1970
1971

1972
1973
1974
1975
1976-

1977
1978
1979
1980
1981

.

.

---

9,733
10,413
1.1,50C
12,729.
14,325
16,340

17,949
20,403
22,936
25,743
29,498
31,867

33,044
33,756
33,047
32,951
32,946

31,718
30,873
31,235
31,016
31,319

6,263
6,721

. 7,438 .
8:220
9,224

. 10,476

11,458
12,982
14,448
16,039
17,743
18,948 j
19,009
19,001
18,313/

.../18,3 8
86417;

17,418
.17,048
17,245
17,199
17,623

1,861
1,993
2,097,
2,428
2;527
2,865

3,059
3,503
3,681 y.-
3,935y/.
4,405
4,501

4,257
4,078 '
3,710
3,566

3,415
3,234
3,320
3,149
3,208

794
940

1,216
1,357
1,664
2,074

2,301
, 204;6
2,855
3,265
3,434
3,498

3,5Q3
3,364
3,147
3,002
2,834

2,643
2,423
2,490
2A79
2,528

291
332
388
483
588
685

769
83C
971

1,070
1,225
1,238

1,281
1,233
1,211
1:6104;

964
959
979
962
960'

1

.

1,660
1,682
1,867

9

2,219
2,539

2,711
2,966
3,511
3,815
4,165
4,556'

4,454
4,503
4,304
4,402
4,361

4,266
4,369

4,501
4,716
4,783

.

,

-

1,657
1,774
1,870

'1,976
2,226
2,313

2,618
3,079
3,430
3,954
4,516

. 5,155

5,514
'", 5,823

5,886
6,097

,,6,116

6,130
6,063
5,955
5,893
6,144

..__

3,470
3,692
4,062
4,509
5,101
5,864.

67:44291

8,488
9,704

11,755
12,919,

,..

14,035
14,756
14,734 ;

14,593 '.
15,082

14,300
.13,825 . ...

13,990
13,817 ''
13,696

Percent

100
100
100
100
100
100

100
100
100
100
100
100

100
100
100
100
100

100
100

, 100.

,-100
.7 100

64
65'
65
65

64
64

64
64
63
62
60

_'59

58
56

55
56

' 54

557.
-"

-55
55

.---" 56-

'19
19 ..:

18 1
19
18
18

17
.17
16
15.
15 '

14

_13

12
11

11

11

11

10
11

10
10

8
9

11

11

12
130

13
13
12
13'
12
11

11

10
. 10
i- 9.._.

9

8
8
8

8
8

3
3
3
4
4
4

4
4
4..

4

4
N 4

4
3
3

3
3
3
3
3

17
16
16
16
15

, 16
I

-15\ 15

\ 15
15
14
14

13
13
13
13
13

13
14
14
15
15

17
17
16
16
16
14

15
15.
15

15
15.
16

17

, 17

i 18
19
19

19
20..

19
.19204

-36
35
35
35
36
36

' 36
36 -

37
38
40.

41

42
44
45
44
46

45
45
45
45

Includes environmental sciences.
2 Includes computer 'specialties.
ia Includes psychology.

/ 4 Excludes first-professional degrees such as M.D., D.e.S., D.VA., and J.D.
---

SOURCL National-- calf of Sciences and National Science. Foundation, unpublished data.

See figure 3-27.-
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Appendix table 3-30. Characteristics of 1978 and 1979 bachelor's degree recipients by field and labor force status: 1980

Field Total

In the labor force

O
the

labor force

Full-
time

graduate
students'

Total
labor
force-

EmployeddEutside.

Unemployed but
seeking employment

Total Employed
employe& In S/E

Employed
outside S/E

All S/E fields 460,300 445,100 429,100' . 226,600 202,500 16,000 15,100 138,400

Physical scientists 19,300 18,500 18,100 14,000 4,100 400 700 14,600

Mathematical scientists 20,100 19,500 16,400 ,: 11,700, 7,200 - 600 600 4,500
Computer specialists 15,100 15,100 14,800 13,800 900 300 100 900
Environmental scientists2 15,500 14,900 14,10Q 8,300 5,800 800 600 4,500

Engineers 109,500 108,60 107,200 99,300 7,800. 1,500 , 800 9,800
Life scientists 101,500 97,500 92,400 48,600 43,800 5,100 4,000' 51,200
Psychologists 68,700 65,300 63,200 11,500 51,800 2,100 3,400 19,300

Social scientists 110,600 105,700 100,500 19,500 81,000 5,200 4,900 33,600

Not included in totals.
2 Includes earth scientists, oceanographers, and atmospheric scientists.

NOTE: Detail may not add to totals because of rounding.

-

SOURCE: Based on National Science Foundation, Characteristics of Recent SciencelEngineefing Graduates: 1980 (NSF 82-313), tables B-1, B-4, B-19 and B-22
-and unpublithed data.

See figures 3-29, 3-30. and 3-31.

eK1
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AppefidiX table 3-31. Characteristics of 1978 and 1979 master's degree recipients by field and labor force status: 1980

In the labor force

.)...

EmployedI Total :

labor Total Employed Employed Unemployed but
Field Total force employed in S/E outside S/E seeking employrnent

All S/E fields 66,000 83,500 81,600 66,700 15,000 1,000 .

Physical scientists 4,400 4,300 4,200 3,600 600 100

Mathematical scientists 5,400 .. 5:200 5,000 3,700 1,300 200

Computer specialists 5,700 5,500 5,500 5,100 400 (2)

.Environmental scientists3 4,200 4,100 4,000 3,500 .500. 100

.

Engineers 28,600 28,300 26,100 26,700 1,400. 200

Life scientists 15,400 15,200 14,800 11,700 3,100
,

400

PsycholOgiSts 11,900 10,600 10,400 7,200 3,200 400

Social scientists , 10,500 /10,200 9,600 5,200 '4,400 600

' Not in totals.
.

2 Too few cases to estimate.. / ..
- 3 Includes earth scientists. oceanographers, and atmospheric scientists.

/
NGTE: Detail may not add to totals becabse of rounding./
SOURCE: Eased on National Science,Foundation, Chaiactedstics of Recent Science,Engineering Graduates: 1980 (NSF 82-313), tables-B-10, B-13,'B-28 and B-

Full- --
Outside time

the 1 graduate
labor force students'

2,600 24,100

100 2,700
200 1,100
200 400
100 1,000

300 4,600
300 6,300 _

1,100 .-4,300
300 3,600

Al.

31: and unpublished data.

See figures 3-30 and 3-31. .
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Appendix table 3-32. Characteristics of 1979 doctoral degree recipients by field and labor force status: 1981

Field

In the labor force

Employed Outside

'Labor Total Employed Employed Unemployed but the

Total force employed in S/E outside SIE Postdoctorates seeking employment labor. force

All S/E fields 15,900 15,700 15,500- 12,400 700 2,300
;

Physical scientists 2,100 2,100 '2,100 1,500 100 500

Mathematical scientists 700 700' 700 700 (') (1)

Computer specialists 600 600 600 600 (') (1)

Environmental scientists2 700 700 700 7Q0 (.') (I)
,,'

Engineers .
2,100 2,100 2,100 2;000 C) . (1)

Life scientists 4,400 4,300 4,300 2,600 100 1,600

Psychologists 2,800 2,800 2,800 2,500 200 100

., Social scientists 2,500 2,400 2,300 1,900 400 100

' Too few cases to estimate.
2 Includes earth scientists, oceanographers and atmospheric scientists.

NOTE: Detail may not add to totals because of rounding,

SOURCE: National SOience Foundation, unpublished data.

figure 3-31.

Appendix table 3-33; In-field emplciyment rates of 1978

and 1979 S/E bachelor's and master's degree
graduates by field in 1980

Field Bachelor's Master's

Percent

All fields ' 43.6 72.6
0.

Physical sciences 46.2 62.6

Mathematical sciences 49.6.. 61.9

Computer specialties 90.5 82.3

Environmental sciences 37.2 75.6

Engineering 88.0 86.9

Life sciences 39.2 71.6

Psychology 14.3 64.4

Social sciences 11.2 94.0

.NOTE: In-field employment rate =
Number employed in field of degree

, Total employment.

SOURCE: National Science Foundation, unpublished data.
Science Indicators 1982
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Appendix table 3-34. Ratio of recent science and
engineering degree recipients1 employed in field

relative to graduates in field who entered the labor
force by degree level

Field Bachelor's2 Master's2 Doctorates3

All S/E fields 0.51; 0.80 0.92

Chemistry .95 .85 1.02
Physics .39 .67 .71

MathematiPs .18 .41 .86
Computer specialties 2.18, 1.52 3.33
Environmental sciences .43 .88 . 1.18

Engineering .98 .95 .85
Life sciences .42 .73 1.00
Psychology .08 .64 .84
Social sciences .20 .43 .84

' Excludes full-time graduate students and thOse on postdoctoral appoint-,
ments.

2 1978 and 1979 graduates in 1980.
3 1977 graduates in 1979.

SOURCE: Based on National Science Foundation, Characteristics of Recent
Science/Engineering Graduates: 1980 (NSF 82-314 Tables B-4, B8, B-13,
B17, B-22, B-26, B-31, and B35: and unpublished data. .

See figure 3-19.
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Appendix table 4-1. Scientists and engineers in business and industry by primary work activity and field: 1976

Total
industry

Research and development' Manage-
ment

of R&D

Other
manage-

ment
Production /
inspection Other2

Total.
Basic

research
Applied
research

Develop-
ment

All fields 1,274,900 377,400 14,200. 56,200 307,000 120,600 247,600 200,500 328,800.

All scientists 42,600 100,800 10,000 32,000 58,800 41,800 70,300 56,600 160,100

Physical scientists 100,600 38,100 5,900 15,200 17,100 17,000 13,500 17,500 14,500

Chemists 78,400 29,900 4,500 11,300 14,100 12,300 9,600 16,000 10,600

Physicists and astronomers 17,700 6,800 1,100 3,100 2,600 3,600 3,400 1,000 2,900.

Other physical scientists 4,500 1,400 300 800 300 1,100 500 500 1,000

Mathematical scientists .... 27,800 6,100 500 2,800 3,100 3,000 .6,900 3,300 .8,500

Mathematicians 22,300 5,300 300 2,100 3,000 2,700 6,700. 2,700 4,900

Statisticians 5,600 800 200 400 200 300 200 500 3,800

Corriputer specialists 142,000 33,600 900 1,500 31,200 6,100 12,900 6,600 82,800

Environmental scientists 29,000 7,500 700 4,600 2,200 3,100 4,500 3;600 10,300

Earth scientists
Oceanographers
Atmospheric scientists ......

26,400
500

2,100

7,200
200_
100

600
(3)

700

4,400
200

(3)

2,200
(3)

(3)

3,000

(3)
100

411,500

C3)

(3)

3,200
(3)

300

8,500
300

1,600

72,300 12,100 1,900 5,400 4,800 7,700 , 6 300 19,400 17,800

Biological scientists 26011 -5:800 2,400 5,300 6,700

Agricultural scientists 42,300 4,400 2100 2,100 2,200 2,/00 1970-0----137600 ---10;200-

Medical scientists, 6,400 2,000 500 800 600 1,500 1,500 500 . 900

Psychologists 13,700 1,700 (3) 1,400 300 1,800 1,800 100 8,300

Social scientists 44,200 1,600 100 1,400 100 3,300 15,300 6,290 17,800

Economists 18,600 1,300 100 1,100 100 1,600 5,600 2,500 7,600

Sociologists and anthropologists 6,800 200 (3) 200 (3) 300 2,900 200 3,200

Other social scientists 18,800 103 (3) 100. (3) 1,400 6,800 3,600 6,900

All engineers 845,300 27i.600 4 24.200 243.200 78,800 177,300 143,900 168,7001

Aeronautical engineers 24,800 12.,7te 500 1.700 10,500 4,200 1,500 1,800

Chemical engineers. 53,400 'e+ 700 3,100 22,100 4,100 7,200 -9,20.0 7,100

Civil engineers 68,200 17.F 3 300 700 16,600 1,900 16,300 14,900 17,500,

Electrical engineers 145,400 70,,s , COO 5,000 65,000 13,000 16,200 20,400; 25,000

Mechanical, engineers 166,700 Tv 700 4,000 72,600 11,900 24,100 26,000 27,400.

Other engineers 386,800 '`,..!.:300 1,200 9,800 61,500 43,800 112,000 71,700 86,800

'Exclude's R&D management.
2lncludes consulting; teaching; sales/professional services: rt-;!

wwk, crs.mputi.,n; other and no erort.

3Too few cases to estimate.

NOTE: Detail may nbt add to totals because of rounding.

SOURCE; National Science Foundation, U.S. Scientists and Ei,c: (NSI, :4), op. 174
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Appendix table 4-2. Scientists and engineers In business and Industry by primary work activity and field: 1981

Researchiand development' Manage-
ment

of R&D

Other
manage-

ment

Total .r--

industry Basic Applied Develop-
Total , research research ment

All fields 1,872,900 542,200 \ 24,600 74,600 443,000 144,400 287,100

All scientists 728,600 156,800 \ 17,900 45,500 93,400 50,400 87,100
Physical scientists 122,000 49,700 \ 6,400 18,800 24,600 16,500 14,200

Chemists 90,000 36,700 \ 4,200 13,500 19,000 9,900 10,200

Physicists and astronomers
Other physical scientists

22,900 9,800 \\I ,800
9,100 3,300 400

4,400
900

3,700
1,900

5,000
1,600

3,700
400

Mathematical scientists 47,500 9,100 1 600 2,900 5,600 4,100 7,300

Mathematicians 30,500 7,500 " 400 2,000 5,100 . 3,400 6,300

Statisticians 17,000 1,600' j 200 900 500 700 1,000

Computer specialists 315,400 55,200 2,300 i 4,600 48,300 10,800 17,700'
Environmental scientists 52,200 16,000 2,000 8,200 5,800 . 2,900 5,900.

Earth scientists 44,800 14,300 1,500 i 7,600 5,200 2,700 5,600

Oceanographers 500 .300 200 (3) (3) (3) (3).

Atmospheric scientists 7,000 1,400 200 600 600 200 4 0
Life scientists 1.17,600; 20,800 4,800 7,900 8,200 9,600 25,600

Biological scientists 41,500 13,400 4,100 5,000 4,300 4,100

-A-gricUlturarscientists---..-: .. -2;800 20;... 71.3300-6Tt00"--500 -2;800 ,

Medical scientists' 4,400 1,300 0 200 100 1,100 1,100 200
`-Psychologists

. . ...... ......... -.20,200 1,900 300. 1,200 500 2,000 2,700

Social scientists i
53,600 4,100 1,600, 2,000 . 500 4,600 13,700

Economists 28,700 2,200 900 1,300 100 2,500 .5,100
Sociologists and anthropologist 9,700 900 . 200 600 .100 800 3,700

Other social scientists 15;200' 1,000 500 200 300 1,300 4,900

All engineers 1,144,300 385,400', 6,700 29,100 349,600 94,000 200,000._

Aeronautical engineers 32,200 16,500 1400 1,900 14;200 3,600 2,200

Chemical engineers 69,900 33,100 800 2,500 29,900 4,900 6,300

Civil engineers 120,400 29,500 ,' 700 1,300 27,500 4,100 24,000

Electrical engineers , 222,000 110,400 ;11,300 6,900 102,200 16,400' 17,800

Mechanical engineers 212,100 101,900 1,100 5,500 95,300 12,400 26,300

Other engineers 487,800 93,900 2,400 11,000 80,600 52,500 123,200

'Excludes R&D management.
2Includes consulting: teaching; sales/professional services; reporting, statistical work, computing; other: and no report.
3Too few cases to estimate.

NOTE: Detail may not add to totals because of rounding.

SOURCE: National Science Foundation, unpublished data.

See figure 4-1.
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Production!
inspection Other2.

325,900 573,300
. 96,200 338,100

24,400 17,200
21,300 11,900

1,300 3,100
, 1,900 1,900

3,500 23,500
2,900 10,400

600 13'000
12,400 219,300
9,700 17;700
8,200 14;000

100 -100 \.
1,400 3,600 \

38,200 23,400 \i'
,E-'-`70:100 9,100,

=277000-'---137800
'1,100 700
2,000 11;600
6,000 25,200
4,300 14,600 '

600 3,700
1,000 7,000

' 229,700 235,200
3,500 6,400

16,000 9,600'
25,000 37,800
'40,300 37,100.
37,500 34,000

107,500 110,900
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Appendix table 4-3. Recent science and engineering degree recipients finding employment In business and industry by ,
degree level and field for selected years

Field

Bachelor's degree recipients

1974 & 75 In 1976 1978 & 79 in 1980

Total In business Total In business
employed & industry employed & industry

Master's degree recipients Doctorate

1974 & 75 in 1976 1978 & 79 in 1980 1977 & 78 in 1979

Total In business Total In business Total in business
employed & Industry employed & Industry employed & industry

recipients

1979 & 80 In 1981

Total In business
employed & Industry

8,700
6,000
1,900

200
500

407 000_ 224,500_420J 00 279 100 81,300 30,600 81,600 42,600 32,000 7,000 32,800

AU scientists 323,700 158,400 322,000 185,100 53,800 12,800 53,500 -21,300 -27,900 4,100 28,600

Physical scientists 17,400 10,200 18,100 12,300 6,400 2,500 4,200 2,800 4,500 2,000 4,700

Mathematical scientists 29,500 17,100 18,900 13,400 5,700 1,600 5,000 2,400 '1,200, 100 1,300

Computer specielists 9,000 6,40P 1300 12,200 4,100 2,500 5,500 4,400 1,000 600 1,000

Environmental scientists) . . 4,600 2,100 .,t00 9,000 1,400 700 4,100 2,500 1,500 400 1,600

Life scientists 80,500 39,100 92,400' 47,400 .013,400. 2.900 14,800 4,600 8,200 800 8,900

Psychologists 64,100 27,200 63,200 31,300 9,200 1,000 10,400 2,300 5,300 400 5,600

Social scientists 118,800 56,300 100,500 59,600 13,600 1,700 9,600 2,400 6,460 300 5,500

All engineers 83,200 66,100 "-; 1,200 94,000 27,500 17,700 28,100 21,300 4,100 2,300 4,200

'Includes earth scientists, oceanographers, and atmospheric scientists.

NOTE: D. pi may .3ot add to totals because of rounding.

SOURCE: National Science Foundation, Characteristics of Recent Science/Engineering Graduates: 1980 (NSF 82-313), pp 30, 46-62, and unpublished data.

4:soo
1,200

900
2,700

See figure 4-2.
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Appendix table 4-4. Doctoral scientists and engineers in business and indistry by primary work activity and field: 1981

Total
industry

FIGtharch and development Manage-
giant

of R&D

Other
manage-

ment
Production/
inspectionTotal

Basic
research

Applied Develop-
research, ment

All fields

All scientists

Physica', scientists
Chernists
Physicists and astronomers

Mathematical scientists
Mathematicians
Statisticians

Computer specialists
Environmental scientists

Earth scientists'
Oceanographers
Atmospheric scientists

Life scientists ,
Biological scientists
Agricultural scientists

. 'Medical scientists
Psychologists
Social scientists

Economists.
`Sociologists and anthropologists
Other social scientists

Ali. engineers
Aeronautical engineers
t.".,hemtcal engineers .... , .... .....
'1v., engineers .

Electrical engineers
Mechanical engineers
Other engineers 1

99,000

67,400

27,400
22,300

5,200
1,600
1,200

500
5,200
4,800
4,200

200
400

13,500
5,300 ,..
3,500
4,700
10,100
4,700
2,200

500
2,100

31,700
1,100
5,300 ,
2,500
6,200
2,600

13,900

43,600

27,500

15,400
11,8C)
3,600

700
500
200

3,300
1,500
1;300

100
200

4,300
2,300
. 800
1,300
1,000
1,200

700
100
400

16,100
500

3,200
700

3,300
1,500
7,000

6,306' . ,.

5,600

3,700
2,800

900
(2)

(2)

(2)

200
300
200
(2)

100
1,200

800
200
200
log"
.100
100
(2)
(2)

700

(2)
100

(2)
;100 '

/100.
400

2 i,800

1,5,400

9,100
7,100
2,000

400
300
100
600

1,100
1,000
(2)

. .100 .

2,500/
1,100

500
800
,700

. '' 900.,
/ 600

100
300

6 ::;-,,,,,)

300
1,600

200
1,100

400,
3,000

15,400

6,500

2,600
1,900

700
200
200

(2)

2,500
100
100

(3)
(3)

700
300
100
200
200
200

.. (2)
(2)

: 100

6,900
300.

1,500
400

2,100
1,000
3,600

;18,500

11,800

6,500
5,800

700
100

(2)

(2)

600
800
700

(2)

'100
3,300
1;400

800
1,100

200
500
300

(2)

200

6,700
300
900
100

1,700
400

3,200

6,100

3,800

1,100
900
200
(2)

100
(2)

300
.700
600
( 2)

(2).

700
200
300
200
400
400

. 200
100
100

2,300
200

;400
300

.400
200

1,000

2,700

1,800

800
700
100

(2) .

(2)
(2)

(2)

100
100

(2)

(2)

700
200
300
100
(2)

100
(2)

100
100

900.
(2)

200
(2)

100
100
500

.
A

'Includes consulting; teaching; sales'professional services; reporting, statistical work. computing; other and no report.

?Too few cases to estimate.

Other'

28,100

22,500

3,600
3,100

600
800
600
300

1,000
1,700
1,500

100
100

4,500
1,200 i
1,300
2,000
8,500
2,500
1,000 '

200
1,30()

5,700
.100
600

1,400
700

''400.
2,200

NOTE: Detail may not add to totals because of rounding.

SOURCE: National Science Foundation, Characteristics of Doctoral Scientists and Engineersin:the United States. 1981, Detailed Statistical Tables (NSF 82-332),

pp. 41-46.

See figure 4-3.
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Appihdix table 4-5. Concentration ratios' of employed
scientists and engineers for selected manufacturing

industries: 1980

Industry Total Scientists Engineers

Total manufacturing 1.0 1.0 1.0

Durable goods 1.3 ,7 1.4

Lumber and wood products ..1 .1 .3 .1

Furniture .2 ,1 .2

Stone, clay, and glass .5 ,5 .4

Primary metals .6 ,6 .6

Fabricated metal products .5 .3 .6

Machinery 1.5 .7 1.7

Electrical machinery , 2.2 1.1 2.5
Transportation equipment .`,..', . 2..R.....,,,..., 1,3 2.4

Instruments ''.''''
Misc.. man

:-,
ufacturing

1.7 i..--1 1
, /

. - :3/ .3

1.9
.3

Nondurable goods 76 1.4 .4.

I-ood and kindred products .3 .9 .2

Tobacco products .4 1.2 .2

Textiles .2 .3 .2

Apparel .1 .1 .1

Paper and allied products .5 .7 .5

Printing and publishing .1 .3 .1
_

Chemicals ... ...... ., . , . 2.2 6.4 1.2

Refinad ii,troleum products 1.7 2.3 1,5.

Rubber and plastic products .6 ,.9 .6

Leather products .1 .1 .1

'A concentration ratio _relates each industry's share of science and engi-
neering employment to its share of total (i.e., S/E and non-S,E) employment.
That is: C, = (S/S)/(E,/E), where c, is the concentration ratio for industry i. S,
is the number of scientists and engineers in industry i, S is the total number
of scientists and engineers in the sector (manufacturing). E, is the total em-
ployment in Industry I. and E is the total employment in the sector.

SOURCE: National Science Foundation. Cfmaging Employment Patterns of
Scientists, Engimeers and Technicians in Manufacturing Industries: 1977-
1980 (NSF 82-33.1), p. 48,

See figure 4-4.
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Appendix table 4-6. Expenditures for industrial R & D by source of funds:
1960-83

[Millions of dollars]

i

Year

Current dollars Constant 1972 dollars'

Total Company'?
Federal

Government Total Company2
Federal

Government

1960 $10,509 $ 4,428 $ 6,081 $15,287 $ 6,445 $ 8,852

1961 10,908 4,668 6,240 15,733 6,733 9,000

1962 11,464 5,029 6,435 16,237 7,122 9,113

1963 12,630 5,360 7,270 17,622 7,479 10,144

1964 13,512 5,792 7,720 18,569 7,959 10,609

1965 14,185 6,445 7,740 19,077 8,667 10,409

1966 15,548 7,216 8,332 20,258 9,401 10,855

1967 16,385 8,020 8,365 20,725 10,144 10,581

1968 17.429 8,889 8,560 21,115 10,745 10;371

1969 18,308 9,857. 8,451 21,094 11,357 9,737

1970 18,087 10,288 7,779 * 19,756 11,250 8,506

1971 1R,320' 10,654 7,666 19,081 11,097 7,985

1972 19,552 11,535 8,017 19,552' 11,535. 8,017

1973 21,249 13,104 8,145 20,094 12,391 7,702

1974 22,887 14,667 8,220 19,889 12,745 7,143

1975 24,187 15,582 8,605 19,229 12,387 6,841.

1976 26,997 17,436 9,561 20,400 13,175 7,225

1977 29,825 19,340 10,485 21,297 13,809 7,487

1978 33,304 - 22,115 11,189. 22,142 14,702 . 7,439

1979 38,226 25,708 12,518 23,391 '.1,731 .7,660

1980 44,505 30,476 14,029 24,914 17,060 7,853

1981 (prel.) 51,83C... 35,362 16,468 26,511 18,087. 8,423

1982 (est.) 1 57,850 . .33,325 18,525 27,918 18,977 8,940

1983 (est.) 64,250 43,575 20,675. 29,461. 19,980 9,480

'GNP implicit price deflators used to convert current dollars to constant 1972 dollars.
2Includes all sources other than the Federal Government.

NOTE: Detail may not add to totals because of rounding.

SOURCES: 1960-64: National Science Foundation, National Patterns of .Science and Technology. de-

sources, 1981 (NSF 81-311),p. 21; 1965-76: National Scidnce Foundation, National Patterns of Science an
Technology Resources, 1982 (NSF 82-319), p. 24; 1977-83: National Science Foundation, unpublished tab-

ulations.

See figure 4-5.
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Appendix table 4-7. R & D expenditures, by industry: 1950-81

Industry

Total

od and kindred products
xtiles and apparel
mber, wood products. and furniture
per and allied products
iemicals and allied products

Industrial chemicals
Drugs and medicines
Otner chemicals

itroleum refining and extraction
ibber products
one, clay, and glass products
imary metals "

Ferrous metals and products2
Nonferrous metals and products

ibricated metal products
anelectrical machinery
Office, computing, and accounting machines
ectrical e'quipmeht

Radio and TV receiving equipment
Electronic components
Communication equipment and communication
Other electrical equipment

otor vehicles and other transportation equipment
'Motor vehicles and motor vehicle equipment
Other transportation equipment

ircraft and missiles
rofessional and scientific instruments

Scientific and mechanical measuring instruments
'Optical, surgical. photographiC, and other instruments

Ither manufacturing industries
lonmanufacturing industries

1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1979 , 1980 / 1981

Millions of currenl dollars

$10,309 $11,464 $13,512 $15,548 $17 429 $18,067 $19,552 $22,887 $26,997 $33,304 633,226 $44,505 $51,830

104 121 144 164 134 230 259 298 355 472 528 620 719
1 38 28 32 51 58 '58 61 69 82 89 101 115 124

10 10 12 12 20 52 64 84 107 126 139 148 . 167

56 65 77 117 144 178 189 237 313 387 445 495 570'

980 1,175 1,284 1,407 1,589 1,773 1,932 2,450 3,017 3,580 4.038 4,636 5,325

666 738 865 918 981 1,031 1,031 1,299 1,524 1,798 1,962 2,197 2,553

162 195 234 308 398 485 607 807 1,091 1,308 .1,517 1,777 2,0001

152 242 185 .181 210 257 294 344 401 474 559 662 7701

296 310 393 371 437 515 468 622 767 1,060 .1,262 1,552 1,920!

121 141 158 168 223 276 377. 469 502 493 577 656 660,

88 96 109 117 142 167 183 217 263 324 356 406 4701

177 171 195 232 251 "275 277 358 506 560 634 728 80;

102 97 116 139 135 149 146 181 256 314. 375 443 5801

75 74 . 79 93 1115 126 130 177 250 246 259 285 3301

145 146 148 154 183 207 253 313 358 384 455 550 638,

949 914 1,015 1,217 1,483 1,729 2,158 2,985 3,487 4,283 4,825 5,901 6 800

(3) (3) (3) (3) (3) (3) 1,456 2,103 2,402 2,d53 3,214 3,962 ,4,5101

2,532 2,639 2,972 3,626 4,083 4,220 4,680. 5,011 5,636 6,507 7,824 9,175 10:486'

(4) , (4) (4) 47 56 70 48 51 52 130 245 556 6001

(3) (3) (3) (3) . . (3) (3) 330 489 691 902. 1,1%9 1.547 1.659',

1,324 1,591 1,872 2,249 2,520 2,604 2.583 2,424 2,511 2.999 3,635 4,024 4,7;7:

1.208 1,048 1,100 1,330 1,508 1,546 1.719 2,047 2,382 2,476 2,775 3.048/ 3.470'

884 999 1,182 .1,344 1,499 1,591 2,010 2,476 2,872 4,010 4.668 5,117 5.087.

(3) (3) (3) (3) (3) (3) 1,954 2,389 ?.778 3,879 4,509 4.955 4.929

(3) (3) (3) (3) (3) (3) 56 87 94 131 159 162 169

3,514 4,042 5,078 5,526, 5.765 5,219 4,950 5,278 6,339 7,536 8,041, 9.198 11.702

329 309 331 468 663 744 . '838 1,075 1,331 1,998 2.505 3,029 3,685

160 101 74 87 116 131 163 221 325 670 950 1,352 1.680

169 208 257 381 545 613 675 854 1,007 1,328 1,555 1,677 2.000

119 65 65 77. 101 128 146 -177 217 266 288 364 393

168 234 319 497 603 705 707 768' 845 1,229 1,540 1,815 2,080



Industry 1960 1962 1964 1966 1968 1970 - 1972 1974 1976 1978 1979 1980 1981

Millions of, constant 1972 dollars5

Total $15,297 $16,236 $18,558 '420,255 '$21:116 $19,756 $19,552 $19,889 $20.400 $22,142 $23,391' $24,914 $26.511

7ood and kindred products 151 171 198 214 223 252 259 259 268 314 323 347 36E

Rubles and apparel - 55 40 44 66 70 63 61 60 62 59 62 64 '6:
_umber. wood products, and furniture 15 14 16 16 24 57 64 73 81 85 85 83 8E.

Paper and allied products 82 92 106 152 174. 189 206 237 257 272 277 29C

:Themicals and allied proc4-t-,16 1,426 1.664 1,764 1,833 1,925 \ 1,939 1,932 2,129 2,280 2,380 2,471 2,595 2,724

industrial chemicals 469 1,045 1,189 1.196 1,189 1,127 1,031 1.129 1,152 1,195 1.201 1;230 1,30E

Drugs and medicines 236 276 322 401 482 530 607 701 824 870 928 995 1,02(

Other chemicals 221 343 254 236 254 281 194 299 303 315 342 371 39(

431 439 540
.

483 529 563 468 540
-

580 705 772 869 98(Petroleum refining and extraction
Rubber products 176 . 200 217 219 270 302 377 408 379 328 353 367 41(

Stone. clay, and glass products 128 136 150 152 172 183 . 183 189 199 215 218 227 24(

Primary metals 258 242 268 302 304 .'301 277 311 382 372 380 408 . 455

Ferrous metals and products2 149 137 159 181 164 163 146 157 193 209 229 48 29(

Nonferrous metals and products 109 105 109 -?21 139 138 130 154 189 164 158 160 17(

Fabricaied metal products 211 207 203 201 222 22f 253 272 271 255 2?8 308 32i
Nonelectrical machinery 1,381 1,294 1,395 1,585 1,797 1,891 2,158 2.594 2,635 2,847 2,953 '3,303 3.475

Office. comm.tt:no, and accounting machines (3) (3) (3) (3) (3) (3) 1.456 1.827 1,815 1,917 1,967 2,218 2.31(

Electrir:.; equipment 3,686 ! 3,737 4.084 4,724 4,947 4,615 4,680 4,354 '4259.. -4.326 4.788 5.136 5,35:

'Audio and TV receiving equipment
f,:_lectronic components

(4)

(3)

(4)

(3)

(4) .

(3)

61 67 77 48 44

(3) (3) (3) 330 425
39

522
86

600
150,
715

311
.1",66

. 31(
841

Communication equipment 1,927 2.253 2.572 2,930 3,053 2.847 2,583 2,106 1,897 1,994 2,224 1.!!..253 2,42:

Other electrical equipment 1,758 1.484 1,512 1,733 1.827 1.691 1,719 1,779 1.800 1.646 1.698 1,706 ',.._1;785

Motor vehicles and other transportation equipment 1,287 1.415 1,624 1.751 1,816 1,740 2.010 2.152 2.170 2.666 2,856 2,864 am
Motor vehicles and motor vehicle equipment ..... (3) (3) (3) (3). (3) (3) 1,954 2!76 2,099 2,579 2.759 2,774 2,52

Other tra nsp 111 (3) (3 (3)-56-76 71 87 -----97 91 Of

Aircraft and missiles 5.115 5.724 6,978 7,199 6.984 5.707 4,950 4.586 - 4,790 5,010 4,920 5,149 5,981

Professional and scientific instruments 479 438 455 610 803 814 838 934 1.006 1,328 1,533 1,696 1,881

Scientific and mechanicl measuring instruments 233 143 102' 113 141 143 163 192 246 445 581 757 -861

Optical, surgical, photographic, and other instruments 246 295 353 496 660 670 675 742 761 883. 952 939 1,021

4
173 92 89 , 100 122 . 140 146 154 164 177 176 ., 204 26'Other manufacturing industries

Nonmanufacturing industries 245 331 439 647 731 771 707 667 638 817 : 942 5,016 1,061

lEstimated.
2Part of these expenditures was included in the nonferrous metals and products group in 1960-64.
3Data not tabulated at this level of detail prior to 1972
4Included in tho other electrical equipment group.
5GNP implicit deflators used to convert current dollars to constant 1972 dollars,

NOTE: Detail may not add to totals because of rounding.

SOURCES: 1960-1966: National Science Foundation. Research and Develophient in Industry, 1971 (NSF 73-305), p.28; 1968: National Science Foundation, unpublished
data: 1970-1979: National Science Foundation, Research and Development in Industry, 1980 (NSF 82-317). p. 11: 1980-81: National Science Foundation. preliminary data.

See figure 4-6.
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,Appendlx tabls 4-8. Company and Federal funding of industrial R & D for seleCted
1971 and 1981 \

industry

Total Federal

1971 1981 1971 1981

Total ,

Chemicals and allied products ,

Industrlai chemicals
Drugs and medicines and other chemicals

Petroleum refining and extraction
Rubber products
Primary metals

Ferrous metals and products
Nonferrous metals and products

Fabricated metal products
Nonelectrical machinery
Electrical machinery

Cpmmunication equipment and electronic
cornponents

Motor vehicles and other transportation
equipment

Aircraft and missiles
Profe?.sional and scientific instruments

Scientific and mechanical measuring
instruments

Optical, surgical, photographid, and
___other_instruments
All other manufacturing industries
Nonmanufacturing industries

Millions of current dollars .

$18,320
1,832
1,009

823
505
289
272
144
i;'s
242

1,860
4,389

2,731

1,768
4,881

746

. 133.

612
2,889

704

$51,830
5,325
2,553
2,7702
1,9202

8002
889
5602
3302
638

6,800
10,466

6,396

5,0892
11,702
3,685

1,6802

... -.2,0002
8,3252
2,0802

$7,666 $16,468
184 383
159 367
25 202
17 1402
69 1902

6 182
2 1402
4 402

11 80
315 739

2,258 3,962

1,479 2,167

309 700412

3,064
164 638

14 4002

150--- -2402
395 9632

. 452 8802

Company''

1971 1981.

$10,654 $35.362
1,648 4,942

2,186850
798; 2.75767

488 1,777
221 616
266 707
142, 414
124 293
230 558

1,545 6,061
2,131 6,502

1,252- 4.228

1.461 4,381
1.017 3,201

583 3,047

120

'463:- -1,762-
2,494 7,368
'.252 1,199

Millions of constant 1972 dollars3

Total $19,081,
Chemicals and allied products 1,908

Industrial chemicals 1,051

- Drugs and medicines ald other chemicals 857

Petroleum refining and extraction 526

Rubber products 301

Primary metals 283
Ferrous metals and products. 150

Nonferrous metals and products 133

Fabricated metal products 252

Nonelectrical machinery. 1,937

Electrical equipment 4,571

Communication equipment and electronic
components 2.844

Motor vehicles and other transportation
equipment 1,841

Aircraft and missiles 5,084

Professional and scientific instruments 777

Scientific and mechanical measuring
instruments

Optical, surgical, photographic, and
other instruments 837

All other manufacturing industries 3,009

139

Nonmanufacturing industries 733

$26,511
2,724
1,306

$7,984
192
166

$8,423
196
188

$11,097
1,716'

885
1,4102 26 102 831

9802 18 702 508
4102 72 972 230
455 6 93 277
2902 2 702 148
1702 4 .202 129
326 11. 41 240

3.478 328 378 1,609
5,353 2,352 2,026 2,220

.,

3,272 1,540 1.108 1,304.,

2,6022' 322 3602 1,522
5,985 4,025 4,348 1,059
1,885 171 326 607

8602 15 2102 125

1,0202 156 1202. 482
4,2602 4.11 4902 2,598
1,0602 471 . 4502 262

'Includes all sources.other than the Federal Government.
2Estimated: _..-
3GNP implicit price deflators used to convert current dollars to constant 1972 dollars.

$18,087
2,528

' 1,118
1,410

509
I* 315

362 -
' 212

150
285

3,100
3,326

2,163

2,241
1,637
1,558

657

901
3,769 -'

613

SOURCE: National Science Foundation, Research and Development ;n Industry, 1980 (NSF 82-317). pp. 11. 14, and 17, and National SCience

Foundation, preliminary data.

See table 4.2 in text.
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Appendix table 4.9. Domestic R & D funding by U.S. corporations and foreign funding by U.S.

corporations and their, foreign affiliates for selected industries: 1974-81

[Milliens of dollars1

19741 1975 , 1976 1977 1976 1979 1980 1981
ar

Industry . 1");;nestic Foreign Total Domestic Foreign Total Domestic Foreign Tolal Domestic Foreign Total Domestic Foreign Total Domestic Foreign Total Domestic Foreign Total Domestic Foreign Total , ....

Total , ... . . . , .. . , ........ 1.1,557. , 1,300 15,967 15,582 1,454 17,036 17,436 1,659 19,035 19,340. 1,877 2%217 22,115 2,209 241,324 25,708 2,754 28,462.

Food and kindred products : .. , . . .... .. 25 27 324 NA 23 NA NA 29 NA NA 32 NA NA 43 NA NA , 91, NA

Chemicals and allied products

Industrialcherrac als

2,236 208 2,444 2,490 269 2,759 2,751 312 3,063 '2,907 '. 332 3239 3.250 395 1645 1,692 500 4,192

1,105 1, NA 1,173 ) NA 1.275 1 NA

Other chirbicals NA NA NA .i
95

NA NA
108

NA 1,387 I NA 1,473'1

NA NA I " NA NA
151

NA 1,617

NA NA NA
199

Drugs and medicines .
NA 126 NA NA 184 NA NA 204 NA NA 199 NA NA 244 . 1.1A NA 301 NA

Petroleum relining and related industries.... 503 NA NA NA NA NA 715 NA. NA 842 'NA NA 939 NA NA 1,103 NA NA

Stone:clay, and glass products . . 203 7 210 NA 7 NA NA NA 71.1 NA NA NA' NA NA NA NA NA NA

1%.; Printery metals 350 : 3 353 422 9 431 481 12 493
Co
vi Fabricated metal products 299 NA NA 297 NA NA 322 22 344-

Nonclecuical machinery . , .. , ..... 2,473 258 2,731 2,687 331 3,01d 2,955 352 3.3V.

Electrical equipment ..... . ..... . , 2,700 ' 238 2,942 2,798 243 3,043 3,081 278 3,359

Electronic components and other ,
f clectrcal equipment NA NA A NA NA NA 1,6112 15 1'6262

Aldo and TV receiving equipmerit
.

" czimmunication equipment ... NA NA NA NA NA NA/ 1.470 2632 1,7332

, .6. '''' thlor vaNcles and other... . / .

transpodation equipment . .... 2,141 364 2,505 2065 373 2,438 NA 423 2,818
,,...

Aircraft and missiles 1278 42 1,320 1,285 33 1,324 1,419 41 1,459

Professional and scientlic

instruments 908 39 947 1,001 49 1,050 1,168 49 1,217

Nonmanufacturing industries . , ... 305 3 308 g5 4 429 471 4 475

494 9 503 497 9 506 539 112 539

342 , '366 348 29 377 414 32 446

3,403

42,..(4

, 3814 3,901 460 4,361 4490 534 5,024

3,238 300 3,538 , 3,791 352 4,143 4,515 445 5,960

1,5742. 18 15022 1,9262 26 1,9532 22792 36 2,3152

1,664-,. 2822 1,9462 1,865 3762 2,1912 2,236 4092 2.6452

. .

NA 514 3,41 NA NA NA NA NA CIA

1,547 44 1,591 1,623 NA NA 2,201 NA NA

1,350 51 1,401 1,668 . 61 1,729 2,012 '76 2,088

541 9 550 702 ',12 614 859 5 864

30,476 3,155 33,641 35,362 3,157 39,519

NA 54 NA 713 '66 779

4,264 503 4,867 4,942 651 5,593.

11156
2,186 204

2,390653
} 245 2,754

759 71 .' 630

1,756 357 2,113 i.1,997 376 2,373

1.401 141 1,542 1,777 192 1,969

363 21. 384 .411 15 126.

594 1 11 565 .707.

501 332 5342 558 262-1842.

5,254 599 . 5,853 6,061 585 '6,946

5,431 451 5,882 6,502 405 6,957

2,718 40 2,758 3,192 ''39 3,251

2,713

.

3,12424112 3,124'
.

3,310 _3992 3,7062

..... . .. . . ,

4388 . 9342.. 5:132: 4,781 7912 5,1721

2,510 ''.' 862.'2,6552 3201' 3.3032

2,456 86 2,c."2: 3,047 101: 3,148

LOP ., 7 1,014 ' 1,199 :12 1,211'

'Based on data obtained from only the lop 200 U.S, R & D.pertorming companies.

2Estunated.

NA NIA available,

SOURCES: National Science Foundation, Research and Development in Incluslry,;. 1960, Detailed Sirstical Tables (N5F 82.317), pp.14, 16, and National Science Foundation; unpublished tabula6ons.'

See figure 4.7,
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Appendix table 4-10. Percent of transferred technologies that are new
processes, process improvements, new products, and product

improvements, by industry and size of firm: 1979

Industry or
size of firm

New _

processes
Process New

improvements products
Product

improvements Total2

Total 5 4 72 19 100

By industry

Chemical 2 19 76 3 100

Machinery C"- 81 19 100

Electrical equipment ... 7 7 50 36 100

Instruments , 2 24 74 100

Other 11 89 100

By firm size

Larger firms' 2 3 75 19 100

Smaller firms' 19 11 51 18 100

Ilarger firms are those with worldwide sales exceeding $2 billion in .1977; smaller firms are the others.
2Detail may not add to totals because of rounding.

NOTE: These data are based on a sample of overseas laboratories accounting for about 10 percent of all
overseas R & D of American companies. Obviously. they contain sampling uncertainties.

SOURCE: Edwin Mansfield and Anthony Romeo, 'Reverse' Transfers of Technology from Overseas
Subsidiaries to American Firms," University of Pennsylvania, 1983.
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Appendix table 4-11. U.S. patents granted, by nationality of inventor:
1960-82

Year

By date of application By date of grant

All U.S.
patents

To U.S.
inventors

To foreign
inventors

All U.S.
patents

To U.S.
inventors

To foreign
inventors

1960 NA NA NA 47,170 39.472 7,698

1961 NA NA NA 48,368 40,154 8,214
1962 NA NA NA 55,691 45,579 10,112

1963 NA NA NA 45,679 37,174 8,505

1964 NA NA NA 47,375 38,411 8,964
1965 54,840 42,205 12,635 62,857 50,332 12,525

1966 . 59,661 45,004 ,14 ,657 68,405 54,634 13,771

1967 60,007 44,153 15,854 65,652 51,274 14,378

1968 62,965 45,334 17,631 59,103 45,783 13,320

1969 65,846 46,3&8 19,458 67,559 50,395 17,164

1970 65,923 45,836 20,087 64,429 47,077 17,352

1971 66,328 45,556 20,772 78,362 . 56,011 22,351

1972 63,333 42,408 20,925 74,763 51,496 23,267

1973 66,256 42,713 23,543 74,142 51,503 22,639

1974 66,324 41,779 24,545 76,278 50,649 25,629

1975 65,717 42,125 23,592 72;002 46,713 25,289

1976 65,469 41,411 24,058 70,227 44,277 25,750

1977 65,041 40,223 24,818 65,269 41,484 23,785

19782 65,100 39,700 25,400 66,100 41,252 .24,848

19792 64,800 39,100 25,700 48,852 30,079' 18,773'

19802 67,300 40,100 27,200 61,819 37,356 24,463

19812 69,000 40,600 28,400 65,770 39,224 26,546

19822 70,700 40,900 29,800 57,889 33,896 23,993

NA = Not available.

'Patent counts for 1979 are spuriously low because of a lack of funds in the Patent Office for printing and

issuing patents.
2Data by date of application are estimated for these years.

SOURCES: Office of Technology Assessment and Forecast, U.S. Patent and Trademark Office (OTAF),

Special Report: A profile of U.S. Patent Activity, 1978; OTAF, Indicators of Patent Output of U.S. Industry
(1963-79), June 1980; OTAF, Indicators of Patent Output of U.S. Industry (1963-81), June 1982; and OTAF,

unpublished data.

See figure 4-8.
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Appendix table 4-12. U.S. patents f:'*anted to U.S. inventors, by type of owner: 1961-82

Year

By date of application By date of grant

All
, patents

U.S.
corp.

U.S.
Gov't.

U.S.
individual' Foreign2

All
patents

U.S.
corp.

U.S,
Gov't.

U.S.
individual' Foreign2

1961 NA NA NA NA NA 40,154 27,383 1,460 11,233 79

1962 NA NA NA NA NA. 45,579 31,377 1,276 12,817 109

1963 NA NA NA NA NA 37,174 25,722 1,017 10,358 77

1964 NA NA NA NA NA :18,411 26,808 1,174 10,336 93

1965 42,205 30,155 1,426 10,475 149 50,332 35,598 1,522 13,032 80

1966 45,004 32,887 1,481 10,412 224 54,634 39,891 1,512 13,050 181

1967 44,153 32,040 1,562 10,313 238 51,274 36,745 1,726 12,634 169

1968 45,334 32,980 1,714 10,362 278 45,783 33.351 1,458 10,768 206

1969 46,388 33,664 1,813 10,601 310 50,395 37,073 1,806 11,299 217

1970 45,836 33,040 1,621 10,868 307 47,077 34,948 1,761 10,096 272

1971 45,556 32,586 1,589 11,104 277 56,011 40,850 2,136 12,597 428

1972 42,408 30,532 1,514 10,136 226 -51,496 37,855 1,764 11,555 322

1973 42,713 30,505 1,381 10,598 229 51,503 36,812 2;078 12,346 267

1974 41,779 30,071 1,568 9,882 258 50,649 36,073 1,727 12,549 300

1975 42,125 30,230 1,482 10,222 191 46,713 33,395 1,882. 11,181 . 255.

1976 41,411 28,965 1,329 10,893 224 44,277 32,136 1,807 10,081 253

1977 40,223 28,075 1,156 10,736 256 41,484 29,546 1,480 10,248 210

19784 39,700 27.800 1,200 10,500 300 41,252 29,380 1,228 10,400 244

19794 39,100 27,300 1,200 10,300 300 30,0793 21,129 9513 7,8093 1943

19804_ 40,100 28,100 1,200 10,600 300 37,356 25,910 1,226 9,940 280

19814 40,600 28,400 1,200 10,700 300 39,224 27,592 1,112 10,243 277

19824 40,900 28,700 1,100 10,800 300 33,896 24,045 1,000 8,540 311

'Includes unassigned patents.
2Comprises patents assigned to foreion corporations. governments. and individuals.
3Patent counts for 1979 are spuriously low because of a lack of funds in the Patent Office for printing end issuing patents.

'Data by date Qt application are estimated for these years.

NA = Not available.

SOURCES: Office of Technology Assessment and Forecast. U.S. Patent and Trademark Office (OTAF), Special Report: A Profile of U.S. Patent

Activity, 1978; OTAF. Indicators of Patent Output of U.S. Industry, iv (1963-79),June 1980; OTAF. Indicators of the Patent Output of U.S. Industry

(1963-81). June 1982; OTAF, unpublished data.

See figure 4-9:
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Appendix table 4-13. Number of U.S. patents due to U.S. inventors, by product field, for patents granted
in 1981

Product field
1981

patents

Average percent
change per year,

(1971-1981)

All product fields 39,224 -4.6
Food and kindred products 542 -5.0
Textile mill products 432 -5.1
Chemicals and allied products 6,919 1.8

Chemicals, except drugs and medicines 6.762 -1.9.
Basic industrial inorganic and organic chemicals 3.312 -3.6

Industrial inorganic chemicals 970 .9
Industrial organic chemicals 2.631 -4.3

Plastics materials and synthetic resins 1,726 -1.0
Agricultural chemicals 1.049 6.1

All other chemicals 767 -3.6
Soap, detergents, and cleaning preparations, perfumes, cosmetics,

and other toilet preparations 291 - 1.1
Paints, varnishes, lacquers, enamels, and allied products 55 .1

Miscellaneous chemical products 451 -5.5
Drugs and medicines 1.308 5.3

Petroleum and natural gas extraction and petroleum refining 792 -1.2
Rubber and miscellaneous plastics products 2.354 -3.4
Stone,: clay, glass, and concrete products 1,109 -4.5
Primar.metals 431 -5.8

Primary ferrous products 320 -5.6
Primary and secondary nonferrous products 243 -6.2

Fabricated metal products 5,400 -4.3
Nonelectrical machinery 11,066 - 5.6

Engines and turbines 1,017 -1.1
Farm and garden machinery and equipment , 1,243 -4.7
Construction, mining, and material handling machinery and equipment 1,875 -6.0
Metal working machinery and equipment 874 -8.5
Office, computing, and accounting machines 1,425 -5.2
Other nonelectrical machinery 6,528 -5.8

Special industry machinery, except metal working machinery 2.451 -6.4
General industrial machinery and equipment 3,389 -5.9
Refrigeration and service industry machinery 892 5.6

Miscellaneous nonelectrical machinery 651 - 5.3
Electrical and electronic machinery, equipment, and supplies 7,509 = 5.9

Electrical equipment, except communication equipment 3,993 -6.0
. Electrical transmission and distribution equipment 1,256 -7.2

Electrical industrial apparatus 1,044 -7.0
Other electrical machinery, equipment, and supplies 2,096 -4.8

Household appliances 666 - 5.4
Electrical lighting and wiring equipment 497 5.8
Miscellaneous electrical machinery, equipment, and supplies 920 -3.9

Communication equipment. and electronic components 4,196 -6.0
Radio and television receiving equipment, except communication types 751 -6.0
Electronic components and accessories and communication equipment. 4,116 -6.1

T.....,,,,tation cquipmcht 2,416 7 4:6
Motor vehicles and other transportation equipment 2,245 -4.6

Motor vehicles and motor vehicle equipment 1,421 -2.9
Guided missiles and space vehicles and parts 177 -4.5
Other transportation equipment 695 -7.4

Ship and boat building and repairing 225 -6.9
Railroad equipment 332 -8.1
Motorcycles, bicycles, and parts 62 5.6
Miscellaneous transportation equipment 392 -6.0

Ordnance, except missiles 225 -7.4
Aircraft and parts 849 -1.4

Professional and scientific instruments 5,404', - 4.0

SOURCE: Calculated from Office of Technology Assessment and Forecast, U.S. Patent and Trademark Office, Indicators of Patent Output of
U.S. Industry (1963-1981). "All product, fields- from appendix table 4-12.

See table 4-4 in text.
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Appendix table 4-14. Initial public offerings of stock in
high-technology companies: 1972-81

Year
Number of

issues
Total amount

(millions of dollars)

1972 91 5189.2

1973 23 50.1

1974 3 4.7

1975 0 0.0

1976 7 423

1977 1.0 65.2

1978 21 76.3

1979 16 82.1

1980 60 431.3

1981 170' NA

'The 1981 datum is from Going Public: _The IPO Reporter, vol. 6 (Jan. 14.

1982), p. 325, and is calculated on a slightly different basis from the other

data. The IPO Reporter estimate !or the number of issues in 1980 is 51.

NA = Not availa:,.

SOURCE; U.S. Securities and Exchange Commission and U.S. Small Busi-

ness Administration, The Role of Regional Broker-Dealers in the Capital For-

mation Process: Underwriting, Market-Making and Securities Research

Activities, Phase II Report (August 1981). p. 21.

See figure 4-10.
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Appendix table 4-15. Capital commitments and disbursements to new
ventures: 1975-82

Year

Millions of dollars

TOW disbursements
by venture capital.

industry

Straight equity
aCquisitioi; disbursements'

private capital
Committed to

,
venture capital firms

1975 250 136 10

1976 300 185 50

1977 400 207 39

1978 550 332 570

1979 1,000 , 665 319

1980 1,100 799 900

1981 1,400 __ NA 1,300

.1982 (prel.) 1,700 NA 1.700

'Excludes SBIC straight debt tending and leveraged buyout financing. but includes mixed equity -debt

financings.

SOURCE: 'Venture Economics, Venture Capital Investmentsand Small, High-Technology Companies: A

Measure of the High-Technology, Small Business Sector, report to the National Science Foundation (February

1982), p. 11; and Venture Economics, unpublished data.
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Appendix table 4-16. Venture capital investments in
small high-technology companies: 1975 and 1980

[Millions of dol:arS]

Year

1975 1980

Early- and later-stage funding $136 $799
High-technology component 72 425

Early-stage funding 50 343
High-technology component 35 192

Later-stage funding 86 456
High-technology component 37 23

SOURCES: Appendix tables 4-15 and 4-17 and Venture Economics. un-
published tabulations.

See figure 4-11.
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Appendix table 4-17. Venture capital investments in small high-technology
companies, by product-field: 1975 and 1980.

Product field

Percent of all
early-stage

funding

Percent of all
early- and later-
stage funding

1975 1980 1975 1980

All high-technology product fields 69.3 56.1 52.7 53.2
Industrial chemicals - - 3.9 .1

Drugs and medicines .6 7.1 .2 3.1
Agricultural chemicals 2.6 - .9
Plastic materials and synthetics - - .9 .3
Office, computing,-and accounting machines 54.6 28.6 28.6 26.6
Communication equipment and electronic components 25 13.3 8.9 14.5
Engines and turbines - 2.1 .9
Aircraft and parts - .2 - .1

Professional, scientific, and measuring instruments 5.7 2.1 3.7 3:6
Optical and medical instruments, photos, watches 3.3 2.9 6.0 3.6

SOURCES: Ventiire Economics, Venture Capital Investment and Small, High-Technology Companies: A .

Measure of the High-Technology; Small Business Sector, Report to the National Science Foundation (Feb-
ruary 1982), p. 20, and Venture Economics, unpublished data.
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Appendix table 4-18. Share of corporate patenting
accounted for by small business, by product field:

1980

Product field

Percent of
all corporate

patents

Fields with high shares:
Refrigeration and service industry machinery 34

Farm and garden machinery and equipment 32
Construction, mining, and material handling

machinery and equipment 32

Fabricated metal products 29

Other nonelectrical machinery 26

Fields with low shares:
Petroleum and nature: gas extraction, and

petroleum refining . 10

Industrial inorganic chemicals 7

. Drugs and medicines 6

. Plastics materials and synthetic resins 5

Agricultural chemicals f 5

Industrial organic chemicals 2

Drop in
Percent
Share

i'-"ieldsWith significant decreases, 1974 to 1980:
Miscellaneous nonelectrical machinery 22

Fern; and garden machinery and
equipment 15

Construction, mining, and material
handling machinery and equipment 13

Electrical transmission and
distribution equipment 12

Office, computing, and
accounting machines 9

General industrial machinery
and equipment

Other nonelectrical equipment 6

NOTE: Percentages are approximate because of small samples in some
fields. Similarly, some fields are not shown because the sample contained too
few patents in them to produce significant results.

SOURCE: U.S. Patent and Trademark Office, Office of Technology As-
sessment and Forecast. Small Business Patenting, July 1982.
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Appendix table 4-19. Industry's expenditures for R & D
in universities and colleges: 1960-83

[Millions of dollars]

Year Current dollars Constant 1972 dollars'

1960 40 58
1961 40 58
1962 40 57
1963 41 57
1964 40 55
1965 41 55

1966 42 55
1967 48 61

1968 55 67
1969 60 69
1970 61 67
1971 70 73

1972 74 74
1973 84 79
1974 96 83
1975 113 90
1976 123 93
1977 139 99

1978 170 113

1979 193 118

1980 235 132
1981 (preliminary) 285 146

192 (estimate) 320 154
1983 (estimate) 360 165

'GNP implicit price deflators used to convert current dollars to constant 1972
dollars.

SOURCES Nor X31 Science Foundation, National Patterns of Science and
Technology ;:es, 1982 (NSF 92-319), p. 24, and National Science Foun-
dation, unpuoli.r.riF,-I tabutatiOns.

See figure 4 -12.'
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Appendix table 4-20. Doctoral scientists and engineers
in business and industry reporting teaching as a
secondary work activity, by field: 1979 and 1981

Field 1979 1981

All STE fields 2,450 3,330

All scientists 1,970 2.420

Physical scientists 290 170

Chemists 280 140

Physicists and astronomers 10 30

Mathematical scientists 4 40 110

Mathematicians 40 80

Statisticians ('). 40

Computer specialists 60 190

Environmental scientists 20 110

Earth snientists 20 110.

Oceanographers (1)

Atmospheric scientists (1) (1)

Life scientists 300 320

Biological scientists .;0 70

Agricultural scientists 10 20

Medical scientists 230 230

Psychologists 980 1,140

Social scientists 280 380

Economists 120 220

Sociologistsiand anthropologists 20 (1)

Other social scientists 150 150

All engineers 480 900

'Too few cases to estimate.

NOTE: Detail may not add to totals because of rounding.

SOURCE: National Science Foundation, unpublished data.

See figure 4-13.
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Appendix table 4-21_ Flow of doctoral scientists and engineers between academia and ineoustry by field: 1979 to 1981

Field

Employed in
business and

industry in
both 1979 and 1981

Moving from
academia in 1979
to industry in 1S81

Emplcved in
academia in

both 1979 and 1981

Moving from
industry in 1979

to academia in 1981

Total, at fields

scientists

61,070

41,240

4,580

3.75c

129,070

116,020

1.020

800

Physical scientists 19,230 880 20,110 300

Chemists 15,910 540 240

Physicists and astronomers 3.320 ' 340 9,180 .- 50

Mathematical scientists 1.080 350 9,400 60

Mathematicians 820 280 7,860 50

Statisticians 260 70 1,530 10
Computer gpectalists 2,490 120 1,700 20

Environmental scientists 3.130 190 4.380 20

Earth scientists 2.800 160 3,380 20

Oceanographers 130 20 520 (1)

Atmospheric scientists :
200 .10 480 (1)

Life scientists 8,330 1.190 39,84039 230

Biological scientists 3.260 630 25,500 100

Agricultural scientists 2,290 170 6,280 120

Medical scientists 2,780 390 8,050 20

Psychologists.. 4,910 420 13.070 80

Social scientists 2,060 600 27,520 90

Economists 1,120 120 6,120 '10

Sociologists and anthropologists 170 160 7,030 30

Other social scientists 770 330 14,360 60

All engineers 19 840. 830 13,050 220

'Too few cases to estimate.

NOTE: Detail may not add to totals because of rounding.

SOURCE: National Science Foundation, unpublished data.

See figure 4-14
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Appendix table 4-22. Index' of cooperative research between industry and selected other sectors, by
field: 1973, 1977, and 1980

tridustry with other industry with Federal

Industry with universities industry' Government

1977 1980 1973 1977 140 1973 1977 1980

Percent of industry articles with other-sector participation
Field2 1973

All fields 13

Clinical medicine 21

Biomedicine .'19

Biology 19

Chemistry 9

Physics 13

Earth and space sciences 28
Engineering and technology 9

Mathematics 29

AU fields 1,566

Clinical met.' ;me 329

Biomedicine 117

Biology 86

Chemistry 185

Physics 246
Earth and space sciences 102

Engineering and technology 463

Mathematics 38

All fields 12,180

Clinical medicine 1,600

Biomedicine 618

Biology 446

Chemistry 1,983

Physics 1,911

Earth and space sciences 358
Engineering and technology 5,130

Mathematics 134

15 19 5 5 6 3 4 4

23 30 5 7 8 7 8 8.
26 _ 32 3 3 5 8 9 8

28 35 3 4 4 3 6 12

10 13 4 3 .. 3 1 2 1

15 18 4 3 4 2 3 4

27 31 3 3 5 8 9 13

10 13 6 7 8 2 2 3

40 39 3 2 3 - 2 2

Number of industry articles with other-sector participation

1.595 2,017 575 541 628 360 392 465
., .

.

331 467 78 93 116 119 ' 109 124

148 175 20 19 29 52 49 42

113 116 14 18 13 14 23 39

158 215 78 47 54 27 28 25

290 423 68 60 99 33 60 88

95 119 11 9 18 27 32 50

418 459 304 293 296 88 89 95

42 43 2 2 3 - 2 2

Total number of industry articles`

10,544 10,422 12,180 10,544 10,422 12,180 10,544 10,422

1,413 1,533 1,600 1,413 1,533 1,600 1,413 1;533

567 548 618 567 548 .618 567 548

407 332 446 407 332 446 407 332

1,539 1,708 1,983 1,539 1,708 1,983 1,539 1,708

1,932 2,302 1,911 1,932 2.302 1,911 1,932 2,302

348 381 358 348 381 358 348 381

4,231 3,507 5,130 4,231 3,507 5,130 4,231 3.507

107 111 134 107 111 134 107 111

'Obtained by dividing the number of articles which were written jointly by authors from industry and the sectors shown, by the total number of

articles which had industry participation. The index is bated on the articles, notes, and reviews from over 2.100 of the influential journals carried

on the 1973 Science Citation Index Corporate Tapes of the Institute for Scientific Information.
2See Appendix table .1-13 for the subfields included in these fields.
3In this case, the -other sector- is another industrial company. Cooperativeresearch between affiliated companies is included.

1All articles with at least one industry author.

NOTE: Federally funded research and development centers which are administered by these sectors are excluded from these data.

SOURCE: Computer Horizons, Inc., uripublished data.

&
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Appendix table 4-23. Relative citation ratios' between Industry and
university articles published in 1973-78

Field2 1973 1974 1975 1975 1977 1978

Citing from university to industry articles

All fields 0.37 0.36 0.36 0.37 0.37 0.37

Clinical medicine .56 .48 .46 .49 .48 .41

Biomedicine .64 .64 .71 .64 .66 .56

Biology .55 .43 .62 .71 .50 .54

Chemistry .39 .40 .38 .42 .42 .38

Physics .71 .67 .70 .68 .67 .87

Earth and space sciences .53 .49 .35 .44 .42 .42-

Engineering and technology .46 .47 .45 .46 .45 .43

Mathematics .77 .70 131 .72 .85 .69

Citing from indiAtry to university articles

All fields 0.62 0.61 0.51, 0.59 0.57 0.54

Clinical medicine .72 .74 .73 .74 .70 .76

Biomedicine .73 .71 .70 .69 .72 .70

Biology .80 .79 .70 .69 .62 .61

Chemistry .53 .59 .59 .59 .58 .60

Physics .47 .48 .44 .48 .44 .43

Earth and space sciences .76 .76 .81 .74 .79 .80

Engineering and technology .58 .53 .57 57 .54 .53

Mathematics .69 .G9 .65 .62 .85 .77

'A citation ratio of 1.00 would mean that the cited sector received a share of citations in that field equal
to its share of publications by U.S. authors 'in that field. Because all sectors tend to cite their own research
more than others, these ratios are less than 1.00. However. their relative magnitudes can be compared.

2See appendix table 1-13 for the subfields included in these fields.

NOTE: These data are based on the articles, notes. and reviews in over 2,100 of the influential journals
carried on the 1973 Science Citation Index corporate tapes of the Institute for Scientific Information.

See table 4.5 in text.
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Appendix table 5-1. Number of institutions of higher education and number awarding science and
engineering degrees by highest degree avarded: 1960-81

Total
Four-year institutions .

higher ., 4-year Granting S/E degrees (highest degree)

education institution Bachelors and Not granting Two-year

Year institutions total Total first professional Master's"-. Doctor's S/E degrees institutions

1960 2,021 1,446 1,056 735 180 141 390
.

575

1961 2,034 1,441 1,090. 748 189 153. 351 593
.).

1962 2,050 1,464 1,112 745 212 155 ,352 .. 586

1963 2,106 1,476 1,125 754 209 162 351 630

1964 2,146 1,509 1,147 757 218 172 362 637

1965 2,189 1,532 1,165 754 233 178 367 657

1966 2,247 1,565 1,178 745 246 187 387, 682

1967 2,347 1,592 1,217 752 271, 194 375 755

1968 2,392 1,603 1,223 746 281 196 380 .789

1969 2,503 1,636 1,254 756 292 ' 206 382 0 867

1970 2,544 1,654 1,274 762 292 220 . 380 890

1971 2,573 1,681. 1,276 760 287 229 405 892/
1972 ..... . .2,626 1,689 1,362 795 319 248 327 937

1.973 2,689 1,772 1,396 815 318 263 .376 967'.

1974 2,744 1,737 1,400 802 327 271 337 1,007

1975 3,012 1,871 1,420. 813 340 267 451 1,141.

1976 3,026 1,898 NA NA NA NA NA 1,128

. ... s

1977 3,046 1,913 NA 1 ' NA ....._,,--NA NA NA 1,133
.

1978 3,095 ------ 1,938 -1,445 359 282 493 1,157

1979 3,134 1,941 NA NA NA NA 1,193.

1980 3;152 ,957 .. NA NA NA / NA NA' , 1,195

1981 3,231 1,957 1,447 793 , 361 1 293 510 ' 1,274

NA = Not available.

, SOURCES: National Science Foundation, Databook (series), February 1969 and January 1975: National Center for Education Statistics. Digest.
Of Education Statistics 1982, and unpublished data.

See figure 5-1.
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-Appendix table 5-2. Science and engineering degrees
by level: 1960-81

Year
Total

S/E degrees Bgchelor's Master's Doctor's

1960 147,005 120,937 20,012 6,056
.1951 150,977 121,660 22,786 - 6,531
1962 159,864 127,469 25,146 7,249
1963 17.1,386 135,964 27.367 8,055
1964 . 192,657 153,361 30;211 9,025
1965 209,023 164,936 33,835 10,252

' 1966 222::452 173,471 38,083 11,298
1967 242,408 187,849 41,800 12,759
1968 271,727 212,174 .45,425 14,128
1969 .308,783 . 244,519 48,425. 15,839
1970 331,079 264,122. 49,318 . -1 7,639

1971 340,266 271,176 :- 50,624 16,4'86

1972 353,207 281,228 53,567 18,412
1973 368,223 295,391 54,234 18,598
1974 377,102. 305:062 54,175,, 17,865

1975 , . 366,556 294,920 53,852 " s. 17,784

1976 364,209 292,174 54,747 17,288

1977 362,211 288,543 56,731 16,937
1978 360,600 288,167 56,237 16,196
1979 359,444 288,625 54,456 16,363
1980 362,857 291,983 54,391 16,483
1-981 366,651 294,867 - 54,811 16,973

SOURut.7.: National Science Foundation,-Science and Engineering Degrees,
1950-1980 (NSF 82-307); and unpublished data.

See figure 5 -1.
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Appendix table 5-3. Fifteen leading countries of origin
of foreign students in the U.S. by number of students

and academic level: 1981/82

Country

Number of
students Graduate enrollment

percent of totalTotal Graduate as

Iran 35,860 8,248 23

Taiwan 20,520 16,416 80

Nigeria 19,560 5,281 27

Canada 14,950 4,784 32

Japan 14,020 4,066 29

Venezuela 13,960 2,652 19

India 11,250 8,550 76

Saudi Arabia 10,220 2,146 21

Malaysia 9,420 1,884 20

Hong Kong 8,990 2,877 32

KOrea 8,070 5,810 72

Mexico 7,890 2,919 37

Lebanon 6,800 1,088 16

Thailand 6,730 3,702 55

Jordan 6,180 ' 927 -.15

' Estimates of graduate enrollments are based on the biennial survey "Step
3 Individual Data Survey; while 'estimates of the total number of foreign stu:

dents enrolled in U.S. higher education institutions are derived from the annual
"Step 2 Institutional Data Survey". both of which are conducted by the Institute

of International Education.

SOURCE: Institute of Internatiora: Education. unpublished data.
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Appendix table 5-4. R&D expenditures in science and engineering.at universities and colleges, by
highestdegree and rank1:1975 and 1981

(Dollarsiin millions)

All institutions . Doctorate-granting Masters granting All o ere

Institutional Cumulative ; Cumulative j Cumulative Cumulative

ranking' Dollars percent Dollars percent Dollars percent Dollars percent

1975 /
First 10 ...... $ 731.5 21.6 $ 731.5 22.0 1 $17.2 35.2 1/4.1 54.9

First 20
First 30

1,225.3
1,587.1

36.1
46.8

1,225.3
1,587.1

36.9 -I
4747.8 /

25.8
32.2

52.8
65.8

18.6
21.5

72.4
83.7

First 40 . ,

First 50
....... 1,869.1

2;101.8
55.1
61:9

1,869.1
2,101.8

56.3 r
63.3`

37.0
39.8

75.7 /81.4/
23.0
24.'1

89.5
93.8

First 60 f 2,288.9- 67.5 2,288.9
1 /

/69.0 - / -
First 70 2,452.3 72,3 2,452.3 i 73.9 -
First 80 2,598.2 76.6 2,598.2 ,t 78.3 -
First 90 2,713.8 '80.0. 2,713.8 ? .,,,81.8 -
First 100 2,811.8 82.9 2;811.8 7 184.7 . . - -
Total 3,393.1 100.0 . 3,318.6/ '100.0 48.9' 100.0 25.7 100.0

'1981 /
First 10 $1,496.0 22.0 $1,496.0 22.4 $27.2 31.4 $14.9 59.8

First 20 2,414.9 35.6 2,414.9 36:1 43.2 '49.9 20.5 82.3

First 30 3,135.3 46.2
...

3,135.3 47,2 55.0 63.5 23.0 92.4

First 40 3,702.0 54.5 3,702.0 55.4 62.8 72.5 24.3 97.6

First 50 4,152.6 61.1 4,152.6 ' 62.2 - 68.7 79.3 24.8 99.6
.

.

First 60 4,552.5 67.0 4,552.5 , 68.1

First 70 4,894.8 72.1 4,894.8 ... 73.3 - - - -
First 80 5,198.7 76.5 5,198.7 77.8 -
First 90 5,433.9 80.0 5,433.9 81.3 - - -
First 100 5,631.6 82.9 5,631.6 84.3 -- - . _,_. \,___. _
TOtal 6,793.3 100.0 6,68178 100.0 86.6 100.0 '24.9 100.0

1 Ranked by total amount of R&D expenditures.
2lncludes Kise with only S1E bachelor's degrees and those with no science degrees at arty level.

NOTE; Detail may not add to totals due to rounding. /

SOURCES: National Science Foundation, Expenditures for Scientific Activities at Universities an&Colleges, Fiscal Year 1975 (NSF76-316), pp.

21-23, and Academic ScienceiEngineering, R&D Funds, Fisca Year 1981 (NSF 83.308), pp. 47-50.

See table 5-2 in text.
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Appendix table 5-5. Relative concentration of R&D expenditures at leading
doctorate-granting institutions by rank: total and Federal sources: 1975-81

(Percent)

Source and ranking 1975 1976 1977 1978 1979 1980 1981

All sources:

First 10 22.0 21.1 20.7 20.2 23.0 22.6 22.4

First 20 36.9 36.3 35.7 34.5 36.4 36.4 36.1

First 100 84.7 85.2 84.9 83.9 84.4 84.4 84.3

Federal support only:

First 10 24.1 23.5 23.5 23.1 27.1 26.5: 26.2

First 20 40.6 40.2 /- 39.7 37.9 41.0 40.9 40.4

First 100 84.7 86.3 85.9 84,t 85.1 85.1 85.1

SOURCE: National Science Foundation, Academic ScienCe1Engineering: Fist? Funds, FY 1981. (NSF 83-

308), and earlier years.

See table 5-3 in text.
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Appendix table 5-6. Relative distribution of R&D expenditures in doctorate-granting institutions by
source of support and institutional rank: 1975 and 1981

(Dollars i millions)

, ._..
i

. Federal \State/local Institutional Other

Institutional rank Total Government 1,, goy rnmen: Industry. funds sources

. 1975

Total $3,318.6 $2,233.0 $345.2 $108.7 $382,7 $249.0

First 10 731.5 537.4 o 38.2 14.2 79.3 62.4'

First 20 1,225.3 907.3 63.3 23.6 127.5 103.7

First 100 2,811.8 1,891.4 304.4 81.8 326.6 207.6

1981

Total $6,681.8 $4,476:2 $528.5 $279.0 $959.4 $438.7

First 10 .1,496.0 1,173.8 73.4 50.1 101.5 97.1

First 20 2,414.9. 1,810.0 122.9 66.4 245.3 170.4

First 100 5,631.6 3,805.4 452.2 216.6 .- 798.2 359.3

NOTE: Detail may not add to totals because of rounding.

SOURCES. National Science Foundation, Expenditures for Scientific Activities at Universities and Colleges, Fiscal Year 1975 (NSF 76-316). pp.

20 and 21, and Academic Science:Engineering: R&D Funds, Fiscal Year 1981 (NSF 83-308). pp. 47-48.



Appendix table 5-7. Relative distribution of full-time
StE graduate enrollments and postdoctoral

appointment in doctorate-granting institutions by
institutional rank': Fall 1976 and Fall 1979

Student characteristic and
institutional rank - 1976 1979

Enrollment

Total full-time students
Top 20' 55,067 6

All doctorate-granting 214,090
2230;341144

Men By gender

Top 20 NA 42,717
All doctorate-granting 156,853 152,772

Women
Top 20 . NA 17,597

All doctorate-granting 57,876 71,285

Engineering By field

Top 23 12,409 14,091

All doctorate-granting 36,583 39,925
Physical sciences

Top 20 ' 5,843 . 6,103

All doctorate-granting 21,623 21,782
Environmental sciences

Top 20 2,550 2,619
All doctorate-granting 9,356 9,824

Mathematics & computer sciences
Top 20 3,754 3,754

All doctorate-granting 14,525 14,177

Life sciences
Top 20 15,068 16.690
All doctorate-granting 61,993 66,582

Psychology
Top 20 3,105 3,016

All doctorate-granting 21,431 20,695

Social sciences
Top 20 12,3351 14,04'
AU doctorate-granting 8,579r 1 .50,429

-44E4rU.S. students nationality-

Top 20 ri NA 47,353
All doctorate-granting 179,689 178,663

Foreign students
Top 20 NA 12,961

All doctorate- granting 34,401 44,751

Pdstdoctoral Appointments

Postdoctorals
Top 20 NA 7,040
All doctorate - granting 19,753 18,600

I Ranked by total R&D expenditures in fiscal year 1980.

NA = Not available.

SOURCE: National Science Foundation, Academic Science. 1972-1981
(NSF 81-326). and unpublished data.

See figure 5-7.
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Appendix table 5-8.. Proportion of institutions offering at least one course for non-specialists by field,
course content, Institutional type and control: 1980/81

Type of institution.
Number of
institutions

, (Percent of institutions)

Field

Physics Chemistry Biology Mathematics

Traditional subject matter courses.

Total 215 61 35 ; 48 80

Research universities 47 81 26 45 79

Doctoral universities 32 69 31 53 78

Comprehensive
universities/colleges 110 56 43 56 86

Liberal arts colleges 26 35 23 19 . 62

Special subject matter courses

Total 215 . 61 37 60 36 .

Research universities 47 - 75 40 68 40

Doctoral universities 32 69. 47 75 ' 31

Comprehensive
universities/colleges .110 59 38 57 45

Liberal arts colleges 26. 39 23 39 27

Computing'

31

32
38

31

0

20

26
25

28
0

'Computer science departments or divisions have not been established in all post-secondary institutions. Of those surveyed, 39 research.

universities; 24 doctoral universities, 83 comprehensive unitersitiestolleges, and 7 liberal arts'colleges made such distinctions.

SOURCE: National Academy of Sciences. Science fcr Non-Specialists: TheCollege Years (National AcademyPress,.1983), pp. 44-45.

Science IndicatOrs-1982



Appendix table 5-9. Expenditures for academic R&D by source: 1960-83

(Dollars in millions)

Year Total
Federal

Government
Universities

Industry & colleges

Other
nonprofit

institutions

Current dollars

1960 u $ 646 $ 405 S 40 $ 149 $ 52
,1961 ,. 763 500 40 165 58

1962 904 . 613 40 185 66

1963 1,081 760 41 207 73

1964 1,275 917 40 235 83

1965 1,474 1,073 41 267 93

1966 1,715 1,261 -12 304 108"

1967 1,921 1,409 48 345 119

1968 2,149 1,573 55 390 131

1969 2,225 1,600 60 420 145

1970 2,335 1,648 61 461 165

1971 2,500 1,724 70 529 177

1972 2,630 1,795 74 574 187

1973 2,884' 1,985'. .84 613 6202

1974 3,023 '2,032 96 677 218

1975 3,409 2,288 113 749 259

1976 ..... ... . .. ,,,, 3,727 2,512 123 808 284

1977. 4,065 2,726 139 887 313

1978 4,621 3,057 170 1,035 359

1979 5,354 3,594 193 1;194 . 373

1980 6,050' 4,093 235 1,314 a 408

1981 6,793 4,549 285 1,512 447

1982 7,010 4,695 320 1,540 455

1983 7,400 4,950 360 1,615 475

Constant 1972 dollars'

1960 $ 928 $ 582 $ 57 $214 $ 75
1961' 1,085 711 57 235. 82

1962 1,266 859 56 259 92

1963 1,469 1,047 5Y 285 101

1964 1,738 1,250 55 320 113

1965 1,965 1;431 55 356 124

1966 2,229 1,639 55 395 . 140

1967 2,417 1,774 60 434, 150

1968 2,512 1,911 / 67 474 159

1! "1 2,582 1,857 70 487 168

1... 0 2,564 1,810 67 506 181

1971 2,613 1,803 73 553 185

1972 2,630 1,795 74 574 187

1973 2,763 1,900 80 587 193

1974' 2,696 1,813 86 604 195

1975 2,766 1,856 92 608 210

1976 2,826 1,905 93 613 215

1977 2,888 1,937 99 630 222

1978 3,073 2,034 113 688 239

1979 3,276 2,199 118 730 228

1980 3,402 2,302 132 739 229

1981 3,480 2,329 1.46 774 229

1982 3,354 2,246. -153 737 218

1983 3,371 2,256 164 736 ... 216

' GNP implicit price deflators used to convert current dollars to constant 1972 dollars. See appendix table

2-1 for deflators.

NOTE: Detail may not add to totals because of rounding.

SOURCE: National Science Foundation, National Patterns of Science and Technology Resource's, 1982

{NSF 82-319) and preliminary data.

See figure 5-8.
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Appendix table 5-10. R&D expenditures at doctorate-granting institutions, by source of funds, character of
work, and science/engineering field: 1972-81

(Dollars in thousands)

;ource. character, and field 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

_ . $2,568.573 $2,809,160 $2,953,658 $3,338,409 $3,655,229 $3,985,994 $4,536,874 $5,264,748 $5,948,099 $6,681,762

By source of funds

'ederal Government . . .. , .. .. $1,754,798 $1,938,225 $1,990,167 $2,241,149 $2,465,134 $2,677,112 $3,003,354 $3,533,226 $4,026,521 $4,476,150

;tate and local governments ..... 261,026 282,281 294,547 325,209 355,769 364,943 405,708 460,497 482,653 528,483:':

ndustry .... ...... .. , . . ..... . 73,006 81,783 93,781 110,098 120,076 135,012 165,494 189,292 - 231,192 . 278,985'.

nstitutional funds 297,906 310,595 362,517 409,468 436,225 502,264 610,052 712,862 806,839 959,412 :

kll other sources 181,837 196,276 212,646 252,485 278,025 306,663 352,266 368,871 400,894 . 43B,732 :.

By character of work

3asic research . $1..987,822 $2,021,690 $2,120.593 $2,370,779 $2,506,660 '$2,757,227 (I) $3,556,759 $3,958,617 $4,492,2054.'

\pplied research and
development .. .. . 580.751 787,470 833,065 967,630 1,148.569 1,228.767 (I) 1,707,989 1,989;482 2,189,557\ By field

frigirieering $ 335.111', $ 328,206 $ 343,969 $ 377,107 $ 425,182 $ 490,931 $ 591,962 $ 760,616 $ 854,988 $ 949,4481

Aeronautical and .

astronautical . NA NA NA NA NA NA NA NA 46,544 45,415:

Chemical `.N, . .. NA NA NA NA NA NA NA NA .64,534 :79,904.,

Civil ... .. NA NA NA NA NA NA NA NA 86,944 105,479

... .. ... . ,..Electrical . . ,\ . . . NA NA NA NA . NA NA NA . NA 182;973 190,773

Mechanical ......,,,.. . .. . ... . . NA NA NA NA NA NA NA . NA 144,230 145,917

Other engineering \.. , . ....... NA NA NA NA : NA NA NA ." NA 329,763 381,960

Physical sciences . , . . .\. . ...... . 314.656 315,751 322,183 338,445 366,497 410,642 '481,447 584,562 658,551 745,576

Astronomy . .. . , :\,, ...... . 21,373 23.863 24,185 26.394 26,094 32,117 36,505 38,570 58,082 66,545

Chemistry \ 103,794 108,060 110,589 114.939 133.613 152,454 175,438 198,665 234,113 272,656....

.. . . 154,640 162,189 165,323 169,310 179,013 197,861 230.678 295,452 315,849 350,514;.
.PhYsics
Other physical sciences 34,849 21.649 22,086 . 27,802 27,777 28,210 38,826 51,875

,.,

50,501 55,86)..

Envirormental sciences .. ... . 183.943 203,016 227,989' 246,766 277,844 307,392 365,494 441,387 493,207. 531,285,...
. . .

Mathematical & computer sciences
. Mathematics

67,500
NA.

70,616
35,587

74,865
36,486

82,316
37,916

84,661 104,046
41,330 51,050

121,675
57,342

171,992
77,049

187,204. . 216,092.,
76,477 ,85,730;,

Computer sciences NA 35,029 38,379 44,490 43,331 52.996 64,333 94.943 110,727 130,362

Life sciences ... . . .. .. .. 1.308,592 1,506,802 1,606,025 1,881,524 2,081,677 2,234,749 2,513,599 2,800,155 3,180,525 3,626,579

. Agricultural sciences 225,299 274,732 335,840 377,260 406,359 453,787 490,326 565,745 . 666,756 '755,595':

.
Biological sciences ..... ...... . 435,296, 547,007 500,394 619,719 700,143 . 758,929 843,995 952,603 1,014;030 : 1,167,014

Medical sciences .4.... ...... . 584,676 -. 635,919 713,891 809,763 895:759 947,629 ,', 1,093,499 1,198,333 1,406,934 . .1,594,092'`,

Other life sciences .. ...... 63,321 49,144 55,900 74,782 79,416 74,404 . 85,779 . 63,474 90,805 :..,109,878'

Psychology . .. 65,932 70,065 70,145 74,385 74,621. 82,199 .86,556 93,799 106,587 121,763

Social sciences . .. - .. . .. 191,538 2\13,118 227,949 242,790 248,467 254,749 264,351 282,666 323,865 348,8071

Other-science5 101,301 101;586 80,533 95,076,- 96.280 101,286 111,790 , 129,571 143,172 142,212,

' Data were not collected in 1978.

N p..77 ava4ati e

E. Now, id, jeience FounClati-o'n,- Academic Science'Engineering: R&D Funds. Fiscal Year 1981 (NSF 83-308), p. 11, and earlier years:

See figures 5 -9 and 5-12.
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Appendix table 5-11. Relative distribution of R&D expenditures atxuniversities and colleges by field':
1972-81 \\

(Percent)

Mathematics Other
All S:E Engi- Physical Environmental & computer Li Psy- Social S/E

Year fields neering sciences sciences sciences scienc s chology sciences fields

2.6 7.5 4.0
2.5 7.6 3.6
2.4 7.7 2.7
2,2 7.3 - 2.9

0 6.8 2.6

1972 100.0 13.0 12.3 7.2 2.6 51.J
1973 100.0 11.7 11.2 7.2 2,5 53.6
1974 ... , ..... 100.0 11.7 10.9 7.7 2.5 54.4
1975 100.0 11.3 10.1 7,4 2.5 56.4

7-1976 100.0 11.6 10.0 7.6 2.3 . 57.0

1977 ...... ... 100.0 12.3 10.3 7.7 2.6 56.1
19782 100.0 13.1 10,6 8.1 2.7 55.4
1979 - 100.0 14.5 11..1 8.4 3.3 53.2
1980 100.0 - 14.3 11.1 8.3 3.2 53.5
1981 100.0 14.7 11.2 8.0 3.2 54.3

See appendix table 5.10 for a list of subfieldS,
2 Data based on a survey of doctorate-granting institutions only.

NOTE Detail may not add to totals because of rounding.

SOURCE: National Science Foundation, Academic Science/Engineering: R&D Funds, Fiscal Year 1981 (NSF 83-308), and earlier years.

See figure 5-10.

2.1 6.4 2,5
1.9 5,8 2,5
1.8 5.4 2.5
1.8 5.5 2.4
1.8 5.2 .2.1
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Appendix table 5-12. Relative concentration of Fedora! obligations for research' to universities and
colleges by field: 1973-83

(Percent)

Year
All S/E Life
fields" sciences

Psy-
chology

1

Physical
sciences

Environmental
sciences

Mathematics
& computer

sciences
Engi-

neering
Social

sciences
Other

sciences

. 1973 100.0 55.0 2.9 14.7/ 7.5 3.0 7.7 5.8 3.3
1974.... 100.0 59.4 3.1 . 13.1 7.0 2.9 7.6 4.9 2.1
1975 100.0 58.4 2.8 13.6 7.4 2.9 8.5 4.6 1.8
1976 100.0 57.9 2.7 12.9 7.8 ', 2.7 8.0 5.5 2.5
1977 100.0 57.1 2.4 13.3 8.4 3.0 9.0 5.6 1.3
1978 100.0 57.9 2.4 13.2 8.2 2.9 8.7 5.3 1.4

1979 100.0 57.6 2.9 12.9 ,8.8 .2.8 8.7 4.4 1.8
1980 100.0 57.3 2.6 13.3 8.6 2.7 9.4 4.0 . 2.2
1981 100.0 57.1 2.5 14.2 7.6 3.3 9.9 3.7 1.9
1982 (est.) 100.0 57.9 2.3 14.3 7.4 3.7 9.7 3.2 1.6
1983 (est.) 100.0 56.6 2.5 14.8 7.5 4.2 9.8 3.1 1.5

' Federal obligations by field are available for basic and applied research only, and do not include information about the distribution of development
funds.

NOTE: Detail may not add to totals because of rounding.

SOURCE: National Science Foundation. Federal Funds for Research and Development, Detailed Historical Tables; Fiscal Years 1967-83. 1982.
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Appendix table 5-13. Federal obligations for R&D to university and college performers for selected
agencies: 1967-83

(Dollars in millions)

Year All agencies USDA DoD DHHS' 146P . NASA

1967 $1,454.3 $ 64.2 $279.9 $ 619.8 $208.8 $124.1

1968 1,487.4 61.1 244.4 677.2 221.0 130.6

1969 1,529.2 -61.5 263.0 695.0 212.6 125,1

1970 1,475.6 64.8 216.3 646.6 228.0 131.2

1971 1,644.6 71.9 210.9 761.8 266.6 1.,:4.0

197? 1,903.6 87.5 216.8 915.9 362.5

,07..., 1,916.6 94.3 203.7 929.6 374,5 111.4

1974 2,214.0 94.8. 197.4 1,207.7 389.4 18.9

1974, 2,411.4 108.2 203.4 1,27" "?. 434.9 1: ;.0
(1;6 2,551.8 119,7 24Q.5 1,365.0 436,6 118.9

177 2.908.9 140.1 273.3 1,504.9 510.9 120.9

19. '9 3,377.6 186.4. 383.2 1,702.3 537.2 130.2

379 3,894.1 199.8 _ 438.1 1,941.9 616.7 144.0

1980 - 4,276.9 216.4 495.3 2,075.6 684.9 171.2

1981, 4,478.0 242.7 572.9 2,184.9 702.1 183.5

1982 (est.) 4,583.5, 265.8 677.0 2,231.3 697.4 191.0

1983 (est.) r 4,720.0 267.6 796.9 2,284.8 748.2 191.0

Other
agencies

$157.5
153.1
,172,0
188.7
199.4
201.9

PC3.1

, 5.8

2Y 7.1
271,1
358.8
438.3

553.6
633.5
591.9
521.0

. (432.1

' Includes the education component of HEW through 1978, when the Department of Educp.ton was established and HEW became the Department

of Hearth and Human Services.

SOURCE: National Science Foundation. Federal Funds for Ressarch and Deielopment, Nista-till Tables, Fiscal Years 1967-83, 1982.

See figures 5.11.
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Appendix table 5-14. R&D expenditures at university-administered federally funded research and development
centers by character of work and SIE field: 1972.81

Character and Field

total

El isic research
pplied research and

development

Engineering
Aeronautical and

15tronautical

Electr al
Mech,,tical
Other engineering

Physical sciences . ..
,' Astronomy

Chemistry .....
Physics
Other physical sciences

environmental sciences
. .

V. ,,ematical & computer sciences
Mathematics.
Computer sciences

Lite sciences
Agricultural sciences
Biological sciences
Medical sciences

'. Other life sciences

Psychology

Social sciences

Other sciences

(Dollars in thousands)

1972 1973 1974 1975 1976 1977 1978 1979 190 1981

$753.243 $816,923 $865,098 $986,736 $1,146,712 $1,383,814 $1,716.911 $1,934,797 $2,234,809 $2,476,273

By character of work

$243,870 $296,492 $285,082 $308,981 $358,811 $402,168 $718,303 $774,080 $855,682

509,373 520,431 580.016 677,755 7.87.901 981,646 1.216494 1.460,729 1.620,591

By field

$195,393 $251,539 $259,080 $275,682 $299,683 $380,420 $522,213 5561,083 $643,669 $655,010.

NA NA NA NA NA NA NA NA 24,778. 60,339
NA NA NA NA NA NA NA NA 34,183 47,045
NA NA NA NA NA NA NA NA 17,852 16,022,
NA NA NA NA NA NA NA NA 203,657 168,163:
NA NA NA NA NA NA NA NA 104,309 185,401'
NA NA NA NA NA NA NA NA 222,890 178,040,

426,027 425,107 455,418 523,160 622,887 736,802 P54,455 1,003,562 -1,120,095. \ 1;264,168i
28.089 28,055 29,944 31,153 , 32,452 41,500 38,452 46,099 59,025 67,578;
74,375 '3,114 64.920 69,658 96,268 111,564 97,529 101,142 149,212 _166,219

305.086 318,002 268,187 322,464 376.632 447,110 568,040 584,519 823,797 946,624"
18.477 5,936 92,367 99,885 117,535 136,628 150,434 271,802 88,061 84,747'

36,684 40,647 47,864 63,175 77.476 100,981 128.217 141,100 174,193 185,741

41,174 53,178 54,339 62,416 71,641 78,584 119,203 126,850 161,540 226,627
, NA 14,744 16,002 17.715 22,063 15,358 8,100 6,614 128,054 38.561

NA 38,434 38,337 44.701 49,578 63,226 111,103 120,236 33,486 188,006

35,854 3,964 34.367 42.284 50,198 57,949 58,439 73,441 705,499 84,156- 35 354 1,206 1,551 645 532
28,810 24,344 26,211 31,661 38,253 43,569 48,154 62,659 56,106 65,694
3,656 3,312 3,877 4,963 5,081 4,761 7.963 7,179 7,734 8,205
3.388 6,273 4.279 5,660 6,864 9,265 1,116 2,052 11,014 9,725

1.428 898 850 306 92, 87 103 110 135 147

8,568 169 330 795 1,288 3,301 5.119 5,861 17,449 20,984

8,115 11,421 12,850 18,918 23,44.1 25,690 29,162 22,790 42,229 39,440

4. Data were not collected in 1978.

NA Not 'available

, SOURCE: National Science Foundation. Academic Science,Engineering: R&D- Funds, Fall 1981 (NSF 83-308). p. 129. and earlier years.

See figure 5-12.
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Appendix table 5-15. Federal obligations to university-affiliated FFRDC'st by location and sponsoring
agencies, for R&D and all activities: 1981

(Dollars in thousands)

Location Name & supporting agencies

Total
obligations

H&D
obligations .

Arizona

California

Kitt Peak National Observatory
NSF

Jet Propulsion Laboratory
HHS

NASA
NSF

$ 12,689
1a.689

318.943
103

318.820
20

$ 10.689
10,689

310.743
103

310,620
20

Lawrence Berkeley Laboratory 121,638 100,480

DOE 112.430 92,124

HHS 8.594 8.315

NSF 614 41

Lawrence Livermore Laboratory 445,942 343.375

DOE 444.744 342,196

HHS 1.198 1.179

Stan( Ord Linear Accelerator Center 66,497 55,620

DOE 66.497 55,620

Colorado National Center for Atmospheric Research 34.421 34,421

NSF 34,421 34,421

Illinois Argonne National Laboratory 223,021 205,213

DOE 222,480 204,672

HHS - 541 541

Fermi National Accelerator Laboratory 120.295 79,195

DOE 120.295 79.195'
Iowa Ames Laboratory 16.744 16,744

DOE 16.744 16,744

Massachusetts Lincoin Laboratory 141.567 141,567

DOD 137,767 137,767

DOT 3,800 3,800 ^

New Jersey r Plasma Physics Laboratory 105.627 66.196

DOE 105,627 '66.196.
1

New Mexico Les Alamos Scientific Laboratory 390,261 352.057
t DOE 388,797 350.593

HHS 1,179 1.179

INT 285 285

Sacr'amento Peak Observatory 2.489 2.489

, 'NSF 2.489 2,489 .
\

New York Brookhaven National Laboratory 172.573 120,768

USDA 82 82

DOE 168,992 117,298

HHS 3.218 3,107

NSF 281 281

Tennessee ... Oak Ridge Institute for Nuclear StudieS 12,542 ,' 552'
`DOE 9.618. 'r..t82
HHS 1,266 1,242

. NSF 1.658 1228

Virginia Center for Naval Analysis 13.462 13.462

DOD 13.431 13,431

LABOR 31 31

''vest Virginia National Radio Astronomy Observatory 13.002 13,002.

.NSF 13.002 13,002

Puerto Rico National Astronomical and Ionosphere Center 5,236 5.236

NSF 5.236 5.236

Chile Cerro To lc Interamencan Observatory 4,830 4,830

NSF 4.830 4.830

' Federally funded research and development cer :ers

SOURCE: National Science Foundation. Federal Support to Universities. Colleges. and Selected Nonprofit institutions. Fiscal year 1981 (NSF 83-315).
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Appendix table 5-16. Doctoral scientists and engineers by type of employer and primary work activity: 1981
_-........ -

f1688:1101 a. EttVlii3litelit
Management & ad

ministration Sales &
Basic Applied Devel-All Of Other than orofessional Qthee-

Type of employer activities , research research opment R&D H&D Teaching Consulting services activities.'

Total 343.500 55,300 46,500 18,400 32,600 27,700 105,000 12,00q, 25,700 20,400
Business and indugry 99,000 6,300 21.800 15,400 18,500 6,100 500 9,600 12,000 8,700
Educational institutions . 186.800 37,900 13,700 1.000 4,400 14,500 103,900 1.000 4,900 5,500
Federal Government . .. . 25.100 6,100 6,800 800 5,800 1,900 100 400 800 2,400
Other employers2 ....... , . 32,600 4,900 4,100 1.100 3,900 5,200 '500 1,100 8,000 :3,800

.

f' Includes 4.000 individuals who did not report primary work activity.
Includes nonprofit organizations; hospitals clinics: military commissioned corps; State, local, and other government: other employers; and 600 indit/iduals who did not

report type of employer. .

NOTE. Detail May not add to totals because of rounding. Statistics based on these rounded numbers may be slightly different frcm those presented in the text.

SOURCE National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1981 (NSF 82.382), P. 41,

\
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Appendix table 5-17. Doctoral scientists and engineers employed in educational institutions by field and primary work
activity: 1981

Research and development
Management & ad-

ministration Sates &
Basic Applied Devel- Or Other than professional

Field Total research research opment R&D R&D Teaching Consulting services
Other'

activities

Total 166,800 37;900 13,700 1,000 4,400 14,500 103,900 1,000 4.900 . 5,500

Physical scientists 28,300 7.800 1,700 300 800., 1,500 15,500 100 100 600

Mathematical scientists 12,700 1,600 300 (2) (2) 900 9,500 (2)
(2) 200 , '

Computer specialists 3.000 400 200 300 100 400 1,500 100 100 (2)

Environmental scientists3 6.800 1,700 600 100 400 200 3,600 (2) 100 100

Engineers 18.109 1,600 2,300 200 1,000 2,000 10500- 200 . 200 . 100

Life scient.sts .. .. 56.800 20.200 6,100 200 1.200 3,500 21,800 200 1,700 . 2.000

Psycnologists 21.800 2,100 1,200 (2) 300 2,400 .12,400 300 2.500 700

Social scientists 39.30.0 2,400. 1,300 (2) 600 3,700 29,200 100 200 1,700

2 includes individuals who did not report primary work activity.
2 Les's than 50.
3 Includes earth scientists. oceanographers. and atmospheric- scientists.

NOTE: Detail may not add to totais because of rounding. Statistics based on these rounded numbers may be slightly different from those presented in the text.

SOURCE National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1981 (NSF 82-332), pp. 41-46.

See figure 5-13.
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Appendix table 5-18. Academic' doctoral scientists anc:: engineers engaged primarily or secondarily in

R&D and consulting by ileac!: 5981

Field

Total
employed

R&D' Consulting

Total F11-1rary Secondary Total Primary Secondary

All S E fields 184.000 110.,.300 56,900 58,400 8,400 800 7,500

Physical scientists 28,100. 19,300 10.60G 8,700 600 100

Mathematical scientists 12,600 7,100 2.100 5.000 600 (3) 600

Computer specialists 3,000 2,000 900 1,100 .400 100 300

Environmental scientists4 6,700 5,100 2.800 2,300 300 (3) 300

Engineers 18,100 11,800 5,100 6,700 1,600 1 200 1,400

Life scientists 56.700 42,500 27,600 14,900 1,400 .200 1,200

Psychologists 20,200 9,600 3,500 6,100 1;600 200 1,400

Social scientists 38,800 18,000 4,400 13,600 2,000 100 1.800

Excludes individuals employed by elementary secondary school systems.

2 Includes management et R&D.
3 Less than 50.
4 Includes earth scientists, oceanographers, and atmospheric Scientists.

NOTE: Detail may not add to totals because of rounding. Statistics based on these rounded numbers may be slightly different from those presented

in the text.

SOURCE: National Science Foundation. Characteristics of Doctoral Scientists and Engineers in the United States, 1981. (NSF 82-332), pp. 41-

46, and unpublished data
Science Indicators -1982' .

Appendix table 5-19. Full-time science and engineering graduate students in doctorate-granting
institutions by source of support: 1974-81

Source of
major .support 1974 1975 1976 1977 1979 1980 1981

Average annual
percent charge

(1974-81)

Total 195,455 210,321 214,090 217.454 223,417 230,692 234,529 - 2.6

Federal agency total 47,989 48,249 48,593 50,377 52,874 52,852 50,844 .8

NIH 11,919 12,214 11,360 10.928 11,663 11,609 11,175 .9

NSF 8,818 8,796 8.962 9,023 9,275 9,245 9,0,6

DoD 5,547 5,084 4,798 4,993 4,998 5,239 5,608 .2

Other agencies 21,705 22,155 23,473 25,433 26,938 26,759 25,005 2.0

'
institutional

R29 .88,722 90,441- 2.780.40482

Other sources ;16,376,- 16,852 . °.17,679 18,228 20,040 21,093 22,276 4.5

nog.... I I C 11.847 11.440 11,372 11,322 12,494 13,103 13,745 2.1



Appendix table 5-20. Age and use of scientific equipment in academic laboratories by_investigator
discipline: 1981

Total

Investigator discipline

Cell
biology

Organic Solid state
chemistry physics

Electrical
engineering

Medical
biology

No of respondents ........ ........ 258 62 81 60 40 15

Percent of instruments in laboratories

5 yrs. ofd or less 49 43 4KI 47 59 55

6.10 yrs. old 26 29 25 24 19 38

11-1`15 yrs. old . 16 16 15 18 18 6
Over 15 yrs. old 9 12 '11 11 4 1

Mean rtz.,iltber of users%

Inside lab- 6.7 6.6 7.9 5.2 6.8 6.7

Outside lab 4.5 5.2 5.5 3.2 3.7 4.2

Percent of investigators
listing 0-19% "downtime"2 ..... 95 98 90 95 100 100

. ' Estimates are based On the rrv-trt number of users of the single item in an investigators labOrafor, with tho largest number of users. -Inside

lab" users are those in the investigator's research group..
2 Percent of investigators listing 0.19 percent "downtime" due to mechanical or electronic problems.

SOURCE: Westat. ma, Indicators of Scientific Research Instnenentation in Academic lnstituti..:is: A Feasibility-S11.21,y-laockville, Md.: 1982).

See table 5.5 in the text..
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Appendix table 5-21. Distribution of research artiCtel Written by U.S. scientists and engineers by field and research
sector: 1973 and 1980

(Percent)

Field2 Year Total

universities
and

colleges
Federal

Government Industry3
Nonprofit

institutions.?

All S E fields .1973 100 65 11 11 7

1980'- 100 68 10 9 8

1973 100 64 -12 4 15

;finical mediCine 198Q 100 67 11 ' 3 14

1973 100 76 9 3 7

3iomedicine -1980 100
..

78 10 8

1973 100 69 20 4 3

3iology 1980, "100 75 16 3 4

197a - 100 68 8 18 2

Themistry 1980 100 71 6 17 3

1973 100 62 15 3

Physics 1980 100 61 6 17 4

1973 100. 67 16 6

Earth and space sciences 1980 100 68 15 6 4.

1973 100 39 9 41

Engineering and technology 1980 \ 100 43 . 8 38

- All
FFRDOs4 others

3 3.
3 2

1

2
1

1

2

3 1

3 1

6

2
2



Appendix table 5-22. Relative citation ratios' to 1973
and to 1978 U.S.-authored research articles,2 by field

and selected citing sector, from U.S.-authored research
articles published from 1973 to 1980

Field3 1973 1978

Colleges and universities-

All S/E fields 1.04 1.05

Clinic,a: medicine 1.02 -1.03

Biomedicine 1.00 1.01

Biology 1.10 1.06

Chemistry 1.10 1.13

Physics 1.00 .91

Earth and space sciences 1.04 1.G5

Engineering and technology 1.24 1.21

Mathematics .99 .99

Industry

All S/E fields 0.62 0.65

Clinical medicine .75 .53

Biomedicine .86 .71

Biology .74 .87

Chemistry .71 .70

Physics 1.22 1.40

Earth and space sciences .70 .55

Engineering and technology .82 .84

Mathematics 1.19 1.01

Federal Government

All S/E fields 1.08 1.09

.Clinical medicine 1.20 1.18

Biomedicine 1.03 1.14

Biology .79 .84

Chemistry .80 .6u

Physics .72 .93

Earth and space sciences .94 .83

Engineering and technology .99 1.12

Mathematics 1.12 *. .99

' A citation ratio of 1.00 reflects no over- or under -citing of each sector's
literature, whereas a higher ratio indicates a greater Influence:impact, or utility
than could be explained by thp number of the sector's publications for that

year.
2 Based on the articles, notes, and reviews in over 2.100 of the,influential

journals carded on the 1973 Science Citation Index Corporate Tapes of the
Institute for Scientific Information. For the size of this data base, see appendix

table 1-12.
3 See appendix tablo 1-10. for the subtields included in these fields.

SOURCE: Computer Horizons, Inc., unpublished data.
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Appendix table 5-23. Percent change in the tmrnber of science and technology articles' by U.S. college and university
authors by field: 1973-80

Field2

Number of articles
Percent
change

(1973 to 1980)1973 1974 1975 1976 1977 1978 1979 1980

-All S E fields 67,573 65,197 63,511 66,019 65,024 66,863 67,170 66,987 -0.9

Clinical medicine 20,781 19.99E 19,872 21,498 22,120 23,417 22,758 23,313 12.2

Biomedicine 12,322 11,960 12,238 12,569 12,628 13,019 13,711 13,686 11.1

Biology 7,734 7,498 7,099 7.627 7,169 7,138 7,661 7,193 -7.0
Chemistry 7,210 7,091 6,694 6,537 6,276 6,525 6,363 6,554 -9.1

Physics 7,259 7,226 6,912 6,941 6,772 6.774 6,844 6,964 -4.1
Earth and space sciences 3,769 3,611 3,209 3,490 3,347 3,499 3,526 3,262 -13.5
Engineering a,nd technology 4,715 4,346 4,115 4,165 3,870 3,790 3,711 3,614 -23.4
Mathematics 3,734 3,466 3,373 3,194 2,842 2,702 2,599 2,400 -36.6

' Based on articles, no:es and reviews from over 2.100 of the influential journals covered on the 1973 Science Citation Index Corporate Tapes of theInstitute for
Scientific Information, lit

2 See appendix table 1-13 for the subfields included in these fields.

NOTE: Detail may not add to totals because of rounding. Likewise, counts of articles may differ slightly from those of other tables in this report for technical reasons.

SOURCE:' Computer Horizons. Inc., unpublished data.

See figure 5-17.
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Appendix table 5-24, Concentration of scientific and technical articles
by U.S college and university authors by field and institutional rank':

1975 and 1980

(Percent)

Field2

First 10 First 20 First 100

1975 1980 1975 1980 1975 1980

All S/E fields 21. 21 35 35 83 85

Clinical medicine 25 26 43 41 92 93

Biomedicine 23 24 40- 40 88 89

Biology 30 29 48 47 87 88

Chemistry 18 19 31 33 80 83

Physics 25 27 41 43 87 90
Earth and space sciences 30 32 49, 52 90 90
Engineering and technology 25 26 39 42 86 89

Mathematics 20 23 34 37 84 85



Appendix table 5-25. Distribution of scientific and
technical articles' by U.S. college and university

authors by field and level of research: 1973 and 1980

Field2 and level of research 1973 1980
Percent
change

Clinical medicine
Basic research 8,448 9,930 17.5

Applied research 12,331 13,383 8.5

Biomedicine
Basic research 11,871 13,250 11.6

Applied research 451 437 3.1

Biology
Basic research 5,475 5,100 6.9

Applied research 2.259 2,094 7.3

Chemistry
Basic research 7,021 6,382 9.1

Applied research 189 172 9.0

Physics
Basic research 7,100 6,769 4.77

Applied research 158 196 24,1

Earth and space sciences
Basic research 3,499 2,983 14.8
Applied research 270 278 3.0

Engineering anti technology
Basic research 318 233 26.7
Apolied research 4,397 3,382 23.1

Mathematics
Basic research 3,407 2,133 37.4
Applied research 377 267 29.2

Based on about 100,000 of the articles, notes, and reviews in over 2,100
of the influential journals'of the 1973 Science Citation Indek Corporate Tapes
of the Institute for Scientific Information.

2 See appendix table 1.13 for the subfields included in these fields.

NOTE: For this study, over 2,100 influential journals were assigned to two
categories: the more basic and the more applied research. From field to field
this assignment may represent somewhat different concepts of what the basic
research literature Is; however, the journals retained the same categorization
throughout the years. See appendix table 5-26 for examples of the more basics.
and the more applied journals. For further information, see Francis Narin,
Evaluative Bibliometfics: The Use of Publication and Citation Analysis in the
Evaluation of Scientific Activity (Cherry Hill, N.J.: Computer Horizons, Inc.,
1976), pp. 198-199.

SOURCE: Computer Horizons, Inc., unpublished data.

See figure 5-18.



Appendix table 5-26. Examples of journals classified as "more basic" and "more applied" In appendix
table 5-25

Field The more basic The more applied

Clinical medicine Journal of Clinical
Investigation

Journal of Neurophysiology

Biomedicine

Biology

Chemistry

PhySics

Earth arid space sciences

Engineering and technology

Psychology

Mathematics

Advances in Human Genetics
Journal of Biological

Chemistry

Journal of Economic
Entomology

Journal of Experimental
Zoology

Journal of the American
Chemical Society

Analytical Chemistry

Reviews of Modern Physics
Physical Review

Journal of Geophysical
Research

Journal of the Atmospheric
Sciermes

IEEE Transactions
on Nuclear Science

Journal of Chemical and
Engineering Data

Psychological Bulletin
Journal of Experimental

Psycho lo*.

Journal of the American
Statistical Association

Transactions of the American
Mathematical Society

Journal of the American
Medical Association

New England Journal
of Medicine

Journal of Biosocial Science
Journal of Medical Genetics

Journal of the Institute
of Brewing

Agronomy Journal

Journal of the American
Leather Chemists Association

Industrial Engineering
Chemistry Process Design
and Development

Photogrammetric Engineering
and Remote Sensing

IEEE Transactions on
Sonics and Ultrasonics

Solar Energy
,,c.vG Bulletin (Americe;;

Association of Petroleum
(;eologists)

Journal of the iron and
Steel Institute

ACHE Jourdial (American Institute
of Chemical Engineers)

Journal of Personality
and Social Psychology

Perceptual aPci Motor Skills

Quarterly Journal of
Applied Mathematics

SIAM Journal on
Numerical Analysis

SOURCE: Computer Horizons, Inc., unpublished.
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Appendix table'5-27. Index' of cooperative research based on scientific and technical articles2 by field
and selected research-performing sector; 1973 and 1980

FiGids

Universities
and colleges FFRDC's3

Federal
Government Industry`

Nonprofit'
institutions ,

1973 1980 1973 1980 1973 1980 1973 1980 1973 1980

Clinical medicine 54 61 51 57 61 74 38 50 65 71

Biomedicine 38 46 50 46 47 58 35 = 50 56 62

Biology 7c; 36 s,7 (6) 34 47 29 50 40 50

Chemistry 23 31 53 54 24 33 17 21 36 52

Physics 37 45 48 53 28 46 24 34 41 50

Earth and space sciences 37 47 47 63 42 52 43 55 47 52

Engineering and technology 32 39 28 33 29 42 19 29 25 39

Mathematics 23 32 (65 (6) 24 48 36 47 ; 49 54

Consisting of the percentage of all articles which were written by scientists and engineers in a given organization-with those from another
organization: e.g.. if STE's from one university co-author an article with SE's from another. university or corporation. it is assumed here that there
was some degree of cooperative research performed.

2 Based on articles, notes. and reviews in over 2.100 of the influential journals carried on the 1973 Science Citation Index Corporate Tapes of
the Institute for Scientific Information.

3 Federally funded research and development centers administered by universities.
Excluding the FFRDC's administered by this sector.

5 S'.e appendix table 1-13 for the subfields included in these fields.
6 B icause the total numbe, of articles was less than 50, no Index percentages are calculated.

SOURCE: Computer Horizons. Inc., unpublished data.
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Appendix table 5-28. Publication patterns of dissertation research for selected fields.

Average number
of publications Percent cited

Number of Percent Of those by other
Field respondents publishing Total publishing publications

Total 59". 50 0.9 1.9 47

Biochemistry 1 t ti 71 _1 5 2,1 51

Zoology 118 62 14 2.2 41

Physics 88 60 .9 1.5 49

Electrical engineering 98 43 .7 1.6 30

Psychology 102 28 .4 1.5 72

Sociology 77 27 .6 2;1 . 58

NOTE: These data are based on publication counts through 1978 for a sample of 1.200 individuals.who earned their SIE doctoral degreeiina
1969/70.

SOURCE: Alan Porter, et al., A Cross-disciplinary Assessment of the Role of the Doctoral Dissertation in Career Development (Georgia institute
of Technology, 1981).
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Appendix table 6-1. Composition of the various groups interviewed: 1981

Leaders

By age:
18-24
25-34. 1 26
35-44
45-54 32

55-64 26

65 and over 14

By gender:
Women 11

Men 89

By education:
Less than high school' NA,

High school graduate NA

College' NA

Graduate degree NA

N = 287

NA = not available.

Percent

Potential Rest of
Attentives attentives public

20 23 19

26 13 17

18 15 18

17 17 16

10 15 .1...1-

8 16 ID\

40 53 56
60 47 44

8 .19 . 24
40 62 56
40 16 15
12 3 5

637 617 1,941

Includes college graduates and those with at least some college training.

SOURCES: Leaders: Jon D. Miller. A National Survey of the Non - governmental Leadership of American

Science and Technology, (DeKalb. III; Northern Illinois University. 1982). table 2; Attentives: Jon D. Miller,

unpublished data.
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Appendix table 6-2. Beneficial versus harmful consequences of scientific
research: 1979

Response

Percent

Total Potential Rest of
public Attentives attentives public

Benefits have outweighed harms 70 , 88 74 63

About equal' 13 7 13 15

Harms have outweighed benefits 11 4 10 13

Don't know 6 4 9

N
r .

__ 1,635 _ _ ____322 __ _ 335 978

"Now, for' a different type of question. Peop'e have frequently noted that scientific research has produced
both beneficial and harmful consequences. Would you say ;hat, on balance, the benefits of scientific research

have outweighed the harmful results, or have the harmful results of scientific researchbeen greater than its

harmlitc?"



Appendix table 6-3. Leaders' views of the international position of the U.S. in
basic research and in applied research and technology: 1981

Percent saying U.S. is currently ahead of other countries
In basic scientific research
Almost all areas 19

Most areas 59

Only a few areas 17

Don't know 4

In applied research and technology
Aimost all areas 9

Most areas 57

Only a few areas : 31

Don't know 3
N = 287

Percent saying U.S. should be the leader in almost all areas
Of basic scientific research 50

Of applied research and technology 38
N = 287

Percent saying U:S. is ahead (should be ahead) in almost all areas of research, by sector
and discipline

Is ahead: Should be ahead:

N

In basic
scientific
research

In applied
research &
technology

In basic
scientific
research

In applied
research &
technology

By sector: _ '
For-profit institutions 20 10 53 44 61

Universities 20 7 54 40 150

Non-profit institutions 16 10 37 30 67

By discipline: ,-

Biological sciences 18 9 64 43 44

Physical sciences 21 6 56 44 71

Social sciences 20 9 41 31 54

Engineering-professional 21 10 40 26 58

Other disciplines 13 13 52 46 54

"Now lot me ask you to compare American science -Ind technology to that of other countnes. First, in

terms of basic scientific research (applied science and technology). would you say that the United States

is turrently ahead of other countries in almost all areas . . . in most areas,. . . or in only a few areas of basic

scientific research (applied 'science and technology)?
As a matter of national policy, do you think the United States should seek to be the leader in almost all

areas of basic scientific research (applied science and technology), or should we rocus our efforts ononly

selected areas of basic research (applied science and technology)?"

SOURCE: Jon D. Miller. A Natiorial Survey of the Nnn-governmental Leadership of American Science
and Technology (DeKalh,111.: Northern Illinois University, 1982), table 47 and Jon D. Miller, unpublished data.

See table 6.4 in text.
Science Indicators-1982



Appendix table 6-4. Percentage of the public indicating "a great deal of
confidence" in the people running nine institutions: 1973-82

Institution 1973 '1974 1975 1976 1977 1978 1980 1932

Medicine 54 60 50 54 51 46 52 46

Scientific community 37 45 38 43 41 36 41 38

Education 37 49 31 37 41 28 . 30 33

Organized religion 35 44 24 30 40 31 35 32

Military 32 40 35 39 36 29 28 31

Major companies 29 31 19 :22 27 22 27 23

Press 23 26 24 28 25 20 22 18

Television 19 23 18 19 17 14 16 14

Organized labor 15 18 10 12 15 11 15 12

N = 1,504 1.484 1,490 1.499 1,530 1.532 1,468 1,506

"1 am going to name some institutions in this country. As far as the people running these institutions are

concerned, would you say you have a great deal of confidence, only some Confidence. or hardly any

confidence at all in them?"

SOURCE: James Allan Davis. Tom W. Smith. General Social Surveys. 191?--id2. (ChiCago: National

Opinion Research Center, 1982), pp. 111-114. These institutions are the nine which Alan Mazur discusses

in "Commentary: Opinion Poll Measurement of American Confidence in Science," Science. Technology &

P_rnan Values (Summer 1991). pp. 16-19.
Science Indicators-1982

Appendix tal:4e 6-5. General public's views about the trustworthiness of
information from institutions: 1982

Percent

Almost all
. Institution of the time

Most of
the time Seldom Never

Don't know
or no answer

g. Medical community 18 61 16 3 2

h. Higher education 18 61 16 2 3

i. Organized religion 17 45 29 6 3

c. Newspapers and magazines 14 58 24 2 2

a. The military 14 45 30 7 4

b. Television 12 55 29 3 1

f. Scientific community 12 51 26 5 6

e. Environmentalist groups \ 11 49 30 6 4

j. Organized labor 8 38 41 8 5

d. Major companies 5 38 46 8 3

N = 1,310

"I ern_going_to_narne_some_institutiOnSitillitS_COuritqConsidering thejnf9rmation you get from these----__==-.,..=2.-
institutions, how often do you find them trustworthy?

.,_.... ..,....__

NOTE: Items were asked in the indicated order, from a to j.

SOURCE: Research and Forecasts. Inc., survey performed for The Continental Group. Inc., Stamford,-



Appendix table 6-6. Willingness to restrain scli.ntific inquiry: 1979 and 1981

Respondents

..

Percent willing to prohibit
scientific research concerning...

New
forms of

lee

Sex of
child at

conception

intelligent
life in
outer
space

Living
to be Controlling
100+ weather N

Attentives, 1979 51 NA 12 20 20 322
Attentives, 1981 50 50 24 20 20 637

Potential attentives, 1981 67 57 27 24 23 617

1981 attentives by age:
18-24 50 -48 21 29 32 116

25-34 47 48 19 17 13 208

35-44 51 as 27 17 23 104

45-54 51 62 23 13 19 98 '

55-64 50 55 25 18 11 62
65 and over 59 43 42 34 34 49

1981 attentives by gender:
Women 60 55 29 23 23 253

Men 44 47 1 18 19 384

1981 attentives try education:
Less than high school -55 35 29 24. 19 48

High school 61 54 27 26 28 307
College' 41 49 20 14 13 203

Graduate degree 33 47 17 , 10 11 78

-Next, let me ask you about the types of studies that scientists ought to be able to conduct. Some people
are worried that scientists are studying problems that should be left alone. Other people feel that it is a bad
idea to limit the kinds of things that scientists can study.

I'm going to read you a short list of studies that have caused some debate. For each study, please tell
me whether you think scientists should or should not be allowed to conduct that kind of research. If you
don't care one way or the other, just give me that answer.

First, studies that might enable most people in society to live to be a hundred or more. Should scientists
be allowed to condu.-...! this type of study or not? . . Studies the: might lead to precise weather control and

weather modification? . . . Studies that might allow scientists to create new forms of life? . . Studies that
might discover intelligent beings. in outer space? . . Studies that might allow parental selection of the sex

of a child at the time of cony wtion?-.

' ln-ludes college graduates and those with at least some college training.

NOTE: NA = not available

SOURCES: 1979: Jon D. Miller, unpublished tabulations: 1981: Jon D. Miller, A National Survey of Public
Attitudes Toward Sciente and Techr.ology (DeKaib, Ill.: Northern Illinois University. 1982). table 9.

See table 6-6 in text.
Science Indicators-1982
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ppendix table 6-7. Index of willingrEiss to restrain

scientific inquiry: 1981
(Percent with each Index score)

Index score'

Respondents 0 1 or 2 3 to 5 N

Attentives 24 49 27 637
Potential attentives 18 47 35 617

Attentives by age:
18-24 25 42 34 116

25-34 30 48 22 208
35-44 26 50 24 104

45-54 20 53 27 98
55-64 14 64 22 62
65 and over 17 39 44 49

Attentives by gender:
Women 21 45 34 253
Men 27 51 22 384

Attentives by education:
Less than high school 21 53 25 48
High school diploma 17 47 36 307
College? 30 51 19 203
Graduate degree 41 46 12, 78

The index score is the number of topics on appendix table 6.6 that the
respondent thought should not be studied.

2 Includes college graduates and those with at least some college training..

SOURCE: Jon D. Miller, A National Survey of Public Attitudes Toward
Science and Technology (DeKaib, Ill.: Northern Illinois University, 1982), table
10.

See table 6-6 in text.

Science Indicators--1982
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Appendix table 6-8. General public's views on spending for selected
programs: 1981

Program

h. Social serv'x_cs fur the elderly
c. Education in general
g. Job training
b. Basic scientific research
d. College scholarships
e. Day care
f. School lunches
a. Support for the arts

Percent

Present spending amount is:
Loss wilt
not be
made

up
Too
tow

About
right

Too
high

Don't
know

70 20 5 5 65
53 32 10 5 54

50 31 11 9 54

39 37 15 9 48
38 37 15 10 54
37 33 14 16 56

36 34 21 9 60
17 43 22 18 40

N = 1,500

"Here is a list of some areas in American life. For each. please tell me if you think the total amount of
spending on themfrom all sources. government and non-governmentalat the present time is too high.
too low. or about right. First. support for the arts... .

The government has been spending money for each of these areas, but there is now talk of cutbacks.
For each one, please tell me if you think support from the private sectorsuch as corporations. private
charities, churches; and individual citizenswill make up for the loss of government support. or not? First,
support for the arts.. . ."

NOTE: Items were asked in the indicated order. trom a to h.

SOURCE: American Enterprise Institute, release dated December 15. 1981.

Sc.,ence indicators -1982

Appendix table 6-9. Major problems for science and technology as identified by non-governmental S&T
leaders: 1981

Percentages classifying the problem as major

All S&T
Problem leaders

By sector By discipline

For
profit

Uni Non-
versity profit

Biological Physical
science science

Social
science

Engineering
& piofessional

Other
fields

Funding for basic scientific research ... 66 51 75 58 75 62 76 62 , 61

Public understanding of science 48 33 51 52 57 44 44 52 39

Precollegiate science education 45 34 48 43 41 55 46 40 41

Scientific instrumentation for research 31 23 37 27 27 41 28 33 .28

Training and research opportunities for
young scientists 28 20 31 28 25 30 28 19 33

Incentives for industrial research and
development 22 33 16 30 25 20 22 26 20

Applying new scientific knowledge
toward end products and uses 19 16 19 24 14 15 28 17 22

287 --61--- -150-- 67 71 54

"Now, let me read you a list of some issues that other people have mentioned, and for each oneas I read like for you to indicate if you

think it is a major problem, a problem. but not major. or not really a problem."

SOURCE: Jon D. Miller, A National Survey of the Nongovernmental Leadership of American Science and Technology(DeKalb, Northern



Appendix table 6-10. Preferences for basic or applied emphasis in research
funding: 1981

Percent

Increase Maintain Increase
basic present applied Don't

Respondents research balance research know N

Potential attentives

Attentives
By age:

13-24
25-34
35-44
45-54
55-84
65 and over

By gender:
Women
Men

By education:
Less than high school ....
High school graduate .

College'
Graduate degree

"Leaders
Biological scientists
Physical scientists
Social scientists
EngineerS-professionals
Other disciplines

27 46 25 2 617

28 36 35 2 637

26 30 44 1 1t6
25 35 39 208
30 30 37 2 104
33 34 32 1 33
34 41 20 5 FZ.

20 60 16 4 .9

3i 33 34 3 253
26 38 36 1 384

32 43 24 2 48
25 38 36 2 307
26 37 35 2 203
40 21 38 1 78

44 32 13 11 287
64 23 7 7 44
51 38 1 10 71

50 24 20 6 54
29 35 16 21 58

36 39 19 13 54

"Let me ask you to consider a situation in which the level of federal funds for scientific research and
development would be essentially constant over a five to ten year period. in this sittv'nn would you favor
reallocation of resources to increase basic scientific research, to increase applied rese.,r..n and development.
or would you prefer the present balance?"

' Includes coHege graduates and thc4e with et least some college training.

SOURCE: Jon D. A National Survey of the Non-governmental Leadership of American Science
and Technology (DeKalb. iil: Northern Illinois University, 1982), table 12: Jon D. Miller, A National Survey of
Public Attitudes Toward Sc,ence and Technology.(DeKalb, III:: Northern Illinois University, 1982). table 16.
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Appendix table 6-11. General public's views about the role government
should play in various areas: 1981

Area

Percent

Major Minor None

g. Seeing to it that all Americans get
good health care

f. Protectirig the environment
b. Encouraging economic

development
SCeiFig-to irthat-there-are-enough-

good jobs
d. Fostering basic research
n. Helping American business

compete with foreign business
a. Increasing the number of Blacks

and minorities in good jobs
e. Fostering the arts

73
72

70

63
56

55

33
20

20
23

23

5

3

4

1. 2

2

33

27

34
48

6

14

31

27

5

4

3

7

1,500

aa,
sk..71s,

"I'm'going to read you a list of areas in which government might pla a role. For each, please tell me if
you think the government should play a major role, a minor role, or no role at all. First increasing the'number

of Blacks and rtinorities in good jobs. . . . .

NOTE: Items were asked in the itticated order, from a to h.

SOURCE: American Enterpriselnstitute, release dated Qecember 15, 19E1.

Science Indicatois-1982

Appendix table 6-12. Views about policies to promote technological innovation by American industry:

.Policy

American industry should invest more
heavily in scientific research and
development.

The Federal Government should
provide larger tax incentives to increase
industrial research and development.

If patent laws in the U.S. were
modified to extend the period of.
eiclusive use, we would see a major
increase in technological innovation.

1981 6

Respondents

Percent

_ N
\Agree / I Disagree Don't

knowStrongly. Other Other Strongly

Leaders 38 55 5 2 287

Attentives 36 '55 8 637

Potential attentives 30 59 10 1 617

Leaders 22 . 48 23 3 3 287

Attentives 24 48 24 3 1 637

Potential attentives 20 51 24 5 1 617

Leadets 2 23 , 57 9 10' 287

Attentives 11 47 5 637

Potential. attentives 11 58 22 6 617

SOURCES: Jon D. Miller. A National Survey of Public Attitudes Toward Science and Technology (DeKalb, Northern Illinois University, 1982),

tables 21, 22, 23; Jon D. Miller. A National Survey of the Non-governmental Leadership of American Science and Technology (DeKalb. III.: Northern
1.,,,.1, norm ..n1,1,.c. OA OS OR



Appendix table 6-13. General public's preferences for advances in technology: 1974, 1976, 1981

Percent

Would like
corit;nue0
advances

Gbne as far
as should Gone too far now Don't know

Field of technology 1974 1916 1981 1974 1976 1981 1974 1976 1981

e. Medical transplants (heart, kidney,
etc.) 88 89 90 5 5 5 2 2 2

1, Etiological and medical engineering
to improve or correct defects in
human beings

k. Development et new food
sources '

NA

83

NA

76

82,

76

NA

7

NA

11

9

12

NA

3

NA

9. Methods of local public
transportation (buses, subways,
etc.)

d. Nuclear power for peaceful
purposes

85

70

77

70

75

S9

9.

16

14'

13

16

19

1

5 8

3

12
a. Exploration of space
c. Cable TV technology, programming,

and home information services
h. Synthetic fibers and materials

(nylon, dacron, etc.)

42

NA

:67

49

NA

;.,1

57

54

54

37

. NA

19

29

NA

21

26

28

291

16

NA

3

16

NA

4

12

7

6
AdvanCed weaponry (miSsiles,

etc.)
j. Compact computers fo-

home rise

40

NA NA

SO

48

35

,NA

27

NA

'25

29

19

NA

18

NA.

16

11

I. Automated and self-service
=

shopping facilities (self-:service
food markets, gas stations,
automated banking, etc.)

i. Synthetic foods (meat substitutes
made from soy protein,
chemicals, etch

(j.) Development of new living spaces
(under sea, in space)

40

34.

46'

-39

36

45

39

'35

NA

36

26

22

38

26

24

- 38

27

NA

14

23

14

14

27

14

16

26

NA
,(f.) Speed of jet planes for long

distance travel
(c.) Electronic surveillance devices

(microphones, wire taps, etc.)

31

7.24

29

',21

NA

NA

50

34

46

31

NA

NA

10

33 .30 NA,

NA --- not available.

NOTE: Items were asked in the indicated order, trorrr a to I. Three substitutions were made in the 1981 survey.

SOURCE:' The Roper Organization, Roper Reports, No. 8 (1981), p.'

See table 6.11 in text.

.

C

1974 1976 1981

4 4 3

NA 'NA 5

8 5

5 1E( 6

9 9! 10
5

NA NA) 12

11 10 12

7 1/0

NA NA '12

10

23 10 11

.

9 NA

11 NA
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Appendix table 6-14. Expectation of future scientific achievements within 25 years: 1979 and 1981

(b) (a) (e) (c) . (d)

Percent who believe achievement is very likely
(f)

N
Cheap
energy

Predict
earthquakes

Desalinate
salt

water
Cure

cancer

Communities
in outer
space

Ccntrol
inflation &

unemployment

Potential attentivos 1979 59 54 45 48 17 NA 335

1981 65 62 63 61 23 28 617

Attentives 1979 81 72 64 58 28 NA 322

1981 74 63 62 59 . 21 19 637

1981 attentives by age:
__..>_

18-24 49 68 15 61 47 .21 116

25-34 66 75 22 64 61 25 208

35-44 59 78 14 63 70 18 104

45-54 68 77 18 67 59 20 98

55-64 74 63 24 66 58 16 62

65 and over 63 88 29 54 59 22 49

1981 attentives by gender:
Women 53 70 23 66 59 15 253

Men 69 77 17 61 59 25 384

1981 attentives by education:
.Less than high school 58 68 18 . 74 62 44 48

High school graduate 61. 78 23 64 60 20 307

College' 64 71 15 64 58 17 . 203

Graduate degree 67 74 17 52 56 _19-- 78

"Now, let me, askyou to think about the
think it is that each of these results will be
you think that it is very likely, possible-but
b.) Moth efficient sources of cheap ener
economically desalinate sea water for hu

Includes college graduates an

long-term future. I am-going to read you a list of possible scientific resOts and ask you how likely you

achieved in the next 25 years or so. a.) A way to predict when and where earthquakes will occur. Do

n t too likely,"or not likely at all that researchers will achieve this result within the next 25 years or so?

. c.) A cure for common forms of cancer. d.) A way to put communities in-outer:space. e.) A way to
an consumption. f.) An economic theory to control inflation and reduce unemployment."

with at least some college training.

NOTE: Items were asked in the indicated order, from a to I.

SOURCE: Jon D.Miller A National Survey of Public Attitudes Toward Science and Technology (DeKalb, Northern Illinois University. 1982),

table 7.

See table 6-12 in text.
Science Indicators-7.1982

Appendix table 6-15: Optimism that science and technology can solve the
energy problem: 1981

Respondents

Percent

Strongly
agree Agree Disagree
no 44 11

Strongly
disagree

Don't
know N.

1 287.



Appendix table 6-16. Views about recombinant DNA research: 1981
(Percent)

Benefits/risk balance of recombinant DNA research: /

Benefits Benefits Risks
outweigh equal outweigh Don,')'

Respondents risks risks' benefits knout N

Leaders, 76 4 7 13 287

Attentives 58 4 32

Potential attentives 47 7 35 11 617

Present level of government regulation of recombinant DNA or genetic engineering
experiments is:

Respondents
Too
high

About
right

TOo
low

Don't
know N

All leaders 17 58 9 15 287

Biological scientists.. . , 23 61 ',. 7 9 44

Physical scientists 21 51 8 20 71

Engineers-professionals- 21 64
. 9 58

Social scientists 1'1 63. 13 13 54

Other scientists 13 54 11 22 54

some personslave argued that the creation of new life forMs through recombinant DNA research
constitutes a serious sk, whiki other.persons have argued that recombinant DNA research may iield major
benefits for society. In your own opinion, would you say that the risks o(recombinant DNA research are
greater than. its benefits or that the benefits'are greater than the risks?"

"Recombinant DNA or genetic engineering expenments. is the piesent level of government regulation
too high, too low, or about right?"

Reported only when volunteered by respondents.'

SOURCES: Jon D. Miller, A National Survey of the Non-governmental Leadership of American Science
and Technology (DeKalb, Ill.: Northern Illinois University, 1982). tables 36. 37: Jon D. Miller, A Natiohal

Survey of Public Attitudes Toward Science and. Technology (Dekalb, Northern Illinois University, 1982).

table 25. ' - ,

Science Indicators-1982



Appendix tabl 6-17. Views about nuclear power: 1981
(Percent)

Benefitrisk assessment of nuclear power:

Benefits Benefits Risks
outweigh equal outweigh Don't

Respondents risks risks' benefits know N

Leaders 60 4 30 6 287

Attentives 55 45 637

Potential attentives 51 47 617

Present level of government regulation of the construction of nuclear plants is:

Too
high

AboUt
right

Too
low

Don't
know N

All leaders 25 40 33 2 287

Biological scientists 40 35 1 24 2 58
Physical scientists 31 42 21 6 71

Engineers-professionals 27 41 32 244

Sodial scientists 11 33 54 2 54

Other scientists 13 50 35 2 54

Reported only when volunteered by respondents,

SOURCES: Jon D. Miller, A National Survey of the Non-go ternmental Leadership of American Science
and Technology (DeKalb. III.: Northern Illinois University, 192), tables 34, 35; Jon D. Miller, A National
Survey of Public Attitudes Toward Science and Technology (DeKalb, Ill.: Northern Illinois University, 1982),
table 24.
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Appendix table 6-18. Perceived benefits/risk balance of nuclear power: 1981

,

Percent

Benefits Benefits
strongly slightly
outweigh outweigh

risks risks

.

Benefits
equal
risks'

Risks Risks
slightly strongly

outweigh outweigh Don't
benefits benefits know N .

Potential attentives 2th 25 16 31 2 617

Attentives 35 20 16 29 637
.._

By age:
18-24 26 23 15 .36' 1 116

25-34 31 21 17 30 1 208

35-44 33 . 19 13 35 1O4

45-54 51 15 2 11 20 98

55.-64 29 19/ 19 34 fi2

65 and ove' 53 19 17 11 49

By gender:
Women 28 19 19 34 -- 253

Men 40 20 13 26 1 384

By education:
Less than high school 48 .18 20 . 15 48

027 ld 31 1 307



Appendix table 6-19. Percent saying we are spending too little on solving certain problems: 1973-82

Problem

b Improving and protecting the nation's health
e. Halting the rising crime rate
f. Dealing with drug addiction
c. ,improving and protecting the environment
g. Improving the nation's education system
d. Solving the problems of the big cities
h. Improving the conditions of Blacks
i. The military, armaments and defense
k. Welfare
a. The space exploration program
j. Foreign aid

N ==

1973 1974 1975 1976 1977 1978 1980 1982

61 - 67 62 60 56 55 55 56
64 67 65 65 65 64 69 71

65 60 55 58 55 55 59 57
61 59 53 55 47 52 48 50
49 50 49 50 48 52 53 57
48 50 47 42 40 39 40 43
32 31 27 27 25 24 24 28
11 17 17 24 24 27,(;'-' 56 '29
20 22 23 13 1` 13;"!..' 13 20

7 C 7 9 10 12 Z,;, 18 12
4 3 5 3 3 4 5 5

1,504 1,484 1,490 1,499 1,530 1,532 1,468 1,506

"We ,pie faced with many problerhs in this country.. none of which can be solved easily or inexpensively. I'm going to name some of these
problems, and for each one I'd like you to tell me whether you think we're spending too much money on it, too little money, or about the right
amount Fast are we spending too much, too little, or about the right amount on

NOTE Items were asked in the indicated order. from a to k.

SOURCE James A Davis and Tom W. Smith. General Social Survey, 1972-1982. (Chicago: National Opinion Research Center, Uhiversity of
Chicago. 1982), pp. 76-79.
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Appendix table 6-20. General public's self-professed interest in and knowledge about issues in the
news: 1981

Issue

'Percent

Degree of interest Level of knowledge

Moder- Not Very Moder-
Very ately at all Don't well ately Poorly Don't

interested interested interested know informed informed informed know

e. Economic issues and business conditions , 54 36 10 30 51' 19

h. Energy policy
c. Local school issues

50
46

40
36

10
18

24
32

56
46

20
22

d. New scientific discoveries 38 45 16 13 50 37
a. International and foreign policy issues 36 47 17 18 . 55 27

f. Use of new inventions and technologies 34 51 15 11 49 39

-b. Agricultural and farm issues - 24 48 28 13 43 44

i. Space exploration 26 44 30 14 47 39
g. Women's rights issues 24 .48 28 18 54 28

N 3,195

"There are a lot of issues in the news and it is hard to keep up with every area. I am going to read you a short list of issues and for each one
as I read itI would like you to tell me if you are very interested, moderately interest.V. or not at all interested in that particular issue.

Now I'd like to go through this list with you again and for each issue I'd like for you to tell me if you are very well informed about that issue,
moderately well informed, or poorly informed."

NOTE: Items were asked in the indicated order, from a to i.



Appendix table 6-21. Self-professed understanding of scientific terms: 1981

Percent

Attentives (N = 637) Potential attentives (N = 617)

Term
Clear

understanding
General
sense

Little
understanding

Don't Clear
know -understanding

General
sense

Little
understanding

Don't
know

Radiation / 73 25 1 34 55 9 2

GNP / 62 17 22 12 28 59 2

Scientific study 49 . 48 3 20 54 24 2

DNA 37 40 23 4 33 61 2

/
When you read science related news stories, you encounter certain sets of words and terms. We are interested in how many people recognize

certain types of scientific terms and I would like to ask you four brief questions in that regard. First, numerous articles speak of the results of a

scientific study. When you read the term -scientific study do you have a clear understanding of what it means, a general sense of what it means

or little understanding of what it 'means?". .

SOURCE: Jon la. Miller, unpublished data.
Science Indicators-1982



Appendix II
Contributors and Reviewers



Contributors and Reviewers

The following individuals contributed to the report or reviewed its. chapters and sections. Theirparticipation is greatly
appreciated.

Leonard Adleman, University of Southern California
.''Robert Ballard, Woods Hole Oceanographic 'Institute

Robert E. Berney, WashingtonState University
Kathy Bloomgarden, Research and Forecasts, Inc.

David Breneman, The Brookings Institution
Ronald Breslon, Columbia University
Alphonse Buccino, National Science Foundation
Robert W. Campbell, Indiana University

_William a Carey, American Associatlon for the Advance-
ment Of St:it:rice

Mark Carpenter, Computer Horizons, Inc.
'rhomas Carpenter, University of Wisconsin-Madison
Sylvia Ceget, Massachusetts Institute of Technology
Steven R. Childers, University of Florida-College of Medicine
Donald J. Cram, University of California-Los Angeles
June Dahl, UniverSity of Wisconsin Medical School
Edward E. David, Jr., Exxon Research and Engineering

Company
H. Dupont Durst. University of Puerto Rico
Thomas Everhart, Cornell Unive:sity
Norman Fast, Venture Economics
John Fulkerson; Department of Agriculture
George Gokel, University of, Maryland
Aviam Goldstein, Addiction Research Foundation
Frank H. Healey, Lever-Brothlers Company
Lyle V. Jones, University of North Carolina
Steve Koonin, California Institute of Technology
Jeffrey Lagatias, Bell Laboratories
Abel Lajtha, Rockland Research institute
David W. Lynch., Iowa State University
Thomas F. Malone, Butler. University
Edwin Marteit,ld, University of Pennsylvania
Giorgo Marguritundo, University of Wisconsin

Allen G. Marr, University of California-Davis
Michael McPherson, Williams College
Gerhardt G. Meisels, University of Nebraska
Rich-ard Meserve, Covington and Burling
Daniel Met lay, Massachusetts InAltute of Technology
Jon D. Miller, Northern Illinois University
Robert C. Mitchell, Resources for the Future,
Michael Mbravcsik, University of Oregon
Jane S. Myers, U.S. Patent and Trademark Office
Sidney-Passmanr-National Science_foundation
Keith Pavitt, University of Sussex, England.
Carl Potnerance, 'University of Georgia
Man Porter, Georgia institute of Technology
Peter RoSsi, University of Massachusetts, Amherst
Mark Schankerman, New York University
F.M. Scherer, Swarthmore College.
Jurgen Schmandt, University of Texas
Howard Schuman, University of Michigan
Harrison Shull,. University of Colorado
,Eugene Skolnikoff, Massachusetts Institute of Technology
`Torn W. Smith, National Opinion Research Center
Louis Solnion, University of California -Los Angeles.
Guyford Stever, -National Academy of Engineering
Gary Strobel, Montana State' UniverSity
Robert S. Taylor, Syracuse University
Albert Teich, American Association for the Advancement

-of Science
Howard TUckman, Memphis State University
Tjeerd Van Andel, Stanford .University
Martha Williams, University of Illinois
Sylvan Wittwer, Michigan State University
Milton Zaitlin, Cornell University



Subject Index



A

A, adyynk ;1,..ututi,,,,,s. see. Universities and
col Ts..

Academic laboratories, equipment in,.:133, 315
Academic research and development, See

Universities and colleges.
character of work in, 131
Federal support for, 125-126
industry's support of, 106
leading institutions in, 125-126
:par turnsmi wpport- for:127.130
pelf:miners of, 125, 129-130, 295
S/E's engaged in, 130-131, 314

Academic reseatch and development expendi-
tures. 125, 127-128, 303, 304

distrik by field, 128, 309
in che,Actrate-granting institutions, 125-120,

128', 303, 304, 308
for equipment, 132-133
Federal, 304, 307,'308
indi-/rial, 106-107, 304, 307, 308
by , titutional rank, 303, 304

..,ies, 133-.134
rwoprolit institutions, 307

by State and local governments, 304, 308
by universities and colleges, 304, 307, 308

Academic; science and engineering, 117 -138
Academic scientists and engineers,. See Scien-

tiSts and engineers in academia,
Accelerators, lb8 .172, 173
Advances in science and engineering; 163489
Advances in science and technology

public expectations of, 155-156, 330
public preferences in, 154, 155, 329'

Aeronautical engineers. 65, 254, 265, 266
doctoral, 254, 262, 281
in industry, 88, 278, 279, 281
work activities of, 278, 279, 281

Aeronautical and astronautical engineers, 251
Aeronautical industry, 17tr
Aerospace industry, 10, 9o, 105, 107,202
Africa, students in U.S. from, 28
Agency for International Development,.27
Agricultural chemical's, 102, 291, 293, 294
Agricultural sciences, 77,311. See also Life scil

ences.
Agricultural scientists, 72-73, 77, 251, 254, 265,

266,.267. See also Lire scientists.
in'academia, 124, 297
doctoral, 124, 254, 262, 296, 297
in industry, 278, 279, 296, 297
work Activities of, 278, 279, 296

Agriculture
.

degrees awarded. in. 28, 194
foreign students in, 28, 227
genetic engineering in, 179-182.

Agriculture and forestry, 228
Aircraft, trade balance in, 21, 22, 216, 219
Aircraft and missiles industries, 94-96, 97, 215,

284-285, 28,6, 21,7. See also Transportation
industries.

Aircraft and=parts, 14;15;16, 207, 208,291, 293
Aircraft industry, 102. ..

and Mental Health Ad-

Subject Index

in industry, 90, 278, 279, 281
publications in, 137, 318, 319
Si Ls engaged in90. 131, 278, 279, 281, 313

\-App61.1 research and development, 127A 28,
131

expenditures for, 47, 49, 129-130, 237, 308,
311

Applied reseatch and technology, public opinion
on, 148, 322

Asia, students in U.S. from, 28_
Asian scientists and engineers, b8-70, 263, 264
AStrOnnirly, 311, See also Pliysical-sciences;
Asti ononiy centers, 172
Atmospheric scientists, 251, 254, 265, 266, 297.

See also Environmental scientists.. .

doctoral, 254, 262, 296,.297
in industry, 278, 279, 281, 296, 297
work activities of, 278, 279, 281, 296

Atoinic-scale probes, 173-174
Attentive public, 145, 159-160, 321, 334

attitudes of. See also Public attitudes.
on basic vs. applied research funding, 152,

327
on benefits vs. harm of scientific research,

140-147, 321, 331
on energy problem. 155, 330
on expected S/T advances, 155-156, 330
on industry's role in R&D, 153, 154-155,

328
on limiting scientific inquiry, 1,50-151, 324,

325
on nuclear power, 157, 332
en recombinant DNA resea,;11, 156, 331
on science and economic growth, 150

on science education, 148
on science funding. 151-153
on space program, 151, 158-159

Audiovisual development in infants, 182-183
Australia, 207, 213
Australia, New Zealand, and the Republic of

South Africa, royalty and fee transactions
of, 222, 223, 224

Austria, 207, 220
Automobiles and parts, 216
Automobile industry,105

B

Basic research, 24
economic growth and, public opinion on, 150
expenditures for, 47, 137

at FFRDC's, 129-130, 311
public attitudes toward, 151-154, 326, 327
by source of fUnds, 49, 239
in universities antiolleges, 129-130, 308l.Fedei, obligations 54,245
by S/E field, 55, 56, 246

Federal support for, 47, 54-55
performed in colleges and universities, 47,125,

127-128
industry's use of, 106, 107

public opinion of U.S. status in. 148, 322
publications in, 137, 318, 319
5 /E's engaged in, 90, 131, 278, 279, 281, 313
sources -of stipport for, 55

Big Bang theory,
No( hemis try

of opium, 177-179
-publications in, 137, 320

Hit.11(10'.11 sciences, 80, 228, 269, 271, 311, See
ago Life sciences.

Biological scientists, 72-73, 251, 2,54, 265, 266,
267, 278, 279, 281, 296, 297. See 'also Lift,

scientists.
doctoral; 254, 262, 296, 297

Biology, 22. 77
"cooperative research in, 298;-320

.international, 29-24, 229
ocean, 187-188
publications in, 31, 108.109, 130-137, 204,

231, 315, 317, 318, 319
citations to, 12, 31-32, 109, 136, 205, 232.,

299, 316
coauthored, 108-109, 137
U,S. contribution to, 11-12, 203, 204

Biomedicine. See also Medical sciences.
cooperative research in, 298, 320 /
publications in, 31, 13o -137, 203, 231, 313,

317, 318, 319
international, 29-31, 229
citations to, 12, 32, 109, 130, 205, 232, 299,

316
coauthored, 108-109; 137
U.S. contribution to, 11-12, 203, 204

Biotechnology, university-industry coopera-
tion' in, 107

Black scientists and engineers, 68-70, 263, 264
Board on Science and Technology for Interna,

tional Development, 27 ,

Brain opiates, 177-179
BusinesS% 73, 77, 267
Business and industry. See also Industry.

S/E's employed in, 65-67, 123, '259, 261, 313
BusineSs and management, foreign students in, E:

28, 227
Business enterprise researcn and develoPmeni

expenditures, 201. See also Industrial R&D
expenditures.

Business machines and equipment, 219

C

Canada, 32. 220
capital investment in, 18, 212, 226
international cooperative research and, 29-31,

230 -

patents-granted in, 15-16 210
productivity level of, 17, 211
royalty and fee transactions of, 24, 221,222,

223, 224
students in U.S. from, 28, 302
trade balance with, 22, 217
U..S. patents granted to nationals of, 206, 207

Capital investment, productivity and, 3, 18 -20;
212

Catalysis research, 173, 175-177
Cavitands, 176
Cell bicdogy, academic laboratory equipment

for 133, 315 '

Chemical engineering, 173, 267. See also Engir.,



,d, and allied prodm ts, 21, 22, 23, 216,
291

Chemicals industries, 10
niyaltit, and fees transacted in, 24, 221

s in, 01, 02, 282
itanstrned technologies in 90, 288

I. henncals and allied products industry, 90, 226
2o, 215

expenditures fur, 05, 99, 202, 284-285
funding tor, 1)7, 286, 287

Chemistry, 28, 81, 311. See also Physical sci-
ences.

catalytic action in, 175-177
cooperative research in, 298, 320

international, 29-30, 229
degrees awarded in, 28, 228

publications in, 31, 136-137, 203, 231, 315,-317,
318, 319

citations to, 12, 31-32, 108-109, 136, 205,
232, 299,-316 .

coauthored. 108-109, 137
U.S. contribution to 11-12, 20.3, 204

surface. 172-175
Chemists, 215, 297. See also Physical scientists.

doctoral, 88, 124, 254,262, 281, 296, 297
employment of, 251, 254, 265

in-field, 73-74. 266
in industry, 87-88, 278, 279, 281, 296, 297
salary offers to, 73, 267

China. See People's Republic of China.
Cipher systems, 107
Citation analysis

patent. 14-15, lo
ientilic literature, 11.12, 31-32, 205, 231,

316
Citation ratios

industry/university, 108. 109, 299
to U.S. articles. 12

Civil engineering. Sec Engineering.
Civil engineers, 251

'doctoral, 254, 262, 281'
employment of, 05, 251, 254, 265

in S/E, 266'
in indUstry, 87.88 278; 279, 281
salary Offers to, 73, 267

Clinical medicine. See also Life science.; Medi-
cal sciences.

cooperative research in, 229, 298, 320
international, 20-31

publication. in, 31,,130-137, 204, :31, 315,
317, 318, 319

coauthored. 108.109, 137
citations to, 12, 32, 108-109, 136. 205, 232,

299, 316
U.S. contribution to, 11-12, 203, 204

C oau thin ship of SIT publications, 108-409,
137

College admission test sLores, .73, 76-77
College-age population, 77-78, 82-83

in higher education. 119-120
Colleges and universities. See Universities and

colleges.
College-bound seniors, SAT scores of: 76-77
Cognitive development in early childhood. 182 -

155
Cognitive science. 182-185
Commune anon equipment and communication

-industry. 94-00, 284, 285. See also Electrical
-equipment. .

.

t mon t and electronic COM-

trade balance with, 22, 217
Computer education, 127
Computer industry, 10, 94-0t, .02, 104, 202.

See also Nonelectrical machinery industry.
Computer literacy, 127
Computer science, 28, 77, 121, 311. See also

Mathematical sciences; Mathematics and
computer science.

Comm' terspecialists; oti, 69, 88, 249, 250, 251,
252, 253, 255-256. See also Mathematical
scientists.

academic, 130-131, 135, 297, 314
with bachelor's degree, 88, 275, 276, 277
doctoral, o7, 69, 72, 88, 108, 253, 254, 257-

258, 261,,,462, 266, 276, 281, 296, 297,
313, 314

edtteatinnalinstitutions,' 123, 313
employment of, 64.65, 71, 81, 82, 250-256,

259-261, 264, 265, 280
in-field, 73-74, 276, 277
in S/E, 64. 72:82, 250, 251,253, 254, 266

in industry, 87-88, 89, 108, 280, 281, 296, 297
labor force status of, 63, 67, 69, 249, 251,

252, 254, 275
labor market for, 63, 70, 73-74
with master's degree, 89, 275, 276, 277
minority, 68.70, 263, 264
postdoctorate, 253, 254
salaries of, 72-73, 267
work activities of, 89, 108, 130-131, 135, 255,

258, 279, 281, 296, 297, 313, 314
Computerized automation in industry, 18-20
Computers, export shares in, 22, 219 -

Concentration ratios of S/E's by industry, 9I9-
91, 282

Construction, mining, and material handling
machinery and equipment, 92, 291, 294

Consulting, S/Es engaged inir90, 135, 313, 314
Cooperative research, 137, 298, 320

international, 28-31, 229
Corn regeneration, 179 -181'
Corporate patenting, 294 ,

Cosmology; 172
Cyclodextrais, 177
CzeChosloYakia, 213

Deep Sea Drifting Program, 188-189
Defense, Federal' R&D support and, 41, So, q1
Defense Advanced Research Projects Agency

(DARPA), 12,711
DefenSe research anal development. See Research

and development, defense.
Degrees granted

bachelor's, 272, 301
doctoral, .`74, 301

to fort :gn student!, 228
by field of study. 6, _21, 194
first-professional, 272
international comparisons of, 0, 194
master's, 273, 301 .

in 51E, 120-121, 272, 301
Denmark, 207, 213, 220
Department of Agriculture

academic R&D support through', 129, 310
Federal research obligations to, 245

Department of Defense, 52n, 92
as perfOrmer of R&D, 43, 51
-F-edetal--suppoet of, .55n, 245
R&D sunoort through

as R&D performer, 51, 55
Department of Health and Human Services, 55

academic R&D support through, 129, 310,
312

as performer of R&D, 43-44, 245
Department of Labor, 312
Department of Transportation, R&D support

from. 90, 312
Developed countries

royalty and fee transactions of, 24, 221,222,
223, 224

U.S. industrial investment in, 220
Developing countries

royalty and fee tt ansactions of, 24, 221, 222,
223, 224

trade. balance with, 22, 217
U.S. direct investment in,-226

Development, 44
expenditures for, 45, 447, 23471

by source of funds, 49, 241
S/Es engaged in, 05 -66, 67, 68, 89, 90, 255,

257, 278, 279, 281, 313
Support for, 47, 54, 56-57

DHHS. See Department of Health and Human
Services,

Direct investment, 24
by foreign countries in U.S.. 25:27
by U.S. abroad, 25, 226

Dissertation publication, 137, 320
Doctoral intensity of science and engineering

IAtvr force, b7.,68, 69 262
DOr See Department of Defense-
DOL ' ;Pe Department of Energy.
Domestic indt..3trial product (DPI), 10n

industrial R&D expenditures compared to,
201

DrillIships in ocean floor research, 188-189
Dreig and medical instruments industry, patents

Drugin.
102

medicines, 211 See also Chemicals
and allied products industry.

patents in, 14, 15,16, 102, 207, 208, 294
R&D in, 94-97, 98-99 .

expenditures for, 284-285
funding for, 286-287

venture capital investment in, 104, 293
Durable goods industries, 92; 94, 282
Dynorphins, 179

E

Earth and space sciences
cooperative research in, 298, 320

international, 29-31, 229
publications in, 31, 136-137, 231, 315, 317,

318, 319
citations to,12, 32, 108-109, 136, 204, 205,

232, 299, 316
coauthored, 108-109, 137
U.S. contribution to, 11-12, 203, 204

Earth ;science, 28, 228
ocean floor exploration in, 185-189

Earth scientists, 2.51, 254, 265, 266. See also
Environmental scientists.

doctoral, 124, 254, 262, 281, 296, 297
work activitier- of, 278, 279, 281

Eastern European countries, students in U.S.
from, 29

Economic growth
R&D support and, 3, 8, 17-20, '1, 56, 57
science and, public attitudes toe-ard, 150



I. iii,ation Ainiiidnients ot 1080. 1,1214
! du, aimitg. employment, and sot ial

I ederal R&D funds tot, 244
dinational institutions, 5/1.'s employed in,

e5 o7. 123. 124. 130-131, 259, 261, 313
1. E Eutopean'tionemic Coinmunity.

ii al and ell% trunk engineers, 251, 262,
21,5, 260, tire a/so Llet nit al engineers.

Het t7ical engincer ins, 133, 137, 315, 320 See
.ilso Engineering.

engineeis, e5, 73, 87-88, 254, 267,
278, 279, 281. See also Engineeis Lief It ical
and electronic engineers.

Elet tricot equipment, 10, 26, 202, 219, 221, 291
patents fin, 14, 15, lo, 102. 207, 208, 291
R&D or, 25, 26, 99

penditures 04 -96,. 284-285 -----
ederal st,pport for, 04, 07 .

funding tor, 286, 287
S/E's employed in, 91, 92, 282
let Imology transfer in, 90. 288

I let (Ion diffractiontion techniques, 173-174
Electronic and electrical equipment industries,

215
lint trunk t ommunications, use of prime num-

bets iii, 104-1e8
Electronic Lomponents, 22, 04-90, 219, 284-285

See Ailso Electrical equipment industry.
Electronic Liven es. semiconducting, 173, 174
Electro-weak torte, 171-172
Einlorphins, 170
l_nergy researill and development. See Research

and development, energy; Department of
'Energy.

Engineer ing. See also Natural science and engi-
neering.

t ooperative research in. 298, 320
international, 29-31, 229

degrees granted in, 83, 121, 194
bachelor's, 77-78, 272
compared to employment in field, 73-74
doctoral, 28, 79, 228, 274
international comparisons of, b, 194'
master's, 79, 273

faculty shortage in, 123-124
Federal research obligations in, 309
Federal support for bask research in 55, 5o,

246
labor force in', 262
publications in, 31, 136-137, 204, 231, 315,

317, 318, 319
citations tb, 12, 31-32, 108-109, 136, 205,

232, 299, 316
coauthored, 108-109. 137
U.S. contribution to, 11 -12, 203, 204

R&D expenditures in, 123, 128, 130
at FFRDC's. 311
at universities and colleges, 107, 308, 309

students in, 77, 80, 126, 271, 303
foreign, 28, 122, 227

Engineers, 88, 249, 250, 251, 252, 267
in academia, 122, 123, 124. 130-131, 135,

313, 314
with bachelor's degree, 88, 275, 276, 277
with doctorate, 67, 68, 69, 90, 107-108, 124,

253, 254, 257-258, 261, 7 264, 265,
276, 277, 281, 296, 297, 314

employment of, o, b4 -b7. 71,. !, 82, 250,
251, 252, 253, 254, 255-2.5o, 264, 265,
280 -

market tor, o3, 70.73, 74, 82
with masher degree, 88-89, 275, 276; 277
men. 249, 250, 252, 253, 255-256
minority, 08-00, 70, 263, 264
postdoctoral,. 25., 254
salary offers to, 267
utilization rates for, 72, 266
women, 249, 250, 252, 253, 251,-256
work activities of, b5 -oo, 89, 130-131, 135,

255.-256, 257-258, 314
Engines and turbines, 291, 293
Erikeplialins, 170
Ellyn oninental Protection Agency, 92 .

Environmental sciences
grees granted in, 73-74

Federal support for basic research in, 55, 56,

--- 246 ,

R&D expenditures in, 128, 130, 308, 309,
311

students in, 122, 126, 305.
Environmental scientists, 09, 70, 72. 88. 249-253,

255-256, 249-256, 59-260, 266
academic, 123, 130-131, 135, 313, 314
with bat heltir's degree, 275, 276, 277
doctoral. 67, 09, 72,,88, 07-108, 253;254,

257-258, 261, 262, 266, 276, 277, 281,

296, 297, 313, 314
employment of o5, 71, 81, 263, 264, 265,

280
by employment sector, 259-260, 261
in S/E, b.l, 73-74, 82, 250,$51, 253, 254

in industry, 88, 107-108, 278, 279, 280, 281,

"296, 297
in labor force, 03, 07, 69, 72, 249, 251, 252,

254
labor market for, 63, 70
with master's degree, 80, 275, 276, 277
postdoctorate, 253, 254 ;

work activities of. 130-131. 135. 255-256,
257-258, 231, 296, 313, 314

Enzymes, artificial, 175-177
Epitaxy techniques, 174
European Economk Community countries, 15,

24., 206, 21C; 222; 223, 224
Export shares, 13, 218 219F
Fabricated metals, 01, 92, 97, 282, 284-285, 286,

2S7
patents for, 16, 207, 291, 294

Farm and garden machinery and equipment,
291, 294

Federal agencies in R&D support, 129
Federal budget authority for R&D, 48, 50-54,

244. -See also Federal research and devel-

opment obligations1
Federal Government

cooperative research involvement of, 12:5958, 320'
public attitudes toward role of. 154 -155,
publications by S/Es in6,1376,0,3 156,13;

313
136

S/Es employed in, 65, 260,

Federal intramural laboratories
as performers of R&D. 43-44, 45, 46,-36,

236
Federal obligations to, 55, 56, 57. 248

Federal obligationS. See Federal research and
° development obligations.
Federal policies on patenting,
Federal research and development obligations,,

48n

and rolieges. 128-120, 309,

Federally funded reseal l h and development

Ferrous rn als and products industry, 98, 4'7,

FFRDC' . See Federally funded research and

VieldsAvledals recipients, 105

as performers of R&D, 44-15, 46, 56, 236,

tor R&D, 42-43, 44, 45; 47-55, So, 57, 106,

for 5/E students. 131-132, 314

for development, 241
public prefercm es in, 131 -154, 326, 328
I or research, 47, 48, 54-55, 238, 239, 240

Federal obligations to, 55, 57, 248, 321

publications by S/E's in, /37, 315
R&D ex nditures in, 129-130, 311

.284-5 5, 291. See also Primary metals:

centers, 129n

de elopment centers. ..

by budget fumtion, 243, 244

iompared to non-Federal expenditures, 50,

for defense, See Research and development

in industry, 93-94, 97

at colleges and universities, 128,304, 307,

for R&D plant, 55, 57,

320

234, 235, 243, 283, 309, 310, 311

308

51

expenditures, defense,

242, -247 ..

km f and Drug AdMinistration, 02
-Ft, d and kindred products, patents for, 14, 16,

207, 291
cmd and kindred products industries, 221

R&D in, 26, 284-2851/22887
-

S/E's employed in, 91. 282
Foreign-affiliate research and development, 98
Foreign direct investnient in U.S.,125-27
Foreign students in U.S., 28-29, 3b, 227, 228
France, 24. 32, 147, 193,122. 20,122, 21

, capital investment in,
computer-aided manufacturing in, 19, 213
export shares for, 22-23, 218, 219
industrial.R&D in, 9-10, 200, 202, 212
international cooperative research an., 29-37,

230
patents granted in, 131, 2-0198,

211, 212produclivity level of, 17 -18,
R&D expenditures in, 4, 192, 195

civilian, 8, 197
compared to GNP. 7. 8, 195, 197
government objectives in, 7, 8-9, 199

..industrial, 9-10, 201
R&D funding patterns in, 9-10
5/E's engaged in R&D in, 4, 5, 193
U.S. patents granted to nationals of,

207
Funda.'nental 'structure of matter, pursuit of,

168-172'

GARP. See Global Atmospheric Research Pro-
gram:

General education, undergraduate, 126 -127
General public

attitudes of. See Public attitudes.
interest in and knowledge about news issues,-

333, 334
General science research and development,



Research Pitigtam, 27
GNP. See Glos. National hocluit.
Government regulation of 1.*:' I . attitudes

tL»vat..1., 1St+, 157, 158. 332.
Graduate education. support For, 131-132
Cadd Lla It' Recut] Examination, 80-81, 271
(.;ross national produc t. 04, 233, 254

12&11 ex pentlitures compared to. o-7. 8, 195,
197

Guided missiles and pace vehicles and parts.
Space industries.

H

I !Atolls, 170
health

R&D in. 8, 0, 51. 52. 53, 244
.....studcnts in...28. 227, 271...
11calth and human sqvi...es. See Department of

1 lealth and Human Services
Hemoglobin, 175 ,
Higher education. 110, 121-122, 127, 300; 302
I ligh-school ate population, 73-74
I ligh sc howl c urriculums, 74, 75, 82. 269. See

also Science education, secondary.
. High school seniors. 269, 270
--14igh-technology companies. 103, 292, 293

114;h-technology in 311,41 jeS, qt.), 01-92, 93
iligh-technology products, 219, 220. See also

1.`!Il'31T II Mid development-intensive. prod -
.ticts.

High Fedinology Recruitment Index, 72 -73;
208

Hong Kong, students in, L1.5. from, 203
I lost -guest chemistry, 175-177
Humanities

students in, 28. 227, 271
salaries in. 73, 267

Ilvdraulic piston corer, 180
IIvdruthermal vents in ocean floor, 180.180

Independent research and development, 94
India. students in U.S. from; 302
industrial chemicals. 97:293. See also Chemicals

...nd allied products.
'Industrial chemical!: industry, R&D in, 284-285,

286, 287
Industrial labor force, doctoral intensity of, 88
Industrial organic and inorganic chemicals, 291,

294
Industrial research and development,. 7, 8, 9-10,

50. 08
cooperative, with universities,' 100 -108
expenditures IN, 9-10, 42-43, 44, 45. 47. 49,

Sc'. 02-09, 201, 235, 295
corporate. 02-03. 07-00, 104, 283
Federal. 03-94, 283
in individual industries, 94-97. 284-285

funding for, 9.10, 200, 287
corporate. 02-93.-08, 286, 287
Federal. 03-94, 286

goverment policies influenOng, 10, 87
in individual industries, 94, 202
investment in, 13-14
performed abroad, 25. 2o
Public attitudes toward, 152, 153, 154-155,

326, 328
R&D-intensity ratio, 10, 201

Industrial research Consortia, 03
industrial science and technology.
1.,,4,1,21it c Lissification of.-04n

expenditures for, 241
Federal obligations for R&D plant in, 55, 57,

248
as performer of R&D, 43, 45, 40 55 56 236
public, attitudes toward role in research of,

153, 154-155, 328
publications by S/E's in, 137, 315, 316
iesearch expenditures of, 47, 49, 238, 235.

220
R&D ex penditures-of,- 235, 283. See also

Industrial research and development,
expenditures for.

at colleges and univecslties, 128, 304, 307,
308

5/1.2.'s employed in, See Scientists and engineers
in industry.

support of university R&D from, 106-107
Infants, cognitive development in, 182-185
Information transfer, 20, 107.108, 135
Instruments industry, 91, 92, 99, 202, 282, 288.

See also Scientific. instruments.
International cooperative research, 28-31, 229
Intern.ational scientific cooperation, 2-33, 229,

231

'academic student exchange and, 121-122
foreign visitors to U.S. labs and, 29, 30

International trade, 20-27
inventioni, 134. See also Patents.
Inventors and owners of patents, 100, 101
Iran, students in 'U.S. from, 28, 302
Iceland, exports to U.S.S.R. from, 220
Italy, 207, 213, 220

J

Japan, 10, 24, 32, 147, 193, 220
capital investment in, 18, 212, 226
computer-aided manufacturing in, 19-20, 213
degrees granted in, 6, 194
export shares for, 22-23, 218, 219
industrial R&D in, 9-10, 200, 201, 202
international cooperative research and; 29-31,

230
patents granted in, 13, 1516, 209
productivity level of, 1748, 211, 212
R&D expenditures in, 4, 7-8, 9-10, 192, 197,

201
compared to GNP. 7, 8, 195, 197
government objectives and, 8-9, 199

royalty and fee transactions with, 24, 221,
222, 223, 224

science education in, 5, 6
S/E 5 engaged,in R&D in, 4, 5, 193
students in U.S. from, 28, 302
track balance with, 22, 217
U.S. patents gedited to nationals of. 12.14-15,

206, 207, 208
Jordan, students in U.S: from. 302
Jet engines, 22, 219.

.
. ,

Knapsack problem, 107..
Korea. students in U.S. from, 302

. L

Labor force, 70, 193, 264
by country, 5, 193
5/E's engagecl.in R&D as percentage of, 4-5

Labor market. S/E. 70-73.'91
Labor productivity. See Productivity.
Larieuae acouisition. 183 -183

Licensing, 23-25
for academic inventions, 134

Life sciences
degrees awarded in, 78, 79, 121, 272, 273,

274
Federal research obligations in, 309
Federal support for basic research in, 55, 50,

246
graduate students in,-122, 126, 305
R&D expenditures in. 128, 308, 309, 311

Life scientists, 69, 249-253, 255-256. See also
Medical scientists,

academic, 1.30-131, 135, 297,314
doctoral, 72, 88, 108,'253, 234, 257-258, 261,

262, 262, 266, 276, 281, 296, 297, 313,
314 .

in educational institutions, 123, 313
employment of, 65, 71, 81, 252, 255r256,

257-258, 259-260, 261, 264, 265,280
in field, 73-74, 276
in S/E, 64, 72, 82, 250, 251, 253, 234, 266
by sector:259-260, 261

in industry, 88, 89, 108, 278, 279, 280, 281,
296, 297

labor force status of, 83, 67, 69, 249, 251,
252, 254, 275, 276

labor market for, 63, 70, 73-74
with master's degree, 89, 275, 276, 277
minority, o9, 70, 263; 264
postdoctorate, 253, 254 .

work activities of, 108, 130-131, 13525 2256,
257-258, 278, 279, 281, OK-3p, 314

Lumber, wood products, anipttiniture industry,
9o, 282, 284-285

M.

Machine tools, 18, 19
Machinery, 21-22, 23, 24, 25, 26, 91,, 92, 99.

202, 216, 221, 226, 282, 288
Malaysia, students in U.S. from, 302
Management

S/E's engaged in, 66, 68, 89, 256, 258, 278,
279, 281, 313

doctoral, 67, 90, 130-131, 313
Management of research and development

S/E's engaged in, 89, 90, 2.!5, 257, 278, 279,
281

doc.oral, 90, 130-131
Manmade compounds, 175-177
Manufactured products, 21, 244, 217, 218, 219,

220, See also Research and development-
intensive products.

Manufacturing industries, 18-19, 24, 25. 221.
See also Industry.

productivity in, 17-18, 105, 217.:
R&D fit, 26, 284-285, 286, 287
S/E's employed in, 90,'91, t:'2, 282

Mathematical sciences. See also Mathematics:
Mathematics and computer science.

degrees granted in, 83
bachelor's, 77-78, 272
doctoral, 79. 274
master's, 79: 273

students in, 80 271
Mathematicaz scientists, e9. 72, 249, 250, 251,

252, 25z+, 255-256, 266, 267
academic, 108_124, 130-131, 135, 297, 114
with bachelor's degree, 88, 273, 276, 277
doctoral, 72,88,107-108, 124, 130-131, 253,



25,3 254,-...?.?..5-250. 257-258, 259-200, 201,

204. 205. 280
,.'ntr;ovini-nr se: tot 259-200. 261

276, 277
L. 04. 73-74. :A2. 250, 251, 253,, 2.54,

ii ,ndo-rr v. $7-33, 107-103, 278, 279, 280,
231, 290, 297

. Libor 1.111.1, ot. 03, 07. 09.- 249, 251,
2,52, 254, 275, 276

inad,et tor. 63, 70
tO master dc-gree. 275, 270, 277

66-70, 263, 264
po-tdo, toralk-.-2.53, 254

rivities of, 107-103.; 130-131., 135,
255-256, 257-258, 27'' 581, 296,
313. 314

72-7, . also
%/az:In.:1).01i. al iennst

do, tor 254, 262, 281, 296,
,mplovinent status of 251, 254, 262
ti (Id , 278, 279, 281, 296, 297

Nlailornata 311 See aiso Mathematical sc-i-
t.!Il and compute:. science.
Phvskal and He si knees or mather,

re-earcii in, 298, 320
nit unit, 20-31, 229
awardcd in. 2; 73-74

IIM111,1.1 te,edri h in. 104.163
-:-ions in, 31, 108-109, 136-137. 203,

315, 317, 318, 319
-!ons to. 12. 31-32, 10". 13o, 205, 232,

4' contribunt to, 1,1-12, 203, 204
,audents in. 23, 74-74_77

s and computer scivnce, 228
1, dial lesearch obligat:ons in 5; 309

eder supp..;rt for basic research in, 246
expendilur,..s in, 130, 308, 309, 311

,-olocrit: in. 28. 122, 126. 227, 305
Nlatheinatits education, seicindary, 269, 270
Mecinsical engincer111. .5"e Engineering.
Me, hanical engineci... 72-73, 251, 266, 278, 279,

281
dot tiLral. 254, 202 281
employment (0.03. 251. 254, 265

in -Indust y. 88. 278, 279, 281
NE di, ii im,1,-,y,y equipment in academic labs.

315
communitv, public attitudes toward,

118-150. 323
N ed.: al s: 311. See al.-4) Life sciences.
Medical scientists, 251. 266, 278, 279;281, 296,

29:". See aiso Li 1. scienti.sfs.
dot Total. 254, 262, 281
uniplovinentstatus ol, 251, 254,

Meson('., 103', 169;170
Niet,i1). industries, 221
Metalo...uff..ng industry, 105
Fvletalworl:,ing machinery and equipment, 102,

291
fMexh.o, 207, 302
Military expenditures, 0,4

ng industry, u2,
Mole+. niar biology, 133, t. L

Motor vehicles and mom:. ve cle -quipment.
21 a84-285, 491. See also Motor vehicles
and othei transportation equipmem.

Motor vi.' le'. and other transportation equip-
ment; 05, 06, 97, 98, 207, 208, 28-4-285,
286, 257, 291. Svc also Transportation
egcm.mumt,.

,
Multinational ,!..celorations, 25-2"

'pater-ifs gr (o, to-17, 211
MI) Zo, o7:99

iraoafer and. 25, 223

N

170
National Aeionaum s and Spate

Administra,tion. --
National Advishry Committee for Aer6pautics.

National Aeronautics andLtapaee. Administration,
52rA 92

as peri(ormer it P.&). 43-44, 245
R&D obligations of, 310, 312
R&D support through. 04, 96. 120

Nati,.nal Assessment of Educational
75-76

National Cancer Institute.53
National Commission on Studi4'it Financial

Assistance, 132ii
Natiolt.fense. See Del tine,
NationaliDefeiboe 'Edo, at ion Act of 1058, 131-

(32'
National Institutes nf 29, 30, 53, 55,

150, 314
National Science Foundation, 27, 55, 80-81, 91.

120n, 127. 129, 131. 132, 245, 310, 312,
C. 314

National and, 22-23
National Survey of Academic Research lnstru

merits and Instrui:entahen Needs, 133n
Natural and life scienc-s. fc.-eign student..., in.

28. 227. See ,llso Life Sciences.
Natural resources and environment yearchjand

development, 244
Natural science and engineering, degrees granted

in, 194
Natillal sciences i tinder,g" r'adil.;-te curriculum,

qF 26-127
Netherlands,. 207, 213. 37104
Nigeria, students in U.S. from, 28, 302
NIFI. See National Institutes of Health
Nobel laureates, /65, 171
Nondurable goods industry. S/E's in, 282..
Noneleetricai'machiner also Computer

industry..
patents in, 14, 15, lo, 207, 208, 291, 294
R&D in, 2o, 98, 215

expenditures for. 94-95, 284-285
funding lot , 07 286, 287 -a

Nonferrous metals and products indt.15 y. 97.
284-283, 286, 291. See also Primary metak

1;:longovernment science policy leaders. 145-146,
159-100, 321

attitudes of. Site also Public attitudes.

for rust-arch, 48, 49, 238, 239, 240
tor 12$, 235, 307

t oriret, of R&D, 45, 40 , Sc, 236, 248,
315, 320

Nun way. 213, 220
Si',' National Stienee foundation

Nuclear power. 53-54
public attitudes on. 150-157, 332

Ocedri-t four. exploration of, /85-189
Oceanographers, 251, 266, 297. See also En.

vim onmental scientists.
doctoral, 254, 262, 296, 247
employment status of. 251, 254, 265
in industry. 281, 296, 297
work activities of. 278, 279, 281, 296

Oceanographic r-titutes, 18;A
Of lice, compuiin, and accounting machines,

040e, 104, 284-285, 291, 293. Set' ',11so
Nonclectrica'.machine.

OPEC nations, students in U.S. from. 28
Opiate peptides and rece,ptors, 177-179
clptical, surgical, photogiaphic, and other in-

stluments industry, 97, 284-285, 293. See
also Professional and sZientific instruments
industry.

OrdMince, patents for, 14. 16, 102, 291
Organic chemistry, 133, 175; 315.. See also

Chemistry.

P

Paints, varnishes, and related products, patent!
for, 102

Paper and allied products industry, 91, 282
p254-255

Particle accelerators, 108-172. 173
Potent and Trademark Amendinevcof 1980

:13.1 -
Potent Cooperation Treaty. . .

90-100., 101, 290
to acodemft institution. 134.135
Federal policies on, 104-133
to foTeign inventors. 12-IS, 100, 1,01. 206

207,208, 209, 282, 290
Joreign, to U.S. nationals-, 15-17, 209-
highly cited. 3, 14-15. 16

'international comparisons of, 3.2d9
to mul/inationabcorper.ations. 16-17, 211
by product field, 14,15400-102, 291

711) '.moll U.S. companies, 104-105
compared to other public sectois, 160 to U.S. inventors, 12, 100. 101, 102. 206
on energy problem, 155. 330 is- 207, 209, 289, 290, 291 ..

ion funding of bask r7.search, 151-15.I", 326.,, People's Republic of China. 24, 2c;

327 .. 1 Petroleum a:id natural gas estractitin and petrc
on government regulation of SO', 150, 7' leum Oining: patents for. 14, 207, 291

, 1
158, 332 . 294: ., . .

on industry's role in R&D, '153, 154-1. -,-,j Petrolemmenigineers, salaries offered to, 73. 2§;

' 32874_ . ll "114, Petroleum refining and extraction industril, !

on majiiiT poiicriAes, 152-154, 32W-, R&D, in, 26, 95-9/.1_97,-98, 7,84-285;2gt

on nuclea -.0110.1', 157 332 287 -- ' . .

on preferre, areas for increa& funding. Physical d life sciences and;matheinatio
152-153 i A. degt granted in. 191

on recombin, ritlialVA research. 156. 331 Physical enc6 .1

.

on science p d economic'growth 150 degrees granted in, 83,121.
on science l/ ocation, 148 I-eichclor's, 77-78, 272
on science vs. othakr spending priorities. do.:toral, 79, 228, 274,

'on space prOgram, 151, 158-15\4 Federal iTLearch obligations in, 3'9 ---

151-152 . .

masterE, 79, 273
. .

on world staius of-U.S. S/T, 147-148, 322 Federal-support for basic research in, 53, 51
Nonmenufacturing industrieF, 92, 95, 97, 284- 246 .,,-- .

285, 286, 287. See also Industry. --
R&D expenditures in, 148, 130, 308, 30'

Nonprofit institutions ` .311

expenditures of seconda:y education in, >.9. 270 .'

for developmer,t, 241 - students in, 77, 80, 122:1-3 l't, 271, 305



too : 249, 250, v't. 2; ror,
"253, 2.55-25o, 28e. 1.1;.U'1in

;05 13-..'1,,, I 2-7o, I-; 01

rota( c0 72 10', 226, 254, 257-258,
2e'o, 27o. 277, 281, 246, 297.

313. 314
eaci..ationai ..tr-nrcit;,:1-, 123, 313, 314

t'iltr;tV:11..11 05. 71, 61, 250, 251,.252,
253_254, 255-25n, 257-258, 261, 2o4,
2o5. 250

1y empli,-,nerr. 259-200, 261
t6.1.1, 27o, 277

:n E., 04, 73-74, 52, 250,
6765. 10', 2.75.

"9o, 297

251,
27°,

253,
280,

254
281,

111..: tot, -tam, o; 0.3 07. Ca, 240 251,
252. 2.54, 275, 276

Lirs.. :11a/ !or c.3

-11,1,tut s"degree. 275, 27r, 277
09, 70. 263. 2o4

rotate. 253,
ai !RAIT---

278. 22-9, 281,

254
105.

20o,
130-131,

313, 314
257-255,

and a- it, noiriers. 124: 251, 266, 297.
5.te afso ient.n.ts.

do, 225, 25:4, 262, 281, 2%, 2.r
. 251, 254, 265

n inst 278, 279, 281, 296, 29^
activities of 37r3., 279, 281, 296

P hysics. 26. 135. 3114!"...-4tet also Physical
cooperative rc--,,r,h in. 298, 320

international. 229
degrees granted in. 25. 73-7.1
article, 106..172, 173
publications in, 31. 136-137. 203, 231, 315,

317, 31,8, 319, 320
..itanon-. to, 12. 31-32. 105 -100, 136. 205,

232, 209, 316
coaridii..rcd, 106-109. 137
C contribution to. 11-12. 203, 204

pursuit of fur;lamentalitv-and unity in.
1 172

Phylk, a T1 a a'aT (111k 'MY, ;Orates awarded in,
228

"1"1-nre.--onl...1 17(1
Plant di..ease:170-152
Pla-riis and sSnrilcric re nos, 291, 293, 294
Hair. zee !obit` 150 I

Poland, 213
y h-oders, nongovernmental. See Nongov
eminent, .creme polity leaders.

Postdoeiorarre,eamitrairting, 122
Potential attentive puhlir, 1.15, 150.160, 321,

334
attitudes of. Si',' ids, Public attitudes.

on basic r:S. applied recart h ftmding, 152,
327

on benefits vs.,harni of i-i.ientific researt,n,

330..%

.1*147, 15o. 321, 331
on en problem. I5
on expel. red 'F advances, 155-15o. 330
nn idtp:fry's role in R&D, 153, 154-155,

328
_on ientific inquiry; 150-151, 324,

325.
'.on power. 157, 332

on preferred are,..s for increased
152-153

on recurhi-,ant DNA res.rarcic, 156, 331
oil P,02 v!... other speOditt?; priorities,

151-152
on spate progrm, 151, 1513-151

Price deflators useJ, 233
Primary metals

14. 10. 207, 291
L,7. 284-28'3, 266, 287

282
Pow.: re-ecreli
l'ibinng and publishing m, 282
Itncil,;,, 11,10 and, in.ptvon. ongay.,..j

0. 3.1 "0. 256, 278, 270,281
Pioducricity 3.. 17-20, 33. 41. 1.03- tool 212
Prot e-sional and related worker's, 64, 0:3, 004. 70
VI;iessional and scientiii. instruments, 293. See

also ...,(Centit;t instruments.
patents fol. 14. J5. 16, 207, 208, 291
R&D in, 2o. 91-9n. 07, 215, 284-283,-286,

287
trade balance in 21 -22, 216

!:.tcc..ional and kChmial e.arkcts, 254, 264.
268

th,ory or. 171.172,
f'svrhologist-, 05, ott. 72: 249, 2.50, 251. 252.

2.44, 255-256. 266
academic. 105, 124. 130-131. 135. 297;'314
:vith bachelor s degree. 275. 276, 277
doctoral, 07. 69, 85, 107-13S, 124. 254,

257-258, 261, 262, 266, 276, 277, 251,
2%, 29^, 313, 314

in educational institutions, 313, 314
employment of. o5, 71, 51. 250, 231, 252,

253, 254, 255-256. 259-260, 264, 265.
280'

by tnip14ment set tor, 259-260, 261
in-field, 73.74, 276, 277
in 5/1., o4, 73-71, 82, 250, 25 '. 253, 254

in industry, 55, 80, 107-106, 27b, 279, 280,
281, 2%, 297

tabor force status of.,,o3, 07, co, 249, 251,
275, 276

labor markt..? for. o3, 70 '
with master's degree, 80, 275, 276, 277
minority. r5-70. 263, 264
postdoctorate, 253, 254
work activities of, 107-105. 124. 130-131,

135. 255-256, 257-258, 281, 296, 313,
314

l'svchology. 25. See also 601svio7o1 scirinces.
developmental, 162-183

-leder:ft reFoarch-oblig,ition
federal si.tpport for bisit research in, 246
publications in, 137. 319, 320
R&D iSpe7nditures in, ;2S. 308, 309, 311
students in, 26. 77, 122. 12o. 305

ruHicatiori counts. SCC (;Citation arralysis, sci-
(midi( literature.

atliludes, 1o0. See u/sto Attentive public:.
c.,eneral public, Nongovernmental science
policy leaders; Potential attentive public.

on benefits vf,. harm of scientific research,
146-147, 321, 331

un desired- Advances in technology, 154.135.
329

off energy, - problem, 155, 330'
on expectectSrr ac.ances, 155-130, 330
'on government

on

regulation of Sir, 15c,, 137,
156. 333/

infortn4non sources, 149-150, 323
un limiting scientific incitary, 150-151, 324,

315_
1pftjot policy issues, 152-151, 326

toward medftal community,4148-130, 323
on national and community 146-150,,

323
on nuclear pt"ctver, 156-157. 332

.inarti DNA research, 15o, 331
on roles ot goveinment and indos,try, 154-153:

328
on science and economic i;ro Yoh. 150

10:%',!rj and tt,1-.1101,-.,.:. v. I I y. 1;3-147
It.C-lol. 321

pi. 151,156

131-1-2, 326, 333
roo....erci scientific community, 146,130. 323
on spate program, 151. 155 -130
on iv;:ali --tatu., of U.S . 147-146

undo.T.-lanJeny, of 334
as policY1.--u..., 152. 326

Pial,irs, 172

0

QUarl Ilan:, 1",

QUalkt.:I. 170-17-

Radio and television reteiying ctimpripmt in-
,111',4: C't-.°5. 258-286, 287. 5,.! ei t Ekt -
It k equipmo!

Railroad equipment, patents tor. 10.:
Real gross domestic procim t pet

person. in ternationalcinnparisons of .17
211

Rereptor binding, 176
Recombinant DNA research

in plants. 170-182 .

public attitudes on, 15o, 331
Refined petroleum products industries, S/E's

ett--, 02, 282
Ref rigeia ti011 and servivt- industry machinery,

patents in. 294
Regener:Aion.of plants, 17o.182
1{,;-,arch, -17, 107-106. 123. See ir/so Resarc.b`,

and development.
applied. See Applied rc.:ear. Ii.
1,,sic. See Basic research,
benefit vs. harm of. public attitudes inward,

- :3. 150, 321, 331
even.i. for, 47, 46, 57, 237, 238, 239,ft

240 .
public ettitudet. inward, 151-152, 326 .

[eder 11 support for, 54-55
roles of government and industry in, FM blic.(1

atlittideF,-towari, 154-15, 328- -A: --
Si E's etig4ged in, 65-o0. 67. oS. 59. 255, 257

Research an,?. dtVelepillent: 32, 45-47. 05, Siy
rusearc1C-13,1,k research; De,

velopment.
academic. See Academic research and devel-

opulent.
d3ense, 3'1. 52, 53, 243, 244
economic growth and, .3t, 7. Scar also Pr °du( -

e twity.
energy, 45, 51-52, 53, 244

prfblic attitudes lowarcis. 155, 330
Federal obligations for. See Federal research

and development obligations.
I,deral outlays for, 48-.0, 56. Sea alga Re-

search and develdpment expenditures,
Federal

perfOrmed in universities and college:, 123-
126, 295'

performers of, 3-5, 40 -
SAY,. engaged in, 4-3, 32, 05-66, 07, 65. 126,,

03, 268, 313, 314, also Research ,ied
development labor i "rent Sciontiias and,
engineers in R&D.

in academia. 130-131, 314 .
iri industry, 89, 90, 278, 279; 281

university- industry cooperationiri,-,107.3-106
Research and development ex.penditurS, 4-10,

20, 2'5, 20, 30-57, 9°,_143,,192, 195,199,
237



:lee A, adentic iear and delel-
.pi:+etit eypt e-.

r30
1, idiot,' 109

for applied rest..act,, 47,, 40, 1.:0.12 1

308, 311
t ot 47. 40.120-13 t.37, 239,

305 311
,L.Inge, it rates ot. 7. 41-42. 45.

iv11;.11:, 7.8, 197
fliirati'd :4, C.,Nr. 8. -12. Sc, 195, .;34

dett.nse-related. 7. 8-9. 44. 57, 199
tot- development.45 47, 237

by -our,..e ot fund-. 40 241
energy, :3-0. 199

v. 128. 130, 305, 309,
311

42-43 44, 47-55. 50, 134, 234. 235,
2.43, 244, 2-83, 311. See al sup-
port and deVek,pment.

t"y haracte: of 40, 311
...inpateti to (..NP, 234

ot. :7,0, 43, 199
ed,'al influence or.. 30. 51, 57

,f; IIf 1(1)C -. 120- l.t0. 311
.toleiy,n. 07-08,

1.0f t4i:11 (01111%111w, in 2.5.27

gocetnmont. 5.0..199
health, 5-0. 199

Se."Inclitsttiall?&C.).
for

ndust ;Ed growtt\ an;1.....4-). /99
rotation and. 41-42
international, comp\ttsonS 1111 -1- 10, 20,

192, 1-99, 200 t-

non -I cdcr,11,'42-13,
Iv nonprofit nistittiiiiir.s, 44, 45, 44, 235 s.

by performer. 40. 5o. 236
pr..;;.(1.4 and. 3, 17-20, 10,5-10o
tor research See Rseart it, penditures for,
by e 0 t 41,42-43, .14, 45,40,200,

237,

.pat,. 17, 199
by wilver,itie, arid iulleges Universities'

,cod colleges, R&D eNryndin.ays of
inch and. development-intensive Indust. ies.
10. ..!"3. 0.1 245

Re,.irt h ,inti stet elopnient-intinswe
20-23 Sr, I I1511. n.,.1inotogy products.

trade balance 171. 21-23. 2.14, 217
oi in, 22- ' 33, 218.- --

arid. %-ciorliCIII 1,11,01' fuf 103 .

and rThiryer,.
,o),.1...1(.,eloptitent output, 3. 11-20, 32

patent.. as indicator ol. Set. Patent'.
public .ittittitlei, toward, 132, 32t±

Re,eiitt'll and development plant
federal obligations for, 248
I cdet Acsupporrtor, 57. 247

Research libraries, 133-134
Ri.,tarch Literature. Sit' Scientific and technical

Ribot,c 4. 10-26)103,213
Royalties and fees:. international transactions

eft.. 23.25, 221, 222, 223,.224
Ikubbet and plastit p 10j La'

patent' I'M, 1%, 207, 291
R&D -in. 284-285, 286

s in, 01 282 ,

S

Sai.-tiles -

, comparative, 267,268
ditctrd to bachell'ir s cle,vce candidates, 267.
0! 1;1; s, 71-72. 268

sales. .!.-;;I St- engaged in. 89, 00, 313
SA T. Se: Schola-tic Aptitude Test.
Saudi Arabia, students in U.S. from, 302
Scholastit ptuude Test, 73, 74. 7c, -7 7, 8.! 270

5,11,n+.
doctorates awarded in..228
foreigr. students in. 227, 228
Lerlit understanding of. 152. 326, 334-

...;cit,rwe and engineering (S.,E1
tit.,:dernic. 100, 117-135
,,Js-antes in. 103.189
1,asic research in. See i3asic research. .

dgrtt's awarded in. 0, 77-80. 82. .120-121,
30.1

L3chelor 77-50. 120-121. 272;'301
-Octoral, 25-29. 75-50, 120-121, 274, 301
master-, 75-50. 120-121, 273, 301

F-ed,tal research obligations in See Federal
researtl and development obligations.

postdoctoral appointments in, 130, 305
Publications in. Sec Scientific and technical

publications:
students in, 73. See also Science and engineer-

ing education.
foreign. 73. 121 -122, 120, 305
graduate. 80-82. 122, 120, 305, 314
prospective,'.76-77, 80. 271

Science and engineering education. 119-127.
131-132, 148, See also Science education.

Science and engineering labor force, 29, 70,73-
74, 2o2

doctoral intensity of . o7-o8, co, 262
St ience and engineering personnel. Se't' Scien-

tists and engineers.
Science and engineering pipeline, 73 -61'.
Science and :et hnology,°69,

nmen I regulation of, public attitudes
on, 150, 157, 155, 332

industrial. 85-111
international, 2-33
nongovernment polity leaders in, 145-140,

1,59-100, 321
Patents as indicator of output of. See Patents
personnel in, -1-0. S'e also Scientists and en

gineers.
policymakir.ig in, 145, 14c-
public altitudes totvat d. Pubhuattit-trcteS:
SA employment patterns in, 0:,07
ttiurtd status of U.S. in, public attitude on,

117-1-1;3
e.,-docation; 29, 127, 148. Sty also Mathe,

mains and 4,;i7.-.1Ite education.
college-It:ye:, to 120.127, 300
international comparisiin:s oi, 0, 32
'precollege, 73-77, 82.83,, 120n, 148, 152, 326'

,,,,,,secordary. 5, 75, 2E79, 270
Sciroce. policy ..,genda, attitudes toward,

152 - 154,326
Scientific and mcchanit : measuring inshuments

industry; 'Co, 97, 284-285,-286. See also
J'rofessional and ,ierrtifit7 instruments in-
--anstry,

5cienti.i.ic and techni61 publications, 3, 5, 204,
231, 232

academic authorship of, 135-138, 317, 318
citation', to, 32, 130, 205, 232, 316
coauthored, 108-100, 137, 221,. 230, 298

international, 4, 29.32
by field...130, 137, 203, 231, 315, 117,

.31&
by'research settur, 07. 315, 316
U.S. contribution to, 11-12, 32, 130, 137, 203,

204, 315
Scientific community. public attitudes toward,

148- 150,323

Staentific coopvation. internattonal. See Inter-
national .scientific cooperation,

Sintiric equipinent in ti-calhnic laboratories,
115

5.. inquiry,. publif:-.uties on.. 150-151,
324, 325

Scientific instruments. 09. 127, 132-133, lab,
219. 5ee also lnsttit:rnents industry. Pro-
fessional and-scieritific instruments.

scientists. ort 09, 7-2
in acadeni;. 107-105, 122. 123, 281, 297
doctoral, 07. 09, 72, 264, 265, 281

in Mdustry.e8.10,107-105, 281,296;297
work activities of, 00, 281, 296

employment Of, 04-e0, 71, 264;.265
in 5/L, e4, 72, 82. 254, 266

tn industry, 87-85. 89. 90, 107-105, 278, 279,
280, 281, 282, 296, 297

labor market For, 70-73, 74, 52
minority, 65-09 70
work tivities of. rv, 59. 90, 107-105, 278,

279, 281, 296
Scientists and engineers (S/E sl, 03. 81-52,

91-92, 239, 250, 251, 252
in academia, 107-108, 122 -123, 130-131, 135,

297, 3r3, 314
in applied "rescarch, 90. 131, 278, 279; 281,

313
Asian, c-.8-70, 263, 264
with bachelor's degree, ov, 71-72,73-74, 81-

52, 83, 88-89. 275, 276, 277, 280
in basic 1.0:41T,ch PO, 131, 278, 281, 313
black, 05-70, 263, 264
in development, 05. oo, 07, 08. so .4,0, 255,

257, 278, 279, 231, 313
doctoral, 07. 08. e9,70. 80, 254'

in academia, 1C,,7-1-08. 122-123, 124-125,
131, 297, 313, 314.

employment of, 60-07, 73-74, 81-52,
123, 251, 253, 254, 257-258, 261, 262,
277, 313 .

engaged in R&D, t:0, 131
field distribution of, -253, 254, 257-258,

261,,:51
in industry. 88, 5,t, 90, 107-105, 123, 280,

281, 296, 297
-in kib...1-fotter2-53,-2.54,.2.76
b) set, 00.253, 287.255, 261
unemployment tate-, tor, 7t..-264, 265
utilization rates for, 71, 72-166
work activities of, 80, 00, 130-131. '257-

258, 281, 113
in educational 05 -c''. 123, 124,

130-131, 24..- 261, 313
entployment of, to a3 r 1, 60-05, 73-74, 51.53,

250, 251, 252, 254, 255-256,1259-260,
262, 263, 264, 280

by employment sector, 08.o7, 82, 123,.259-
260, 261, 313

by field, 08-09..263, 264
in-field, 82, 266, 276, 277
in S/E, 63.04. 71, 72, 73.74, 81-82, 250;

251, 253, 254, 266
in Federal Government. 03, 07, 260,261, 513
field distribution of, 249, 250, 251, 252, 253,

254, 255-256, 257-258
foreign, 121-122
11:svanic,- 60-70
in industry, t5-07..87-02. 107-108, 123;259,

261, 278, 279, 280, 282, 296, 297
by industrial sector, 50-01
by S/E field, 87-88, 278, 279

labo: force status of, 70, t.;1, 249,, 251, 252, t

254, 275 -

labor market tor, 70-73, 01



;!1 trhillOgt31/,311 7,1 256, 258, 278,
279, 281, 313

6.011 :11:6-tet 7,, -'4..51 62. 66,
60, 273, 276, 277. 280
249. 252

totati 253, 257-258, 281-
,n10:0.-111,61. 01, 250, 253, 259-260, 261,

255-256. 259-280, 265, 266'
!lei,/ distribution ot, 255-250, 257-258,

259-260
ininotzty, 88-70, 263, 264
rasnio,torate. 126, 353, 354.
in rt.'St'arCh..0.5-00. so 255, 257
in 8.1,11" 45, r6-00, 07 e.6.60. 12v. 193,

268, 313, 314
113:1.11 ;3ITIL31: 00. 130-131 255,

257, 278. 279, 281
or 71-72 288

'tinen:,,i0-vmer.: Ian-. for, 70.71,7+1. 250,2.51,
253, 254, 264, 265

or. 03:70. 71.72, 266,
euimen, 6.11. 52. 249, 252

o doctorates, o9, 253, 257-258, 261
e.tnt,1%.,:tlerkt it 250, 253, 255,256, 259-

260, 266'
clistiibutivn of, 255-256, 257-258,

259-280
1'.111., .1: !)...rItit!". cti. Q5 *-(37, C3!".. 107.108,

I 3C.,?- 131. 13.... 257-258, 74,
279, 290, 313. 31.1

loot -pre,-1.i c 11 yr0the--1, 166.
tors, :71

Sersoy de%lopin..'m in early childlit -152-
103

Service indii-tric, s in, 02
1(1,7,-105, 294

ln..-t--tnient (-or:T..1mo,, .1
514 13!

deg! gr.rnied in
. ha, helot s, ^8, 272

26, 70, 228, 274
en,66-r 79, 273

t-dc-Ial 309
iiT: 35. Si.',

246
P.S.i.D--..pindittire- 25, 308, 309, 311
students "in

38_132, 22,
12o, -1

..70. 27
180. 240,'250, 251,

. 255-2;4- t."

.-106, 123. 124, 130-131, 135, 297,
313, 314

witl bai helot degrte, 267, 275, 276, 277
Meal, 72, 56.107 -106, 124, 253, 254, 251-
258, 261, 262, 266, 277, 281, 296, 297,
313, 514

employment 71, 81-82, 250, 231, 252,
253, 254, 255-256;259-260, 263, 264,

280
by emplovineris,-;« tvr, 259-260, 2.51

1-1 :el& 72, 7371, 200, 276, 277
in 51., 04. 73:71 62, 250;251, 253, 254

in ;ndustt v. 66. 107-.106, 278, 279, 280, 281,
290,

labor torte sCattlx ut, 03, 249,2.51,252,
254, 275, 276

Lobar marl-t1 lot, 03, 70
with master'i clearer, 275, 276, 2.77
mioority, 06-70. -.24;3
1,,,,t,10(1,,hitv., 353, 254
salaries of, 72-73, 267
work. tivitieS Of, 107-1,.S. 130-131. 255-

)3r1

25o, 257-258, 278, 279, 281, 296, 313,
314

"7,.'6i..10l0,!.6,1::. and anthropologists, 251, 254- 755.
29^
-,,roral 254, 262, 281., 296, 297

in industry. 281, 278, 279, 281, 296, 247
rublicati0:6- in. 137. 320"

50uthea-t-A,,:a, technology transfer. to, 24
Soviet Union, 29. 32, 193

degreesgranted in, 0, 194
interitt:onal cooperative rt,search and, 30-

3.1, 230
. producfivity in, 18, 212 :

R&D expenditures in,-4, 192, 195
compared to GNP. , 19.5

e edu,..ation in. 8,
engaged in R&D in, 4, 5, 193

technology in, 19, 147, 213, 220
patents granted to nationa!, ot, 206, 207

'...81"ace industries, 04. 291
45,52-53 -

public attitudes toward, 151, 135-180
t_40aLc receart,h anti teLhno10);\-, 51. 52-53, 244
Spate sciences, See Earth .artd space sciences.
Spectroscopy: 173-174
Standard industrial Classification. 04i,
Siate and local governments, acadmit. R&D

expenditures byT304, 308
Statisticians, 251

doctoral, 254, 262, 281, 296, 297
ern01.0vinent of, 251, 254, 205, 266 ,
in industry, 278, 279, 281, 296. 297

Steel industry productivity in, 105, See also
Primary metals.

Stone, clay, ind glass.
patents tor, 14, 207, 291
R&P in, 20, 284-285, 287
5/1. in. 01, 282

:00-e, 169-172
Submit ton research. 174
Soria«. science, 172-175

'6,A-et:en, 207, 213, 220
5-,itio-Lin,i, iS. 206, 207,.210, 213, 220

252. 253,

T

I alwan. students in-U.S.irom, 25. 302
Teat s:e.-iga?,..d in, 00. 67, 08, toz-/io:5,

130-131256, 258, 299, 313
in( al support ratio. 0/

«iinolagical advances
in n, earl I lone research, .186:150

tivity.and, 3, 17-20:105
SA. skill obsolescent e and, 9I92
mall business arid, 102 -103

e.Hology trans( er,3, 20.27
Er; industry, 99,288
multinational corporation. and. 25, 98 225
reverse, 96-00, 100

Telecommunications equipment, 219
elephOne industry, 9t.,, See also Electrical

equil;ment industries.
Text:ilk 01, 105, 282,. 284-285

patents in, 14, 10, 207, 291
Thailand, students in U.S. from, 302
Tobacte, industry, S/L's in, 01,282
Tiatio balame(8), 20.23, 214, 216, 217
Trade secrets, I:1, 99-100, 162
Transportation equipment, 41, 02. 221, 282,

284-285...Ece afs Motor vehicles and other
tiansportation equipment: Motor vehicles
and no cur vehicle equipment.

patents for. -Ii,, 291_

Transportation resttart h and development. 25-
20, 52ri, 53, 244

Trapdoor ('lpher (107
11r to on a, van

U

ndergraduate education. 120-127
Unemployment rates. 264, 265
Unification theories, 171-172 N.\\
United Kingdom. 5, 0, 19, 3:- 220

capital investment in, 18. 21., 226 1,
inJwirial R&D in, 0-10. 200, 201, 202
international cooperative research and, 29-31,

230
N.-tents 'granted in, 13, 15, 209
rroductivity level of, 17-181211, 212
R&D esipenditures. in., 4, 0.13. 192

(.6:9han, '8, 197
cornPaze...k-to GNP. 7, 6, 195, 197
-,zoverrment objectives in, 5 -9. 199
flt.ilitriai, 9-10, 210

royalty and fee transactions of 24, 221, 222,
223, 224

5/E's engaged in R &D in, 4, 193 /
U.S. patents granted to nationals or,"12, 14-15,

206, 207, 208
United Nations Educational. SeientifIr.- and

Cultural Organization iLINESCO),.1
Unity of physical universe, pursuit of, 188-172
c.miyersities and colleges. 120, 124, 120-127,

300, 302
basic research in, 55, 50, 120-130, 308y
cooperative research inVolvement of, 298,'320
dot for a to -gran ting

research in,1;7-128 it
R&D expenditures ity, 125, 120-130, 304
student,- in, 121-1252, 305, 314 .-- fk

oderal R&D obligatiol)s at,, 309, 310
for plant, 57, 132-2-40

information fransfei with industry, 107-109
patents. granted to; 134-135
as pert miner, of R&D, 4,1, -15, 4o, 55. 50 236f .

'industry suppiirt of. 1O6-107
publications b1 l-PE's at, 137, 315, 316, 317,

318
R&D i,pe-r:dittires of, 44; 45.128, 235, 303, .)

304, 307;308 .
tor development, 241
our research, 48, 40, 238, 239,-240

Univer,,ity-affiliated 1:FROC!-:. See Federally
f ended research and development centers.

USDA. See liepartinent of Agriculture.
U.S.S.R. See Soviet Union.

V

Venezuela, students in U.S. tkim, 28,304
Venture capital industry, 292
Venture capital investments, 3-10.1, 293.
Ver y Large Si ale hitgration,

. ,

w

tv lids Pt le; 171
Weals bone. 170-172
%Vest Germany, 5, 0, 10, 24, 32, 147, 193, 213,

220
inve%tment in 18 ",212, 226

wyort shares lot, ".18, 219
industrial R&D in. 0-10, ZOO, 201, 202
international tooperativr reseay.b Jn!. 29-81,

230
patent,- granted zn, 13, 15. 709



tv. )7 15 211, 212.,

.!7, 107
(NI' -7 S 145, 147

:n 1.9g

)10. 201
ts.itt.4tn, In 0-10
It,rna. t 21, 221
n i.41) in. 4.5 143

A

N
N

.*4

I
4.

1,..riart; 22 217
1.; 5. r .r.;:,..irttt-d to nano:131N of. 12, 1.1-1.3

20o, 207, 205
r n svir1,. 22. 217

f.: it', L.S. inv..---:;ne'nt

l'Nortan ,..iinr,.t..,an,.1vngint-tring 5,..e tcnn,t--.

3tij vritzinccr!-.
l'Cot k tt: LibOr

1

r.r ,1:1; 173 175

Y

tr;to,I.,v la 213

Zoology. r ubli(at25.71.-- i37, 320

MVEP.NENT PPINTING OFFICK 164 0 - 427-957 : 121, 2

-

A

N

'I


