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Letter of Transmittal 

September 30, 197 7 

My Dear Mr. President: 

I have the honor of transmitting to you, and through you to the 
Congress, the Ninth Annual Report of the National Science Board. 

In this Report, Science Indicators—1976, the Board presents the third 
step in the process begun with Science Indicators—1972 of developing 
indicators of the state of science in the United States. Our goal is a 
periodical series of indices of the strengths and weaknesses of science 
and technology in the United States and the changing character of that 
activity. We hope that by contributing to the understanding of the 
scientific enterprise itself we will strengthen its forward thrust, 
illuminate its significance, assist in the examination of its problems, and 
thereby increase its role in the resolution of issues of great national 
concern. 

The indicators in this Report deal primarily with resources—human 
and financial—for research and development. It deals as well with 
measures of some of the impacts and contributions of research and 
development to the welfare of the Nation. In our continuing use of these 
indicators, we are broadening our study of their characteristics and plan 
to describe our progress in subsequent Science Indicator reports. 

Respectfully yours, 

Norman Hackerman 
Chairman, National Science Board 

The Honorable 
The President of the United States 
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Introduction 

In 1968 the Congress directed the National 
Science Board to assess the status and health of 
science, including such matters as national 
resources and manpower, in reports to be 
rendered to the President for submission to the 
Congress. In 1973 the Board initiated the Science 
Indicators series, and in 1976 a joint committee of 
the Congress indicated its continuing interest in 
this particular series.1 Science Indicators—19 76 is 
the ninth such annual report and the third in the 
Science Indicators series. With it, the Board 
continues its effort to describe quantitatively the 
condition of science and research in the United 
States. 

The Report 

This report represents a stage in the con- 
tinuing effort to develop indicators of the status 
of science and technology in the various sectors 
of the U.S. economy. Science and technology are 
also examined in the international context. The 
intent of the present report is to select indicators 
of significant parameters of U.S. science and its 
related technology, and present them clearly and 
precisely with the appropriate caveats. Because 
the report has a great many users with different 
needs and points of view, the interpretation of 
the indicators is left mainly to the reader. 

The report has been patterned after Science 
Indicators—19742 with the following differences: 

— Some new indicators were added and a 
few previously included were deleted, 
after an evaluation of their usefulness, 
statistical significance, and reliability. 

— Some of the numerical data are different 
because of changes in some 
classifications and the acquisition of 
more accurate information. 

— Documentation of data sources is more 
complete, with additional references 
provided for those readers who are 
interested in examining further the 
topics discussed in this report. 

1 House Report 94-1689, 94th Congress, 2nd Session, 
September 27, 1976, p. 16. 

2 Science Indicators—1974, National Science Board (NSB 75- 
1). 

The indicators selected for this report are 
presented in six chapters, including an expanded 
treatment of some topics such as patents, the 
U.S. role in international technology transfer, 
the impact of company size on invention and 
innovation, and the scientific publication 
patterns of U.S. authors. The time span covered 
by the indicators of the scientific enterprise 
ranges from the early 1960's through 1976 
whenever feasible. 

Each chapter begins with a set of indicator 
highlights which briefly summarize the major 
indices of that chapter. It should be noted that 
these highlights often omit the caveats and 
explanations which appear in the text itself. In 
the text the indicators are presented in graphic 
or tabular form and are more fully discussed. 
The appendix consists of detailed data tables 
which are referenced by the figures and tables of 
the text. These appendix tables usually provide 
more complete and extensive information. A 
subject-arranged list of indicators has been 
provided for the reader's convenience. 

The ongoing task of identifying and creating 
useful and sound science indicators will continue 
since it offers the potential for a more enlight- 
ened public science policy. We have been 
encouraged by the high level of interest shown 
in the previous Science Indicators reports both 
domestically and abroad. The Board invites 
those interested in the use and development of 
such indicators to become involved in the 
process and participate in this effort to better 
understand the scientific enterprise. 

Indicators of Science 

The purpose and function of science indicators 
is to follow changes in the scientific enterprise 
and its components over time, and thereby to 
reveal strengths and weaknesses as they begin to 
develop. Such indicators, updated regularly, can 
provide early warnings of trends that might 
impair the ability of American science and some 
aspects of technology to meet the needs of the 
Nation. Taken together, indicators can make 
decisionmakers more aware of the in- 
terrelatedness of the many variables which 
describe the Nation's scientific effort. Hence 
they can assist those who set priorities for the 
enterprise and allocate resources to it. 



While the indicators reported here are, in 
general, statistical time series, not every time 
series is an indicator. In order to serve their 
policy purpose, indicators must measure in some 
way either the resources allocated to the 
scientific enterprise or the fulfillment of its 
goals. Thus there arises the rough distinction 
between input and output indicators. Input 
indicators include the human and financial 
resources that are made available, including the 
education of research scientists and changes in 
the institutional structures within which 
research and development occur. 

While some difficulties remain in the defining 
and obtaining of input indicators, indicators of 
output present still greater challenges and 
consequently are less developed. Many of the 
"outputs" or results of science are the product of 
other social entities as well, so that in measuring 
them one is measuring more than the effects of 
science. In addition, many of the results that 
science is thought to have are not definite 
enough to be measured directly. For example, 
there can be no precise measure of the advance 
of knowledge. One might decide to count 
research reports, under the assumption that 
their distribution over fields and their changes 
over time provide information about the cor- 
responding distribution and changes in the 
advance of knowledge. In this situation, one 
would also want to have additional indicators of 
the advance of knowledge, to see if they 
confirmed what had been learned from the 
counts of research reports. This example reveals 
the character of many output indicators, namely, 
that they are quantitative measures standing as 
surrogates or approximations for something 
that cannot be directly measured. It also 
illustrates the value of having a number of 
indicators to reflect each of the outputs of 
science. 

Outputs include the proximate products of 

scientific research as well as its social and 
economic effects. In combination, indicators of 
these outputs complement each other and enable 
a picture of the "status and health" of science to 
emerge. Individually, however, they may be 
misleading, and even taken together they do not 
serve their purpose without the application of 
the experience and sound judgment of the 
policymakers and others who use them. 

Confidence in a particular indicator is 
strengthened if it can be followed over time and 
its changes observed in relation to other 
indicators. These relationships would be much 
clearer if there were an explicit model available 
of the research enterprise, both in itself and in 
relation to the rest of society. Such an ideal 
model would help to fix the significance of each 
indicator and would enable the various in- 
dicators to be correlated. The models that exist, 
however, are less than adequate for this 
purpose. Still, the development of such concep- 
tual formulations of the scientificenterprise will 
probably be an integral part of later stages in the 
development of indicators. For the present, one 
must rely on less formal notions of the cause- 
effect relationship that holds between input and 
output indicators, as well as on less definite 
notions of the exact significance and precise 
impact of each individual indicator. This again 
brings out the need for the application of 
judgment in interpreting these indicators. 
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Chapter 1 

International Indicators 

of Science and Technology 



International Indicators 
of Science and Technology 

INDICATOR HIGHLIGHTS 

The relative emphasis placed by a country on 
research and development activities can be 
approximated by comparing its R&D expen- 
ditures to its Gross National Product (GNP). 
During the middle and late 1960's, and 
continuing into the early seventies, this ratio 
generally showed a decline for the United 
States, the United Kingdom, France, and 
Canada. The West German ratio peaked in 
1971 and now appears to be declining. The 
U.S.S.R.'s positive growth seems to have 
leveled off since 1973.1 Since the late 1960's, 
Japan has generally shown increases in its 
R&D/GNP ratio. 

Another comparative measure of a country's 
R&D effort is the relationship between the 
number of scientists and engineers (S&E's) 
and the population. The number of S&E's 
per 10,000 population in the United States 
has remained constant since 1972. The 1975 
level is 10 percent lower than that of 1969, 
when this ratio peaked in the United States. 
Limited data from the other countries 
studied showed a general increase in this 
ratio. 

A major difference between the R&D 
programs of the United States and other 
countries relates to the distribution of 
Government funds by function. Among the 
countries for which data are available, the 
United States devotes a much higher 
proportion of Federal R&D funds to defense 
and space-related activities, especially the 
former.2 

The United States contributes significantly 
to   the* world's   scientific   and   technical 

1 Data regarding the U.S.S.R. should be treated as 
estimates; limited information and differences in basic 
definitions make international comparisons involving the 
U.S.S.R. very difficult. (See the following text for discussion 
of this point.) 

2 Data for the U.S.S.R. are not available. 

knowledge base. Non-U.S. authors cited 
U.S. scientific publications 15 percent more 
in 1975 than could be expected from the U.S. 
share of the world's scientific literature— 
citations to U.S. chemistry, physics, and 
biomedical research publications were 
respectively 42 percent, 30 percent, and 26 
percent more than could be expected. 

The United States also utilizes other nations' 
scientific findings and journals. In 1975, 57 
percent of the citations appearing in U.S. 
chemistry publications and 49 percent of 
those in U.S. physics publications were to 
foreign publications. Those fields with the 
greatest percentage of articles appearing in 
non-U.S. journals in 1975 were mathematics 
and biomedical research (both 27 percent) 
and physics and chemistry (both 24 percent). 

Since 1961, U.S. scientists have received 53 
percent of the Nobel Prizes in physics, 36 
percent in chemistry, and 53 percent in 
physiology/medicine. This represents 47 
laureates or 24 percent more Nobel Prize 
winners in science than during the 1946- 
1960 period. While U.S. scientists received 
all of the Nobel Prizes awarded in 1976, the 
U.S. share of total prizes has remained at 
about 50 percent since 1946. 

Although positive, the U.S. patent balance 
declined almost 47 percent between 1966 
and 1975. This was due to the 91 percent 
increase of foreign-origin patenting, coupled 
with the leveling off and eventual decline in 
the number of foreign patents awarded to 
U.S. citizens. The United States has a 
favorable but declining patent balance with 
Canada, the United Kingdom, and five 
European Economic Community countries, 
but a negative balance with West Germany 
and Japan. 

The share of U.S. patents granted to foreign 
residents has more than doubled in the last 



15 years, reaching a level of more than 35 
percent in 1975. The two countries most 
active in obtaining U.S. patents are West. 
Germany and Japan. Since 1963, West 
German inventors have been granted the 
largest amount of foreign-origin patents, 
but Japan is fast approaching the West 
German level. Since 1970, Japanese paten- 
ting in the United States has increased more 
than 100 percent in almost every major 
industrial category. 

A sample of major U.S. innovations shows 
those of the United States to be almost 
entirely based on domestic inventions (93 
percent) and highly directed towards 
producer goods markets (47 percent). Of the 
countries studied, the United Kingdom has 
the highest concentration of innovations 
aimed at producer goods (72 percent), while 
French innovations are often directed 
toward the government rather than other 
markets. 

Since 1960, the United States has main- 
tained an increasingly positive balance of 
payments associated with the sale of 
technical know-how (patents, licenses, 
manufacturing rights, etc.). Royalties and 
fees associated with direct investment have 
expanded twice as fast as those from 
unaffiliated firms from 1966 to 1975. U.S. 
technology and know-how have been largely 
transferred to industrialized countries, 
particularly in Western Europe, with 78 
percent of direct investment-related, and 85 
percent of unaffiliated purchases, being 
made in 1975 by developed countries. 
Likewise, almost all of the foreign know- 

how purchased by the United States in 1975 
came from Western Europe (73 percent) and 
Canada (22 percent). 

Productivity levels in the United States 
exceed those of France, West Germany, and 
the United Kingdom, but U.S. productivity 
gains between 1960 and 1976 were the 
smallest of the five countries. Japanese- 
productivity gains were more than five 
times greater than U.S. increases, although 
the actual productivity level was still 40 
percent below that of the United States in 
1976. 

The U.S. trade balance for R&D-intensive 
manufactured products has been positive 
and rising since 1960; the 1976 balance was 
five times that of 1960 and 2Vi times the 
1970 level. Surpluses from R&D-intensive 
product groups have had an extremely 
important role in maintaining an overall 
favorable U.S. trade balance, and until 1976, 
have been more than sufficient to cover the 
increasing deficits from non-R&D-intensive 
products. 

The primary R&D-intensive exports to 
Western Europe were largely products of 
the aircraft and nonelectrical machinery 
industries, while chiefly nonelectrical 
machinery and chemical products were 
exported to developing countries, and 
electrical and nonelectrical machinery to 
Canada. The negative trade balance in R&D- 
intensive products with Japan was due 
mainly to U.S. imports of electrical 
machinery and to a lesser degree to imports 
of professional and scientific instruments 
and nonelectrical machinery. 

The interrelatedness of the world is a 
prevalent theme of today. This is especially true 
with regard to science, which by its very nature 
is not limited by political boundaries, but rather 
is transnational in character. The inter- 
nationalism of science is based on the fact that 
research findings have universal validity. Sci- 
ence is an accumulative effort and the body of 

scientific knowledge has been built over time 
with the contributions of researchers and 
thinkers from all nations. 

Technology, on the other hand, may be less 
universal in nature, as has been pointed out by 
the recent call for intermediate or appropriate 
technologies     for    particular    environments, 



especially developing countries.3 Such 
technologies are labor-intensive, efficient on 
small scales, easily serviceable, and use locally 
available materials. However, even though they 
may differ in their applicability or usefulness— 
depending on many factors such as culture, 
levels of economic development, and market 
structure—technologies often produce global 
impacts (i.e., nuclear reactors and weapons, 
communications satellites, oral contraceptives, 
and jet engines). The desire to find better, faster 
or more efficient ways of doing things is not 
limited to any particular country or society. 
Additionally, technologies cross national bound- 
aries in many forms including foreign trade, 
exchange or assistance programs, and the sale of 
technical knowledge. 

This chapter attempts toviewU.S. science and 
technology as they interface and interact with 
international scientific and technological 
endeavors. Indicators are presented to show the 
level of investment in research and development 
in various countries in terms of money and 
manpower. Examination is also made of perfor- 
mance measures. The extent and significance of 
scientific research is reflected here by participa- 
tion in multinational scientific meetings and the 
proliferation of scientific literature and cross- 
country citations. International prizes point to 
the prestige of science. Indicators of 
technological activity include, among others, 
invention and innovation patterns, international 
transactions in technical know-how, and trade 
balances in R&D-intensive products. 

International indicators of science and 
technology are faced with problems of data 
availability and reliability, and cross-country 
differences in definitions and concepts, 
methodologies,      and      statistical      reporting 

3 See for example, E.F. Schumacher, Small is Beautiful: 
Economics as if People Mattered (New York: Harper and Row, 
1973); Nicolas Jequire, ed., Appropriate Technology: Problems and 
Promises (Paris: Organisation of Economic Co-operation and 
Development, 1976); "Proposal for a Program in Appropriate 
Technology," transmitted by the Agency for International 
Development to the Committee on International Relations, 
U.S. House of Representatives, 94th Congress, 2d Session, 
July 27, 1976. See also Richard S. Eckaus, Appropriate 
Technologies for Developing Countries, (Washington, D.C.: 
National Academy of Sciences, 1977). This report points out 
that criteria and goals for technological choices are often 
conflicting or inconsistent; that present understanding of 
both the characteristics of technology and the methods and 
consequences of technology transfer is meager; and thus it is 
difficult at best to identify what an "appropriate technology" 
might be. 

procedures.4 For these reasons as well as the fact 
that not every country allocates the same 
importance or priority to research and develop- 
ment, the emphasis of this chapter is more on 
understanding where the United States fits 
within the framework of trends in international 
science and technology than on cross-country 
comparisons in general. 

RESOURCES FOR R&D 

Most of the research and development per- 
formed throughout the world has generally been 
attributed to the scientific and technological 
endeavors of seven nations. Presented here are 
comparisons of the levels of financial and 
manpower resources invested in research and 
development by these nations and a brief 
examination of the major sources of support and 
general areas of R&D activity (e.g., defense, 
space, and health). It should be noted that 
expenditures reported for the United States and 
the Soviet Union are for the performance of 
R&D alone, while those for other countries 
include their associated capital expenditures. 

Expenditures for R&D 

Direct international comparisons of the levels 
of effort devoted to research and development 
are severely hampered by constantly fluctuating 
exchange rates among international currencies 
and differences in the composition and relative 
costs of manpower and capital inputs into the 
R&D programs of different nations. The in- 
dicator used most often to circumvent these 
difficulties is the ratio of gross national expen- 
ditures for research and development (GERD) to 
the Gross National Product (GNP). This 
provides one measure of the fraction of a 
country's total economic output that is devoted 
to the performance of research and development 
and therefore is an indication of the level of a 
nation's R&D effort. 

The Organisation of Economic Co-operation 
and Development has developed a classification 
scheme for countries according to their absolute 
and relative amounts of resources devoted to 

4 The Organisation of Economic Co-operation and 
Development has attempted to deal with the problem of 
international R&D statistics. However, many of the above- 
mentioned problems persist. 
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Index to Indicator Tables 

AT = Appendix Tables 
TT = Text Tables 

INTERNATIONAL INDICATORS OF SCIENCE AND TECHNOLOGY 

Human and Fiscal Resources for R&D 

Expenditures for performance of R&D as a percent of Gross National 
Product (GNP) by country, 1961-76   AT 1-1 

Scientists and engineers engaged in R&D by country, 1965-75     AT 1-2 
Estimated distribution of Government R&D expenditures among 

selected areas by country, 1961-73    AT 1-3 

The International Character of Science 

Publications and citations 

U.S. share of the world publications from a large sample of 
influential journals, 1973-75    XT 1-4 

Distribution of publications in U.S. journals by field and country 
of author, 1975       AT 1-4 

Percent of all citations found in publications of other countries 
that are to U.S. publications, by field, 1975     TT-1-6 

Citations from the publications of all countries to previous U.S. 
publications, by country and field, 1975      AT 1-6 

Fields and subfields of international scientific literature   AT 1-5 
Citation ratios for U.S. publications by the country of citing 

authors and field, 1975       XT 1-7 
Distribution of the publications of U.S. authors by country 

of journal and field, 1975       AT 1-7 
Percent of all citations found in U.S. publications that are to pub- 

lications of other countries, by field, 1975      TT 1-9 
Citations from U.S. publications to previous publications, by cited 

country and field, 1975      AT 1-8 
Publications by U.S. authors which were co-authored at different 

institutions or organizations, by field and country, 1973     AT 1-9 
International Cooperative authorship of U.S. publications as a percent 

of all cooperative authorship by U.S. authors, by country and 
field, 1973      AT J_J0 

Meetings and prizes 

Participation in international scientific congresses, 1961-76     AX 1-11 
Number of Nobel Prize laureates in science by field and by country, 

1901-76      AT j.j2 
Xotal Nobel Prize laureates in chemistry, physics, and 

physiology/medicine for selected countries, 1901-76    AX 1-13 
Nobel Prize laureates in science proportionate to population for 

selected countries, 1901-76   AX 1-14 

Technological Invention and Innovation 
Patents 

U.S. patent balance with selected countries, 1966-75     AX 1-15 
Percent of total U.S. patents granted to foreign inventors 

by product field, 1973-75   XX 1-16 
Foreign participation in active patent categories by R&D-intensive 

product fields, 1973-75   XX 1-17 
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Number of U.S. patents granted to selected foreign countries by 
product field, 1963-75     AT 1-16 

Concentration of foreign patenting in the United States for the 
three most active countries, by product field    TT 1-19 

Innovations 

Major technological innovations by selected countries, 1953-73  AT 1-17 
Percent distribution of innovations by type of market and 

country, 1953-73     TT 1-21 

Royalties and Fees 
U.S. international transactions in royalties and 

fees, 1966-75   AT 1-18 
U.S. receipts and payments of royalties and fees for unaffiliated 

foreign residents, 1966-75  AT 1-19 
U.S. receipts and payments of royalties and fees for direct 

investment abroad, 1966-75    AT 1-20 

Productivity and Balance of Trade 

Productivity 

Real Gross Domestic Product per employed civilian, for selected 
countries compared with the United States, 1960-76      AT 1-21 

Relative productivity in manufacturing industries by selected 
countries, 1960-76   AT 1-22 

Unit labor cost in manufacturing industries for selected 
countries, 1967-76   TT 1-27 

Trade balance 

U.S. trade balance in R&D-intensive and non-R&D-intensive manu- 
factured product groups, 1960-76     AT 1-23 

U.S. trade balance in selected R&D-intensive manufactured 
product groups, 1960-76      AT 1-24 

Percentage of applications accepted for duty-free entry of 
scientific instruments or apparatus without U.S. equivalents, 
1967-68 through 1975-76      TT 1-30 

U.S. trade balance with selected nations for R&D-intensive 
manufactured products, 1966-76   AT 1-25 

RESOURCES FOR RESEARCH AND DEVELOPMENT 

Total Human and Fiscal Resources for R&D 

Expenditures and manpower 

National R&D expenditures, 1960-76     AT 2-1 
Scientists and engineers employed in R&D by sector, 1961-75      AT 2-2 
National R&D expenditures as a percent of GNP by source, 

1960-76      AT 2-3 

Sources, performers, and type of R&D 

National expenditures for R&D by source, 1960-76     AT 2-4 
National expenditures for R&D by performer, 1960-76    AT 2-5 
National R&D expenditures by character of work, 1960-76     AT 2-6 
Basic research expenditures by source, 1960-76    AT 2-7 
Applied research expenditures by source, 1960-76  AT 2-8 
Development expenditures by source, 1960-76   AT 2-9 

298 



Federally Funded R&D 

R&D in functional areas 

Federal expenditures 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, 1960-76     AT 2-10 

Federal obligations for R&D by function, 1969-76  AT 2-11 
Distribution of Federal R&D obligations among civilian 

areas, 1969-76     TT 2-11 

R&D plant 

Federal expenditures for R&D plant, 1960-75   AT 2-12 
Federal obligations for R&D plant by performer, 1962-75  AT 2-13 
Federal obligations for R&D plant as a percent of Federal 

obligations for total R&D including plant by performer, 
1962-75      AT 2-14 

Scientific and Technical Information 

Federal obligations for scientific and technical information 
activities compared with total Federal R&D obligations, 
1960-76       AT 2-15 

Federal obligations for scientific and technical information 
activities by agency, 1960-76     AT 2-16 

Federal obligations for scientific and technical information 
activities by type of activity, 1960-76   AT 2-17 

Scientific and technical articles published by U.S. authors 
in U.S. primary journals, 1960-75   AT 2-18 

RESOURCES FOR BASIC RESEARCH 

National Resources for Basic Research 
Total expenditures 

Basic research expenditures, 1960-76   AT 3-1 
Basic research expenditures by performer, 1960-76   AT 3-2 
Basic research expenditures by source, 1960-76     AT 3-3 

Federal support 

Distribution of total Federal obligations for basic 
research by agency, 1976   TT 3-4 

Federal obligations for basic research by agency, 1960-76     AT 3-5 
Federal obligations for basic research as a percent of 

each agency's R&D obligations by agency, 1960-76     AT 3-4 
Federal obligations for basic research by field of 

science, 1963-76   AT 3-6 
Fields and subfields of Federal obligations for basic research 

shown in Figure 3-6 and Appendix Table 3-6      AT 3-7 

Basic Research in Universities and Colleges 

Basic research expenditures in universities and colleges 
by source, 1960-76      AT 3-8 

Basic research obligations to universities and colleges 
as a percent of total basic research obligations by agency 
and by field, 1974-76       TT 3-9 

Federal obligations for basic research in universities and 
colleges by selected supporting agencies and by field, 
1973-76       AT 3-9 
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Fields and subfields of R&D expenditures at colleges and 
universities     AT 3-10 

Percentage of expenditures for basic research by groups of 
institutions ranked in order of expenditures, 1964, 
and 1972-75       TT 3-11 

Concentration of R&D expenditures at the 100 universities 
and colleges with the greatest expenditures in selected 
fields, 1975      AT 3-11 

Scientists and engineers and basic research expenditures at 
100 selected colleges and universities, by source of funding 
1973-75        AT 3-12 

Basic Research Expenditures in Federally Funded Research and 
Development Centers Administered by Universities 

Basic research expenditures at Federally Funded Research and 
Development Centers administered by universities by source, 
1964-75       AT 3-13 

Federally Funded Research and Development Centers     AT 3-14 

Basic Research in Intramural Federal Laboratories 

Federal obligations for intramural basic research by 
selected agencies, 1960-76   AT 3-15 

Basic Research In Industry 

Basic research expenditures in industry by source, 
1960-76       AT 3-16 

Expenditures for basic research in industry by major R&D- 
performing industries, 1960-74      AT 3-17 

Expenditures for basic research in industry by selected 
fields, 1967-74       AT 3-18 

Fields of industrial basic research expenditures shown 
in Figure 3-18 and Appendix Table 3-18   AT 3-19 

Basic Research in Nonprofit Institutions 

Basic research expenditures in nonprofit institutions by 
source, 1960-76      AT 3-20 

Research Outputs and Applications 

Relative growth in scientific research articles by selected 
fields of science, 1960-75  AT 3-21 

Publication output for selected fields of science, percent 
of yearly totals by sectors, 1960-75     AT 3-22 

INDUSTRIAL R&D AND INNOVATION 

Total Human and Fiscal Resources 

Expenditures for industrial R&D by source of funds, 
1960-76        AT 4-1 

Federal funding as a percentage of total industrial R&D 
expenditures, by manufacturing industry, 1974      TT 4-2 

Scientists and engineers engaged in industrial R&D by 
source of funds, 1960-75    AT 4-2 

Scientists and engineers engaged in industrial R&D, 
compared with constant dollar expenditures for 
industrial R&D, 1960-75     AT 4-3 
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R&D expenditures by individual industries 

R&D expenditures by industry, 1960-74   AT 4-4 
Industrial R&D expenditures, percent change, 1970-74      AT 4-5 

R&D expenditures for energy and pollution abatement 

Industrial expenditures for energy R&D, by industry, 
1973-76      TT 4-7 

Industrial expenditures for energy R&D, by energy source 
and source of funding, 1973-76    XT 4-8 

Industrial R&D expenditures for pollution abatement, by 
industry, 1973-76       TT 4-9 

Industrial R&D expenditures for pollution abatement, by 
type of pollution and source of funding, 1973-76   TT 4-10 

R&D expenditures by type of R&D 

Industrial R&D expenditures for basic research, applied 
research, and development, 1960-76      AT 4-6 

Allocation of R&D expenditures in industry between research 
and development, by source of funds, 1965-76     AT 4-7 

R&D Expenditures by Product Fields 

Distribution of applied research and development expendi- 
tures to broad product fields with the greatest shares, 
1974      TT 4-13 

Percent change in constant dollar applied research and 
development expenditures for narrow product fields with 
greatest changes, 1971-74    TT 4_14 

Product fields for which applied research and develop- 
ment expenditures are reported      AT 4-8 

New publicly financed small technical companies    TT 4-15 

R&D Intensity 

Measures of R&D intensity, by industry, 1961-74  TT 4-16 
R&D intensity of U.S. manufacturing industries, 

1961"74      AT 4-9 

Outputs from Industrial R&D 

Patents 

U.S. patents granted, by inventor and date of grant, 
1960"76     AT 4-10 

U.S. patents granted, by assignee and date of grant, 
1961-7*     AT 4-11 

U.S. patents granted, by product field and date of grant, 

.       1963"75     AT 4-12 
Sources of invention for U.S. patents, for product fields 

with the highest and lowest percentages of foreign inventions 
in 1975   •   TT 4-21 

Sources of invention for U.S. patents, by product field, 
1965 and 1975     AT 4-13 

Percent of U.S. patents owned by U.S. corporations, in 
product fields with the highest and lowest percentages 
in 1975    TT 4-22 

Percent of U.S. patents owned by U.S. Government, in 
product fields with the highest percentages in 1975      TT 4-23 

Percent of U.S. patents owned by U.S. individuals, in 
product fields with the highest percentages in 1975     TT 4-24 
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Ownership of U.S. patents in each product field, for 
patents granted in 1965 and 1975   AT 4-14 

Invention and ownership of patents granted in 30 active 
patent fields, and of all U.S. patents granted in 1975      TT 4-25 

U.S. patents granted, by inventor and date of application, 
1965-73       AT 4-15 

U.S. patents granted, by assignee and date of application, 
1965-73       AT 4-16 

U.S. patents granted by product field and date of appli- 
cation, 1963-73    AT 4-17 

Innovation 

Examples of major U.S. technological innovations studied 
by industry     TT 4-29 

Distribution of major U.S. innovations by size of company, 
1953-73     AT 4-18 

Estimated innovation rate, in major innovations per 
R&D dollar     TT 4-31 

Distribution of major U.S. innovations by industry 
group, 1953-73     AT 4-19 

Major U.S. innovations by industry, 1953-73     AT 4-20 
Major innovations per net sales dollar and per R&D dollar, 

by industry, 1953-73   TT 4-34 
Narrow industry classes producing the greatest number 

of major innovations, for three time periods     TT 4-35 
Estimated radicalness of major U.S. innovations, 

1953-73        AT 4-21 
Estimated radicalness of major U.S. innovations by 

industry group, 1953-73      AT 4-22 
Sources of technology underlying major U.S. innovations, 

1953-73       AT 4-23 
Sources of technology underlying major U.S. innovations 

by industry group, 1953-73       AT 4-24 
Sources of underlying technology and estimated radicalness 

of innovations, 1953-73     AT 4-25 
Major U.S. innovations assisted by public grants or 

contracts, by industry group, 1953-73     AT 4-26 
Sources of invention underlying major U.S. innovations, 

1953-73       AT 4-27 

SCIENCE AND ENGINEERING PERSONNEL 

Characteristics and Utilization of Science and Engineering Personnel 

Employment levels and type of work 

Annual average percent changes in science and engineering 
employment compared to other economic and manpower 
variables, 1950-74       AT 5-1 

Occupational distribution of employed natural scientists 
and engineers by field, 1950-74      TT 5-2 

Percent distribution of the 1970 science and engineering 
labor force employed in industry in 1974, by primary 
work activity    TT 5-3 

Scientists and engineers employed in universities and 
colleges by field of employment, 1965-76       AT 5-2 

Scientists and engineers employed in universities and 
colleges by level of attainment, 1965-76       AT 5-3 

Academic scientists and engineers by primary work activity, 
1965-76        AT 5-4 

Annual average unemployment rates, 1963-76      AT 5-19 
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Age of scientists and engineers 

Age of doctoral scientists and engineers employed at 
4-year colleges and universities, 1973-1975       TT 5-7 

Tenured faculty as a percent of full-time faculty in a 
sample of doctorate-level science and engineering 
departments by selected fields, 1974      AT 5-5 

Federally employed scientists and engineers 

Federal Government employment of scientists and 
engineers by agency, 1964 and 1974      TT 5-9 

Federal Government employment of scientists and 
engineers by field, 1964 and 1974  TT 5-10 

Research and Development Personnel 

R&D scientists and engineers employed in selected 
industries by source of support, 1967 and 1975      AT 5-6 

Proportion of time spent in research by full-time doctorate 
faculty in selected science and engineering fields at 
a sample of institutions, 1975        AT 5-7 

Young doctoral faculty investigators as a percent of all 
doctoral faculty investigators in a sample of doctorate- 
granting institutions by selected fields, 1968 and 1974   AT 5-8 

Research support for full-time doctorate faculty inves- 
tigators in selected science and engineering fields at a 
sample of institutions, 1975      TT 5-14 

Proportion of faculty investigators performing R&D 
connected with Federal grants and contracts by selected 
fields, 1974      TT 5-15 

Doctoral Scientists and Engineers 

Distribution of doctoral scientists and engineers by 
selected fields, 1973 and 1975      TT 5-16 

Distribution of doctoral scientists and engineers by 
field, 1973 and 1975      AT 5-9 

Distribution of employed doctoral scientists and 
engineers by employment sector, 1975     AT 5-10 

Young doctorate faculty as a percent of total full-time 
doctorate faculty in matched doctorate-level science 
and engineering departments, 1968-75      TT 5-18 

Doctoral scientists and engineers by age and type of 
employer, 1975    AT 5-11 

Percent distribution of employed doctoral scientists 
and engineers by primary work activity, 1973 and 1975       AT 5-12 

Distribution of employed doctoral scientists and 
engineers by primary work activity, 1975   AT 5-13 

Employed doctoral scientists and engineers by type of 
R&D activity and by field, 1975       AT 5-14 

Doctoral R&D scientists and engineers by field and type 
of employer, 1975     AT 5-15 

Median annual salaries of doctoral scientists and 
engineers whose fields of employment differed from their 
doctoral fields, by number of years since the doctorate, 
1973       AT 5-16 

Women and Minorities in Science and Engineering 

Women scientists and engineers as a percent of total 
employment by field, 1974      TT 5-26 

Women scientists and engineers employed full-time by 
universities and colleges by field, 1976      TT 5-27 
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