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Highlights

National R&D Trends

� Research and development expenditures continued to 
grow in the United States, reaching an estimated $276 
billion in 2002. But the rapid rate of growth of the late 
1990s slowed considerably in 2001 and 2002.

� Industry performed an estimated $194 billion of R&D 
in 2002, or 70 percent of the national total. Industry 
was also the largest source of R&D funding, paying for 
65 percent of all R&D. Nearly all (98 percent) of these 
funds flowed to industry; the remainder financed R&D at 
universities, colleges, and nonprofit organizations.

� In the industrial sector in 2001, computer and elec-
tronic products manufacturing performed 24 percent 
($47 billion) of all industrial R&D and 17 percent of 
the nation’s total R&D. The next largest industrial sec-
tor, transportation equipment, performed $26 billion in 
R&D in 2001. Nonmanufacturing industries associated 
with software and computer-related services performed 
between $24 and $25 billion of R&D in 2001.

� Universities and colleges performed an estimated $36 
billion of R&D in 2002, or 13 percent of the national 
total. However, universities and colleges performed the 
majority (54 percent) of all basic research.

� In 2000 California had the highest level of R&D 
expenditures among all states, $55 billion. However, 
the ratio of R&D to gross state product was highest in 
Michigan at 5.8 percent compared with 4.1 percent in 
California.

Federal R&D Performance and Support

� Federal R&D support, in absolute terms, expanded 
from $66 billion to an estimated $78 billion between 
2000 and 2002. This growth increased the Federal R&D 
support share of total U.S. R&D from 25 to 28 percent. 
In contrast, Federal laboratories and federally funded 
research and development centers performed only 12 
percent of U.S. R&D in 2002.

� In fiscal year 2003 the Department of Defense (DOD) is 
expected to obligate the most funds among Federal agen-
cies for R&D support—$45 billion, or 46 percent of all 
Federal R&D obligations. The Department of Health and 
Human Services (HHS) is expected to obligate the second 
largest amount in R&D support ($28 billion), followed by 
the National Aeronautics and Space Administration ($9 
billion), the Department of Energy (DOE) ($8 billion), 
and the National Science Foundation ($3 billion).

� The budget allocation for counterterrorism-related 
R&D increased dramatically between FY 2001 and FY 
2003 from $0.6 to $2.9 billion. Most of this budget now 
falls under the aegis of the National Institutes of Health and 
the newly formed Department of Homeland Security.

� In 1999 (the latest year for which these data are avail-
able), 10,000 companies claimed $5.3 billion in R&D 
tax credits, about the same level as in 1998. In 1999, 
267 companies claimed $540 million for basic research, 
about 10 percent of the total research and experimenta-
tion credit. 

Technology Linkages: Contract R&D, 
and Federal Technology Transfer

� In 2001, more than 1,300 manufacturing companies 
(or 8 percent of all manufacturing R&D-performing 
companies) reported contract R&D expenditures of $4 
billion in the United States. Contract R&D expenditures 
as a proportion of in-house company-funded R&D is par-
ticularly notable in pharmaceuticals and R&D services.

� Federal technology transfer activities continued to 
rise. In FY 2001, 10 Federal agencies reported more 
than 3,900 invention disclosures and filed nearly 2,200 
patent applications. Patent applications increased to a 
peak of 2,172 in FY 2001, up 4.3 percent from FY 2000. 
Patents issued to these Federal agencies reached 1,608 in 
FY 2001, up 15.6 percent from FY 2000. 

� The same 10 Federal agencies executed 926 new coop-
erative R&D agreements (CRADAs) with industrial 
and university partners in FY 2001, up 5.9 percent from 
FY 2000, bringing the number of active CRADA agree-
ments to 3,603. DOD, DOE, and HHS accounted for more 
than 80 percent of active CRADAs in FY 2001. 

� The Small Business Innovation Research Program 
(SBIR), designed to stimulate technical innovation by 
small firms and their participation in Federal R&D 
funding, awarded $1.29 billion in R&D funding to 
4,748 projects in FY 2001. DOD led the 10 participat-
ing agencies in obligated SBIR funding at $576 million 
(45 percent of all SBIR funding), followed by HHS at 
$412 million (32 percent).

Technology Linkages: R&D Collaboration

� From 1985 to 2001 a total of 861 technology alliances 
were registered in filings required by the National 
Cooperative Research and Production Act. About half 
of the technology alliances during the period 1985–2001 
involved activities classified in three industrial areas: elec-
tronic and electrical equipment, communication services, 
and transportation equipment. Fifteen percent (125 of 861) 
of these alliances involved a U.S. university, whereas about 
12 percent (99 of 861) included a Federal laboratory.

� A separate database covering international alliances 
shows that in 2001 there were 602 new international 
technology alliances in six major sectors, notably infor-
mation technology and biotechnology/pharmaceuticals, 
up from 483 in 2000, a 25 percent increase. This is the 
first increase since a 19.5 percent increase in 1995 to its all-
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time high of 674 technology alliances. From 1991 to 2001, 
there were 5,892 new technology alliances. About 80 per-
cent (4,646 of 5,892) of the 1991–2001 technology alliances 
worldwide involved at least one U.S.-owned company.

International R&D Trends and Comparisons 

� The United States accounts for approximately 44 
percent of total R&D expenditures in all Organisa-
tion for Economic Co-operation and Development 
(OECD) countries combined. R&D investments in the 
United States are 2.7 times greater than R&D investments 
made by Japan, the second largest performer. In 2000 the 
United States spent more on R&D activities than all other 
“group of seven” (G-7) countries (Canada, France, Ger-
many, Italy, Japan, and the United Kingdom) combined.

� A noteworthy trend among G-7 and other OECD 
countries has been the relative decline in government 
R&D funding over the past 2 decades. In 2000, less 
than 30 percent of all OECD R&D funds were derived 
from government sources, down considerably from the 
44 percent share reported in 1981. In aggregate terms, 
this change reflects a decline in industrial reliance on 
government funds for R&D performance.

� As a result of a worldwide slowing in R&D spending 
during the early 1990s, the latest ratio of R&D spend-
ing to gross domestic product (R&D/GDP) for most G-7 
countries is no higher now than it was a decade ago. The 
United States, devoting 2.7 percent of its GDP to R&D, 
ranked fifth among OECD countries during the 1996–2001 
period. Sweden led OECD countries at 3.8 percent of its 
GDP devoted to R&D, followed by Finland (3.4 percent), 
Japan (3.0 percent), and Iceland (2.9 percent).

� As an indication of an overall pattern of increased uni-
versity-firm interactions, the proportion of academic 
R&D funding from industry sources (for G-7 countries 
combined) climbed from 2.6 percent of the academic 
R&D total in 1981 to 5.2 percent in 1990 and to 6.0 
percent in 1999.

� Among nondefense objectives, government R&D 
spending shares changed during the 1981–99 period: 
government R&D shares increased most for health and 
the environment and for various nondirected R&D 
(including many basic research) activities. Conversely, 
the relative share of government R&D support provided 
for economic development programs (which include the 
promotion of agriculture, fisheries and forestry, industry, 
infrastructure, and energy) declined considerably.

R&D Investments by Multinational 
Corporations

� Foreign-owned firms conducting R&D in the United 
States accounted for $26.1 billion (13 percent) of the 
$199.5 billion in total industrial R&D expenditures 
in the United States in 2000. This share fluctuated be-
tween 11 and 13 percent during the period 1994–2000.

� In 2000 about two-thirds of foreign-owned R&D in 
the United States was performed in three industries: 
chemicals (27 percent), computer and electronic prod-
ucts (24 percent), and transportation equipment (12 
percent). Seven countries invested $1 billion or more in 
R&D in the United States in 2000: Canada, France, Ger-
many, Japan, the Netherlands, Switzerland, and the United 
Kingdom, accounting for about 90 percent of all R&D ex-
penditures by foreign-owned firms in the United States.

� Parent companies of U.S. multinational corporations 
accounted for two-thirds of the R&D spending by all 
industrial R&D performers in the United States in 
2000. These parent companies had R&D expenditures of 
$131.6 billion in the United States in 2000, whereas their 
majority-owned foreign affiliates had R&D expenditures 
of $19.8 billion, for a total of $151.3 billion in global 
R&D expenditures. 

� Two-thirds of the R&D performed overseas in 2000 by 
U.S.-owned subsidiaries ($13.2 of $19.8 billion) took 
place in six countries: Canada, France, Germany, Ja-
pan, Sweden, and the United Kingdom. Three-fourths 
of this overseas R&D activity was performed in three 
manufacturing sectors: transportation equipment ($5.7 
billion, or 29 percent), computer and electronic products 
($4.9 billion, or 25 percent) and chemicals ($4.3 billion, 
or 22 percent). These are the same three industries that 
accounted for most foreign-owned R&D in the United 
States, implying a high degree of R&D internationaliza-
tion in these industries.

� Certain emerging markets played an increasing role 
in U.S.-owned overseas R&D. In 2000, U.S. subsidiar-
ies had R&D expenditures of $500 million or more in 
China, Ireland, Israel, and Singapore, increasing signifi-
cantly their rank as hosts of R&D activities compared 
with that in 1994. U.S. computer and electronic products 
subsidiaries in Ireland, Israel, Singapore, South Korea, 
and Taiwan spent a total of $1.2 billion in R&D activi-
ties in 2000, or 25 percent of $4.9 billion in U.S.-owned 
overseas R&D in this industry. 
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Introduction

Chapter Overview
Research and development is widely recognized as being 

key to economic growth and social welfare, often resulting 
in benefits unimagined at the time it is initiated. Although 
R&D expenditures never have exceeded 3 percent of the 
U.S. gross domestic product (GDP) and the returns on in-
vestment in R&D have been difficult to measure, academic 
and government communities continue to study R&D ex-
penditures as an indicator of technological change in and the 
innovative capacity of the nation. 

The results of R&D decisionmaking—including the 
resources that various organizations devote to R&D and to 
what ends they devote them—affect both the economy and 
national well-being. For this reason, the United States and 
many other nations collect extensive R&D expenditure data, 
which are disseminated worldwide for study by analysts in 
a variety of fields.

In addition to indicating the direction and rate of tech-
nological change, R&D expenditure data also measure 
the level of economic purchasing power devoted to R&D 
projects compared with other economic activities. Industrial 
(private sector) funding of R&D, for example, may be con-
sidered an indicator of how important R&D is to companies 
because companies could easily devote those same funds to 
other business activities such as advertising. Similarly, gov-
ernment support for R&D reflects governmental and societal 
commitment to scientific and technological advancement, an 
objective that must compete for dollars against other func-
tions supported by discretionary government spending. The 
same basic idea is true for the other sectors that fund R&D: 
universities, colleges, and other nonprofit organizations.

Although total R&D expenditures reveal the perceived 
economic importance of R&D relative to all other economic 
activities, the composition of R&D expenditures is a policy 
variable of equal importance (Tassey 1999). Over the R&D 
life cycle, different classes of R&D funders and performers 
rise in importance, then give way to others. The success or 
failure of technology-intensive industries relative to foreign 
competitors often hinges on the availability and effective-
ness of these differing participants. R&D flows between the 
sectors represented by these participants indicate a nation’s 
capacity to leverage its science and technology (S&T) re-
sources effectively.

In addition to R&D expenditures performed within a 
particular sector, this chapter presents data on outsourced 
and collaborative R&D activities across R&D-performing 
sectors and on Federal technology transfer. Technology 
sources outside a company or industry, including university 
research, have played a key role in innovation and com-
petitiveness from the beginnings of corporate R&D in the 
United States (Mowery 1983; and Rosenberg and Nelson 
1994). In recent decades, however, the increased relevance 
of scientific research to industrial technology, coupled with 
the demands from a global competitive environment, has 

increased the importance of collaborative activities for inno-
vation and long-term competitiveness (Vonortas 1997).

Chapter Organization
This chapter is organized into five major sections that 

examine trends in R&D expenditures and collaborative 
technology activities. The first and second sections describe 
R&D performed in the United States. The first contains 
information on economic measures of R&D in the United 
States and trends in total R&D performance and funding; 
areas addressed include industrial R&D, R&D performance 
by state, and R&D performance and funding by character of 
work. The second focuses on the role of the Federal Govern-
ment in the R&D enterprise, giving particular attention to 
direct Federal R&D support by national objective, Federal 
agency, and field of science as well as indirect fiscal mea-
sures to stimulate R&D growth. 

The third section summarizes available information on 
external technology sourcing and collaborative R&D ac-
tivities across R&D-performing sectors including industrial 
contract R&D expenditures, Federal technology transfer, 
and domestic and international technology alliances.

The fourth section compares R&D trends across nations. It 
contains sections on total and nondefense R&D spending; ratios 
of R&D to GDP in various nations; international R&D funding 
by performer and source (including information on industrial 
subsectors and academic science and engineering fields); the al-
location of R&D efforts among basic research, applied research, 
and development components; and international comparisons 
of government R&D priorities and tax policies.

The fifth section discusses available R&D data for for-
eign-owned companies in the United States, parent com-
panies of U.S. multinational corporations (MNCs), and 
U.S.-owned R&D overseas in terms of investing or host 
countries, their industrial focus, and implications for the 
ownership structure of U.S. R&D activity.

National R&D Trends
In the mid- to late 1990s, R&D performance in the United 

States surged.1 In real terms (constant or inflation-adjusted 
dollars), total R&D performance grew 40.5 percent between 
1994 and 2000 at an average annual real growth rate of 
5.8 percent over the period (figure 4-1). National Science 
Foundation (NSF) data indicate that this growth rate was not 
sustained in the following 2 years, slowing to an estimated 1 
percent between 2000 and 2001 and just keeping pace with 
inflation between 2001 and 2002. Total 2002 R&D perfor-
mance in the United States is estimated to be $276.2 billion, 
up from an estimated $273.6 billion in 2001 and $264.7 bil-
lion in 2000.2 (See sidebar, “Definitions of R&D.”)

 1Expenditures for research and development performance are used as a 
proxy for actual R&D performance. In this chapter, the phrases R&D per-
formance and expenditures for R&D performance are interchangeable.

2At the time this report was written, estimated data for 2002 were the lat-
est fi gures available for R&D expenditures.
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In comparison, GDP, the main measure of the nation’s 
total economic activity, grew in real terms by 3.8 percent 
per year between 1994 and 2000. R&D performance as a 
proportion of GDP rose from 2.40 percent in 1994 to 2.69 
percent in 2000 as growth in R&D outpaced the growth of 
the overall economy. The slowdown in R&D investment in 
2001 and 2002 coincided with an overall economic slow-
down in the United States, resulting in R&D to GDP ratios 
of 2.71 percent in 2001 and 2.64 percent in 2002.3

Organizations that perform R&D often receive outside 
funding; conversely, organizations that fund R&D often do 
not perform all the R&D themselves. Therefore, it is useful 
to analyze R&D expenditure data in terms of who performed 
the R&D and who funded it. 

Definitions of R&D
The National Science Foundation (NSF) uses the follow-
ing definitions in its research and development surveys. 
They have been in place for several decades and gener-
ally are consistent with international definitions.

R&D. According to international guidelines for con-
ducting R&D surveys, R&D, also called research and 
experimental development, comprises creative work 
“undertaken on a systematic basis in order to increase 
the stock of knowledge, including knowledge of man, 
culture and society, and the use of this stock of knowl-
edge to devise new applications” (OECD 2002f, p. 30).

Basic research. The objective of basic research 
is to gain more comprehensive knowledge or under-
standing of the subject under study without specific 
applications in mind. In industry, basic research is de-
fined as research that advances scientific knowledge 
but does not have specific immediate commercial 
objectives, although it may be performed in fields of 
present or potential commercial interest.

Applied research. The objective of applied re-
search is to gain the knowledge or understanding to 
meet a specific, recognized need. In industry, applied 
research includes investigations to discover new sci-
entific knowledge that has specific commercial objec-
tives with respect to products, processes, or services.

Development. Development is the systematic use of 
the knowledge or understanding gained from research 
directed toward the production of useful materials, de-
vices, systems, or methods, including the design and 
development of prototypes and processes.

R&D plant. R&D plant includes the acquisition 
of, construction of, major repairs to, or alterations in 
structures, works, equipment, facilities, or land for use 
in R&D activities.

Budget authority. Budget authority is the authority 
provided by Federal law to incur financial obligations 
that will result in outlays.

Obligations. Federal obligations represent the dol-
lar amounts for orders placed, contracts awarded, ser-
vices received, and similar transactions during a given 
period, regardless of when funds were appropriated or 
payment was required.

Outlays. Federal outlays represent the dollar 
amounts for checks issued and cash payments made 
during a given period, regardless of when funds were 
appropriated or obligated.
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Figure 4-1
National R&D performance, by performing sector:
1953–2002

FFRDC—federally funded research and development center

SOURCE: National Science Foundation, Division of Science 
Resources Statistics, National Patterns of R&D Resources, annual 
series. See appendix tables 4-3 and 4-4. 
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3The estimated U.S. gross domestic product (GDP) for 2000, 2001, and 
2002 in constant 1996 dollars is $9,191 billion, $9,215 billion, and $9,440 
billion, respectively. See appendix table 4-1 for a full time series.
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Industry performs most of the nation’s R&D and ac-
counted for 70.4 percent of total R&D performance in 
2002.4 Universities and colleges, excluding academically 
administered federally funded research and development 
centers (FFRDCs), accounted for 13.0 percent of national 
R&D performance in 2002, followed by the Federal Govern-
ment (8.6 percent) and nonprofit institutions (4.2 percent).5 
All FFRDCs combined performed 3.7 percent of U.S. total 
R&D in 2002 (figures 4-1 and 4-2; table 4-1).

Private industry is also the largest source of R&D fund-
ing in the United States and provided 65.5 percent ($180.8 
billion) of total R&D funding in 2002. Most of these funds 
(98.1 percent) flowed to industrial performers of R&D. The 
Federal Government provided the second largest share of 
R&D funding, 28.3 percent ($78.2 billion), with only 43.6 
percent of these funds financing Federal labs and FFRDCs. 
The other sectors of the economy (i.e., state governments, 
universities and colleges, and nonprofit institutions) contrib-
uted the remaining 6.2 percent ($17.2 billion) (table 4-1).

Trends in R&D Performance
U.S. R&D has experienced largely uninterrupted growth 

over the past 50 years (figure 4-1). U.S. R&D performance 
grew each year between 1953 and 2002, even in the early 
1990s when both Federal and industrial R&D funding 
slowed significantly6 (figure 4-3). In the mid-1990s sub-
stantial increases in industrial R&D, most notably in the 
computer and other information technology (IT) sectors and 
in small R&D-performing firms, ended a brief slowdown 
in national R&D growth.7 Between 1994 and 2000, an 8.9 
percent real annual growth rate in industrial support for 
R&D overshadowed a slight decline (–0.3 percent per year) 
in Federal R&D support, resulting in overall real annual 
growth of 5.8 percent in U.S. R&D.

More recently, the growth of R&D investment in the 
United States has slowed. Preliminary data indicate that 
although total R&D expenditures continued to rise through 
2002, industrial R&D, which fueled the growth over the pri-
or period, failed to keep pace with inflation and experienced 
its first decline in real terms after 1994. This has occurred 
only six times in the past 49 years. The business activities of 
many R&D-performing firms were curtailed following the 
stock market decline and subsequent economic slowdown 
of 2001 and 2002. The same sectors that saw impressive 

4Unless otherwise noted, whenever a sector is mentioned in this chapter, 
federally funded research and development centers (FFRDCs) are excluded. 
FFRDCs are R&D-performing organizations that are exclusively or sub-
stantially fi nanced by the Federal Government either to meet a particular 
R&D objective or, in some instances, to provide major facilities at universi-
ties for research and associated training purposes. Each FFRDC is adminis-
tered either by an industrial fi rm, a university, or a nonprofi t institution. In 
some of the statistics provided in this chapter, FFRDCs are included as part 
of the sector that administers them. In particular, statistics on the industrial 
sector often include industry-administered FFRDCs because some of the 
statistics from the National Science Foundation (NSF) Survey of Indus-
trial Research and Development before 2001 cannot be separated from the 
FFRDC component.

5Recent methodological improvements have resulted in revisions from 
the amounts previously reported for total academic R&D expenditures. 
For more information, see M. Machen and B. Shackelford, Academic R&D 
Spending Maintains Growth From All Major Sources in FY 2001, NSF In-
foBrief (forthcoming).

6These fi ndings are based on performer-reported R&D levels. In recent 
years, increasing differences have been detected in data on federally fi -
nanced R&D as reported by Federal funding agencies and by performers of 
the work (most notably, industrial fi rms and universities). This divergence in 
R&D totals is discussed subsequently in this chapter. (See sidebar, “Track-
ing R&D: Gap Between Performer- and Source-Reported Expenditures.”)

7For most manufacturing industries, the U.S. Small Business Administra-
tion defi nes small fi rm as one with 500 or fewer employees. The share of 
company-fi nanced R&D performed by these fi rms grew from 10 percent in 
1990 to a peak of 20 percent in 1999.

Source of funds

Performing sector

Character of work

Figure 4-2
Shares of national R&D expenditures, by source 
of funds, performing sector, and character of 
work: 2002

Federal
Government

28%
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Industry 66%

Industry 70%
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FFRDC—federally funded research and development center

NOTES: Figures are rounded to nearest whole number. National R&D 
expenditures were an estimated $276 billion in 2002.

SOURCE: National Science Foundation, Division of Science Resources 
Statistics, National Patterns of R&D Resources, annual series. 
See appendix tables 4-3, 4-5, 4-7, 4-11, and 4-15.
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Table 4-1
U.S. R&D expenditures, by character of work, performing sector, and source of funds: 2002

                             

                                           Percent
                            Other       distribution
                    Federal   nonprofi t       of total 
Performing sector Total Industry         Government U&C institutions  expenditures

R&D ...........................................................  276,185 180,769 78,185 7,455 7,304           100.0
Industry .................................................  194,430 177,345 17,085 — —             70.4
Industry-administered FFRDCs.............  2,235 — 2,235 — —               0.8
Federal Government..............................  23,788 — 23,788 — —               8.6
U&C.......................................................  36,019 2,341 21,066 7,455 2,685             13.0
U&C-administered FFRDCs ..................  6,060 — 6,060 — —               2.2
Other nonprofi t institutions....................  11,620 1,083 5,918 — 4,619               4.2
Nonprofi t-administered FFRDCs...........  2,034 — 2,034 — —               0.7
Percent distribution by source ..............  100.0 65.5 28.3 2.7 2.6                 —

Basic research.......................................  49,566 9,186 29,218 6,767 4,395           100.0
Industry .............................................  7,751 6,989 762 — —             15.6
Industry-administered FFRDCs.........  611 — 611 — —               1.2
Federal Government .........................  4,617 — 4,617 — —               9.3
U&C...................................................  26,677 1,596 16,484 6,767 1,830             53.8
U&C-administered FFRDCs ..............  2,962 — 2,962 — —               6.0
Other nonprofi t institutions................  6,020 601 2,854 — 2,565             12.1
Nonprofi t-administered FFRDCs.......  928 — 928 — —               1.9
Percent distribution by source ..........  100.0 18.5 58.9 13.7 8.9                 —

Applied research ...................................  64,803 39,833 20,507 2,591 1,872           100.0
Industry .............................................  42,590 38,947 3,643 — —             65.7
Industry-administered FFRDCs.........  304 — 304 — —               0.5
Federal Government .........................  8,083 — 8,083 — —             12.5
U&C...................................................  8,008 611 4,105 2,591 701             12.4
U&C-administered FFRDCs ..............  1,645 — 1,645 — —               2.5
Other nonprofi t institutions................  3,902 275 2,456 — 1171               6.0
Nonprofi t-administered FFRDCs.......  271 — 271 — —               0.4
Percent distribution by source ..........  100.0 61.5 31.6 4.0 2.9                 —

Development .........................................  161,817 131,750 28,460 569 1038           100.0
Industry .............................................  144,089 131,409 12,680 — —             89.0
Industry-administered FFRDCs.........  1,320 — 1,320 — —               0.8
Federal Government .........................  11,088 — 11,088 — —               6.9
U&C...................................................  1,334 134 477 569 154               0.8
U&C-administered FFRDCs ..............  1,452 — 1,452 — —               0.9
Other nonprofi t institutions................  1,699 207 608 — 884               1.0
Nonprofi t-administered  FFRDCs......  835 — 835 — —               0.5
Percent distribution by source ..........  100.0 81.4 17.6 0.4 0.6                 —

FFRDC federally funded research and development center
U&C universities and colleges

NOTES: State and local government support to industry is included in industry support for industry performance. State and local government support to 
U&C ($2,472 million in total R&D) is included in U&C support for U&C performance.    

SOURCES: National Science Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources, annual series. See appendix 
tables 4-3, 4-7, 4-11, and 4-15.
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increases in the late 1990s experienced declines in sales, 
share prices, and R&D investment at the beginning of the 
21st century. 

Trends in Federal R&D Funding
Increases in Federal R&D investment, particularly in the 

areas of defense, health, and counterterrorism, helped to 
offset the slowdown in industrial R&D in 2001 and 2002. 
These increases also reversed a decades-long trend in the 
shrinking share of Federal R&D funding as a percentage of 
the nation’s total R&D (figure 4-4).

The Federal Government was once the main source of 
the nation’s R&D funds, funding as much as 66.7 percent 
of all U.S. R&D in 1964. The Federal share first fell below 
50 percent in 1979, and after 1987 it fell steadily, dropping 
from 46.3 percent in that year to 25.1 percent in 2000 (the 
lowest it has ever been since the start of the time series in 
1953). This sharp decline in the Federal Government share, 
however, should not be misinterpreted as a drastic decline in 

the actual amount of R&D funded (figure 4-3). Adjusting for 
inflation, Federal support decreased 18 percent from 1987 to 
2000, although in nominal terms, Federal support grew from 
$58.5 billion to $66.4 billion during that period. Growth in 
industrial funding generally outpaced growth in Federal sup-
port, leading to the decline in Federal support as a proportion 
of the total. The slowdown of industry’s investment in R&D, 
as well as increases in Federal R&D funding in recent years, 
reversed this trend. Thus in 2002, the Federal share of R&D 
funding is estimated to have grown to 28.3 percent.

Trends in Non-Federal R&D Funding
R&D financing from non-Federal sources grew by 7.6 

percent per year after inflation between 1980 and 1985, con-
current with gains in Federal R&D spending. This growth 
rate slowed to 3.3 percent between 1985 and 1994 but rose 
to 8.6 percent during the 1994–2000 period. More recently, 
between 2000 and 2002, non-Federal sources of R&D fund-
ing declined by 1.8 percent per year in real terms.

As previously discussed, most non-Federal R&D support 
is provided by industry. Of the 2002 non-Federal support 
total ($198 billion), 91.4 percent ($181 billion) was com-
pany funded. Industry’s share of national R&D funding 
first surpassed the Federal Government’s in 1980, and it has 
remained higher ever since. From 1980 to 1985, industrial 
support for R&D, in real dollars, grew at an average annual 
rate of 7.7 percent. This growth was maintained through 
both the mild 1980 recession and the more severe 1982 
recession (figure 4-3). Key factors behind increases in in-
dustrial R&D included a growing concern with international 
competition, especially in high-technology industries; the 
increasing technological sophistication of products, process-
es, and services; and general growth in such defense-related 
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Figure 4-3
National R&D funding, by source of funds: 1953–2002

SOURCE: National Science Foundation, Division of Science 
Resources Statistics, National Patterns of R&D Resources, annual 
series. See appendix tables 4-3 and 4-4. 
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industries as electronics, aircraft, and missiles. Between 
1985 and 1994, growth in R&D funding from industry was 
slower, averaging only 3.1 percent per year in real terms, 
but from 1994 to 2000 industrial R&D support grew in real 
terms by 8.9 percent per year. This rapid growth rate came 
to a halt following the downturn in both the market valuation 
and economic demand for technology in the first years of the 
21st century. Between 2000 and 2002 industrial R&D sup-
port declined by 2.5 percent per year in real terms.

Although industrial firms provide only a small portion of 
the R&D funding at U.S. universities and colleges (6.5 per-
cent in 2002), their funding of academic research has grown 
faster than any other sector over the past 2 decades. Between 
1980 and 2000, industry’s funding of academic R&D grew 
at an average annual rate of 7.7 percent after adjusting for 
inflation, outpacing total academic R&D, which grew at 
an average annual rate of 4.8 percent over the same period. 
Growth in industry’s funding of academic R&D has since 
slowed to an average annual rate of 1.9 percent between 
2000 and 2002, indicating that this source of funding is not 
immune to economic forces, although apparently more so 
than industry’s R&D funding of industry itself.

R&D funding from other non-Federal sectors, namely, 
academic and other nonprofit institutions and state and local 
governments, has been more consistent over time, growing 
at an average annual rate of 6.3 percent between 1980 and 
2002 after adjusting for inflation. Most of these funds went 
to research performed within the academic sector.

U.S. R&D/GDP Ratio
Economists often use the ratio of R&D expenditures to 

GDP to examine R&D in the context of a nation’s overall 
economy. This ratio reflects the intensity of R&D activity in 
relation to other economic activity and is often interpreted as 
a relative measure of a nation’s commitment to R&D. 

Since 1953, the first year for which national R&D data 
are available, U.S. R&D expenditures as a percentage of 
GDP have ranged from a minimum of 1.36 percent (in 
1953) to a maximum of 2.87 percent (in 1964) (figure 4-5). 
From 1994 to 2001, R&D outpaced growth of the general 
economy and the R&D/GDP ratio rose close to its historic 
high. It is estimated that the amount of R&D performed in 
the United States equaled 2.71 percent of the United States 
GDP in 2001 and 2.64 percent in 2002.8

Most of the growth over time in the R&D/GDP ratio can 
be attributed to steady increases in non-Federal R&D spend-
ing.9 Nonfederally financed R&D, the majority of which is 
company financed, increased from 0.63 percent of GDP in 
1953 to an estimated 1.90 percent of GDP in 2002 (down 
from a high of 2.02 percent of GDP in 2000). The increase 

in nonfederally financed R&D as a percentage of GDP illus-
trated in figure 4-5 corresponds to an upward trend in R&D 
and technology intensive activities in the U.S. economy.

Historically, most of the peaks and valleys in the R&D/
GDP ratio can be attributed to changing priorities in Federal 
R&D spending. The initial drop in the R&D/GDP ratio from 
its peak in 1964 largely reflects Federal cutbacks in defense 
and space R&D programs. Gains in energy R&D activities 
between 1975 and 1979 resulted in a relative stabilization of 
the ratio. Beginning in the late 1980s, cuts in defense-related 
R&D kept Federal R&D spending from keeping pace with 
GDP growth, whereas growth in non-Federal sources of 
R&D spending generally kept pace with or exceeded GDP 
growth. (See the discussion of defense-related R&D in the 
next section.)

Sectoral Composition of R&D Performance
Since the early 1980s, R&D performance in some sectors 

has grown much faster than in others. The industrial sector 
in particular has grown increasingly dominant (figure 4-1). 
In 1980, industry performed 68.4 percent of the nation’s 
R&D, the academic sector performed 10.2 percent, labo-
ratories within Federal agencies (Federal intramural R&D) 
performed 12.4 percent, and the nonprofit sector performed 
2.6 percent. All FFRDCs combined performed 6.5 percent 
of the nation’s R&D. Industry’s defense-related R&D ef-
forts accelerated in the early 1980s, and its share of R&D 
performance rose to 71.8 percent in 1985.

From 1985 to 1994, R&D performance grew by only 1.4 
percent per year in real terms for all sectors combined. This 
growth was not evenly balanced across performing sectors, 
however. R&D performance at universities and colleges 
grew by 5.4 percent per year in real terms, compared with 

Percent

Figure 4-5
R&D share of GDP: 1953–2002

GDP  gross domestic product

SOURCE: National Science Foundation, Division of Science 
Resources Statistics, National Patterns of R&D Resources, annual 
series. See appendix tables 4-1 and 4-3. 
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8Growth in the R&D/GDP ratio does not necessarily imply increased 
R&D expenditures. For example, the rise in R&D/GDP from 1978 to 1985 
was due as much to a slowdown in GDP growth as it was to increased 
spending on R&D activities.

9Non-Federal sources of R&D tracked by NSF include industrial fi rms, uni-
versities and colleges, nonprofi t institutions, and state and local governments.
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only 1.0 percent for industry, –0.5 percent for Federal intra-
mural performance, 5.0 percent for nonprofit organizations, 
and 0.4 percent for all FFRDCs combined.

The 1994–2000 period was one of dramatic changes for 
these growth rates. Total R&D performance in real terms 
averaged 5.8 percent growth per year, which was substan-
tially higher than in the earlier sluggish period. Yet, R&D 
performance at universities and colleges grew at a slower 
rate of 4.1 percent per year in real terms.10 Industrial R&D 
expanded at a remarkable rate of 7.1 percent in real terms 
(despite a decline in company-reported Federal financing 
of R&D). Federal intramural performance decreased by 
0.3 percent per year in real terms. Nonprofit organizations, 
according to current estimates, increased their R&D perfor-
mance by 7.1 percent per year in real terms over the same 
6-year period. Finally, R&D performance at all FFRDCs 
combined declined by 0.1 percent per year in real terms in 
this period.

Industry is expected to have performed 70.4 percent of 
the nation’s total R&D in 2002 (table 4-1). The estimated 
$194.4 billion in industrial R&D performance represents a 
2.5 percent average annual decrease in real terms from the 
2000 level. Of the industrial R&D performed in 2002, 91.2 
percent was funded by industry; the remaining 8.8 percent 
was federally funded. The federally funded share of indus-
try’s R&D performance total has fallen considerably from 
31.9 percent in 1987.

Universities and colleges are estimated to have per-
formed 13.0 percent ($36.0 billion) of national R&D in 
2002, an average annual increase of 6.6 percent in real 
terms over their share in 2000. The Federal Government 
performed 8.6 percent ($23.8 billion) of U.S. R&D in 2002, 
an average annual increase in real terms of 13.3 percent over 
the 2000–2002 period. All FFRDCs combined performed an 
estimated $10.3 billion of R&D in 2002, or 3.7 percent of 
the U.S. total. The nonprofit sector performed an estimated 
$11.6 billion in 2002, or 4.2 percent of the U.S. total.

Trends in R&D by Character of Work
Because research and development encompasses a broad 

range of activities, it is helpful to disaggregate R&D ex-
penditures into the traditional categories of basic research, 
applied research, and development. Despite the difficul-
ties in classifying specific R&D projects, these categories 
are useful for characterizing the expected time horizons, 
outputs, and types of investments associated with R&D 
expenditures.

In 2002 the United States performed an estimated $49.6 
billion of basic research, $64.8 billion of applied research, 

and $161.8 billion of development (table 4-1). As a share 
of all 2002 R&D expenditures, basic research represented 
17.9 percent, applied research represented 23.5 percent, and 
development represented 58.6 percent.

Basic Research
In 2002, universities and colleges performed 53.8 percent 

of basic research, more than any other sector. The intellec-
tual freedom and diversity of these institutions make them 
ideally suited to carry out basic research. Industry performed 
an estimated 15.6 percent of U.S. basic research in 2002. 
Rather than serve an immediate market need, the basic re-
search performed by a firm with industry funds serves to 
strengthen the innovative capacity of the firm by developing 
human capital and increasing the capability of the firm to 
absorb external scientific and technological knowledge.

The Federal Government, estimated to have provided 
58.9 percent of basic research funding in 2002, histori-
cally has provided the majority of funding for basic research 
(figure 4-6). Moreover, the Federal Government funded 
61.8 percent of the basic research performed by universities 
and colleges in 2002. Industry devoted only an estimated 5 
percent of its total R&D support to basic research in 2002, 
representing 18.5 percent of the national total. The reason 
for industry’s relatively small contribution to basic research 
is that basic research generally involves the most uncertainty 
in terms of both the technical success and the commercial 
value of any results in the three broad categories of R&D. 
The industries that invest the most in basic research are those 
whose new products and services are most directly linked to 
advances in science and engineering, such as the pharma-
ceuticals industry and the scientific R&D services industry.

Applied Research
Nonacademic institutions perform the majority of U.S. 

applied research, which totaled $64.8 billion in 2002. In-
dustrial performers accounted for 65.7 percent of all applied 
research, with the remainder largely performed by Fed-
eral laboratories (12.5 percent) and universities and colleges 
(12.4 percent). Industrial support accounts for 61.5 percent 
($39.8 billion) of the 2002 total for applied research and 
Federal support for 31.6 percent ($20.5 billion). The Federal 
Government’s investment in research has historically em-
phasized basic research over applied research, reflecting the 
belief that the private sector is less likely to invest in basic 
research. In 2002, Federal funding for applied research was 
70 percent of that for basic research.

Within industry, applied research acts to refine and adapt 
existing scientific knowledge and technology into knowl-
edge and techniques useful for creating or improving prod-
ucts, processes, or services. The level of applied research in 
an industry reflects both the market demand for substantially 
(as opposed to cosmetically) new and improved goods and 
services as well as the level of effort required to transition 
from basic research to technically and economically feasible 
concepts. Examples of industries that perform a relatively 

10Recent methodological improvements in the estimation of total aca-
demic R&D have resulted in a break in the time series. Data for years before 
1998 are slightly overstated compared with the data for later years. Had the 
same methodology been used for all years in the series, the average annual 
growth rate would have been closer to 4.3 percent per year in real terms 
from 1994 to 2000. See Machen and Shackelford (forthcoming) for details 
on the changes to methodology.
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large amount of applied research are the semiconductor in-
dustry and the biotechnology industry.

Development
Development expenditures totaled an estimated $161.8 

billion in 2002, representing the majority of U.S. R&D ex-
penditures. The development of new and improved goods, 
services, and processes is dominated by industry, which per-
formed 89.0 percent of all U.S. development in 2002. Fed-
eral laboratories and FFRDCs performed an estimated 9.1 
percent of U.S. development; the remainder was performed 
by universities and colleges and nonprofit institutions.

Industry and the Federal Government together funded 
99.0 percent of all development in 2002, with industry pro-
viding 81.4 percent and the Federal Government providing 
17.6 percent. The Federal Government generally invests in 
the development of such products as tactical nuclear weap-
ons and space exploration vehicles, for which it is the only 
consumer. The Federal investment in development is domi-
nated by the Department of Defense (DOD), which invests 
85 percent of its R&D funds in development (figure 4-7). 
For more information about Federal R&D funding by agen-
cy and character of work, see “R&D by Federal Agency.”

Investments in development differ from investments in 
basic and applied research in that they are relatively short-
term in nature and tend to depreciate in value relatively 
rapidly.11 To track its longer-term investments in S&T, the 
Federal Government excludes much of its spending on de-

velopment in favor of focusing on basic and applied research 
and other investments in R&D plant and S&E education. For 
more information, see “Federal S&T Budget” in “Federal 
R&D Funding by National Objective.”

Industrial R&D by Industry, Firm Size, 
and R&D Intensity

The level of industrial R&D is one indicator of industry’s 
commitment at any point in time to the production of new and 
improved products, services, and processes. R&D expendi-
tures, like those for advertising, are discretionary and are set 
by firms at levels intended to maximize future profits. R&D 
expenditures therefore indicate both the importance that 
R&D is accorded with respect to other discretionary spend-
ing as well as firms’ perceptions of the demand for new and 
improved technology. Of particular importance is industrial 
R&D that is financed by the private sector as opposed to the 
Federal Government. The broad themes explored in this sec-
tion include the strong rise in industry-funded R&D, the rise 
of service-sector R&D after the early 1980s, a restructuring 
of U.S. industrial R&D that is partially related to changes in 
service-sector R&D trends, and R&D intensities as a tool for 
industry analysis.

As previously described, R&D performed by private in-
dustry reached $194.4 billion in 2002. This total represents 
a 2.5 percent average annual decline in real terms from the 
2000 level of $197.6 billion. Most of this decline was in 
industry-financed R&D. Companies funded 91.2 percent 
($177.3 billion) of their 2002 R&D performance, with the 
Federal Government funding nearly all the rest ($17.1 bil-
lion, or 8.8 percent of the total). For more than a decade the 
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National R&D expenditure, by source of funds, performing sector, and character of work: 2002

FFRDC—federally funded research and development center

SOURCE: National Science Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources, annual series. See appendix 
tables 4-7 through 4-18. 
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11A newly developed product faces eventual obsolescence, whereas dis-
coveries made through basic or applied research tend to be cumulative in 
nature and provide value for many years.
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largest component of R&D in the United States has been 
performed by private industry through private industry’s 
own funds. (Some of this funding is supported through ven-
ture capital investments. For a discussion of the relationship 
between venture capital and R&D expenditures, see chapter 
6.) This component of U.S. R&D grew from 43 percent of 
total R&D in 1953 to 64 percent in 2002.

R&D in Nonmanufacturing Industries
Until the 1980s, little attention was paid to R&D per-

formed by nonmanufacturing companies largely because 
R&D activity in the service sector was negligible compared 
with the R&D operations of manufacturing companies. Be-
fore 1983, nonmanufacturing industries accounted for less 
than 5 percent of total industrial R&D performance (includ-
ing industry-administered FFRDCs), but by 2001 (the most 
current year for detailed data on industrial R&D), they ac-
counted for 39.2 percent.12 In 2001, firms classified in non-
manufacturing industries performed $77.8 billion of R&D 
($72.4 billion in funds provided by companies and other 
non-Federal sources and $5.4 billion in Federal support) 
(table 4-2). Of this amount, 79 percent ($56.9 billion) can be 
attributed to trade, software and computer-related services, 

and scientific R&D services.13 An examination of these three 
groups of industries helps explain the dramatic growth in 
nonmanufacturing R&D over the past 2 decades.

R&D performance attributed to the trade industry 
reached $24.4 billion in 2001. Although some of this R&D 
was performed by companies whose primary business was 
wholesale or retail trade, there is little doubt that this sum 
includes more than just the activities of dot.com retailers. 
A known consequence of assigning firms to one industry 
based on payroll data—the classification method used for 
the NSF Industry R&D Survey—is that a company can be 
classified in an industry that is not directly related to its 
reported R&D activities.14 Although imperfect, this clas-
sification scheme reasonably categorizes all but the most 
diversified companies into industries closely aligned with 
their primary business activities. The classification of firms 
into the trade industry is one exception to this assertion be-
cause the sale and marketing of goods and services, a trade 
activity, is often a significant activity in both manufacturing 
and nonmanufacturing firms. A large pharmaceutical firm 
or diversified conglomerate would be classified in the trade 

DOD 44%

NASA 10%
NSF 4%

HHS 27%

DOC 1%

DOE 8%
USDA 2%

Other
3%

R&D plant 7%

Non-DOD DOD

R&D plant 0%

Development 85%

Development 12%

Applied research 11%

Basic research 4%

Basic research 42%

Applied research 39%

Figure 4-7
Projected Federal obligations for R&D and R&D plant, by agency and character of work: FY 2003

DOC  Department of Commerce;  DOD  Department of Defense;  DOE  Department of Energy;  HHS  Department of Health and Human Services;
NSF  National Science Foundation;  NASA  National Aeronautics and Space Administration;  USDA  Department of Agriculture

NOTE: Percents may not sum to 100 because of rounding.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Federal Funds for Research and Development: Fiscal Years 2001, 2002,
and 2003, forthcoming. See appendix table 4-32.
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12Beginning with the 2001 survey cycle, industry-administered FFRDCs 
were removed from the industrial R&D statistics. This resulted in a relative 
increase in the share of R&D performed by nonmanufacturing industries. 
In 2000, when these FFRDCs were included in the industrial R&D totals, 
R&D performed by nonmanufacturing industries accounted for 37.8 per-
cent of total industrial R&D.

13The trade and scientifi c R&D services industries are distinct entries in 
the NSF industrial R&D tables. Software and computer-related services, 
however, is the sum of three related entries: software, other information, and 
computer systems design and related services.

14Details on how companies are assigned industry codes in the NSF 
Survey of Industrial Research and Development can be found on the NSF 
website (http://www.nsf.gov/sbe/srs/nsf02312/sectb.htm#frame). National 
Science Foundation, Division of Science Resources Statistics, Survey of In-
dustrial Research and Development, 2003. Available at http:// www.nsf.gov/
sbe/srs/indus/start.htm.
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Table 4-2
Industrial R&D performance, by industry and source of funding: 2001

     Percent
   Federal  Company distribution of 
Industry NAICS code Total Government funded company-funded

All industries.............................................................................  21–23, 31–33, 42, 44–81 198,505 16,899 181,606 100.0
Manufacturing .....................................................................  31–33 120,705 11,484 109,221 60.1

Food................................................................................  311 1,819 0 1,818 1.0
Beverage and tobacco products....................................  312 152 0 152 0.1
Textiles, apparel, and leather..........................................  313–16 D D 255 0.1
Wood products ...............................................................  321 182 0 181 0.1
Paper, printing, and support activities............................  322, 323 D D 2,664 1.5
Petroleum and coal products .........................................  324 D D 1,057 0.6
Chemicals .......................................................................  325 17,892 180 17,713 9.8

Basic chemicals .........................................................  3251 1,876 42 1,835 1.0
Resin, synthetic rubber, fi bers, and fi lament .............  3252 D D 2,745 1.5
Pharmaceuticals and medicines................................  3254 10,137 0 10,137 5.6
Other...........................................................................  325 (minus 3251–52, 3254) D D 2,996 1.6

Plastics and rubber products .........................................  326 D D 2,245 1.2
Nonmetallic mineral products ........................................  327 990 11 978 0.5
Primary metals ................................................................  331 485 6 479 0.3
Fabricated metal products .............................................  332 1,599 54 1,545 0.9
Machinery .......................................................................  333 6,404 67 6,337 3.5
Computer and electronic products ................................  334 47,079 5,848 41,232 22.7

Computers and peripheral equipment.......................  3341 D D 3,165 1.7
Communications equipment......................................  3342 15,507 298 15,209 8.4
Semiconductor and other electronic components....  3344 14,358 148 14,210 7.8
Navigational, measuring, electromedical, 
 and control instruments ...........................................  3345 12,947 5,382 7,565 4.2
Other...........................................................................  334 (minus 3341–42, 3344–45) D D 1,083 0.6

Electrical equipment, appliances, and components......  335 4,980 301 4,680 2.6
Transportation equipment ..............................................  336 25,965 4,961 21,004 11.6

Motor vehicles, trailers, and parts .............................  3361–63 D D 16,089 8.9
Aerospace products and parts ..................................  3364 7,868 3,785 4,083 2.2
Other...........................................................................  336 (minus 3361–64) D D 832 0.5

Furniture and related products.......................................  337 301 0 301 0.2
Miscellaneous manufacturing.........................................  339 6,606 25 6,581 3.6

Medical equipment and supplies...............................  3391 D D 5,903 3.3
Other...........................................................................  339 (minus 3391) D D 678 0.4

Nonmanufacturing...............................................................  21–23, 42, 44–81 77,799 5,415 72,384 39.9
Mining, extraction, and support activities ......................  21 D D 846 0.5
Utilities ............................................................................  22 133 19 114 0.1
Construction ...................................................................  23 320 1 320 0.2
Trade ...............................................................................  42, 44, 45 24,372 88 24,284 13.4
Transportation and warehousing....................................  48, 49 1,848 72 1,776 1.0
Information......................................................................  51 D D 17,259 9.5

Publishing...................................................................  511 13,760 44 13,716 7.6
Newspaper, periodical, book, and database ........  5111 649 0 649 0.4
Software.................................................................  5112 13,111 44 13,067 7.2

Broadcasting and telecommunications.....................  513 D D 1,270 0.7
Other...........................................................................  51 (minus 511, 513) D D 2,273 1.3

Finance, insurance, and real estate................................  52, 53 D D 2,424 1.3
Professional, scientifi c, and technical services..............  54 27,704 5,065 22,640 12.5

Architectural, engineering, and related services .......  5413 3,386 1,021 2,365 1.3
Computer systems design and related services .......  5415 9,154 498 8,656 4.8
Scientifi c R&D services ..............................................  5417 14,244 3,352 10,893 6.0
Other...........................................................................  54 (minus 5413, 5415, 5417) 920 194 726 0.4

Management of companies and enterprises .................  55 381 0 381 0.2
Health care services .......................................................  621–23 1,149 29 1,120 0.6
Other ...............................................................................  56, 61, 624, 71, 72, 81 1,259 38 1,221 0.7

D data withheld to avoid disclosing operations of individual companies
NAICS North American Industry Classifi cation System

NOTE: Manufacturing companies with fewer than 50 employees and nonmanufacturing companies with fewer than 15 employees were sampled separately without 
regard to industry classifi cation to minimize year-to-year variation in survey estimates. However, estimates for companies in these groups are included with their 
respective NAICS classifi cation for this table.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Research and Development in Industry: 2001, forthcoming. See appendix tables 
4-19, 4-20, and 4-21.
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industry if the payroll associated with its sales and market-
ing efforts outweighed that of any other industrial activity 
in the company. One indication of these classification arti-
facts is that in 2001, 86 percent of the R&D attributed to the 
trade industry was performed by companies with total R&D 
programs in excess of $100 million, whereas companies in 
the same size category accounted for only 42 percent of the 
R&D in all other nonmanufacturing industries combined. 
Another indication is that more than $1 billion of biotech-
nology R&D was reported by companies classified in the 
trade industry in 2001. 

Nonmanufacturing industries associated with software 
and computer-related services such as data processing and 
systems design performed approximately $24.0 billion of 
company-funded R&D in 2001.15 As computing and IT be-
came more powerful, flexible, and ubiquitous over the past 
2 decades, the demand for services associated with these 
technologies boomed. The R&D of companies providing 
these services also grew dramatically during this period. 
In 1987, when an upper-bound estimate of software and 
other computer-related services R&D first became avail-
able, companies classified in the industry group “computer 
programming, data processing, other computer-related, en-
gineering, architectural, and surveying services” performed 
$2.4 billion of company-funded R&D, or 3.8 percent of all 
company-funded industrial R&D. In 2001 the company-
funded R&D of a comparable group of industries (exclud-
ing engineering and architectural services) was greater by a 
factor of 10 and accounted for 13.2 percent of all company-
funded industrial R&D16 (table 4-3). This trend in the growth 
of software and computer-related services R&D shows no 
sign of slowing. Despite essentially no growth in total com-
pany-funded, industry-performed R&D between 2000 and 
2001, the company-funded R&D for this group of industries 
grew by 10 percent.

The R&D performed by companies in the scientific R&D 
services industry more than doubled in the 4 years between 
1997 and 2001 from $7.0 to $14.2 billion.17 The portion of 
this industry’s R&D that was company-funded increased at 
an even faster pace, from $4.7 billion in 1997 to $10.9 bil-
lion in 2001. The scientific R&D services industry compris-
es companies that specialize in conducting R&D for other 
organizations, such as many biotechnology companies. 
(See sidebar, “Biotechnology R&D in Industry.”) Although 
these companies and their R&D activities are classified as 
nonmanufacturing because they provide business services, 

many of the industries they serve are manufacturing indus-
tries. This implies that the R&D activities of a research firm 
that services a manufacturer would have been classified as 
R&D in manufacturing if the same research firm were a sub-
sidiary of the manufacturer. Consequently, a growth in mea-
sured R&D in services may, in part, “reflect a more general 
pattern of industry’s increasing reliance on outsourcing and 
contract R&D” (Jankowski 2001). (For more information, 
see “Contract R&D.”) 

Although a great deal of R&D in the United States is re-
lated in some way to health care services, companies specifi-
cally categorized in the health care services sector accounted 
for only 0.4 percent of all industrial R&D and for only 1.0 
percent of all R&D by nonmanufacturing companies. As in 
many industries, innovation often results from R&D per-
formed in other industries, in this case the pharmaceutical, 
scientific instrument, and software industries in particular. 
These results illustrate that R&D data disaggregated accord-
ing to industrial categories (including the distinction be-
tween manufacturing and nonmanufacturing industries) may 
not always reflect the relative proportions of R&D devoted 

15Although disclosure of Federal R&D funding prohibited the precise 
tabulation of total R&D performance for this industry, total R&D was be-
tween $24.5 billion and $24.6 billion.

16The introduction of a more refi ned industry classifi cation scheme in 
1999 allowed more detailed reporting in nonmanufacturing industries. For 
the cited 2001 statistic, the R&D of companies in software, other informa-
tion, and computer systems design and related services industries were 
combined. These three industries provided the closest approximation to the 
broader category cited for earlier years without exceeding the coverage of 
the broader category.

17The 1997 data for this industry are bridged from a different industry 
classifi cation scheme.

Table 4-3
Estimated share of computer-related services in 
company-funded R&D and domestic net sales: 
1987–2001
(Percent)

                                                Company-funded  Domestic 
Year                                                    R&D net sales

1987.................................  3.8                      1.4
1988.................................  3.6                      1.5
1989.................................  3.4                      1.4
1990.................................  3.7                      1.5
1991.................................  3.6                      1.6
1992.................................  4.0                      1.6
1993.................................  8.2                      1.5
1994.................................  6.6                      2.2
1995.................................  8.8                      3.3
1996.................................  8.8                      2.6
1997.................................  9.1                      2.5
1998.................................  9.5                      2.2
1999.................................  10.7                      2.6
2000.................................  12.1                      2.9
2001.................................  13.2                      3.5

NOTES: Data before 1998 are for companies classifi ed in Standard 
Industrial Classifi cation (SIC) industries 737 (computer and data 
processing services) and 871 (engineering, architectural, and 
surveying services). For 1998 and later years, data are for companies 
classifi ed in North American Industry Classifi cation System (NAICS) 
industries 5112 (software), 51 minus (511, 513) (other information), 
and 5415 (computer systems design and related services). Using SIC 
classifi cation, the information technology services share of company-
funded R&D is 10.4 percent for 1998, indicating that SIC-based data 
are overestimates of actual information technology services R&D and 
net sales.

SOURCE: National Science Foundation, Division of Science 
Resources Statistics, Survey of Industrial Research and Development, 
special tabulations (Arlington, VA, 2003).

Science & Engineering Indicators – 2004



4-18 �                                                              Chapter 4. U.S. and International Research and Development: Funds and Technology Linkages

Of particular interest to researchers, investors, and 
policymakers are the R&D activities of companies in 
emerging, fast-growing sectors of science and technology 
such as biotechnology. Unfortunately, the rapidly evolv-
ing and often multidisciplinary nature of these sectors 
makes them very difficult to track as unique industry cat-
egories. In 2001, for the first time, NSF collected data on 
industrial R&D for biotechnology and other select tech-
nology areas on its NSF Survey of Industrial Research and 
Development (only companies with estimated total R&D 
of at least $5 million in 2000 were asked to report R&D 
by technology area in 2001). Although many companies 
were unable or unwilling to report their R&D activities by 
technology area, the data reported reveal much about the 
structure of biotechnology R&D in the United States. As 
table 4-4 illustrates, the scientific R&D services industry 

accounted for slightly more than half of the reported $7.4 
billion of biotechnology R&D. Many biotechnology firms 
that perform contract R&D for pharmaceutical companies 
are classified as part of this industry. Biotechnology R&D 
accounts for at least a fourth of all R&D in this industry 
and accounted for at least 3.7 percent of total U.S. indus-
trial R&D in 2001. The $1.1 billion of biotechnology 
R&D reported in the trade industry is predictable from the 
activities of pharmaceutical firms, which devote consid-
erable resources to marketing and selling their products. 
The data suggest that smaller firms, on average, are more 
likely to perform biotechnology R&D than other industrial 
R&D; companies with fewer than 5,000 employees per-
formed three-fourths of the reported biotechnology R&D, 
whereas companies in this size bracket performed only 38 
percent of total industrial R&D in 2001.

Table 4-4
Total R&D and lower bound biotechnology R&D by industry and company size: 2001

   
   Biotechnology/ 
Industry and company size Total Biotechnology total R&D

All industries ..............................................................  198,505 7,350                                          3.7
Manufacturing........................................................  120,705 2,193                                          1.8

Pharmaceuticals and medicines ........................  10,137 1,882                                        18.6
Nonmanufacturing .................................................  77,799 5,157                                          6.6

Trade ..................................................................  24,372 1,104                                          4.5
Scientifi c R&D services ......................................  14,244 3,846                                        27.0

Company size (number of employees), total.............  198,505 7,350                                          3.7
5–24 .......................................................................  4,828 0                                          0.0
25–49 .....................................................................  3,750 118                                          3.1
50–99 .....................................................................  8,202 398                                          4.9
100–249 .................................................................  12,916 869                                          6.7
250–499 .................................................................  8,702 533                                          6.1
500–999 .................................................................  10,564 1,300                                        12.3
1,000–4,999 ...........................................................  26,748 2,155                                          8.1
5,000–9,999 ...........................................................  17,487 D                                             D
10,000–24,999 .......................................................  27,065 149                                          0.6
25,000 or more ......................................................  78,244 D                                             D

D data withheld to avoid disclosing operations of individual companies

NOTES: Details may not add to totals because of rounding. Data for biotechnology R&D are underestimated because no attempt was made to correct 
for item nonresponse. Counts of respondents suggest that actual fi gures could be much larger. Also, these totals exclude biotechnology R&D of fi rms 
whose total R&D was less than $5 million in 2000. These fi rms were not asked to report their biotechnology R&D separately on 2001 survey form. This is 
probably the main reason fi rms with 5–24 employees have no reported biotechnology R&D.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Industrial Research and Development, 2001. 
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to particular types of scientific or engineering objectives or 
to particular fields of science or engineering.

R&D in Manufacturing Industries
Within the manufacturing industries, three groups 

dominate: computer and electronic products, transportation 
equipment, and chemicals (table 4-2). In 2001, computer 
and electronic products accounted for the largest amount 
of R&D performed among all industries at $47.1 billion, 
or 23.7 percent of all industrial R&D and 39.0 percent of 
all manufacturing R&D. For this subsector, industrial firms 
provided $41.2 billion in R&D support and the Federal Gov-
ernment funded the remainder.

In 2001, transportation equipment accounted for the 
second most R&D performed in the manufacturing sec-
tor at $26.0 billion, or 13.1 percent of all industrial R&D. 
Of these expenditures, 19.1 percent was federally funded, 
primarily for R&D on aerospace products (planes, missiles, 
and space vehicles). In addition to aerospace products, this 
subsector includes a variety of other forms of transportation 
equipment, such as motor vehicles, ships, military armored 
vehicles, locomotives, and smaller vehicles such as motor-
cycles, bicycles, and snowmobiles.

In 2001, chemicals ranked third in R&D performed in the 
manufacturing subsector at $17.9 billion, approximately 1 
percent of which was federally funded. In terms of R&D per-
formance, the largest industry within the chemicals subsector 
is pharmaceuticals and medicines. In 2001, R&D performed 
by these companies accounted for 61 percent of non-Federal 
R&D funding in the chemicals subsector ($12.9 billion).

Industrial R&D and Firm Size
Manufacturing R&D performers are typically quite dif-

ferent from nonmanufacturing R&D performers. Manufac-
turing R&D performers tend to be larger firms that perform 
more R&D on average than nonmanufacturing firms (table 
4-5). Approximately 33,000 firms in the United States per-
formed R&D in 2001; of these, 51 percent were in the manu-
facturing sector. Manufacturers account for an even greater 
share (61 percent) of total industrial R&D performance. As a 
share of the nation’s GDP, on the other hand, manufacturing 
contributes less than 20 percent. Manufacturers dominate in 
terms of R&D performance largely because of the activi-
ties of the largest manufacturing firms. In 2001 the largest 
manufacturing firms (those with 25,000 or more employees) 
accounted for 49 percent of the R&D in the manufacturing 
sector, whereas nonmanufacturing firms in the same size 
category accounted for only 25 percent of total nonmanu-
facturing R&D.18 

Among small R&D-performing firms (those with less 
than 500 employees), those in the nonmanufacturing sector 
conduct significantly more R&D than those in the manu-
facturing sector, both in aggregate and on a per-firm basis. 
These small firms accounted for 12 percent of manufactur-
ing R&D, 31 percent of nonmanufacturing R&D, and 19 
percent of all industrial R&D in 2001.

Although R&D tends to be performed by large firms in 
the manufacturing sector and smaller firms in the nonmanu-
facturing sector, considerable variation can be found within 
each sector, depending on the type of industry. R&D tends 
to be conducted primarily by large firms in several industrial 

Table 4-5
Funds for industry R&D performance and number of R&D-performing companies in manufacturing and 
nonmanufacturing industries, by size of company: 2001

   Non-   Non-
Company size Total Manufacturing manufacturing Total Manufacturing manufacturing

Total (number of employees).........  198,505 120,705 77,799 33,263 16,817               16,446
5–25..........................................  4,828 973 3,855 14,681 5,802                 8,879
25–49........................................  3,750 1,123 2,627 5,036 2,013                 3,023
50–99........................................  8,202 3,924 4,278 5,030 3,209                 1,820
100–249....................................  12,916 4,817 8,099 4,261 2,817                 1,444
250–499....................................  8,702 3,345 5,357 1,504 1,040                    464
500–999....................................  10,564 5,290 5,273 1,194 851                    343
1,000–4,999..............................  26,748 15,828 10,919 1,039 755                    284
5,000–9,999..............................  17,487 10,918 6,569 244 164                      80
10,000–24,999..........................  27,065 15,647 11,418 156 97                      60
25,000 or more .........................  78,244 58,840 19,404 118 68                      50

SOURCE: National Science Foundation, Division of Science Resources Statistics, Research and Development in Industry: 2001 (Arlington, VA, forthcoming).
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18R&D performance is even more skewed towards companies with large 
R&D programs (total R&D of $100 million or more). The 243 fi rms in this 
category accounted for 73 percent of manufacturing R&D, 56 percent of 
nonmanufacturing R&D, and 67 percent of all industrial R&D in 2001.
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subsectors: aircraft and missiles; electrical equipment; pro-
fessional and scientific instruments; transportation equip-
ment (not including aircraft and missiles); and transportation 
and utilities, which are in the nonmanufacturing sector. In 
these same sectors, however, much of the economic activity 
occurs in large firms to begin with, so the observation that 
most of the R&D in these sectors is also conducted by large 
firms is not surprising.

R&D Intensity
In addition to absolute levels of and changes in R&D ex-

penditures, another key indicator of industrial commitment 
to S&T is R&D intensity, a measure of R&D relative to pro-
duction in a company, industry, or sector. For most firms, 
R&D is similar to sales, marketing, and general management 
expenses because it is a discretionary expense. R&D does 
not directly generate revenue in the same way that produc-
tion expenses do, so it can be trimmed when profits fall. 
Evidence suggests, however, that R&D enjoys some degree 
of immunity from belt-tightening endeavors, even when the 
economy is faltering, because of its crucial role in laying the 
foundation for future growth and prosperity.

Many ways exist to measure R&D intensity; the one used 
most frequently is the ratio of company-funded R&D to net 
sales.19 This statistic provides a way to gauge the relative 
importance of R&D across industries and among firms in 
the same industry. The industrial subsectors with the high-
est R&D intensities in 2001 were scientific R&D services 
(36.5 percent), software (19.3 percent), communications 
equipment (16.6 percent), and computer systems design and 
related services (16.5 percent). The R&D intensities of the 
professional, scientific, and technical services industries are 
particularly high because, as previously explained, much of 
the R&D reported by these companies also appears in their 
reported sales figures. Industries with the lowest R&D in-
tensities (0.5 percent or less) were food, broadcasting and 
telecommunications, and utilities (table 4-6). A decrease in 
the net sales of R&D-performing companies between 2000 
and 2001 resulted in the ratio of R&D to sales for all indus-
tries increasing to 3.8 percent in 2001, up from 3.4 percent 
in 2000.

Sales are more skewed towards larger companies than 
R&D performance (table 4-6). Smaller companies have 
much larger R&D-to-sales ratios than larger companies, 
reflecting that most startups and companies with less estab-
lished revenue streams tend to be smaller. Large, well-estab-
lished companies often have reserves of cash and other liquid 
assets that allow them to maintain their R&D activities amid 
short-term economic downturns. Less mature companies, 

Table 4-6
Company and other (non-Federal) R&D fund share 
of net sales in R&D-performing companies, by 
industry and company size: 2000, 2001
(Percent)

Industry and company size 2000 2001

All industries .............. ...................................     3.4 3.8
Manufacturing............................................     3.3 3.6

Communications equipment ..................   10.1 16.6
Semiconductor and other 
 electronic components.........................     7.4 10.5
Medical equipment and supplies ...........   12.9 9.0
Pharmaceuticals and medicines ............     9.6 7.8
Computers and peripheral equipment ...     6.4 7.6
Navigational, measuring, electro-
 medical, and control instruments.........     8.0 7.3
Resin, synthetic rubber, fi bers, 
 and fi lament..........................................     5.6 4.5
Machinery...............................................     3.8 4.2
Motor vehicles, trailers, and parts..........     3.2 3.5
Other chemicals .....................................     3.8 3.2
Aerospace products and parts...............     2.8 3.0
Electrical equipment, appliances, 
 and components ..................................     2.2 2.9
Plastics and rubber products.................     1.4 2.9
Nonmetallic mineral products ................     1.8 2.3
Basic chemicals .....................................     2.3 2.2
Paper, printing, and support activities ...     1.6 2.1
Fabricated metal products .....................     1.5 1.6
Furniture and related products...............     0.8 0.9
Primary metals .......................................     0.5 0.7
Food .......................................................     0.4 0.5

Nonmanufacturing .....................................     3.8 4.0
Scientifi c R&D services ..........................   34.4 36.5
Software .................................................   20.4 19.3
Computer systems design and 
 related services ....................................   15.8 16.5
Management of companies 
 and enterprises.....................................     4.4 7.8
Trade ......................................................     5.4 6.2
Architectural, engineering, and 
 related services ....................................     7.3 5.2
Health care services...............................     3.2 4.1
Newspaper, periodical, book, 
 and database........................................     2.0 2.7
Transportation and warehousing............     0.3 2.4
Construction...........................................     1.8 1.4
Mining, extraction, and support 
 activities ...............................................     1.2 1.3
Finance, insurance, and real estate .......     1.2 0.7
Broadcasting and telecommunications .     0.4 0.5
Utilities....................................................     0.1 0.0

Company size (number of employees)
5–24 ...........................................................   17.2 12.9
25–49 .........................................................   13.4 10.6
50–99 .........................................................   11.2 10.4
100–249 .....................................................     8.0 10.8
250–499 .....................................................     6.1 8.0
500–999 .....................................................     4.7 5.7
1,000–4,999 ...............................................     3.5 4.2
5,000–9,999 ...............................................     2.2 2.5
10,000–24,999 ...........................................     3.1 3.5
25,000 or more ..........................................     2.9 3.0

SOURCE: National Science Foundation, Division of Science Resourc-
es Statistics, Research and Development in Industry: 2001 (Arlington, 
VA, forthcoming).
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19A similar measure of R&D intensity is the ratio of R&D to value added 
(sales minus the cost of materials). Value added is often used in studies of 
productivity because it allows analysts to focus on the economic output at-
tributable to the specifi c industrial sector in question by subtracting materi-
als produced in other sectors. For a discussion of the connection between 
R&D intensity and technological progress, see, for example, R. Nelson, 
Modeling the connections in the cross section between technical progress 
and R&D intensity, RAND Journal of Economics 19(3) (Autumn 1988): 
478–485.
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however, tend to be more reliant on outside investment and 
thus their expenditures on R&D are more likely to be cut in 
the event of a contraction in the economy or capital markets. 
This is one explanation for the divergence in the R&D in-
tensities of very small companies (less than 100 employees) 
and all other companies between 2000 and 2001.

R&D Expenses of Public U.S. Corporations
Most firms that make significant investments in R&D 

track their R&D expenses separately in their accounting 
records. (See sidebar, “R&D: Asset or Expense?”) The an-
nual reports of public U.S. corporations often include data 
on these R&D expenses.20 In 2001 the 20 U.S. corporations 
with the largest reported R&D expenditures spent $67.9 bil-
lion on R&D. Ford Motor Company reported the most R&D 
($7.4 billion), followed by General Motors Corporation 
($6.2 billion) (table 4-7). IT companies and pharmaceutical 
companies dominate the remainder of the list.

Corporate data tabulated by the U.S. Department of 
Commerce (DOC) reveal that the R&D spending of U.S.-
headquartered corporations grew from $93.6 billion in 1994 
to $164.5 billion in 2000, implying average annual real 
growth of 7.9 percent over the period (U.S. DOC/TA 2002). 
The largest and fastest growing R&D sectors during this 
period were the information and electronics manufacture 
and services sector, which spent $35.3 billion on R&D in 
1994 and $77.7 billion in 2000, and the medical substances 
and devices sector, which spent $16.7 billion in 1994 and 
$32.5 billion in 2000 (appendix table 4-22). Preliminary 
analysis of more recent company records indicates that the 
growth of U.S. corporate R&D slowed in 2001. (See sidebar, 
“Corporate R&D Strategies in an Uncertain Economy,” for 
information on how some U.S.-based corporations intended 
to adjust their R&D policies in 2003.)

R&D Performance by State
The latest data available on the state distribution of R&D 

performance are for 2000. Although R&D expenditures 
are concentrated in relatively few states, patterns of R&D 
activities vary considerably among the top R&D-perform-
ing locations. In 2000, total U.S. R&D expenditures were 
$265 billion, of which $247 billion could be attributed to 
expenditures within individual states, with the remainder 
falling under an undistributed “other/unknown” category21 

(appendix tables 4-23 and 4-24). These totals include R&D 
performed by industry, universities, Federal agencies, and 
nonprofit organizations. (For a broader range of indicators 
of state-level S&E activities, see chapter 8.)

Distribution of R&D Expenditures Among States
In 2000 the 20 highest ranking states in R&D expendi-

tures accounted for 87 percent of U.S. R&D expenditures, 
whereas the 20 lowest ranking states accounted for only 4 
percent. The six states with the highest levels of R&D ex-
penditures (in decreasing order of magnitude) were Califor-
nia, Michigan, New York, New Jersey, Massachusetts, and 
Illinois, and they accounted for half of the entire national 
effort. The top 10 states, which included Texas, Washington, 
Pennsylvania, and Maryland (ranked 7th, 8th, 9th, and 10th, 

20This source of R&D data differs from the NSF Survey of Industrial 
Research and Development, so direct comparisons of these sources are 
not possible. See C. Shepherd and S. Payson, U.S. R&D Corporate R&D 
(Washington, DC: National Science Foundation, 2001) for an explanation 
of the differences between the two.

21Approximately two-thirds of the R&D that could not be associated with 
a particular state was R&D performed by the nonprofi t sector.

R&D: Asset or Expense?
Recently economists at the U.S. Bureau of Eco-

nomic Analysis (BEA) explored the effect on gross 
domestic product (GDP) of treating R&D as an invest-
ment in the National Income and Product Accounts 
(Fraumeni and Okubo 2002). Given reasonable as-
sumptions regarding the rates of return on R&D and 
R&D depreciation, the economists reached the follow-
ing conclusions:

� R&D accounted for approximately 13 percent of 
GDP growth between 1961 and 2000. Capitalizing 
R&D increased the rate of growth of GDP by 0.1 
percentage point.

� Capitalizing R&D raised the national savings rate 
(the portion of the national product not devoted to 
consumption) by 2 percentage points, from 19 to 
21 percent.

� Returns to R&D capital represented 19 percent 
of property-type income. Property-type income 
largely consists of corporate profits, proprietors’ 
income, net interest, capital consumption allow-
ances, and rental income of persons. 

Current financial accounting standards dictate that 
firms expense R&D expenditures as they occur. But 
even though accountants do not show the value of 
R&D on the balance sheet as they do for plant and 
equipment, analysts have recognized that in theory 
R&D should be treated as an investment rather than as 
an expense when valuing a firm (Brealey and Myers 
1996; and Lev 2001) or measuring national economic 
activity (Nakamura 2001). The reasoning for this is 
that even though the primary output of R&D—knowl-
edge—is intangible, it has a very real impact on future 
production (new goods and services) and productivity. 
Thus failing to account for R&D as an “intangible as-
set” leads to the underestimation of national assets and 
consequently national production capabilities.
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respectively), accounted for two-thirds of U.S. R&D expen-
ditures in 2000 (table 4-8). California alone accounted for 
more than one-fifth of the $247 billion U.S. R&D total, ex-
ceeding the next highest state by nearly a factor of three.22

Table 4-7
Top 20 R&D-spending corporations: 2001

       Percent 
       change from  NAICS 
Corporation 2001 2000 1999 2001 2000 1999 1999 to 2001 Description code

Ford Motor Company ......  1 1 1 7,400 6,800 7,100 4.2 Motor vehicle manufacturing    3361
General Motors ................  2 2 2 6,200 6,600 6,800 –8.8 Motor vehicle manufacturing    3361
Pfi zer Inc. .........................  3 4 8 4,847 4,435 2,776 74.6 Pharmaceutical and medicine   3254 
          manufacturing                          
International Business   
 Machines........................  4 5 4 4,620 4,336 4,464 3.5 Computer systems design       5415
          and related services                      
Microsoft ..........................  5 8 7 4,379 3,775 2,970 47.4 Software publishers                  5112
Motorola...........................  6 3 5 4,318 4,437 3,438 25.6 Communications equipment    3342
          manufacturing                        
Cisco Systems .................  7 11 20 3,922 2,704 1,594 146.0 Computer and peripheral         3341
          equipment manufacturing       
Intel...................................  8 7 6 3,796 3,897 3,111 22.0 Semiconductor and other         3344
          electronic component 
          manufacturing                          
Johnson & Johnson .........  9 9 9 3,591 2,926 2,600 38.1 Pharmaceutical and                  3254
          medicine manufacturing          
Lucent Technologies........  10 6 3 3,520 4,018 4,510 –22.0 Computer systems design        5415 
          and related services                 
Hewlett-Packard ..............  11 12 10 2,635 2,646 2,440 8.0 Computer and peripheral         3341
          equipment manufacturing       
Merck & Company ...........  12 13 11 2,456 2,344 2,068 18.8 Pharmaceutical and medicine  3254
          manufacturing                          
Bristol Myers Squibb .......  13 15 12 2,259 1,939 1,843 22.6 Pharmaceutical and medicine   3254 
          manufacturing                          
Lilly (Eli) and Company ....  14 14 13 2,235 2,019 1,784 25.3 Pharmaceutical and medicine   3254 
          manufacturing                          
Pharmacia ........................  15 10 25 2,195 2,753 1,290 70.2 Pharmaceutical and medicine  3254
          manufacturing                          
Sun Microsystems ...........  16 22 26 2,016 1,630 1,263 59.7 Computer and peripheral          3341 
          equipment manufacturing       
General Electric................  17 17 17 1,980 1,867 1,667 18.8 Engine, turbine, and power     3336a

          transmission equipment 
          manufacturing                          
Boeing..............................  18 24 22 1,936 1,441 1,341 44.4 Aerospace product and parts   3364
          manufacturing                          
Wyeth ...............................  19 21 14 1,870 1,688 1,740 7.5 Pharmaceutical and medicine   3254
          manufacturing                          
Procter & Gamble ............  20 16 15 1,769 1,899 1,726 2.5 Soap, cleaning compound,      3256
          and toilet preparation 
          manufacturing                         

NAICS North American Industry Classifi caiton System

aGeneral Electric is classifi ed in Compustat as a conglomerate (NAICS code 9999). For the purpose of this analysis, the industry classifi cation of General 
Electric’s largest manufacturing business segment in 2001 in terms of sales was used.

SOURCE: Standard & Poor’s COMPUSTAT database (Englewood, CO, 2003).
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R&D rank R&D (millions of dollars)

22Reliability of the estimates of industrial R&D varies by state because 
the sample for the NSF Survey of Industrial Research and Development was 
not based on geography. Rankings do not take into account the margin of 
error of estimates from sample surveys. National Science Foundation, Divi-
sion of Science Resources Statistics, Survey of Industrial Research and De-
velopment, 2003. Available at http://www.nsf.gov/sbe/srs/indus/start.htm.

Ratio of R&D to Gross State Product
States vary significantly in the size of their economies be-

cause of differences in population, land area, infrastructure, 
natural resources, and history. Consequently, state varia-
tions in R&D expenditure levels may simply reflect differ-
ences in economic size or the nature of their R&D efforts. 
One way to control for the size of each state’s economy is to 
measure each state’s R&D level as a percentage of its gross 
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state product (GSP).23 Like the ratio of industrial R&D to net 
sales, the proportion of a state’s GSP devoted to R&D is an 

indicator of R&D intensity. A list of states and correspond-
ing R&D intensities can be found in appendix table 4-25.

Sector Distribution of R&D Performance by State
Although leading states in total R&D tend to be well rep-

resented in each of the major R&D-performing sectors, the 
proportion of R&D performed in each of these sectors varies 
across states. States that are national leaders in total R&D 
performance are usually leaders in R&D performance by 
industrial sector, which is not surprising because industry-
performed R&D accounts for 77 percent of the distributed 
U.S. total. Although university-performed R&D accounts 
for only 12 percent of the U.S. total, it also is highly cor-
related with the total R&D performance in a state. 

Less overlap is reported between the top 10 states for 
total R&D and the top 10 states for federally performed 
R&D.24 Only 4 states are in both top 10 lists: Maryland, 
California, Texas, and New Jersey. Maryland ranked first 
in Federal R&D performance, followed by the District 
of Columbia, California, and Virginia. The inclusion of 
Maryland, Virginia, and the District of Columbia in the top 
four ranking reflects the concentration of Federal facilities 
and administrative offices within the national capital area. 
Alabama, Florida, and New Mexico rank among the highest 
in Federal R&D because of their relatively high shares of 
Federal space- and defense-related R&D.

Industrial R&D in Top States
The types of companies that carry out R&D vary con-

siderably among the 10 leading states in industry-performed 
R&D (table 4-9). This reflects regional specialization or 
clusters of industrial activity. For example, in Michigan the 
transportation equipment industry accounted for 73 percent 
of industrial R&D in 2000, whereas it accounted for only 15 
percent of the nation’s total industrial R&D. Washington, 
having a high concentration of software R&D, has less of 
its industrial R&D concentrated in manufacturing industries 
than the nation as a whole. The computer and electronic 
products industry accounts for 24 percent of the nation’s 
total industrial R&D but accounts for a larger share of the 
industrial R&D in California (36 percent), Massachusetts 
(44 percent), and Texas (42 percent). These three states have 
clearly defined regional centers of high-technology research 
and manufacturing: Silicon Valley in California, Route 128 
in Massachusetts, and the Silicon Hills of Austin in Texas. 
In addition, New Jersey and Pennsylvania, both home to 
robust pharmaceutical and chemical manufacturing indus-
tries, show much higher concentrations of R&D in these 
industries than the nation as a whole. Of course other factors 
besides the location of industrial production also play a role 
in the location of industrial R&D activities. For example, 
industries tend to perform research near universities that 
conduct the same type of research, enabling them to benefit 

Corporate R&D Strategies 
in an Uncertain Economy

For the past 19 years the Industrial Research Insti-
tute (IRI), a nonprofit association of more than 200 
leading R&D-performing industrial companies, has 
surveyed its U.S.-based members on their intentions 
for the coming year with respect to R&D expendi-
tures, effort allocation, personnel, and other items. 
Because IRI member companies carry out as much 
as three-fourths of the industrial R&D in the United 
States, the results from these surveys help identify 
broad trends in corporate R&D strategies. The most 
recent survey, administered in late 2002, suggests 
that many companies are shifting the focus of their 
R&D spending from directed basic research and sup-
port of existing business to new business projects 
(IRI 2003). This reported shift in R&D priorities also 
is reflected in how responding companies intend to 
spend their R&D budgets. In 2003, IRI survey re-
spondents reported the following strategic shifts:

� Decreased outsourcing of R&D to other companies

� Increased outsourcing for university R&D and 
Federal laboratories

� Increased participation in alliances and joint 
R&D ventures

� Increased acquisition of technology capabilities 
through mergers and acquisitions

Overall, these strategic moves are consistent with 
responses suggesting tighter R&D budgets and lower 
targets for R&D/sales ratios. In the midst of an uncer-
tain economy and technology market, companies are 
moving to leverage the value of their R&D spending 
through alliances and collaborations as opposed to 
contracting out their R&D to other companies. (For 
more information, see “Technology Linkages: Con-
tract R&D, Federal Technology Transfer, and R&D 
Collaboration.”)

23Gross state product (GSP) is often considered the state counterpart 
of the nation’s GDP. GSP is estimated by summing the value added of 
each industry in a state. Value added for an industry is equivalent to its 
gross output (sales or receipts and other operating income, commodity 
taxes, and inventory change) minus its intermediate inputs (consumption 
of goods and services purchased from other U.S. industries or imported). 
U.S. Bureau of Economic Analysis, Gross State Product: New Estimates for 
2000 and Revised Estimates for 1998–1999 (Washington, DC, 2002). (See 
http://www.bea.gov/bea/newsrel/gspnewsrelease.htm.)

24Federally performed R&D includes costs associated with the adminis-
tration of intramural and extramural programs by Federal personnel as well 
as actual intramural performance.
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Table 4-8
Top 10 states in R&D performance, R&D by sector, and R&D as percentage of gross state product: 2000

  Total R&Da      GSP (billions
  (millions of    Federal   R&D/GSP  of current
Rank State   current dollars) Industryb U&Cc Governmentd State (percent)  dollars)

 1 .................... California 55,093 California California Maryland Michigan 5.81              325.4
 2 .................... Michigan 18,892 Michigan New York District of Columbia  New Mexico 5.68                54.4
 3 .................... New York 13,556 New Jersey Texas California Washington 4.78              219.9
 4 .................... New Jersey 13,133 Illinois Pennsylvania Virginia Maryland 4.64              186.1
 5 .................... Massachusetts 13,004 New York Maryland Alabama Massachusetts 4.56              284.9
 6 .................... Illinois 12,767 Massachusetts Massachusetts Ohio Delaware 4.22                36.3
 7 .................... Texas 11,552 Washington Illinois Florida Rhode Island 4.12                36.5
 8 .................... Washington 10,516 Texas North Carolina Texas California 4.10           1,344.6
 9 .................... Pennsylvania 9,842 Pennsylvania Michigan New Jersey Idaho 3.87                37.0
 10 .................... Maryland 8,634 Ohio Georgia New Mexico District of Columbia  3.87                59.4

FFRDC federally funded research and development center
GSP gross state product
U&C universities and colleges

aIncludes in-state total R&D performance of industry, universities, Federal agencies, FFRDCs, and federally fi nanced nonprofi t R&D.
bIncludes R&D activities of industry-administered FFRDCs located within these states.
cExcludes R&D activities of university-administered FFRDCs located within these states.
dIncludes costs associated with administration of intramural and extramural programs by Federal personnel and actual intramural performance.

NOTES: Reliability of estimates of industry R&D varies by state because sample allocation was not based on geography. Rankings do not take into 
account margin of error of estimates from sample surveys.

SOURCES: National Science Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources (Arlington, VA, annual series); 
U.S. Bureau of Economic Analysis, U.S. Department of Commerce, 2002, http://www.bea.gov/bea/newsrel/gspnewsrelease.htm. 
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States with highest 
R&D performance, by sector

R&D intensity 
(highest R&D/GSP ratio)

Table 4-9
Top 10 states in industry R&D performance and share of R&D by selected industries: 2000

 
      Professional, 
    Computer and    scientifi c, and 
  Industry-performed  electronic  Transportation   technical 
State R&Da Total products equipment Chemicals services

Total ....................................  199,539 62.2 22.6 15.1 10.5                11.3
California ........................  45,769 54.1 36.0 7.0 2.9                18.0
Michigan.........................  17,640 88.9 2.0 73.4 6.5                  4.7
New Jersey.....................  12,062 61.9 27.6 1.0 25.1                  5.6
Illinois .............................  10,661 59.8 26.6 2.5 17.0                  2.7
New York ........................  10,539 65.6 16.4 14.7 18.7                  3.7
Massachusetts ...............  9,863 59.7 43.5 D 7.7                21.0
Washington ....................  9,265 32.9 5.7 D D                11.4
Texas ..............................  8,961 58.3 42.2 1.5 5.3                  7.0
Pennsylvania ..................  7,873 68.5 14.6 4.5 32.9                  7.2
Ohio................................  5,962 65.6 3.0 7.9 D                20.1
All other states ...............  60,946 64.7 17.1 14.5 12.0                10.9

D data withheld to avoid disclosing operations of individual companies

aIncludes company and federally fi nanced R&D activities and R&D activities of industry-administered federally funded research and development centers 
(FFRDCs) located within these states.

NOTES: Reliability of the estimates of industry R&D varies by state because sample allocation was not based on geography. Rankings do not take into 
account margin of error of estimates from sample surveys. Details may not add to totals because not all industries are shown.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Industrial Research and Development, 2000.
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Manufacturing industries

Share of total industry-performed R&D 

PercentMillions of current dollars
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from local academic resources. (For more information, see 
“Technology Linkages: Contract R&D, Federal Technology 
Transfer, and R&D Collaboration.”)

Federal R&D Performance 
and Funding

When Nelson (1959) and Arrow (1962) first laid out their 
seminal economic arguments that the private sector gener-
ally invests less than the socially optimal amount in R&D, 
the Federal Government funded almost twice as much R&D 
as did the private sector. Since then these relative positions 
have reversed, but the argument in support of public funding 
for R&D is still valid more than 40 years later. Briefly, the 
argument is that the returns on investment in R&D cannot 
be fully appropriated by an investor because of the very na-
ture of the primary output of R&D: knowledge. This being 
the case, firms will only invest in those R&D projects from 
which, through secrecy, patents, or some other means, they 
are able to recoup their investment plus an acceptable profit. 
The government endeavors to correct this market failure 
through a number of policy measures, the most direct of 
which is the funding and performance of R&D that would 
not or could not be financed or performed in the private 
sector. Thus, despite its declining share in total R&D fund-
ing, the Federal Government still supports the majority of 
basic research in the United States. This section examines 
the Federal Government’s role in performing, funding, and 
stimulating R&D in the private sector through tax policy.

Federal R&D Performance
Federal laboratories and FFRDCs performed $34.1 billion 

of total U.S. R&D in 2002, an average annual increase in real 
terms of 10.4 percent from the 2000 level of $27.1 billion. 
Among individual agencies, DOD continued to perform the 
most intramural R&D and is expected to account for more 
than half of all Federal obligations for intramural R&D in the 
future. In fiscal year 2003, DOD is expected to perform more 
than twice the R&D of the second largest R&D-perform-
ing agency, the Department of Health and Human Services 
(HHS), which performs most of its intramural R&D at the 
National Institutes of Health (NIH) (table 4-10).

The Department of Energy (DOE) sponsors the most 
FFRDCs of any agency—16 of the 36. These 16 FFRDCs 
performed a total of $7.5 billion of R&D in FY 2001, ap-
proximately three-fourths of all the R&D performed by 
FFRDCs (appendix table 4-26). First established during 
World War II, FFRDCs are unique organizations that 
help the United States government meet special long-term 
research or development goals that cannot be met as effec-
tively by in-house or contractor resources. (See sidebar, “Ra-
tionales for Federal Laboratories and FFRDCs.”) According 
to the Federal Register, an FFRDC is required “to operate in 
the public interest with objectivity and independence, to be 
free from organizational conflicts of interest, and to have full 
disclosure of its affairs to the sponsoring agency” (NARA 

1990). Total R&D performed by all FFRDCs (estimated at 
$10.3 billion in 2002) has grown at a real annual rate of 4.5 
percent from its level of $9.1 billion in 2000.

Federal R&D Funding by National Objective
In 2002 the Federal Government funded approximately 

twice as much R&D as that performed in Federal labs and 
FFRDCs. This support is estimated to be $78.2 billion, re-
flecting a 6.7 percent average real increase per year since 
2000. This funding supports a wide range of national ob-
jectives (also termed budget functions); is administered by 
many Federal agencies; and flows to R&D performers in 
all sectors, from industry to universities and colleges and to 
nonprofit organizations.

Defense-Related R&D
Defense-related R&D, as a proportion of the nation’s 

total R&D, has shifted substantially. From 53.6 percent in 
1959, it declined to a relative low of 24.3 percent in 1980, 
climbed to 31.7 percent by 1987, and, coinciding with the 
end of the cold war, fell substantially afterward, reaching 
a low of 13.5 percent in 2000 (figure 4-8).25 Despite this 
dramatic decline relative to nondefense R&D, the absolute 
level of defense R&D in 2000 still exceeded that in any year 
from 1953 to 1982, after adjusting for inflation. In 2000, 
defense-related R&D as a share of U.S. R&D began to grow 
again, subsequently reaching 14.9 percent of the nation’s 
total R&D in 2002.

In 1980 the Federal budget authority for defense-related 
R&D was roughly equal to that for nondefense R&D26 (fig-
ure 4-9). Although the amount of defense-related R&D has 
fluctuated based on changing national security concerns 
over the past 20 years, nondefense R&D has increased 
since 1983. For FY 2001 the budget authorities for defense 
R&D and for nondefense R&D had nearly reached parity at 
$45.7 and $41.0 billion, respectively. The terrorist attacks 
of September 11, 2001, dramatically reversed this trend and 
in the proposed FY 2004 budget, $66.8 billion is slated for 
defense-related R&D and $51.2 billion is reserved for non-
defense R&D. (See sidebar, “Federal R&D for Countering 
Terrorism.”) These amounts reflect increases of 46.2 per-
cent in defense-related R&D and 24.7 percent in nondefense 
R&D over the FY 2001 levels.

Civilian-Related R&D
R&D accounts for 13.4 percent of the FY 2004 Federal 

nondefense discretionary budget authority of $383.0 bil-
lion.27 Although this is less than that reserved for defense 

25These shares represent a distribution of performer-reported R&D data. 
They are distinct from the budget authority shares reported subsequently, 
which are based on the various functional categories constituting the Fed-
eral budget.

26R&D budget authority data represent a distribution of Federal source-
reported data as opposed to performer-reported data.

27Most of the $2.2 trillion Federal budget is reserved for mandatory items 
such as Social Security, Medicare, pension payments, and payments on the 
national debt. See appendix table 4-30 for historical data on Federal outlays 
and R&D.
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activities—16.7 percent of the $399.2 billion discretionary 
budget authority in FY 2004—over 90 percent of Federal 
basic research funding is for nondefense functions, account-
ing for a large part of the budgets of agencies with nonde-
fense missions such as general science (NSF), health (NIH), 
and space research and technology [National Aeronautics 
and Space Administration (NASA)] (table 4-11, appendix 
table 4-29). Because many different agencies can support 
R&D programs with the same basic objective, it is useful 
to aggregate Federal R&D into budget functions to assess 
broad trends in national R&D priorities.

Space-related R&D as a percentage of total R&D reached 
a peak of 20.8 percent in 1965, during the height of the na-
tion’s efforts to surpass the Soviet Union in space explora-
tion (figure 4-8). In terms of the nation’s R&D performance, 
space-related R&D accounted for an estimated 2.5 percent 

of total R&D in 2002.28 The loss of the Space Shuttle Co-
lumbia and its crew of seven on February 1, 2003, has re-
sulted in uncertainty as to the future focus and intensity of 
manned missions in the U.S. space-related R&D effort. In 
the President’s FY 2004 budget, crafted before the disaster, 
55.2 percent of NASA’s $15.5 billion discretionary budget 
was reserved for R&D. 

The most dramatic change in national R&D priorities 
over the past 20 years has been the growing importance 
of health-related R&D. As illustrated in figure 4-9, health-
related R&D rose from representing roughly a fourth (27.6 
percent) of the Federal nondefense R&D budget allocation 
in FY 1982 to more than half (54.5 percent) by FY 2003. 

Table 4-10
Federal R&D obligations, total, intramural, and FFRDCs, by U.S. agency: FY 2003

     Agency 
     intramural and  
 Total R&D    FFRDC R&D 
Agency obligations Intramurala FFRDC  obligations

All Federal Government....................................................  98,608.1 24,557.7 7,534.6                      32.5
Department of Defense ................................................  45,011.7 12,409.0 851.3                      29.5
Department of Health and Human Services.................  27,551.1 5,162.4 403.9                      20.2
National Aeronautics and Space Administration..........  8,598.3 2,149.6 1,405.3                      41.3
Department of Energy ..................................................  7,540.7 764.4 4,609.3                      71.3
National Science Foundation .......................................  3,403.6 19.4 197.5                        6.4
Department of Agriculture ............................................  1,984.3 1,367.2 0.0                      68.9
Department of Commerce............................................  1,064.5 838.0 2.9                      79.0
Environmental Protection Agency ................................  627.0 283.8 0.0                      45.3
Department of Transportation ......................................  622.0 192.3 24.8                      34.9
Department of the Interior ............................................  594.1 534.8 0.0                      90.0
Department of Veterans Affairs ....................................  363.7 363.7 0.0                    100.0
Department of Education .............................................  304.5 14.4 0.0                        4.7
International Development Cooperation Agency .........  281.0 27.5 0.0                        9.8
Department of Labor ....................................................  176.8 154.9 0.0                      87.6
Department of Justice..................................................  117.6 43.2 3.4                      39.6
Smithsonian Institution.................................................  115.0 115.0 0.0                    100.0
Department of the Treasury..........................................  80.4 64.4 0.0                      80.1
Nuclear Regulatory Commission..................................  68.0 18.7 36.1                      80.6
Department of Housing and Urban Development........  47.7 23.6 0.0                      49.5
Social Security Administration .....................................  45.5 4.4 0.0                        9.7
Library of Congress......................................................  3.5 2.5 0.0                      71.4
Department of State.....................................................  2.5 0.6 0.0                      24.0
Federal Communications Commission ........................  2.2 2.2 0.0                    100.0
Federal Trade Commission ..........................................  1.4 1.4 0.0                    100.0
Appalachian Regional Commission .............................  0.7 0.0 0.0                        0.0
Broadcasting Board of Governors ...............................  0.1 0.1 0.0                    100.0
National Archives and Records Administration............  0.1 0.1 0.0                    100.0

FFRDC federally funded research and development center

aIntramural activities include actual intramural R&D performance and costs associated with planning and administration of both intramural and extramural 
programs by Federal personnel.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Federal Funds for Research and Development: Fiscal Years 2001, 2002, 
and 2003 (Arlington, VA, forthcoming).

Science & Engineering Indicators – 2004

Millions of dollars Percent of total

28The steep drop in space-related R&D in fi scal year 2000, as depicted in 
fi gure 4-9, was the result of the National Aeronautics and Space Administra-
tion’s (NASA’s) reclassifying space station R&D to R&D plant.
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Most of this growth occurred after 1998 when NIH’s budget 
was set on a pace to double by 2003 (Meeks 2002).

In contrast to the steep growth in health-related R&D, the 
budget allocation for general science R&D has grown rela-
tively little in the past 20 years. In fact, the growth in general 
science R&D (figure 4-9) is more the result of a reclassifica-
tion of several DOE programs from energy to general science 
in FY 1998 than the result of increased budget allocations. The 
formation of the Department of Homeland Security (DHS) and 
the coincident reclassification of much of its formerly civilian 
R&D activities as defense R&D is a more recent example of 
how R&D budget function classifications can change when 
the mission or focus of funding agencies changes. 

Rationales for Federal 
Laboratories and FFRDCs

� Scale. Some R&D efforts require capital expen-
ditures, facilities, and staffing that exceed the 
capabilities or resources of private sector research 
organizations. Termed big science, this R&D is 
often compared to the Manhattan Project of World 
War II but today spans the spectrum of scientific 
exploration from medicine (e.g., the National Can-
cer Institute Frederick Cancer Research and De-
velopment Center in Fort Detrick, Maryland) to 
astronomy (e.g., NSF’s National Astronomy and 
Ionosphere Center in Arecibo, Puerto Rico).

� Security. The sensitive nature of some R&D ne-
cessitates direct government supervision. Security 
has historically been a concern of defense-related 
R&D performed at Department of Defense (DOD) 
and Department of Energy (DOE) labs and fed-
erally funded research and development centers 
(FFRDCs). However, the growing focus on the 
threat of bioterrorism highlights that some nonde-
fense R&D, such as that carried out by the Centers 
for Disease Control and Prevention, also influ-
ences national security.

� Mission and Regulatory Requirements. Some 
Federal agencies, such as the Department of Trans-
portation and the Food and Drug Administration, 
must perform a certain amount of R&D to fulfill 
their missions. To ensure impartiality and fairness, 
this R&D is performed in Federal laboratories.

� Knowledge Management. For logistical reasons, 
Federal laboratories and FFRDCs are often tasked 
with performing long-term or mission-critical 
R&D. These organizations possess the institutional 
memory and close connection to the sponsoring 
agency required by these types of projects. An 
additional benefit of in-house expertise in R&D 
sponsoring agencies is the assisting role it plays in 
the management of extramural R&D programs.

Percent

Figure 4-8
Federal and non-Federal share of all R&D: 
1953–2002

SOURCE: National Science Foundation, Division of Science 
Resources Statistics, special tabulations, 2003. See appendix 
table 4-27. Science & Engineering Indicators – 2004

0

10

20

30

40

50

60

70

80

Federal support

Defense-related
Federal

Space-related Federal

Civilian-
related 
Federal

Non-Federal
support

1953 20021992198219721962

20032000199719941991198819851980

Billions of constant 1996 dollars

Figure 4-9
Federal R&D budget authority, by budget function: 
FY 1980–2003

NOTES: “Other” includes all nondefense functions not separately
graphed, such as agriculture and transportation. The 1998 increase
in general science and decrease in energy and the 2000 decrease in 
space were the results of reclassification. 

SOURCE: National Science Foundation, Division of Science 
Resources Statistics, Federal R&D Funding by Budget Function:
Fiscal Years 2001–2003, 2002. See appendix table 4-28.
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The Federal S&T Budget
In recent years, alternative concepts have been used to 

isolate and describe fractions of Federal support that could 
be associated with scientific achievement and technological 
progress. In a 1995 report, a National Academy of Sciences 
(NAS) committee proposed an alternative method of mea-
suring the Federal Government’s S&T investment (NAS 
1995). According to the committee members this approach, 
called the Federal science and technology (FS&T) budget, 
might provide a better way to track and evaluate trends in 
public investment in R&D. The FS&T concept differed from 
Federal funds for research in that it did not include major 
systems development supported by DOD and DOE, and it 
contained not only research but also some development and 
some R&D plant.

Beginning with the FY 2000 budget, the Office of Man-
agement and Budget (OMB) has presented its concept for 
an FS&T budget (figure 4-11). Whereas the NAS FS&T 
compilation included only R&D, OMB’s FS&T budget was 
constructed of easily tracked programs and included some 

non-R&D programs, such as NSF education programs and 
staff salaries at NIH and NSF.

In the 2004 Budget of the United States, OMB’s FS&T 
budget is less than half of total Federal spending on R&D 
because it excludes funding for defense development, testing, 
and evaluation. It includes nearly all budgeted Federal support 
for basic research in FY 2004, more than 80 percent of feder-
ally supported applied research, and about half of federally 
supported nondefense development (U.S. OMB 2003b).

As shown in figure 4-12, Federal R&D in the 2004 
budget proposal, which includes expenditures on facili-
ties and equipment, would reach a level of $123 billion. 
Of this amount, $54 billion would be devoted to basic and 
applied research alone. The FS&T budget would reach 
$59 billion and would include most of the research bud-
get. However, differences in the definition of research 
and FS&T imply that not all research would be included 
in FS&T and vice versa. Moreover, a small proportion 
(10 percent) of FS&T funds would fall outside the cat-
egory of Federal R&D spending.

Speaking not long after the terrorist attacks of 
September 11, 2001, Dr. Rita Colwell, NSF director, 
remarked, “the research enterprise arches and bends 
to national needs” (Colwell 2001). Decades of Federal 
research support developed a knowledge base that was 
quickly marshaled to address specific scientific and 
technological issues raised by the attacks and by the 
threat of future terrorist activity in the United States. 
Ongoing R&D that had not earlier been categorized 
under the rubric of homeland security or national de-
fense found immediate applications in the aftermath of 
September 11. And for those needs that national R&D 
resources could not meet, new funds, laboratories, and 
programs were planned.

In fiscal year 2002, the Federal Government appropri-
ated $36.5 billion for combating terrorism, $1.2 billion 
of which was R&D funding. As a point of reference, the 
total Federal budget for R&D activities to develop tech-
nologies to deter, prevent, or mitigate terrorist acts was 
less than half this amount ($511 million) in FY 2000. 
As figure 4-10 indicates, a large portion of the FY 2002 
counterterrorism R&D was funded by defense/security 
agencies, most notably the Defense Advanced Research 
Projects Agency in DOD. The Department of Health 
and Human Services (HHS) was the next largest source 
of funds, with most of its R&D budget accounted for 
by the National Institutes of Health (NIH). Numerous 
other agencies, ranging from the Environmental Protec-

Federal R&D for Countering Terrorism
tion Agency to the Department of Justice (DOJ), supported 
counterterrorism R&D in FY 2002.

The Federal budget for counterterrorism R&D mush-
roomed in the President’s FY 2003 budget request to more 
than $2.9 billion. More than 60 percent of this R&D was 
requested for HHS, specifically for bioterrorism-related 
R&D at NIH. Counterterrorism R&D funded by the na-
tional security community almost doubled in the FY 2003 
budget request, with its emphasis on R&D to support war-
fighting applications and counterbioterrorism. Ongoing 
R&D programs at DOE in the fields of genomic sequenc-
ing; modeling and simulation; and the detection of nuclear, 
chemical, and biological agents were also expanded.

Although the FY 2004 budget request did not separate 
counterterrorism R&D from other R&D programs, the 2.5-
fold increase between FY 2002 and FY 2003 appears to 
have been a one-time event. The FY 2004 budget proposes 
increases in Federal R&D investment in the priority areas 
of defense and homeland security, but the most prominent 
change from the FY 2003 budget is organizational rather 
than monetary. On January 24, 2003, the Department of 
Homeland Security (DHS) was officially established and 
the R&D programs of several agencies were consolidated 
under its management. The President’s budget request re-
flects this consolidation and calls for a $1.0 billion R&D 
budget for the new department. Analysis by the American 
Association for the Advancement of Science reports this 
as a 50 percent increase over the disaggregated FY 2003 
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R&D by Federal Agency
The Federal agencies with the largest R&D expenditures 

vary considerably in terms of how their R&D budgets are 
spent.29 Agency-reported data reveal remarkable diversity in 
terms of the character of the R&D, who performs the R&D, and 
how R&D is allocated to performers. These differences reflect 
the diverse missions, histories, and cultures of the agencies.

Department of Defense
According to preliminary data provided by the DOD 

before budget developments brought about by the war in 
Iraq, DOD will obligate $45.0 billion, more than any other 
Federal agency, for R&D support in FY 2003. DOD’s sup-
port represents 45.6 percent of all Federal R&D obligations 
(table 4-10). More than 85 percent of these funds ($38.5 
billion) will be spent on development, with $33.0 billion 

slated for major systems development.30 Industrial firms are 
expected to perform 65 percent of DOD-funded R&D in FY 
2003. These firms will account for an even greater share of 
development funds (71 percent). DOD’s R&D obligations 
will constitute more than 80 percent of all Federal R&D 
obligations to industry in FY 2003. Of DOD-funded R&D 
not performed by industry, government laboratories and 
FFRDCs are expected to perform 85 percent ($13.3 billion). 
According to OMB, 63 percent of DOD’s basic and applied 
research funding was allocated using a fully competitive 
merit review process in 2002.31

Def/sec 396.5

HHS 299.1

USDA 175.3

DOT 122.3

Other 84.8

DOE 84.0
Def/sec 767.2

HHS 1,770.9

USDA 48.4
DOT 59.3

Other
159.6

DOE
99.8

(Millions of dollars)

FY 2003
 2.9 billion

FY 2002
1.2 billion

Figure 4-10
R&D budget for combating terrorism, by agency: FY 2002 and 2003

Def/sec  Defense/security agencies;  DOE  Department of Energy;  DOT  Department of Transportation; HHS  Department of Health and Human Services; 
USDA  Department of Agriculture

SOURCE: U.S. Office of Management and Budget, Annual Report to Congress on Combating Terrorism (Washington, DC, 2002).

Science & Engineering Indicators – 2004

R&D budgets of the agencies, laboratories, and programs 
that were brought under the aegis of DHS. 

DHS is organized into four major directorates: Border 
and Transportation Security, Emergency Preparedness and 
Response, S&T, and Information Analysis and Infrastruc-
ture Protection. In addition to these directorates, the Secret 

30The Department of Defense (DOD) reports development obligations 
in two categories: advanced technology development, which is similar in 
nature to development funded by most other agencies, and major systems 
development, which includes demonstration and validation, engineering 
and manufacturing development, management and support, and operational 
systems development for major weapon systems.

31In 2002, 69 percent of all Federal research funding was allocated 
through competitive merit review processes. Twenty percent was merit 
reviewed, but competition was limited to a select pool of applicants such as 
Federal labs or FFRDCs. The remaining 11 percent was allocated to specifi c 
performers either at the request of Congress or because timeliness or other 
factors limited the feasibility of competitive selection [U.S. Offi ce of Man-
agement and Budget (U.S. OMB) 2003b].

Service and the Coast Guard report directly to the DHS 
Secretary, and the Immigration and Naturalization Ser-
vice adjudications and benefits programs report directly 
to the Deputy Secretary as the Bureau of Citizenship 
and Immigration Services.

29The data reported here on expected R&D obligations in FY 2003 were 
collected before recent budget negotiations and the formation of the De-
partment of Homeland Security. See sidebar “Federal R&D for Countering 
Terrorism” for data on these recent developments.
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Department of Health and Human Services
 HHS, the primary source of Federal health-related R&D 

funding (largely through NIH), will obligate the second larg-
est amount for R&D in FY 2003 at $27.6 billion, most of 
which ($14.5 billion) will be for basic research. In FY 2003, 
HHS is expected to provide universities and colleges, the 
primary recipients of HHS funding, with $15.5 billion, or 
67.4 percent of all Federal R&D funds obligated to universi-
ties and colleges (table 4-12). HHS will provide 75.6 percent 
($4.7 billion) of all Federal R&D funds obligated to nonprofit 
institutions, with most of these funds going to such large re-
search hospitals as Massachusetts General Hospital and the 
Dana-Farber Cancer Institute (NSF/SRS 2002). In 2002, fully 
competitive merit review processes were used to allocate 81 
percent of HHS’s basic and applied research funding.

National Aeronautics and Space Administration
The third largest agency in terms of R&D support is 

NASA, with R&D obligations expected to total $8.6 billion 
in FY 2003; 28.6 percent ($2.5 billion) will be earmarked 
for basic research. Although not defense related, much of the 
development work sponsored by NASA relies on industrial 
performers similar to those funded by DOD. NASA is the 
second largest source of industrial R&D funds, an expected 
$3.6 billion in FY 2003. Roughly 82 percent of NASA-
funded R&D is performed either by industrial firms or in 
Federal labs or FFRDCs. Academic and nonprofit institu-
tions perform the remainder. In 2002, 85 percent of NASA’s 
basic and applied research funding was allocated using a 
fully competitive merit review process.

Table 4-11
Budget authority for R&D by Federal agency and character of work, proposed levels: FY 2004

 Discretionary     Applied  R&D share of 
 budget   Basic  research and  discretionary 
Agency authority R&D total research development budget

All Federal Government........................................................  782,219 118,014 26,862 91,152 15.1
Department of Defense ....................................................  379,898 62,672 1,309 61,363 16.5
Health and Human Services.............................................  66,195 28,108 14,804 13,304 42.5

National Institutes of Health .........................................  27,742 26,866 14,801 12,065 96.8
National Aeronautics and Space Administration..............  15,469 8,543 2,535 6,008 55.2
Department of Energy ......................................................  23,376 7,559 2,593 4,966 32.3
National Science Foundation ...........................................  5,481 3,690 3,486 204 67.3
Department of Agriculture ................................................  19,503 1,803 819 984 9.2
Department of Commerce................................................  5,406 1,006 391 615 18.6

National Oceanic and Atmospheric Administration .....  3,325 675 312 363 20.3
National Institute for Standards and Technology .........  498 318 79 239 63.9

Department of the Interior ................................................  10,587 633 38 595 6.0
Department of Transportation ..........................................  13,673 674 37 637 4.9
Environmental Protection Agency ....................................  7,627 607 90 517 8.0
Department of Veterans Affairs ........................................  28,057 822 495 327 2.9
Department of Education .................................................  53,137 275 1 274 0.5
Department of Homeland Security...................................  26,697 836 47 789 3.1
International assistance programs ...................................  17,039 306 58 248 1.8
Smithsonian Institution.....................................................  567 121 121 0 21.3
Tennessee Valley Authority...............................................  NA 25 NA 25 NA
Department of Labor ........................................................  11,535 10 2 8 0.1
Nuclear Regulatory Commission......................................  626 60 NA 60 9.6
Corps of Engineers...........................................................  4,049 27 3 24 0.7
Department of Housing and Urban Development............  31,301 51 NA 51 0.2
Department of Justice......................................................  17,697 106 33 73 0.6
Social Security Administration .........................................  3,084 30 NA 30 1.0
Postal Service ..................................................................  NA 47 NA 47 NA
Department of the Treasury..............................................  11,397 3 NA 3 0.0 

NA not available

NOTE: Details will not add to totals for discretionary budget authority because only R&D funding agencies are listed.

SOURCE: Intersociety Working Group, AAAS Report XXVIII: Research and Development FY 2004 (Washington, DC, 2003); and U.S. Offi ce of 
Management and Budget, Budget of the United States Government, Fiscal Year 2004 (Washington, DC, 2003).
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Department of Energy
Of the large R&D-funding agencies, DOE relies the 

most on the R&D capabilities of FFRDCs, obligating 61.1 
percent of its estimated $7.5 billion in FY 2003 R&D fund-
ing to FFRDCs. DOE is the largest funding source of the 36 
FFRDCs, accounting for 61.2 percent of all Federal R&D 
obligations to FFRDCs in FY 2003. DOE’s high reliance 
on its intramural laboratories and FFRDCs explains why the 
share of its research funding that was allocated using a fully 
competitive merit review process in 2002 was relatively low 
at 23 percent.

National Science Foundation
NSF is the Federal Government’s primary source of fund-

ing for general S&E R&D and is expected to fund $3.4 billion 
in R&D in FY 2003. Of these funds, 94.2 percent are for basic 
research. NSF is the second largest Federal source of R&D 
funds to universities and colleges and is expected to provide 
$2.8 billion to academic researchers in FY 2003. In 2002, 95 
percent of NSF’s basic and applied research funding was al-
located using a fully competitive merit review process.

Other Agencies
DOD, HHS, NASA, DOE, and NSF are expected to ac-

count for 93.4 percent of all Federal R&D obligations in FY 
2003, with 93.9 percent for basic research, 85.6 percent for 
applied research, and 97.8 percent for development. Un-
like those Federal agencies, the Department of Agriculture 
(USDA), DOC, and Department of the Interior (DOI) ob-
ligate most of their R&D funds to mission-oriented R&D 
conducted in their own laboratories, which are run by the 
Agricultural Research Service, the National Institute for 
Standards and Technology (NIST), and the U.S. Geological 
Survey, respectively.

Federal R&D Funding by Performer 
and Field of Science or Engineering

Federal Funding to Academia
The Federal Government has long provided the largest 

share of R&D funds used by universities and colleges. In the 
early 1980s, Federal funds accounted for roughly two-thirds 
of the academic total. That share dropped to 57.7 percent 
in 2000 but is expected to rise to 58.5 percent in 2002. Al-
though this share of funding has not changed much in recent 
years, the actual amount of funding in real terms increased 
on average 5.1 percent per year between 1985 and 1994, 3.4 
percent per year between 1994 and 2000, and 7.3 percent 
per year between 2000 and 2002. For more information on 
academic R&D, see chapter 5.

Federal Funding to Industry
The greatest fluctuation in Federal support as reported by 

R&D performers occurred in obligations to industry, rang-
ing from a low of $10.4 billion (constant 1996 dollars) in 
1955 (when the NSF time series began) to a high of $37.1 
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Federal science and technology budget, by 
agency: FY 2000–2004
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SOURCES: U.S. Office of Management and Budget, Analytical 
Perspectives, Budget of the United States Government, Fiscal Year 
2004 (Washington, DC, 2003); and U.S. Office of Management and 
Budget, Analytical Perspectives, Budget of the United States 
Government, Fiscal Year 2003 (Washington, DC, 2002).
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NOTE: Percents represent shares of the Federal science and 
technology budget rounded to the nearest 10 percent.

SOURCE: U.S. Office of Management and Budget, Analytical 
Perspectives, Budget of the United States Government: Fiscal Year 
2004 (Washington, DC, 2003).
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Figure 4-12
Funding concepts in FY 2004 budget proposal
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billion in 1987 (figure 4-13). Between 1998 and 2002 Fed-
eral funds for industrial R&D activities declined an annual 
average of 7.8 percent in real terms. Overall the Federal 
share of industry’s performance has been steadily declining 
since its peak of 56.7 percent in 1959. Beginning in 1989, 
the amount of federally funded R&D reported by industry 
began to diverge from the amount reported by the Federal 
Government. For details on this discrepancy, see sidebar, 
“Tracking R&D: Gap Between Performer- and Source-Re-
ported Expenditures.’’

The industries that report the greatest amount of Federal 
R&D funding include the computer and electronic products 
industry; the professional, scientific, and technical services 
industry; and the aerospace industry. Companies in these 

three industries accounted for 87 percent of all federally 
funded industrial R&D reported in 2001. In contrast, this 
same group accounted for only 37 percent of all company-
financed R&D in 2001. Approximately half of the $7.9 
billion of R&D performed by companies classified in the 
aerospace industry came from Federal sources in 2001. In 
comparison, companies classified in the pharmaceuticals 
and medicines industry reported no federally funded re-
search in 2001.

Federal Research Funding by Field
According to preliminary estimates, Federal obligations 

for research alone (excluding development) will total $53.4 
billion in FY 2003. Life sciences will receive the largest por-

Table 4-12
Estimated Federal R&D obligations, by performing sector and agency funding source: FY 2003

 Total obligations
Character of work and performer (millions of dollars) Agency Percent Agency Percent

All R&D ................................................................  98,608 DOD 46 HHS                        28
Federal intramural laboratories .......................  24,558 DOD 51 HHS                        21
Industrial fi rms.................................................  36,411 DOD 81 NASA                      10
Industry-administered FFRDCs......................... 1,478 DOE 71 HHS                         19
Universities and colleges ................................  23,055 HHS 67 NSF                        12
Universities and colleges FFRDCs..................  4,835 DOE 58 NASA                      29
Other nonprofi t organizations..........................  6,261 HHS 76 NASA                        9
Nonprofi t-administered FFRDCs.....................  1,222 DOE 60 DOD                       33

Basic research.................................................  25,977 HHS 56 NSF                        12
Federal intramural laboratories ...................  4,411 HHS 43 USDA                     15
Industrial fi rms.............................................  1,446 NASA 38 HHS                        31
Industry-administered FFRDCs...................  220 HHS 76 DOE                        24
Universities and colleges ............................  14,024 HHS 65 NSF                        19
Universities and colleges FFRDCs..............  1,984 DOE 60 NASA                      27
Other nonprofi t organizations.......................  3,153 HHS 85 NSF                          7
Nonprofi t-administered FFRDCs.................  571 DOE 93 HHS                          5

Applied research .............................................  27,400 HHS 45 DOD                       17
Federal intramural laboratories ...................  8,799 HHS 37 DOD                       22
Industrial fi rms.............................................  5,119 DOD 40 NASA                      38
Industry-administered FFRDCs...................  762 DOE 80 HHS                        15
Universities and colleges ............................  8,205 HHS 78 DOD                         6
Universities and colleges FFRDCs..............  1,494 DOE 87 NASA                        5
Other nonprofi t organizations.......................  2,598 HHS 75 NASA                        8
Nonprofi t-administered FFRDCs.................  171 DOE 57 DOD                       22

Development ...................................................  45,231 DOD 85 NASA                        6
Federal intramural laboratories ...................  11,347 DOD 86 NASA                        6
Industrial fi rms.............................................  29,846 DOD 91 NASA                        3
Industry-administered FFRDCs...................  495 DOE 78 DOD                       22
Universities and colleges ............................  826 DOD 60 NASA                      16
Universities and colleges FFRDCs..............  1,356 NASA 58 DOE                        26
Other nonprofi t organizations.......................  510 NASA 35 DOD                       25
Nonprofi t-administered FFRDCs.................  481 DOD 76 DOE                        23

FFRDC  federally funded research and development center; DOD  Department of Defense; HHS  Department of Health and Human Services; NASA  Na-
tional Aeronautics and Space Administration; DOE  Department of Energy; NSF  National Science Foundation; USDA  Department of Agriculture

NOTE: Subtotals by performer do not add to total because state and local governments and foreign performers of R&D are not detailed.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Federal Funds for Research and Development: Fiscal Years 2001, 2002, 
and 2003 (Arlington, VA, forthcoming).
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tion of this funding (53.7 percent, or $28.7 billion), most of 
which will be provided by HHS, followed by engineering 
(17.2 percent), physical sciences (9.7 percent), environmen-
tal sciences (7.3 percent), and mathematics and computer 
sciences (5.4 percent) (figure 4-14). Social sciences, psy-
chology, and all other sciences will account for another 2.0, 
1.8, and 3.0 percent, respectively.

HHS, primarily through NIH, will provide the largest 
share (50.2 percent) of all Federal research obligations in FY 
2003. The next largest contributor will be DOD (12.2 per-
cent), providing substantial funding for research in engineer-
ing ($3.3 billion) and in mathematics and computer sciences 
($1.1 billion). NASA will provide 10.8 percent, primarily 
in the fields of engineering, environmental sciences, and 
physical sciences. DOE will provide 10.1 percent, primarily 
in the fields of physical sciences and engineering. NSF will 
provide 6.4 percent, contributing between $0.5 and $0.6 bil-
lion to each of the following fields: physical sciences, math-
ematics and computer sciences, engineering, environmental 
sciences, and life sciences.

Federal obligations for research have grown at different 
rates for different S&E fields, reflecting changes in per-
ceived public needs in those fields, changes in the national 

Billions of constant 1996 dollars

Figure 4-13
Federal R&D support, by performing sector: 
1953–2002

FFRDC—federally funded research and development center 

SOURCE: National Science Foundation, Division of Science 
Resources Statistics, National Patterns of R&D Resources, annual 
series. See appendix table 4-6. 
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In many Organisation for Economic Co-operation and 
Development (OECD) countries, including the United 
States, total government R&D support figures reported by 
government agencies differ substantially from those reported 
by performers of R&D work. Consistent with international 
guidance and standards, most countries’ national R&D ex-
penditure totals and time series are based primarily on data 
reported by performers (OECD 2002f). This convention is 
preferred because performers are in the best position to indi-
cate how much they spent conducting R&D in a given year 
and to identify the source of their funds. Although funding 
and performing series may be expected to differ for many 
reasons such as different bases used for reporting govern-
ment obligations (fiscal year) and performance expenditures 
(calendar year), the gap between the two R&D series has 
widened during the past several years. 

For the United States the reporting gap has become par-
ticularly acute over the past several years. In the mid-1980s, 
performer-reported Federal R&D exceeded Federal reports 
by $3 to $4 billion annually (5–10 percent of the government 
total). This pattern reversed itself toward the end of the de-
cade; in 1989 the government-reported R&D total exceeded 
performer reports by $1 billion. The gap subsequently grew 
to about $7 billion by 2001. In other words, approximately 9 
percent of the government total in 2001 was unaccounted for 
in performer surveys (figure 4-15). The difference in Federal 
R&D totals was primarily in DOD development funding of 
industry. For 2001 Federal agencies reported $27.0 billion 
in total R&D obligations to industrial performers, compared 

with $16.9 billion in Federal funding reported by indus-
trial performers. (DOD reported industrial R&D funding of 
$21.4 billion, whereas industry reported using $10.0 billion 
of DOD’s R&D funds.) Overall, industrywide estimates 
equal a 37 percent paper “loss” of federally reported 2001 
R&D support (figure 4-15).

NSF has sponsored ongoing research and investigations 
into the possible causes for the data gap. Past studies have 
focused on the following aspects of the phenomenon:

� The relative prominence of similar divergences in the 
series in countries with large defense R&D expendi-
tures [National Science Board (NSB) 1998]

� Industry interpretations and financial treatment of 
Federal (particularly defense-related) R&D contracts 
(NSB 2000)

� Federal agency R&D data collection and reporting 
procedures (NSB 2002)

Each investigation resulted in useful insights into the 
issue, but a conclusive explanation has yet to be identi-
fied. According to a recent U.S. General Accounting 
Office (2001b, p. 2) investigation, “Because the gap is 
the result of comparing two dissimilar types of financial 
data [Federal obligations and performer expenditures], it 
does not necessarily reflect poor quality data, nor does it 
reflect whether performers are receiving or spending all 
the Federal R&D funds obligated to them. Thus, even if 
the data collection and reporting issues were addressed, a 
gap would still exist.”

Tracking R&D: Gap Between Performer- and Source-Reported Expenditures
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Difference in U.S. performer-reported and agency-reported Federal R&D: 1980–2001

NOTE: Difference is defined as percentage of federally reported R&D, with a positive difference indicating that performer-reported R&D exceeds agency-
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SOURCES: National Science Foundation, Division of Science Resources Statistics (NSF/SRS), special tabulations, 2003; and NSF/SRS, Federal 
Funds for Research and Development: Fiscal Years 2001, 2002, and 2003, forthcoming. See appendix table 4-31.
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resources (e.g., scientists, equipment, and facilities) that 
have been built up in those fields over time, as well as dif-
ferences in scientific opportunities across fields (appendix 
table 4-34). Based on preliminary estimates for FY 2003, 
the major field of mathematics and computer sciences has 
experienced the highest rate of growth in Federal obligations 
for research, which was 7.8 percent per year in real terms be-
tween 1982 and 2003. Life sciences had the second highest 
rate (6.2 percent), followed by psychology (4.6 percent); en-
vironmental sciences (3.3 percent); social sciences, includ-
ing anthropology, economics, political sciences, sociology, 
and other areas (2.3 percent); engineering (2.2 percent); and 
physical sciences (1.0 percent).

The trends in Federal support for these broad fields of 
research, however, may not reflect trends for the smaller 
fields that they contain. For example, within the broad field 
of mathematics and computer sciences, Federal support for 
research in mathematics grew 3.3 percent per year in real 
terms between FY 1982 and FY 2001, whereas support for 
research in computer sciences grew 10.9 percent.32 Within 
life sciences during the same period, support for biological 
and agricultural research grew 6.0 percent, compared with re-
search support for medical sciences, which grew 4.3 percent. 
Within the physical sciences, support for astronomy grew 2.7 
percent, whereas support for physics declined 0.5 percent.

Caution should be employed when examining these 
trends in Federal support for detailed S&E fields because 
Federal agencies classify a significant amount of R&D only 
by major S&E field such as life sciences, physical sciences, 
or social sciences. In FY 2001, for example, 16.6 percent 
of the Federal research obligations classified by major S&E 
field were not subdivided into detailed fields. This was 
less pronounced in physical sciences and in mathematics 
and computer sciences, in which all but 7.6 percent of the 
research dollars were subdivided. It was most pronounced 
in engineering and social sciences, in which 27.3 and 63.9 
percent, respectively, of the research obligations were not 
subdivided into detailed fields.

Federal R&D Tax Credit 
The traditional justification for tax incentives for research 

activities is that results from these activities, especially more 
basic or long-term research, are often hard to capture pri-
vately because others might benefit directly or indirectly 
from them. Therefore, businesses might engage in levels of 
research below those that would be beneficial to the nation 
as a whole. In this regard, direct funding and tax incentives 
are complementary fiscal tools. Tax incentives are thought 
to stimulate R&D activity generally across industries and 
technologies (Tassey 1996), whereas direct funding through 
government agencies (as well as certain industry-relevant 
academic research) stimulates R&D in targeted fields (e.g., 

health, energy, or defense) or by certain performers [e.g., 
Small Business Innovation Research Program (SBIR)].33

The Federal research and experimentation (R&E) tax 
credit was first established on a temporary basis in 1981 and 
has been renewed several times since.34 It was last reinstated 
by the Tax Relief Extension Act of 1999 through June 30, 
2004. The Bush administration and several congressional 
bills pending, as of this writing, propose to make the R&E 
credit permanent (Knezo 2002). 

Several studies based on U.S. data from the late 1990s 
have concluded that a dollar in tax credit likely stimulates, on 
average, a dollar of additional R&D on a long-term basis, as 
well as smaller short-term effects (Bloom, Griffith, and Van 
Reenen 2002; and Hall and Van Reenen 2000). However, the 
studies caution that administrative costs are often ignored 
in most empirical studies. In addition, for a more complete 
assessment of this policy instrument, interactions with other 
components of corporate taxes and tradeoffs with other poli-
cies need to be integrated into purely cost-benefit analyses.

Structure of the Credit and Tax Data
A regular credit is provided for 20 percent of qualified 

research above a base amount based on the ratio of research 
expenses to gross receipts for 1984–88. Startup or younger 
companies follow different formulas. An alternative R&E 
credit is available for corporate fiscal years that began after 
June 30, 1996.35 Both the regular and the alternative R&E 
credits include provisions for basic research payments paid 
to qualified universities or scientific research organizations 
above a certain base-period amount. 

In 1999 (the latest year for which data are available), 
approximately 10,000 companies claimed $5.281 billion in 
R&E credits, about the same level as in 1998 (table 4-13). 
However, not all R&E claims are allowed because there is a 
limitation on the reduction of a company’s total tax liability. 
In 1999, 267 companies claimed $540 million for basic re-
search, about 10 percent of the total R&E credit. The 1999 
basic research credits were 36 percent larger than those in 
1998, but the number of claims declined by half.

Federal Budget Impact
R&E credits are tax expenditures or government revenue 

losses because of preferential provisions. Tax expenditures 
from corporate income taxes relate mostly to cost recovery 
for certain investments, including research activities. Out-
lay-equivalent is one of three accounting methods used to 

33The SBIR program is discussed later in this chapter in “Small Business 
S&T Programs.”

34This section covers the R&D tax credit in the United States. For R&D 
tax policies abroad, see the discussion of R&D promotion policies in “Inter-
national R&D by Performer, Source, and Character of Work.”

35The alternative credit is a lower rate that applies to all research expenses 
exceeding 1 percent of revenues or sales. The rates were raised by the 1999 
Tax Relief Act to 2.65–3.75 percent. Companies may select only one of 
these two credit modes on a permanent basis unless the Internal Revenue 
Service authorizes a change. The 1999 act also extended the research credit 
to include R&D conducted in Puerto Rico and other U.S. possessions.

32For these subfi elds, the latest available data are for FY 2001.
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estimate these tax expenditures.36 This method converts 
R&E credits into data comparable to Federal R&D outlays.

According to this measure, tax credit claims in 1999 were 
equivalent to outlays of $2.625 billion, or 3.5 percent of di-
rect Federal R&D outlays in 1999 (U.S. OMB 2000) (appen-
dix table 4-35). Although R&E claims data for tax year 2000 
are not available, the credit generated an estimated outlay 
equivalent of $2.510 billion, or 3.4 percent of Federal R&D 
outlays in 2000 (U.S. OMB 2001).

Technology Linkages: 
Contract R&D, Federal Technology 

Transfer, and R&D Collaboration
In recent decades, the speed, complexity, and multidis-

ciplinary nature of scientific research, coupled with the 
increased relevance of science for industrial technology 
development and the demands of a globally competitive 
environment, have increased the importance of technol-
ogy linkages for innovation and long-term competitiveness 
(Branscomb and Florida 1998). Although external technol-
ogy sources, including university research, have long played 
a key role in U.S. industry innovation and competitiveness 
(Mowery 1983; and Rosenberg and Nelson 1994), the cur-
rent environment has encouraged an innovation system 
increasingly characterized by networking and feedback 
among R&D performers, technology users, and their suppli-
ers and across industries and national boundaries (Coombs 
and Georghiou 2002; and Vonortas 1997). Several Federal 
S&T policies have also facilitated private R&D collabora-
tion and Federal technology transfer, as discussed in more 
detail throughout this section. (See sidebar, “Major Federal 
Legislation Related to Cooperative R&D and Technology 
Transfer.”) 

Available indicators reveal increased cross-sector link-
ages over the 1990s. Manufacturing companies increased 
contract R&D expenditures at a 4.8 average annual percent 
rate, in real or inflation-adjusted terms, between 1993 and 
2001, a full annual percentage point higher than the growth 
of in-house company-funded R&D expenditures over the 
same period. Federal agencies reporting technology transfer 
data to DOC increased their invention disclosures, patent ac-
tivity, and licensing in FY 2001, reflecting their unique ca-
pabilities in terms of multidisciplinary R&D and specialized 
facilities. Patents issued to these Federal agencies topped 
1,600 in FY 2001, up 15.6 percent from FY 2000. 

The other major intersectoral activity involves cooperative 
R&D. U.S. Federal agencies participated in more than 3,600 
Cooperative R&D Agreements (CRADAs) with industrial 
and nonprofit organizations in FY 2001, although new CRA-
DAs have been stable at about 1,000 annually since FY 1997. 
In addition, between 1991 and 2001, U.S. companies partici-
pated in more than 4,600 research and technology alliances 
worldwide, or about 80 percent of all such alliances involving 
U.S., European, Japanese, and emerging-market companies. 
Activity was particularly strong in IT and biotechnology.

Outsourcing and collaboration aimed at the acquisition 
or development of technologies may reduce costs, expedite 
projects, or complement internal R&D capabilities (Howells 
and James 2001). Activities linking business, academic, and 
government laboratories may take place in special-purpose 
settings such as science parks. (See sidebar, “U.S. Science 
Parks.”) The following sections discuss data on contract 
R&D, Federal technology transfer (e.g., patent licensing), 
and R&D alliances involving private companies, universi-
ties, and government laboratories.

Contract R&D
Many companies have increasingly come to rely on 

other firms for a portion of their R&D needs. In fact, the 
growth rate of contract R&D, defined as company-funded 
R&D performed externally, exceeded that of company-
funded R&D performed in-house in recent years, even after 
a decline in contract R&D expenditures in 2001. In 2001, 
more than 1,300 manufacturing companies (8 percent of all 
R&D-performing manufacturing companies in the United 
States) reported $4.0 billion ($3.6 billion in constant or in-
flation-adjusted dollars) in expenditures for contract R&D 
performed in the United States, compared with $4.8 billion 
($4.5 billion in constant dollars) in 2000, a decline of 17.5 
percent, according to NSF’s Survey of Industrial Research 
and Development.37 In contrast, their in-house company-
funded R&D declined only 1.4 percent between 2000 and 
2001. Over a longer time span, however, manufacturing 
companies increased contract R&D expenditures at a 4.8 
average annual percentage rate in real, or inflation-adjusted, 
terms, a full annual percentage point higher than the growth 

Table 4-13
Research and experimentation tax credit claims: 
1990–99

                                             Billions of                   Number of 
Year                                  current dollars               tax returns

1990......................... 1.547                           8,699
1991......................... 1.585                           9,001
1992......................... 1.515                           7,750
1993......................... 1.857                           9,933
1994......................... 2.423                           9,150
1995......................... 1.422                           7,877
1996......................... 2.134                           9,709
1997......................... 4.398                         10,668
1998......................... 5.208                           9,849
1999......................... 5.281                         10,020

SOURCE: U.S. Department of the Treasury, Internal Revenue Service, 
Statistics of Income, unpublished tabulations.
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36The other two methods are revenue loss and present value. For a com-
parison of these methods, see U.S. OMB (2001).

37National Science Foundation, Division of Science Resources Statistics, 
Survey of Industrial Research and Development, 2003. Available at http:
//www.nsf.gov/sbe/srs/indus/start.htm.
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of in-house company-funded R&D expenditures between 
1993 and 2001, reflecting the importance of outside sources 
of technology for a number of corporate technology objec-
tives (appendix table 4-36).

In the manufacturing industry the overall ratio of ex-
penditures for contract R&D to expenditures for R&D 
performed in-house increased from 3.3 percent in 1993 
to a peak of 4.7 percent in the mid-1990s, then moderated 
somewhat to 3.6 percent in 2001 (figure 4-16). In 2001 the 
proportion was higher for chemicals manufacturing at 11.7 
percent (and pharmaceuticals manufacturing at 18.7 percent) 
(appendix table 4-37). Within nonmanufacturing industries, 
the contract R&D ratios for the information sector and the 
professional, scientific, and technical services sector were 
notable at 3.3 and 7.4 percent, respectively. Within the latter 
industry, R&D services contracted out $1.3 billion in R&D 
activities in 2001, which is 12.0 percent of its $10.9 billion 
in internal company-funded R&D expenditures.

Of the manufacturing companies reporting contract R&D 
in the NSF survey in 2001, 132 companies (9.7 percent) 
identified $2.17 billion in R&D expenditures in terms of their 
R&D contractors being for-profit companies, universities 

and colleges, or other nonprofit organizations.38 The highest 
proportion of these identified contract R&D expenditures, 
92.0 percent, funded other companies, 5.9 percent funded 
universities and colleges, and 2.2 percent funded other non-
profit institutions. For chemical companies, the distribution 
of contract R&D expenditures among their R&D contractors 
was similar (83, 12, and 5 percent, respectively). However, 
among companies in the scientific R&D services sector, the 
share of identified contract R&D expenditures performed 
by universities and colleges was much higher, 35.4 percent, 
although still second to the 49.7 percent performed by other 
for-profit companies.39 The relatively higher reliance of U.S. 
R&D services companies on universities and colleges as 
R&D subcontractors may be related to the broader set of 
technologies in which these companies work, complement-
ing their internal capabilities with the wide array of scien-
tific capabilities of universities.

� Stevenson-Wydler Technology Innovation Act 
(1980)—required Federal laboratories to facilitate the 
transfer of federally owned and originated technology 
to state and local governments and the private sector.

� Bayh-Dole University and Small Business Patent 
Act (1980)—permitted government grantees and con-
tractors to retain title to federally funded inventions 
and encouraged universities to license inventions to 
industry. The act is designed to foster interactions 
between academia and the business community.

� Small Business Innovation Development Act 
(1982)—established the Small Business Innovation 
Research (SBIR) program within the major Federal 
R&D agencies to increase government funding of 
research that has commercialization potential within 
small high-technology companies.

� National Cooperative Research Act (1984)—en-
couraged U.S. firms to collaborate on generic, pre-
competitive research by establishing a rule of reason 
for evaluating the antitrust implications of research 
joint ventures. The act was amended in 1993 by the 
National Cooperative Research and Production Act 
(NCRPA), which let companies collaborate on pro-
duction activities as well as research activities.

� Federal Technology Transfer Act (1986)—amended 
the Stevenson-Wydler Technology Innovation Act 

to authorize cooperative research and development 
agreements (CRADAs) between Federal laboratories 
and other entities, including state agencies.

� Omnibus Trade and Competitiveness Act 
(1988)—established the Competitiveness Policy 
Council to develop recommendations for national 
strategies and specific policies to enhance industrial 
competitiveness. The act created the Advanced Tech-
nology Program and the Manufacturing Technology 
Centers within the National Institute for Standards 
and Technology to help U.S. companies become 
more competitive.

� National Competitiveness Technology Transfer Act 
(1989)—amended the Stevenson-Wydler Act to allow 
government-owned, contractor-operated laboratories 
to enter into CRADAs.

� National Cooperative Research and Production 
Act (1993)—relaxed restrictions on cooperative 
production activities, enabling research joint venture 
participants to work together in the application of 
technologies they jointly acquire.

� Technology Transfer Commercialization Act 
(2000)—amended the Stevenson-Wydler Act and 
the Bayh-Dole Act to improve the ability of gov-
ernment agencies to monitor and license federally 
owned inventions.

Major Federal Legislation Related to Cooperative R&D and Technology Transfer 

38National Science Foundation, Division of Science Resources Statis-
tics, Survey of Industrial Research and Development, 2003. Available at 
http://www.nsf.gov/sbe/srs/indus/start.htm.

39Disclosure limitations preclude further industry-level analyses.
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Federal S&T Programs and 
Technology Transfer

Concerns over U.S. industrial strength and global com-
petitiveness in the late 1970s and early 1980s led to a series 
of legislative changes that collectively created an environ-
ment conducive to industry-government collaboration in 
technology development (Link 1999). This section discusses 
technology transfer and collaborative activities involving 
Federal laboratories. Technology transfer can be defined as 
the exchange or sharing of technical knowledge, skills, pro-
cesses, or products across different organizations.40 Technol-
ogy transfer activities involving Federal laboratories include 
patenting, licensing, joint R&D, user-facility agreements, 
and technical assistance.

Technology transfer functions performed by certain 
Federal laboratories, namely, intramural or government-
owned–government-operated laboratories, such as NIH or 
the Agricultural Research Service, were established by the 
Stevenson-Wydler Technology Innovation Act of 1980 
(Public Law 96-480). Later in the decade, the Federal Tech-
nology Transfer Act of 1986 authorized intramural labo-

U.S. Science Parks
Science, or research, parks are real estate develop-

ments involving technology transfer activities. Many 
science parks are affiliated with or supported by uni-
versities or government agencies, and some are also 
business incubators, offering assistance to new tech-
nology-based companies.* Science parks affiliated 
with universities have been in place since the 1950s in 
the United States. Some of the oldest and largest parks 
include Stanford Research Park (Stanford, CA), estab-
lished in 1951, and Research Triangle Park (Research 
Triangle, NC), established in 1959 (Link and Link 
2003). However, the increased research and patent-
ing output from academic R&D since the 1980s have 
intensified the role of industry-university linkages as 
avenues for knowledge diffusion and broad economic 
benefits.† Similarly, selected Federal laboratories 
house or sponsor science parks and business incuba-
tors (NRC 2003). 

In an exploratory study involving 50 U.S. science 
parks, Link and Link (2003) analyzed parks with and 
without university affiliation. University-related parks 
were classified, for example, in terms of the presence 
or absence of tenant criteria regarding R&D intensity 
or commitment to interacting with students and fac-
ulty. Forty of the examined science parks were affili-
ated with a university and about a third of the parks 
were also business incubators. Tenant criteria of uni-
versity-related parks were found to affect positively 
their growth in terms of participating companies and 
number of employees. However, the 10 science parks 
in their sample that had no university linkages were 
larger parks.

A workshop on science parks indicators sponsored 
by NSF in late 2002 concluded that science parks are 
“an important mechanism for the transfer of academic 
research findings, a source of knowledge spillovers, 
and a catalyst for national and regional economic 
growth” (Link 2003, p. 1). Participants also noted 
the need for metrics on the profile and performance 
of these parks. NSF is considering recommendations 
from workshop participants while continuing to fund 
a number of research projects on the topic, including 
exploring existing data on domestic R&D alliances in 
terms of university and science park affiliation. 

*See chapter 6. 
†See chapter 5.
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Research and Development, annual series. See appendix table 4-36.
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Figure 4-16
Manufacturing contract R&D expenditures
in United States and ratio of contract R&D
expenditures to company-funded R&D
performed within companies: 1993–2001
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40This section describes technology transfer activities associated with 
R&D performed in federally owned laboratories (hereafter, Federal labo-
ratories), whether run by Federal agencies themselves or by contractors. 
It does not include technology transfer activities associated with feder-
ally sponsored R&D performed by independent extramural entities (for 
example, companies and universities engaged in patenting resulting from 
federally sponsored R&D).
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ratories to enter into CRADAs 41 with industrial partners, 
universities, and other organizations, whereas the FY 1990 
DOD Authorization Act (Public Law 101-189) extended this 
authority to government-owned–contractor-operated labora-
tories, including government-owned FFRDCs42 (Schacht 
2000). In CRADAs, Federal laboratories may share or 
provide personnel, services, equipment, or facilities (but 
not funds) with or to a private organization as part of a joint 
R&D project with the potential to promote industrial innova-
tion consistent with the agency’s mission. Private partners 
may retain ownership rights or acquire exclusive licensing 
rights for the developed technologies. More recently, the 
Technology Transfer Commercialization Act of 2000 (Pub-
lic Law 106-404) enhanced the ability of Federal agencies to 
license (and monitor) federally owned inventions.

R&D Funding Trends in Federal Laboratories
The share of Federal R&D obligations devoted to intra-

mural laboratories and FFRDCs declined from 39 percent 
in the early 1980s to the low 30s in the late 1990s (NSF 
forthcoming). Still, the role of Federal laboratories, either 
as a source of technology to be commercialized by private 
parties or as a research partner, is considerable. Federal lab-
oratories offer industrial and nonprofit researchers unique 
capabilities, such as the ability to perform interdisciplinary 
research and to use expensive, specialized equipment (Boze-
man 2000). 

In FY 2001 the Federal Government obligated $27.3 bil-
lion, or 34 percent of $79.9 billion in Federal funds earmarked 
for R&D, to Federal laboratories (table 4-14), compared with 
$52.6 billion (66 percent of total) in R&D funding obligated 
to extramural performers, such as companies and universities 
(NSF forthcoming). Within individual agencies, the share 
devoted to government laboratories is largest for DOE (71.7 
percent) and smallest for HHS (20.3 percent; 19.6 percent for 
its NIH component). Agencies with large amounts or rela-
tively large proportions of their R&D obligations devoted to 
intramural and FFRDC performers have more internal outputs 
available for patenting and licensing than agencies that chan-
nel their R&D funds to extramural performers. 

Federal agencies devoted a higher share of their funds 
for Federal laboratories to applied research and develop-
ment than to basic research. Of the 34 percent devoted to 
Federal laboratories in FY 2001, less than a fourth went 
to basic research. Individual Federal agencies, however, 
varied considerably in the proportion of funds they devoted 
to basic research in their laboratories: 52.4 percent of HHS 
laboratory R&D funding (59.5 percent for its NIH compo-
nent), followed by USDA (49.0 percent) and DOE (35.0 
percent). DOD devoted only 5.3 percent to basic research in 
its laboratories. This profile of character of work at Federal 
laboratories, together with the various S&T emphases of 
these agencies, suggests that industrial partners are poten-
tially able to use Federal facilities as a source for a variety 
of research outputs.

41Legislation allowing cooperative research and development agreements 
between private companies and Federal laboratories complemented revised 
antitrust regulations intended to foster intercompany collaborative R&D.

42See appendix table 4-26 for a list of FFRDCs, including R&D funding, 
location, sponsoring agency, and administrator, as of FY 2001. In general, 
FFRDCs may or may not be owned by the Federal Government, but most of 
the largest FFRDCs, such as the Department of Energy’s (DOE’s) FFRDCs, 
are owned by the Federal Government.

Table 4-14
Federal obligations for R&D, by selected agency, performer, and basic research component: FY 2001

     Intramural and 
    Intramural  FFRDCs basic 
   Intramural  and FFRDCs  research 
 Federal  Intramural  and FFRDCs  R&D share of share of   
 obligations  and FFRDCs  basic  Federal R&D  Intramural and 
Agency for R&D R&D research obligations FFRDCs R&D

All Federal agencies ........................ 79,933.2 27,293.2 6,671.6 34.1                       24.4
Top fi ve agencies......................... 72,746.6 24,721.4 6,056.9 34.0                       24.5

DOD......................................... 35,422.6 11,073.6 587.3 31.3                         5.3
DOE......................................... 6,668.0 4,779.0 1,670.5 71.7                       35.0
HHS......................................... 21,341.9 4,340.5 2,275.0 20.3                       52.4
NASA....................................... 7,355.0 3,267.4 906.5 44.4                       27.7
USDA....................................... 1,959.1 1,260.9 617.7 64.4                       49.0

DOD  Department of Defense; DOE  Department of Energy; FFRDC  federally funded research and development center; HHS  Department of Health and 
Human Services; NASA  National Aeronautics and Space Administration; USDA  Department of Agriculture

SOURCE: National Science Foundation, Division of Science Resources Statistics, Federal Funds for Research and Development, Fiscal Years 2001, 2002, 
and 2003 (Arlington, VA, forthcoming).
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Federal Technology Transfer Trends
Since FY 1987, 10 Federal agencies have reported data 

on technology transfer to the DOC, pursuant to Federal tech-
nology transfer statutes (U.S. DOC 2002).43 The 10 agencies 
reporting data were DOC, DOD, DOE, DOI, the Department 
of Transportation, the Environmental Protection Agency, 
HHS, NASA, USDA, and the Department of Veterans Af-
fairs. In general, available metrics indicate an increased level 
of Federal technology transfer activities since the late 1980s. 
Data include inventions disclosed, federally owned patents, 
licenses, licensing income, and the number of CRADAs.

In FY 2001, Federal agencies reporting data on technol-
ogy transfer activities logged more than 3,900 invention 
disclosures (table 4-15). Invention disclosures increased 9.7 
percent from FY 2000, close to the 4,000 mark reached in 
the early and mid-1990s (figure 4-17). Patent applications 
increased to a peak of 2,172 in FY 2001, up 4.3 percent from 
FY 2000, after remaining at or just below 2,000 for most of 
the 1990s. Patents issued to these Federal agencies reached 
1,608 in FY 2001, up 15.6 percent from FY 2000. Between 
FY 1997 (the first fiscal year for which these data were 
available from DOC) and FY 2001, a total of 7,178 patents 
were issued to these 10 Federal agencies.

At the agency level, DOD and DOE had the largest shares 
of inventions disclosed, patent applications, and patents is-
sued in FY 2001. These two agencies accounted for 65–75 
percent of those Federal technology transfer indicators 
among the reporting agencies. Differences in R&D funding 
structures and character of work may drive some of these 
results at the agency level. Furthermore, Federal agencies 
are engaged in other technology-related activities (e.g., 

technology procurement, safety or material standards, and 
technology assistance to businesses), offering other venues 
for technology diffusion not covered in this section.

Federal Laboratories in Collaborative 
Research Agreements

Two indicators of Federal laboratories’ participation in 
research alliances show selected features of these activities: 
the first identifies their industrial focus, and the second de-
scribes Federal agency participation in CRADAs. 

Ninety-nine R&D agreements registered from 1985 to 
2001 in the Federal Register (11.5 percent of 861 R&D 
agreements) had at least one Federal laboratory partner.44 
Thirty-seven of these industry-government R&D alliances 
were classified in electronic and other electrical equipment 
and components manufacturing.45 Ten alliances were clas-
sified in chemicals manufacturing (which includes pharma-
ceuticals), another 10 in industrial machinery and computer 
equipment manufacturing, and eight in transportation equip-
ment manufacturing. Leyden and Link (1999) report that 
registered alliances with Federal laboratory partners tend 
to have more participants than do alliances without govern-
ment partners. Federal laboratories in large alliances not 
only increase economies of technological scope but also 
reduce monitoring costs, increasing potential benefits to all 
members (Leyden and Link 1999).46

Table 4-15
Federal technology transfer indicators for selected agencies: FY 2001

                                             

Federal agency Number Percent distribution Number Percent distribution Number      Percent distribution

All 10 reporting ...............  3,909 100.0 2,172 100.0 1,608 100.0
Top 5...........................  3,780 96.7 2,090 96.2 1,566 97.4

DOD........................  1,005 25.7 809 37.2 619 38.5
DOE........................  1,527 39.1 792 36.5 605 37.6
HHS........................  434 11.1 255 11.7 119 7.4
NASA......................  696 17.8 151 7.0 159 9.9
USDA......................  118 3.0 83 3.8 64 4.0

DOD  Department of Defense; DOE  Department of Energy; HHS  Department of Health and Human Services; NASA  National Aeronautics and Space 
Administration; USDA  Department of Agriculture

SOURCE: U.S. Department of Commerce, Offi ce of the Secretary, Summary Report on Federal Laboratory Technology Transfer; 2002 Report to the Presi-
dent and the Congress Under the Technology Transfer and Commercialization Act, 2002. See appendix table 4-38. 
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43Data for FY 2001 (discussed below) may not be comparable to earlier 
years due to changes in data reporting or scope. In particular, data from 
some agencies include more subcomponents or laboratories than previous 
years. See also Technology Transfer and Commercialization Act of 2000 
in sidebar “Major Federal Legislation Related to Cooperative R&D and 
Technology Transfer” and U.S. General Accounting Offi ce, Intellectual 
Property—Federal Agency Efforts in Transferring and Reporting New Tech-
nology, GAO-03-47 (Washington, DC, 2002).

44Cooperative Research (CORE) database, unpublished tabulations com-
piled by A. N. Link, University of North Carolina-Greensboro. See also 
“Domestic and International Technology Alliances.”

45These 37 alliances represented 47 percent of the 78 industry-govern-
ment alliances identifi ed by Standard Industrial Classifi cation (SIC) code in 
the CORE database for the 1985–2001 period.

46For studies on the performance or industrial impacts of industry-gov-
ernment alliances, see B. Bozeman and D. Wittmer, Technical roles and 
success of U.S. Federal laboratory-industry partnerships, Science and Pub-
lic Policy 28, no. 4 (2001):169–178 and J. D. Adams, E. P. Chiang, and J. 
L. Jensen, The infl uence of Federal laboratory R&D on industrial research, 
Working Paper 7612 (Cambridge, MA: National Bureau of Economic Re-
search, 2000).
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The 10 Federal agencies reporting technology transfer 
activities to DOC executed 926 new CRADAs with indus-
trial and university partners in FY 2001, up 5.9 percent from 
FY 2000, but little changed from the 1,000 mark since first 
reported in FY 1997. The 2001 increase brought the number 
of active CRADAs to 3,603 (figure 4-17). Three agencies 
accounted for more than 80 percent of active CRADAs in 
FY 2001: DOD, which participated in 1,965 CRADAs, or 

54.5 percent of all CRADAs; DOE, which participated in 
558, or 15.4 percent; and HHS, which participated in 490, 
or 13.6 percent.

The FY 2001 increase in active CRADAs was driven by 
increases in DOD and HHS CRADAs (44 and 12 percent, 
respectively) compared with a 19 percent decline in DOE 
CRADAs.47 DOE had the largest share of CRADAs through 
the mid-1990s, driving the overall agency count to its FY 
1996 peak, when CRADAs began their declining trend. 
Smaller increases in DOD CRADAs sustained the overall 
trend from further declines to FY 2000. Compared with 
other forms of technology transfer activities, cooperative 
research activities, both CRADAs and non-CRADA joint 
R&D projects, involve a number of additional managerial 
and organizational requirements for both agency and com-
pany participants. For agencies, an additional factor is the 
R&D or administrative budget devoted to technology trans-
fer planning and management (U.S. GAO 2002).

Small Business S&T Programs
The Small Business Innovation Research (SBIR) program, 

created in 1982 (Public Law 97-219), leverages existing Fed-
eral R&D funding toward small companies (those with 500 
or fewer employees).48 Although larger firms dominate R&D 
performance in the United States, as discussed earlier in this 
chapter, small firms may have capabilities or incentives to in-
novate, which may or may not come to fruition due to a number 
of constraints, including financing.49 SBIR’s sister program, the 
Small Business Technology Transfer Program (STTR), was 
created in 1992 to stimulate cooperative R&D and technology 
transfer involving small businesses and nonprofit organizations, 
including universities and FFRDCs. Both programs leverage 
existing Federal R&D funding to small-company and nonprofit 
performers to stimulate innovation, technology transfer, and 
R&D commercialization.50 SBIR and STTR are administered 
by participating agencies and coordinated by the Small Busi-
ness Administration. 

In SBIR, Federal agencies with extramural R&D obliga-
tions exceeding $100 million must set aside a fixed percent-
age of such obligations for SBIR projects. This set-aside has 
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SOURCE: U.S. Department of Commerce, Office of the Secretary, 
Summary Report on Federal Laboratory Technology Transfer: 2002 
Report to the President and the Congress Under the Technology 
Transfer and Commercialization Act, 2002. See appendix table 4-38.
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47Recall that FY 2001 data may not be comparable to earlier years due to 
changes in data reporting or scope.

48The SBIR program was last reauthorized in December 2000 for the 
period through September 2008 (Public Law 106-554). This bill also re-
quested that the National Research Council conduct a new 3-year SBIR 
study at fi ve Federal agencies with SBIR budgets exceeding $50 million 
(DOD, Department of Health and Human Services, NASA, DOE, and NSF) 
to provide an assessment of SBIR’s operations and impacts. The study is 
currently in progress. For a summary of previous policy and empirical stud-
ies, see J. Lerner and C. Kegler, Evaluating the SBIR: A literature review, In 
The SBIR Program: An Assessment of the Department of Defense Fast Track 
Initiative (Washington, DC: National Academy Press, 2000).

49For example, internal funds have been shown to signifi cantly affect 
R&D activity conducted by small high-technology fi rms. See C. P. Him-
melberg and B. C. Petersen, R&D and internal fi nance: A panel study of 
small fi rms in high-tech industries, The Review of Economics and Statistics 
76, no. 1 (1994): 38–51.

50The Small Business Technology Transfer Program was created by the 
Small Business Research and Development Enhancement Act of 1992 
(Public Law 102-564). It was last reauthorized in October 2001 for the 
period through FY 2009 (Public Law 107-50).
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been 2.5 percent since FY 1997. To obtain this Federal fund-
ing, a small company applies for a Phase I SBIR grant of up 
to $100,000 for up to 6 months to assess the scientific and 
technical feasibility of ideas with commercial potential. If the 
concept shows further potential, the company can receive a 
Phase II grant of up to $750,000 over a period of up to 2 years 
for further development. In Phase III, the innovation must be 
brought to market with private-sector investment and sup-
port; no SBIR funds may be used for Phase III activities.

SBIR awarded about $12 billion to 64,300 projects through 
FY 2001. Projects included research and commercialization 
activities in the areas of computers, information processing 
and electronics, materials, energy, environmental protection, 
and life sciences. In FY 2001 the program awarded $1.29 bil-
lion in R&D funding ($1.18 billion in 1996 dollars) to 4,748 
projects (figure 4-18). In FY 2001, DOD led the 10 participat-
ing agencies in SBIR funding, obligating $576 million (45 
percent of total SBIR funding), followed by HHS at $412 
million (32 percent) in FY 2001 (appendix table 4-39).

STTR involves cooperative R&D performed jointly by 
a small business and a research organization and is also 
structured in three phases. The participating research orga-
nization must be a nonprofit institution, as defined by the 
Stevenson-Wydler Technology Innovation Act of 1980, or 
an FFRDC. Five Federal agencies with extramural R&D 
budgets exceeding $1 billion participate in the program: 
DOD, NSF, DOE, NASA, and HHS. The required set-aside 
has been 0.15 percent from FY 1996 to FY 2003, compared 
with 2.5 percent for SBIR.51 STTR awarded about $460 mil-
lion to more than 2,400 projects from FY 1994 to FY 2001, 
including $71.3 million ($65.1 million in 1996 dollars) to 

337 projects in 2001. DOD and HHS are the largest agency 
participants (appendix table 4-40).

The Advanced Technology Program
The Advanced Technology Program (ATP), sponsored by 

DOC’s National Institute of Standards and Technology (NIST), 
was established by the Omnibus Trade and Competitiveness 
Act of 1988 (Public Law 100-418; 15 USC, Section 278n) to 
promote the development and commercialization of generic or 
broad-based technologies. The program provides funding for 
high-risk R&D projects through a competitive process on a 
cost-share basis with private-company participants.

From ATP’s inception through FY 2002 more than 1,300 
companies, nonprofit institutions, and universities participated 
in 642 projects costing $3.8 billion, which were funded about 
equally by ATP and industry (appendix table 4-41). Over the 
same period, 447 projects (70 percent) were single-company 
projects and 195 (30 percent) were joint ventures; two-thirds of 
participants were members of joint ventures. Participants pur-
sued projects in five technology areas: biotechnology, electron-
ics, IT, advanced materials and chemistry, and manufacturing.

In FY 2002, 61 R&D projects costing $289 million were 
initiated, with about 54 percent funded by ATP and the bal-
ance funded by participants. Public Law 108-7 appropriated 
$180 million for the program for FY 2003, a decline of 2.4 
percent from FY 2002 (Schacht 2003). At the time of this 
writing, the Bush administration’s FY 2004 budget calls for 
the suspension of new awards and requests funding only for 
administrative and close-out expenses (U.S. OMB 2003a).

Domestic and International 
Technology Alliances

Over the past 2 decades, U.S. firms have not only turned 
to technology outsourcing but also increased their par-
ticipation in technology alliances domestically and globally. 
Technology alliances can be defined as collaborative rela-
tionships or partnerships among legally distinct parties that 
involve joint R&D or technology development activities.52 

Technology alliances allow firms to share R&D costs, pool 
technical and market risks, and complement and further develop 
internal capabilities (Vonortas 1997). Collaborative networks 
are not without risks, however. Unintended transfer of propri-
etary technology is always a concern for businesses. Cultural 
differences among different industries, public partners (govern-
ment or academic), or international partners present additional 
difficulties in managing alliances. Lastly, public-private col-
laboration presents challenges for intellectual property policy 
and concerns for the free flow of basic scientific knowledge.53

Number of awards (bars) Millions of 1996 dollars (line)

Figure 4-18
SBIR awards and funding: 1983–2001

SBIR—Small Business Innovation Research

SOURCE: U.S. Small Business Administration, Small Business 
Innovation Research Program Annual Report, various years. See 
appendix table 4-39.
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51The Small Business Technology Transfer Program’s set-aside percent-
age is scheduled to increase to 0.3 percent from FY 2004 forward (Public 
Law 107-50). For further details on this program, see U.S. GAO (2001a).

52In principle, alliances differ from external sourcing of existing technol-
ogies, such as patent licensing or contract R&D, in that the former involve 
some kind of joint R&D activity. In practice, however, a single technology 
project may involve both of these broad types of linkages.

53For example, see M. P. Feldman, I. Feller, J. E. L. Bercovitz, and R. M. 
Burton, Understanding evolving university-industry relationships, In M. P. 
Feldman and A. Link, eds., Technology Policy for the Knowledge-Based 
Economy (Boston: Kluwer Academic Press, 2001).
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Types of Technology Alliances 
Technology alliances can be classified and analyzed ac-

cording to several criteria (Hagedoorn, Link, and Vonortas 
2000). In terms of their organizational structure, they can 
be classified as equity alliances, or research joint ventures 
(RJVs), in which two or more partners form a separate busi-
ness entity with long-term objectives. In contrast, nonequity 
alliances are mostly contractual agreements governing short-
term projects. By membership profile, they may be private-
private alliances (involving only business partners such as 
suppliers, customers, or competitors) or public-private alli-
ances (involving government laboratories and universities).

Technology alliances may focus on a number of innova-
tion-related activities, ranging from industrywide issues such 
as basic or precompetitive research, standards settings, or 
regulatory issues (Tassey 1997) to firm-specific projects. 
They can also range from longer term learning and capabili-
ties-building activities to shorter term development projects 
closer to commercialization goals. These varied goals, to-
gether with firm-specific characteristics (e.g., size, age, inter-
nal organization, and R&D capabilities) and the underlying 
technology and market characteristics, affect the choice of 
partners and the organizational structure of these alliances.

Dedicated databases tracking these developments and 
sponsored in part by NSF include the Cooperative Research 
(CORE) database, housed at the University of North Caro-
lina at Greensboro, and the Cooperative Agreements and 
Technology Indicators database, compiled by the Maastricht 
Economic Research Institute on Innovation and Technology 
(CATI-MERIT). The CORE database covers U.S.-based al-
liances and RJVs recorded in the Federal Register, pursuant 
to the provisions of the National Cooperative Research Act, 
as amended.54 Trends in the CORE database are illustrative 
only, because the registry is not intended to be a compre-
hensive count of cooperative activity by U.S.-based firms. 
The CATI-MERIT database covers international technology 
agreements and is based on announcements of alliances and 
tabulated according to the country of ownership of the par-
ent companies involved.55

Domestic Research Partnerships
A total of 861 technology alliances were registered in the 

CORE database from 1985 to 2001. The database shows the 
following trends:

� In 2001 there were 26 new technology alliances, com-
pared with 45 in 2000. New filings increased between 
1986 and 1995, when they peaked at 115 (figure 4-19). 
Brod and Link (2001) developed a statistical model to 
explain the trends in RJV filings, including the decline 
after 1995. They found that filings are likely to be coun-
tercyclical. In particular, they argue that “[w]hen the 
economy is strong and…R&D is growing, firms may 
rely less on cooperative research arrangements…than 
when the economy is weak and internal resources are 
more constrained” (p. 109).

� About half of the technology alliances in 1985–2001 
involved activities classified in three industrial areas: 
electronic and electrical equipment (18 percent), com-
munication services (16 percent), and transportation 
equipment (15 percent).

� Fifteen percent (125 of 861) of these alliances involved a 
U.S. university as a research member, whereas about 12 
percent (99 of 861) included a Federal laboratory. 

International Technology Alliances
The data from the CATI-MERIT database are annual 

counts of new technology alliances formed by domestic and 
multinational corporations and their subsidiaries or affiliates 
worldwide. Most of the alliances recorded in the database 
were owned by, and/or had R&D partners located in, the 

54Cooperative Research (CORE) database, unpublished tabulations 
compiled by A. N. Link, University of North Carolina–Greensboro. Re-
strictions on multifi rm cooperative research relationships were loosened 
by the National Cooperative Research Act (NCRA) in 1984 (Public Law 
98-462) after concerns about the technological leadership and international 
competitiveness of American fi rms in the early 1980s. This law was enacted 
to encourage U.S. fi rms to collaborate on generic, precompetitive research. 
However, to gain protection from antitrust litigation, NCRA requires fi rms 
engaging in research joint ventures (RJVs) to register them with the Depart-
ment of Justice. In 1993 the National Cooperative Research and Production 
Act (NCRPA, Public Law 103-42) extended legal protection to collabora-
tive production activities.

55The Cooperative Agreements and Technology Indicators (CATI) da-
tabase is compiled by the Maastricht Economic Research Institute on In-
novation and Technology (MERIT) in the Netherlands. CATI is a literature-
based database that draws on sources such as newspapers, journal articles, 
books, and specialized journals that report on business events. Agreements 
involving small fi rms and certain technology fi elds are likely to be under-
represented. Another limitation is that the database draws primarily from 
English-language materials.

200119991997199519931991198919871985

Number of alliances

Figure 4-19
Domestic technology alliances: 1985–2001

NOTE: Data are annual counts of new technology alliances registered 
under the National Cooperative Research and Production Act.         

SOURCE: University of North Carolina–Greensboro, Cooperative 
Research (CORE) database, special tabulations.        
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United States, Western Europe, and Japan, the so-called 
Triad regions.56

From 1991 to 2001, there were 5,892 new technology al-
liances formed worldwide in six major sectors: information 
technology (IT), biotechnology,57 advanced materials, aero-
space and defense, automotive, and (nonbiotech) chemicals. 
This total includes 602 alliances formed in 2001, a 25 per-
cent increase from 483 in 2000 (figure 4-20). This is the first 
increase since a 19.5 percent increase in 1995 to its all-time 
high of 674 technology alliances. 

The majority of these alliances were organized as noneq-
uity, or contractual, agreements (figure 4-20). In particular, 
the share of nonequity alliances increased from 61 percent in 

1980–90 to 86 percent in 1991–2001. The more flexible and 
project-based organization of nonequity agreements favors 
activities in highly dynamic high-technology sectors such 
as IT and biotechnology research and product development, 
as opposed to more mature technology sectors (Hagedoorn 
2001). Indeed, these two sectors are the top technology sec-
tors of these alliances. 

The participation by U.S.-owned companies and their 
subsidiaries is considerable. About 80 percent (4,646 of 
5,892) of the 1991–2001 technology alliances worldwide 
involved at least one U.S.-owned company (table 4-16), up 
from two-thirds between 1980 and 1990. About half of the 
U.S. alliances between 1991 and 2001 (or 39 percent of the 
all countries total) were alliances exclusively among U.S.-
owned companies. Thirty-four percent of the U.S. alliances 
(27 percent of the total) were formed between U.S.- and Eu-
ropean-owned companies. European companies participated 
in 2,604 (44 percent of 5,892) technology alliances during 
the period 1991–2001, up from 1,989 alliances in 1980–
1990. However, contrary to the pattern for U.S. companies, 
the majority of European technology alliances were between 
U.S.- and European-owned companies, as opposed to alli-
ances exclusively among European-owned companies and 
subsidiaries. Japanese companies participated in 779 tech-
nology alliances worldwide between 1991 and 2001, down 
from 1,013 alliances between 1980 and 1990, according to 
the CATI-MERIT database.

IT was the major focus among most ownership categories 
shown in table 4-16 during 1990–2001. Notably, 46 percent 
of the alliances owned exclusively by U.S. companies in 
1991–2001 were focused on IT activities. In contrast, the 
most frequent technology activity of U.S.-European alli-
ances was biotechnology at 33 percent (table 4-16). (The 
IT share for U.S.-European alliances was the second larg-
est at 21 percent.) Indeed, biotechnology alliances began to 
outpace IT alliances in 2000 (figure 4-21), driven by intense 
activity in this sector by U.S. and European companies (van 
Beuzekom 2001). In 1995 a new breed of alliance combin-
ing IT and biotechnology activities emerged in the database. 
From 1995 to 2001, a total of 46 alliances performed ac-
tivities in areas such as bioinformatics applications. U.S. 
companies participated in 37 (80 percent) of these alliances, 
including 19 with European firms.

International R&D 
Trends and Comparisons

Increasingly, the international competitiveness of a mod-
ern economy is defined by its ability to generate, absorb, 
and commercialize knowledge. Most nations have accepted 
that economic policy should focus not only on improving 
quality and efficiency but also on promoting innovation. 
Absolute levels of R&D expenditures are important indica-
tors of a nation’s innovative capacity and are a harbinger of 
future growth and productivity. Indeed, investments in the 
R&D enterprise strengthen the technological base on which 
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Figure 4-20
International technology alliances worldwide,
by type of alliance: 1980–2001

NOTE: Data are annual counts of new technology alliances worldwide.  

SOURCE: Maastricht Economic Research Institute on Innovation and 
Technology, Cooperative Agreements and Technology Indicators 
database, special tabulations. See appendix table 4-42.
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56The country assignment for the data subsequently discussed is based 
on the headquarters of the ultimate parent company of the alliance mem-
bers, not on the location of the members. Classifi cation by technology is 
not exclusive because an alliance may perform activities and be classifi ed 
in more than one technology. The data were revised from previous editions 
to include exclusively joint research or development agreements, R&D 
contracts, equity joint ventures, and research corporations. Previous counts 
included cross-holdings (where two companies take a minority interest 
in each other), mutual second sourcing, and cross-licensing agreements. 
This change, however, did not affect overall trends. Separately, the data 
now provide detail on the structure of the alliances in terms of equity and 
nonequity arrangements. For conceptual, policy, and measurement issues 
regarding indicators of technology alliance, see J. de la Mothe and A. N. 
Link, Networks, Alliances, and Partnerships in the Innovation Process 
(Boston: Kluwer Academic Press, 2002); J. E. Jankowski, A. N. Link, and 
N. S. Vonortas, Strategic Research Partnerships: Proceedings From an 
NSF Workshop, NSF 01-336 (Arlington, VA: National Science Foundation, 
2001); and B. Bozeman and J. S. Dietz, Strategic research partnerships: 
Constructing policy-relevant indicators, Journal of Technology Transfer 26 
(2001):385–393.

57This technology classifi cation includes pharmaceutical biotechnology.
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Table 4-16
International technology alliances worldwide, by regional ownership and technology focus: 1991–2001

 All Information
Ownership categories technologies technology Biotechnology

Alliances by companies from all countries...............  5,892 2,471                                     1,829
U.S.-owned only...................................................  2,297 1,133                                        699
U.S.-Europe owned..............................................  1,562 516                                        609
Europe-owned only ..............................................  637 154                                        217
U.S.-Japan owned ...............................................  439 259                                          93
U.S.-NT owned.....................................................  348 159                                          90
Europe-NT owned ................................................  213 59                                          60
Europe-Japan owned...........................................  192 86                                          32
Japan-owned only................................................  96 55                                            8
NT-owned only .....................................................  56 20                                          15
Japan-NT owned..................................................  52 30                                            6
Selected groupings

Alliances by U.S. companies............................  4,646 2,067                                     1,491
Alliances by European companies ...................  2,604 815                                        918
Alliances by Japanese companies ...................  779 430                                        139
Alliances by NT companies..............................  669 268                                        171

Ownership profi le
Alliances by companies from all countries...........  100 100                                        100

U.S.-owned only...............................................  39 46                                          38
U.S.-Europe owned..........................................  27 21                                          33
Europe-owned only ..........................................  11 6                                          12
U.S.-Japan owned ...........................................  7 10                                            5
U.S.-NT owned.................................................  6 6                                            5
Europe-NT owned ............................................  4 2                                            3
Europe-Japan owned.......................................  3 3                                            2
Japan-owned only............................................  2 2                                            0
NT-owned only .................................................  1 1                                            1
Japan-NT owned..............................................  1 1                                            0
Selected groupings

Alliances by U.S. companies........................  79 84                                          82
Alliances by European companies ...............  44 33                                          50
Alliances by Japanese companies ...............  13 17                                            8
Alliances by NT companies..........................  11 11                                            9

Technology profi le
Alliances by companies from all countries...........  100 42                                          31

U.S.-owned only...............................................  100 49                                          30
U.S.-Europe owned..........................................  100 33                                          39
Europe-owned only ..........................................  100 24                                          34
U.S.-Japan owned ...........................................  100 59                                          21
U.S.-NT owned.................................................  100 46                                          26
Europe-NT owned ............................................  100 28                                          28
Europe-Japan owned.......................................  100 45                                          17
Japan-owned only............................................  100 57                                            8
NT-owned only .................................................  100 36                                          27
Japan-NT owned..............................................  100 58                                          12
Selected groupings

Alliances by U.S. companies........................  100 44                                          32
Alliances by European companies ...............  100 31                                          35
Alliances by Japanese companies ...............  100 55                                          18
Alliances by NT companies..........................  100 40                                          26

NT non-Triad (country or region other than United States, Europe, and Japan)

NOTES: Percents may not sum to total because of rounding. Data are annual counts of new technology alliances formed by domestic and multinational 
corporations worldwide. Alliances may be classifi ed in more than one technology. Country assignment is based on headquarters of ultimate parent 
company of alliance members, not on location of members. Data were revised from previous editions to include exclusively joint research or development 
agreements, R&D contracts, equity joint ventures, and research corporations. Previous counts included cross-holdings (two companies take minority 
interest in each other), mutual second sourcing, and cross-licensing agreements. This change, however, had little effect on overall trends. See appendix 
table 4-42.

SOURCE: Maastricht Cooperative Agreements and Technology Indicators database, Economic Research Institute on Innovation and Technology, 
unpublished tabulations.
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economic prosperity increasingly depends worldwide. The 
relative strength of a particular country’s current and future 
economy and the specific scientific and technological areas 
in which a country excels are further revealed through com-
parison with other major R&D-performing countries. This 
section compares international R&D spending patterns. 
Topics include absolute and relative expenditure trends, the 
structure of R&D performance and funding across sectors, 
the foci of R&D activities within sectors, and government 
research-related priorities. 

Most of the R&D data presented in this section are from 
reports to the Organisation for Economic Co-operation and 
Development (OECD), the most reliable source for such 
international comparisons. However, an increasing number 
of non-OECD countries and organizations now collect and 
publish internationally comparable R&D statistics, which 
are reported at various points in this section.

Absolute Levels of Total R&D Expenditures
Worldwide R&D performance is concentrated in a few 

industrialized nations. Of the $603 billion in estimated 2000 
R&D expenditures for the 30 OECD countries, fully 85 
percent is expended in only 7 countries (OECD 2002d).58 

These estimates are based on reported R&D investments 
(for defense and civilian projects) converted to U.S. dollars 

20012000199919981997199619951994199319921991

Percent

Figure 4-21
Information technology and biotechnology shares
of international technology alliances: 1991–2001
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SOURCE: Maastricht Economic Research Institute on Innovation 
and Technology, Cooperative Agreements and Technology 
Indicators database, special tabulations. See appendix table 4-42.
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with purchasing power parity (PPP) exchange rates.59 (See 
sidebar, “Purchasing Power Parities: Preferred Exchange 
Rates for Converting International R&D Data.”) R&D ex-
penditures in the United States alone account for roughly 
44 percent of all OECD member countries’ combined R&D 
investments; R&D investments in the United States are 2.7 
times greater than investments made in Japan, the second 
largest R&D-performing country. More money was spent 
on R&D activities in the United States in 2000 than in the 
rest of the G-7 countries (Canada, France, Germany, Italy, 
Japan, and the United Kingdom) combined. (See figure 4-
22 and appendix table 4-43 for inflation-adjusted PPP R&D 
totals for OECD and G-7 countries.) South Korea is the only 
other country that accounted for a substantial share of the 
OECD total (3.1 percent in 2000, which was higher than 
expenditures in either Canada or Italy). In only four other 
countries (the Netherlands, Australia, Sweden, and Spain) 
did R&D expenditures exceed 1 percent of the OECD R&D 
total (OECD 2002d).60

58Current members of the Organisation for Economic Co-operation and 
Development (OECD) are Australia, Austria, Belgium, Canada, Czech Re-
public, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ire-
land, Italy, Japan, Korea, Luxembourg, Mexico, Netherlands, New Zealand, 
Norway, Poland, Portugal, Slovak Republic, Spain, Sweden, Switzerland, 
Turkey, United Kingdom, and United States.
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Figure 4-22
U.S., G-7, and OECD countries R&D expenditures:
1985–2001

NOTE: Non-U.S. G-7 countries are Canada, France, Germany, Italy,
Japan, and the United Kingdom.

SOURCE: OECD, Main Science and Technology Indicators, 2002. 
See appendix table 4-43.

OECD—Organisation for Economic Co-operation and Development 
PPP—purchasing power parity

59Although purchasing power parities (PPPs) technically are not equiva-
lent to R&D exchange rates, they better refl ect differences in countries’ 
research costs than do market exchange rates.

60Data for 2000 were unavailable for Sweden, but in 1999 it accounted for 
1.4 percent of the OECD total.
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Although non-OECD countries also fund and perform 
R&D, most of these national R&D efforts are comparatively 
small. In 2000, for example, R&D expenditures in China 
and Russia totaled $50.3 and $10.6 billion (PPP dollars), 
respectively, and nondefense R&D expenditures in Israel 
totaled $5.6 billion (PPP dollars) (OECD 2002d). Among 
non-OECD members of Red Iberomericana de Indicadores 
de Ciencia y Tecnologia (RICYT), the largest R&D expen-
ditures are reported for Brazil ($4.6 billion in U.S. dollars 
at market exchange rates in 1999), Argentina ($1.3 billion 
in 2000), Chile ($0.4 billion in 2000), and Colombia ($0.2 
billion in 2000) (RICYT 2002). The combined R&D expen-
ditures of these seven countries (approximately $73 billion) 
would raise the OECD world total by about 12 percent, and 
about two-thirds would be derived from China alone.

In terms of relative shares, U.S. R&D expenditures in 
1984 reached historical highs of 55 percent of the G-7 total 
and 47 percent of the OECD total.61 As a proportion of the 
G-7 total, U.S. R&D expenditures declined steadily to a low 
of 48 percent in 1991 and then increased to 52 percent in 
2000. (See figure 4-22 for actual expenditure totals.) The 
U.S. share of total OECD expenditures for R&D has in-
creased similarly. By 1994 the U.S. share had dropped to 
42 percent of the OECD R&D total, partly the result of sev-
eral countries joining OECD (thereby increasing the OECD 
R&D totals). The U.S. share climbed back to 44 percent of 
the OECD total by 2000 as a result of robust R&D growth in 
the United States.

Most of the increase in the U.S. percentage of total G-7 
R&D expenditures after the early 1990s initially resulted 
from a worldwide slowing in R&D performance that was 
more pronounced in other countries. Although U.S. R&D 
spending stagnated or declined for several years in the early 
to mid-1990s, the reduction in real R&D spending in most of 
the other large R&D-performing countries was more strik-
ing. In Japan, Germany, and Italy, inflation-adjusted R&D 
spending fell for 3 consecutive years (1992, 1993, and 1994) 
at a rate exceeding the similarly falling rate in the United 
States62 (OECD 2002d). In the late 1990s, R&D spending 
rebounded in several G-7 countries and in the United States. 
Because annual R&D growth was generally stronger in the 
United States than elsewhere (figure 4-23), however, the 
U.S. percentage of total G-7 R&D spending continued to in-
crease. Although the slowdown in the technology market in 
2001 and 2002 has had a global reach, it remains to be seen 
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Figure 4-23
Rate of change in total inflation-adjusted R&D 
spending: 1987–2000
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NOTES: Data for Japanese R&D in 1996 and later years may not 
be consistent with data in earlier years because of changes in 
methodology. Germany data for 1987–90 are for West Germany.

SOURCE: Organisation for Economic Co-operation and 
Development, Main Science and Technology Indicators, 2002. 
See appendix table 4-43. 

61OECD maintains R&D expenditure data that can be categorized into 
three periods: (1) 1981 to the present (data are properly annotated and of 
good quality); (2) 1973 to 1980 (data are probably of reasonable quality, 
and some metadata are available); and (3) 1963 to 1972 [data are question-
able for most OECD countries (with notable exceptions of the United States 
and Japan), many of which launched their fi rst serious R&D surveys in the 
mid-1960s]. The analyses in this chapter are limited to data for 1981 and 
subsequent years.

62The United Kingdom similarly experienced 3 years of declining real 
R&D expenditures, but its slump took place in 1995, 1996, and 1997. The 
falling R&D totals in Germany were partly a result of specifi c and inten-
tional policies to eliminate redundant and ineffi cient R&D activities and to 
integrate the R&D efforts of the former East Germany and West Germany 
into a united German system.
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Comparisons of international R&D statistics are 
hampered because R&D expenditures are denominated 
in the performing country’s currency. Two approaches 
are commonly used to normalize the data and facilitate 
aggregate R&D comparisons: (1) dividing R&D by GDP, 
which results in indicators of relative effort according 
to total economic activity and circumvents the problem 
of currency conversion, and (2) converting all foreign-
denominated expenditures to a single currency, which 
results in indicators of absolute effort. The first method is 
a straightforward calculation that permits only gross na-
tional comparisons. The second method permits absolute-
level comparisons and analyses of countries’ sector- and 
field-specific R&D investments, but it entails choosing 
an appropriate currency conversion series.

Market Exchange Rates and Purchasing 
Power Parity Rates 

Because (for all practical purposes) no widely ac-
cepted R&D-specific exchange rates exist, the choice is 
between market exchange rates (MERs) and purchasing 
power parities (PPPs) (OECD 2002d). These rates are the 
only series consistently compiled and available for a large 
number of countries over an extended period of time.

Market Exchange Rates. At their best, MERs rep-
resent the relative value of currencies for goods and 
services that are traded across borders; that is, MERs 
measure a currency’s relative international buying 
power. Sizable portions of most countries’ economies do 
not engage in international activity, however, and major 
fluctuations in MERs greatly reduce their statistical util-
ity. MERs also are vulnerable to a number of distortions, 
including currency speculation, political events such 
as wars or boycotts, and official currency interven-
tion, which have little or nothing to do with changes 
in the relative prices of internationally traded goods.

PPP Rates. Because of the MER shortcomings de-
scribed above, the alternative currency conversion series 
of PPPs was developed (Ward 1985). PPPs take into 
account the cost differences across countries of buying 
a similar basket of goods and services in numerous ex-
penditure categories, including nontradables. The PPP 

basket is, therefore, representative of total GDP across 
countries. When the PPP formula is applied to current 
R&D expenditures of other major performers, such as 
Japan and Germany, the result is a substantially lower 
estimate of total R&D spending than that given by MERs 
(figure 4-24). For example, Japan’s R&D in 1998 totaled 
$91 billion based on PPPs and $116 billion based on 
MERs, and the German R&D expenditure was $45 bil-
lion on PPPs and $50 billion on MERs. (In comparison, 
the U.S. R&D expenditure was $226 billion in 1998.)

PPPs are the preferred international standard for 
calculating cross-country R&D comparisons wherever 
possible and are used in all official R&D tabulations of 
the Organisation of Economic Co-operation and Devel-
opment (OECD). Unfortunately, they are not available 
for all countries and currencies. They are available for 
all OECD countries, however, and are therefore used in 
this report.

Exchange Rate Movement Effects

Although the goods and services included in the mar-
ket basket used to calculate PPP rates differ from the 
major components of R&D costs—fixed assets as well 
as wages of scientists, engineers, and support person-
nel—they still result in a more suitable domestic price 
converter than one based on foreign trade flows. Ex-
change rate movements bear little relationship to changes 
in the cost of domestically performed R&D (figure 4-24). 
When annual changes in Japan’s and Germany’s R&D 
expenditures are converted to U.S. dollars with PPPs, 
they move in tandem with such funding denominated in 
their home currencies. Changes in dollar-denominated 
R&D expenditures converted with MERs exhibit wild 
fluctuations that are unrelated to the R&D purchasing 
power of those investments. MER calculations indicate 
that, between 1988 and 2000, German and Japanese R&D 
expenditures each increased twice by 15 percent or more. 
In reality, nominal R&D growth was only a fourth to a 
third of those rates in either country during this period. 
PPP conversions generally mirror the R&D changes de-
nominated in these countries’ home currencies.

Purchasing Power Parities: Preferred Exchange Rates 
for Converting International R&D Data
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whether the sharp slowdown in U.S. R&D expenditures in 
2001 and 2002 will be as pronounced internationally.

Trends in Total R&D/GDP Ratios
One of the first and now one of the more widely used 

indicators of a country’s R&D intensity is the ratio of R&D 
spending to GDP (Steelman 1947) (figure 4-25). For many 
of the G-8 countries (that is, the G-7 countries plus Russia), 
the latest R&D/GDP ratio is no higher now than it was at 
the start of the 1990s, which ushered in a period of slow 
growth or decline in their overall R&D efforts.63 The United 
States and Japan reached 2.7 and 2.8 percent, respectively, 
in 1990–91. As a result of reduced or level spending by in-
dustry and government in both countries, the R&D/GDP ra-
tios declined several tenths of a percentage point, to 2.4 and 
2.6, respectively, in 1994 before rising again to 2.7 and 3.0 
percent in 2000. Growth in industrial R&D accounted for 
much of the recovery in each of these countries. However, 
the steady increase in Japan’s R&D/GDP ratio in 1994–2000 
is also partially a result of anemic economic conditions over-
all: GDP fell in both 1998 and 1999 with only a marginal 
increase in 2000, so that even level R&D spending resulted 
in a slight increase in its R&D ratio (OECD 2002d).

Among the remaining six G-8 countries, three (Ger-
many, Canada, and Russia) display recent increases in their 
economy’s R&D/GDP ratio, and three (the United King-
dom, France, and Italy) report an R&D/GDP ratio that has 
remained stable or has declined. In Germany the R&D/GDP 
ratio fell from 2.8 percent at the end of the 1980s, before 
reunification, to 2.3 percent in 1994 before rising to 2.5 per-
cent in 2001. Canada’s R&D/GDP ratio also rose in the late 
1990s from 1.7 percent in 1996 to 1.9 percent in 2001. The 
end of the cold war and collapse of the Soviet Union had a 
drastic effect on Russia’s R&D intensity. R&D spending in 
Russia was estimated at 2.0 percent of GDP in 1990; that 
figure plummeted to 1.4 percent in 1991 and then tumbled 
further to 0.7 percent in 1992. Moreover, the severity of this 
R&D decline is masked somewhat: although the R&D share 
was falling, it also was a declining share of a declining GDP. 
By 1999 the R&D/GDP ratio in Russia had inched back to 
about 1.0 percent; it accelerated to 1.2 percent in 2001 as 
R&D performance in the country grew by more than 30 
percent in real terms over those 2 years. In comparison, the 
R&D/GDP ratio slipped slightly in the United Kingdom in 
the late 1990s to 1.9 percent in 2000. Between 1997 and 
2001, the R&D/GDP ratio fluctuated narrowly at 2.2 and 1.1 
percent in France and Italy, respectively.
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R&D expenditures and annual changes in R&D 
estimates, Japan and Germany: 1988–2000
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MER—market exchange rate
PPP—purchasing power parity

SOURCE: Organisation for Economic Co-operation and 
Development, Main Science and Technology Indicators, 2002. 
See appendix tables 4-2 and 4-43.

63A country’s R&D spending and therefore its R&D/GDP ratio is a func-
tion of several factors in addition to its commitment to supporting the R&D 
enterprise. Especially because the majority of R&D is performed by indus-
try in each of these countries, the structure of industrial activity can be a 
major determinant of a country’s R&D/GDP ratio. For example, economies 
with high concentrations in manufacturing (which traditionally have been 
more R&D intensive than nonmanufacturing or agricultural economies) 
have different patterns of R&D spending. See “Industrial Sector” for further 
discussion of such considerations.
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Overall, the United States ranked fifth among OECD 
countries in terms of reported R&D/GDP ratios (table 4-17). 
Israel (not an OECD member country), devoting 4.4 percent 
of its GDP to R&D, led all countries, followed by Sweden 
(3.8 percent), Finland (3.4 percent), Japan (3.0 percent), and 
Iceland (2.9 percent). In general, nations in Southern and 
Eastern Europe tend to have R&D/GDP ratios below 1.5 per-
cent, whereas Nordic nations and those in Western Europe 
report R&D spending shares greater than 1.5 percent. In a 
broad sense, the reason for such patterns has much to do with 
overall funding patterns and macroeconomic structures. 

In practically all OECD countries, the business sector 
finances most of the R&D. However, OECD countries 
with relatively low R&D/GDP ratios tend to be relatively 
low-income countries, where government funding tends to 
provide a larger proportion of the R&D support than it pro-
vides in countries with high R&D/GDP ratios. Furthermore, 
the private sector in low-income countries often has a low 
concentration of high-technology industries, resulting in low 
overall R&D spending and therefore low R&D/GDP ratios. 
Indeed, a strong link exists between countries with high 
incomes that emphasize the production of high-technology 
goods and services and those that invest heavily in R&D ac-
tivities (OECD 2000).64 This highlights that R&D/GDP ra-
tios are most useful when comparing countries with national 
S&T systems of comparable maturity and development.

Outside the European region, R&D spending has inten-
sified considerably since the early 1990s. Several Asian 
countries, most notably South Korea and China, have been 
particularly aggressive in expanding their support for R&D 
and S&T-based development. In Latin America and the Pa-
cific region, other non-OECD countries also have attempted 
to increase R&D investments substantially during the past 
several years. Even with recent gains, however, most non-
European (non-OECD) countries invest a smaller share of 
their economic output in R&D than do OECD members 
(with the exception of Israel). All Latin American countries 
for which such data are available report R&D/GDP ratios 
below 1 percent (table 4-17). This distribution is consistent 
with broader indicators of economic growth and wealth. 
However, many of these countries also report additional 
S&T-related expenditures on human resources training and 
S&T infrastructure development that are not captured in 
R&D or R&D/GDP data (RICYT 2002).

Nondefense R&D Expenditures 
and R&D/GDP Ratios

Although the R&D intensities of many countries have 
changed little over the past decade, there have been signifi-
cant changes in the composition of their R&D. One indicator 
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R&D share of GDP, selected countries: 1981–2001
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SOURCE: Organisation for Economic Co-operation and 
Development, Main Science and Technology Indicators, 2002. 
See appendix tables 4-43 and 4-44.

64See OECD (1999) for further discussion of these and other broad R&D 
indicators.
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of these changes is the relative increase in nondefense R&D. 
Although defense-related R&D does result in spillovers that 
produce social benefits, nondefense R&D is more directly 
oriented toward national scientific progress, standard-of-
living improvements, economic competitiveness, and com-
mercialization of research results. Indeed, conclusions 
about a country’s relative standing may differ dramatically, 
depending on whether total R&D expenditures include or 
exclude defense-related expenditures; for some countries, 
the relative emphasis has shifted over time. Among G-8 
countries, the inclusion of defense-related R&D has had 
little impact on R&D totals for Japan, Germany, Italy, and 
Canada, where defense-related R&D represents 5 percent 
or less of the national total. In other countries, defense has 
accounted for a more significant proportion of the national 
R&D effort, although this proportion has generally declined 
since the end of the cold war. Between 1988 and 2000, the 
defense share of the R&D total: 

� Fell from 31 to 14 percent in the United States 

� Fell from 19 to 8 percent in France 

� Fell from 16 to 15 percent in the United Kingdom 

� Accounted for approximately 24 percent of the Russian 
R&D total in 2000

Consequently, if current trends persist, the distinction 
between defense and nondefense R&D expenditures in 
international comparisons may become less important. In 
absolute dollar terms, nondefense R&D spending is still con-
siderably larger in the United States than in other countries. 
In 2000 (the latest year for which comparable international 
R&D data are available for most OECD countries), U.S. 
nondefense R&D was more than twice that of Japan’s and 
was equivalent to 97 percent of the non-U.S. G-7 countries’ 
combined nondefense R&D total (appendix table 4-44).

In terms of R&D/GDP ratios, the relative position of 
the United States is somewhat less favorable when only 
nondefense R&D is included in the metric. Japan’s non-
defense R&D/GDP ratio (3.0 percent) exceeded the U.S. 
ratio (2.4 percent) in 2000, as it has for years (figure 4-25 
and appendix table 4-44). In 2001, Germany’s nondefense 
R&D/GDP ratio (2.5 percent) slightly exceeded the U.S. ra-
tio (2.4 percent). The 2001 nondefense ratio for France (2.0 
percent) was slightly below the U.S. ratio. In 1999–2000, 
ratios for the United Kingdom (1.6 percent in 2000), Canada 

Table 4-17
R&D share of gross domestic product, by country/economy: 1997–2001

Country/economy Percent Country/economy Percent

Total OECD (2000) .........................................                       2.24 Italy (2000) ........................................................  1.07
European Union (2000)..................................                       1.88 New Zealand (1999)..........................................  1.03
Israel (2001) ...................................................                       4.43 China (2000)......................................................  1.00
Sweden (1999)...............................................                       3.78 Spain (2001)......................................................  0.97
Finland (2000) ................................................                       3.37 Brazil (1999) ......................................................  0.87
Japan (2000)..................................................                       2.98 Cuba (2000) ......................................................  0.82
Iceland (2001) ................................................                       2.90 Hungary (2000) .................................................  0.80
United States (2001)......................................                       2.71 Portugal (1999) .................................................  0.76
South Korea (2000)........................................                       2.65 Greece (1999) ...................................................  0.67
Switzerland (2000) .........................................                       2.64 Poland (2001)....................................................  0.67
Germany (2001) .............................................                       2.53 Slovak Republic (2001) .....................................  0.65
France (2001).................................................                       2.20 Turkey (2000) ....................................................  0.64
Singapore (2001) ...........................................                       2.11 Chile (2000).......................................................  0.54
Denmark (1999) .............................................                       2.09 Mexico (1999) ...................................................  0.43
Taiwan (2000).................................................                       2.05 Argentina (2001)................................................  0.42
Netherlands (2000) ........................................                       1.97 Romania (2001).................................................  0.40
Belgium (1999)...............................................                       1.96 Panama (1999)..................................................  0.35
Canada (2001) ...............................................                       1.94 Bolivia (2000) ....................................................  0.28
Austria (2001) ................................................                       1.91 Costa Rica (1998) .............................................  0.27
United Kingdom (2000)..................................                       1.85 Uruguay (1999) .................................................  0.26
Australia (2000)..............................................                       1.53 Colombia (2000) ...............................................  0.24
Slovenia (2000) ..............................................                       1.52 Trinidad and Tobago (1997) ..............................  0.14
Norway (2001) ...............................................                       1.46 Nicaragua (1997)...............................................  0.13
Czech Republic (2001) ..................................                       1.31 Ecuador (1998) .................................................  0.08
Ireland (1999).................................................                       1.21 El Salvador (1998).............................................  0.08
Russian Federation (2001).............................                       1.16 Peru (1999) .......................................................  0.08

OECD Organisation for Economic Co-operation and Development

NOTES: Civilian R&D only for Israel and Taiwan. Data are presented for the latest available year, in parentheses.

SOURCES: OECD, Main Science and Technology Indicators database, 2002; and Iberomerican Network of Science and Technology Indicators, Princi-
pales Indicadores de Ciencia y Tecnologia Argentina 2001 (Buenos Aires, 2002).
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(1.8 percent in 1999), and Italy (1.1 percent in 2000) were 
considerably lower than U.S. ratios. In 2001 the nondefense 
R&D/GDP ratio for Russia (0.9 percent) was less than half 
the U.S. ratio.

International R&D by Performer, Source, 
and Character of Work

R&D performance patterns by sector are broadly simi-
lar across countries, but national sources of support differ 
considerably. In nearly all OECD countries, government has 
provided a declining share of all R&D funding during the 
past 2 decades, and the industrial share of R&D funding has 
increased considerably. The emphases of industrial R&D ef-
forts, however, differ across countries, as do governmental 
R&D priorities and academic S&E field research emphases, 
as described subsequently in this chapter.

Government and industry together account for roughly 
80 percent or more of the R&D funding in each of the G-8 
countries, although the respective contributions vary sub-

stantially across countries.65 In recent years, the industrial 
sector provided more than 70 percent of R&D funds in Ja-
pan, 68 percent in the United States, 66 percent in Germany, 
53 percent in France, 49 percent in the United Kingdom, 
and 44 percent in Canada66 (figure 4-26). In Russia, industry 
provided approximately 34 percent of the nation’s R&D 
funding. Government provided the largest share of Russia’s 
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Figure 4-26
R&D expenditures for selected countries, by performing sector and source of funds: 2000 or 2001
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NOTES: Separate data on foreign sources of R&D funding are unavailable for the United States but are included in the sector totals. In most other
countries, “foreign sources of funding” is a distinct and separate funding category. For some countries (such as Canada), foreign firms are the source 
of a large amount of foreign R&D funding, which is reported as funding from abroad. In the United States, industrial R&D funding from foreign firms is 
reported as industry. Data for Japan, France, United Kingdom, and Italy are for 2000. Data for the United States, Germany, Canada, Russia, and South 
Korea are for 2001.

SOURCES: Organisation for Economic Co-operation and Development, special tabulations, 2003; and National Science Foundation, Division of Science 
Resources Statistics, National Patterns of R&D Resources, annual series. See appendix table 4-45.
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NA

65In accordance with international standards, the following sectors are 
recognized sources of funding: all levels of government combined, business 
enterprises, higher education, private nonprofi t organizations, and funds 
from abroad. Because data on foreign sources of R&D funding are unavail-
able for the United States, the fi gures reported for the share of industrial 
R&D funding in the United States include funding from both foreign and 
domestic sources.

66Canada and the United Kingdom both report relatively large amounts 
of R&D funding from abroad, much of which originates from business en-
terprises. Therefore, industry’s shares of R&D funding for these countries 
are particularly understated compared with those for the United States. 
Distribution of R&D by source of funds was not available for Italy for 2000. 
In earlier years, government sources accounted for more than half of Italy’s 
R&D, industry accounted for more than 40 percent, and foreign sources 
funded the remainder.
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R&D (57 percent), as it did in Italy in past years (more than 
50 percent in 1999). In the remaining six countries, govern-
ment was the second largest source of R&D funding, rang-
ing from 20 percent (in Japan) to 39 percent (in France) of 
the total. In each of these eight countries, government pro-
vided the largest share of the funds used for academic R&D 
performance (appendix table 4-45).

The industrial sector dominates R&D performance in 
each of the G-8 countries (figure 4-26). Industry’s share of 
R&D performance for the 2000–2001 period ranged from 50 
percent in Italy to a little more than 70 percent in the United 
States, Japan, Germany, and Russia. During the same period, 
industry’s share was between 57 and 66 percent in Canada, 
France, and the United Kingdom. Most of the industrial R&D 
in these countries was funded by industry. Government’s 
share of funding for industrial R&D ranged from as little as 
2 percent in Japan and Canada to 49 percent in Russia (ap-
pendix table 4-45). In the other G-8 countries, government 
funded between 7 and 11 percent of industrial R&D.

In all of the G-8 countries except Russia, the academic 
sector was the second largest R&D performer (about 12 to 
31 percent of the performance total in each country).67 Aca-
demia often is the primary location of research (as opposed 
to R&D) activities, however. Government was the second 
largest R&D performer in Russia (accounting for 24 percent 
of that nation’s R&D effort). Government also performed a 
larger proportion of R&D in France, which operates some 
sizable government laboratories.

South Korea, with total R&D expenditures in excess of 
either Canada or Italy, has R&D distributions by perform-
ing sector and source of funds very similar to those of the 
United States. Industry performed an even greater share of 
South Korea’s R&D (76 percent) than it did in any of the 
G-8 countries and was also the largest source of R&D fund-
ing in South Korea (accounting for 73 percent of all fund-
ing). The South Korean government provided most of the 
remaining R&D funding (25 percent of all funding). About 
45 percent of government R&D funding in South Korea 
went to government performers of R&D, with the remainder 
going primarily to academic (29 percent) and industrial per-
formers (25 percent).

Academic Sector
In many OECD countries, the academic sector is a dis-

tant second to industry in terms of national R&D perfor-
mance. Among G-8 countries, universities accounted for 

as little as 5 percent of Russia’s R&D total to more than 31 
percent of Italy’s.68

Source of Funds. For most of these countries, the gov-
ernment is now, and historically has been, the largest source 
of academic research funding. However, in each of the G-8 
countries for which historical data exist (except Russia), the 
government’s share has declined during the past 20 years, 
and industry’s share has increased. Specifically, the govern-
ment’s share, including both direct government support for 
academic R&D and the R&D component of block grants to 
universities, has fallen by 8 percentage points or more in five 
of the G-7 countries since 1981 (except in France and Italy, 
where the government’s share of academic R&D dipped 
by 6 and 2 percentage points, respectively).69 In compari-
son, and as an indication of an overall pattern of increased 
university-firm interactions (often intending to promote the 
commercialization of university research), the proportion of 
academic R&D funded by industry for these seven countries 
combined climbed from 2.6 percent of the academic R&D 
total in 1981 to 5.2 percent in 1990 and to 6.0 percent in 
1999. In Germany, more than 11 percent of university re-
search was funded by industry in 2000 (table 4-18).

S&E Fields. Most countries supporting a substantial 
level of academic R&D (at least $1 billion PPPs in 1999) 
devote a larger proportion of their R&D to engineering, so-
cial sciences, and humanities than does the United States70 
(table 4-19). Conversely, the U.S. academic R&D effort 
emphasizes the medical sciences and natural sciences rela-
tively more than do many other OECD countries.71 The lat-
ter observation is consistent with the emphases in health and 

67The national totals for Europe, Canada, and Japan include the research 
component of general university fund (GUF) block grants (not to be con-
fused with basic research) provided by all levels of government to the aca-
demic sector. Therefore, at least conceptually, the totals include academia’s 
separately budgeted research and research undertaken as part of university 
departmental R&D activities. In the United States, the Federal Government 
generally does not provide research support through a GUF equivalent, 
preferring instead to support specifi c, separately budgeted R&D projects. 
On the other hand, a fair amount of state government funding probably does 
support departmental research at public universities in the United States. 
Data on departmental research, considered an integral part of instructional 
programs, generally are not maintained by universities. U.S. totals are thus 
underestimated relative to the R&D effort reported for other countries.

68Country data are for 2000 or 2001 (appendix table 4-45).
69Whereas GUF block grants are reported separately for Japan, Canada, 

and European countries, the United States does not have an equivalent GUF 
category. In the United States, funds to the university sector are distributed 
to address the objectives of the Federal agencies that provide the R&D 
funds. Nor is GUF equivalent to basic research. The treatment of GUF is 
one of the major areas of diffi culty in making international R&D compari-
sons. In many countries, governments support academic research primarily 
through large block grants that are used at the discretion of each individual 
higher education institution to cover administrative, teaching, and research 
costs. Only the R&D component of GUF is included in national R&D sta-
tistics, but problems arise in identifying the amount of the R&D component 
and the objective of the research. Government GUF support is in addition 
to support provided in the form of earmarked, directed, or project-specifi c 
grants and contracts (funds for which can be assigned to specifi c socioeco-
nomic categories). In the United States, the Federal Government (although 
not necessarily state governments) is much more directly involved in choos-
ing which academic research projects are supported than are national gov-
ernments in Europe and elsewhere. In each of the European G-7 countries, 
GUF accounts for 50 percent or more of total government R&D to universi-
ties and for roughly 45 percent of the Canadian government academic R&D 
support. Thus, these data indicate not only relative international funding 
priorities but also funding mechanisms and philosophies regarding the best 
methods for fi nancing research.

70The national emphases in particular S&E fi elds differ across countries. 
Most of the internationally comparable data on fi eld-specifi c R&D are re-
ported for the academic sector.

71In international S&E fi eld compilations, the natural sciences comprise 
math and computer sciences, physical sciences, environmental sciences, 
and all life sciences other than medical and agricultural sciences. Note 
also that the U.S. academic R&D effort is considerably larger than in any 
other country and that the U.S. total ($26 billion PPP) is comparable to the 
combined R&D total ($28 billion PPP) of the other seven countries listed 
in table 4-19.
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biomedical sciences for which the United States (and in par-
ticular NIH and U.S. pharmaceutical companies) is known.

Industrial Sector 
Industrial firms account for the largest share of total 

R&D performance in each of the G-8 countries. However, 
the purposes to which the R&D is applied differ somewhat, 
depending on the overall industrial composition of each 
country’s economy. Funding patterns for industrial R&D 
also differ from country to country, with respect to both 
domestic sources of funds as well as the relative proportion 
of foreign funding.

Sector Focus. The structure of a country’s industrial 
activity can be a major determinant of the level and change 
in industrial R&D spending. National variations in such 
spending can result from differences in absolute output, 
industrial structure, and R&D intensity. Countries with the 
same size economy could have vastly different R&D ex-
penditure levels (and R&D/GDP ratios). Differences might 
depend on the share of industrial output in the economy, as 
illustrated in figure 4-27 for the G-8 countries, South Ko-

rea, and China. Highly aggregated sector distributions can 
be deceiving, however, as some nations have much higher 
concentrations of R&D-intensive industries such as phar-
maceutical manufacture as opposed to food processing. And 
even individual firms in the same industries can devote sub-
stantial resources to specific R&D activities in one country 
and to other activities in another country. Table 4-20 shows 
recent distributions of industrial R&D performance in the 
G-8 countries and South Korea, Sweden, Finland, and the 
European Union.72

The sector distribution of U.S. industrial R&D perfor-
mance is among the most widespread and diverse among 
OECD members. The accumulated knowledge stock, well-
developed S&T infrastructure, and large domestic market 
in the United States have enabled it to invest and become 
globally competitive in numerous industries rather than 
just a few industries or niche technologies. In 2000 no U.S. 
industrial sector accounted for more than the 13 percent of 

Table 4-18
Academic R&D expenditures, by country and source of funds: 1981, 1990, and 2000
(Percent)

Country and source of funds                                                           1981 1990 2000

Canada
Government..........................................................  78.8 75.0                                         59.9
Other ....................................................................  17.1 20.0                                         31.2
Industry ................................................................  4.1 5.0                                           8.9

France
Government..........................................................  97.7 92.9                                         91.5
Other ....................................................................  1.0 2.2                                           5.8
Industry ................................................................  1.3 4.9                                           2.7

Germany
Government..........................................................  98.2 92.1                                         85.9
Other ....................................................................  0.0 0.0                                           2.5
Industry ................................................................  1.8 7.9                                         11.6

Italya

Government..........................................................  96.2 96.7                                         94.4
Other ....................................................................  1.1 0.9                                           0.8
Industry ................................................................  2.7 2.4                                           4.8

Japan
Government..........................................................  57.8 51.2                                         50.2
Other ....................................................................  41.2 46.5                                         47.3
Industry ................................................................  1.0 2.3                                           2.5

United Kingdom
Government..........................................................  81.3 73.5                                         64.7
Other ....................................................................  15.9 18.9                                         28.2
Industry ................................................................  2.8 7.6                                           7.1

United States
Government..........................................................  74.1 66.9                                         65.0
Other ....................................................................  21.5 26.2                                         27.9
Industry ................................................................  4.4 6.9                                           7.1

aItalian data are for 1999.

SOURCES: Organisation for Economic Co-operation and Development, Science and Technology Statistics database, 2003; and National Science 
Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources (Arlington, VA, annual series).
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72Similar industrial R&D details for Israel and Iceland (which report the 
highest and fi fth highest R&D/GDP ratios in the world, respectively) were 
not available from OECD harmonized databases (OECD 2002a).
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Table 4-19
Shares of academic R&D expenditures, by country and S&E fi eld: 1998 or 1999

 United     South 
Field States Japan Germany Australia Korea Spain Sweden Russia

Total academic R&D ...................................           25.7 13.4 7.5 1.9 1.5 1.8 1.6 0.4

Total academic R&D
NS&E........................................................           93.7 65.6 78.4 73.0 91.6 77.9 76.3 88.3

Natural sciences...................................           41.8 11.4 29.2 27.5 18.5 39.4 21.0 59.0
Engineering ..........................................           15.5 25.0 20.3 16.1 49.1 18.7 21.9 26.7
Medical sciences..................................           29.1 24.6 24.7 22.8 17.0 14.2 27.4 1.7
Agricultural sciences ............................             7.4 4.6 4.2 6.6 7.0 5.6 6.1 0.9

Social sciences and humanities ..............             6.3 34.4 20.6 27.0 8.4 22.1 17.6 11.7
Social sciences ....................................             6.3 NA 8.5 19.5 NA 14.8 11.5 6.6
Humanities ...........................................             NA NA 12.1 7.6 NA 7.3 6.1 5.1

Academic NS&E
NS&E........................................................         100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Natural sciences...................................           44.6 17.3 37.3 37.7 20.2 50.6 27.5 66.8
Engineering ..........................................           16.5 38.2 25.9 22.1 53.6 24.0 28.7 30.2
Medical sciences..................................           31.0 37.5 31.5 31.2 18.5 18.2 35.9 1.9
Agricultural sciences ............................             7.9 7.0 5.3 9.0 7.7 7.2 7.9 1.1

NA detail not available but included in totals
NS&E natural sciences and engineering
PPP purchasing power parity

NOTES: Percents may not sum to 100 because of rounding. Data for Australia, South Korea, and Russia are for 1998; all other data are for 1999.

SOURCES: Organisation for Economic Co-operation and Development, Science and Technology Statistics database, 2003; and Centre for Science 
Research and Statistics, Russian Science and Technology at a Glance: 2000 (Moscow, 2001).
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Figure 4-27
Composition of GDP for selected countries, by sector: 2000, 2001, or 2002
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Table 4-20
Industrial R&D, by industry sector for selected countries: Selected years, 1997–2000

 United       United  Russian  South    European 
 States  Canada  Germany  France Italy Japan  Kingdom  Federation  Korea  Sweden Finland  Union  
Industry (2000) (2000) (2000) (1999) (2000) (2000) (2000) (1997) (2000) (1999) (2000) (1999)

Total ...............................................  199.5 9.0 37.4 19.2 7.4 69.7 17.8 5.7 14.1 5.9 3.1 101.7

All business enterprise .................  100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Manufacturing...........................  64.9 67.3 91.3 85.7 79.9 95.0 80.2 36.8 83.7 85.4 85.0 84.3

Food, beverages, 
 and tobacco........................  0.8 1.0 0.6 1.8 1.3 2.4 2.3 0.1 1.4 0.9 1.6 1.7
Textiles, fur, and leather........  0.1 0.7 0.6 0.5 0.3 0.7 0.3 0.1 0.9 0.1 0.4 0.5
Wood, paper, printing, 
 and publishing ....................  1.6 1.3 0.4 0.4 0.3 1.1 0.3 0.2 0.4 2.4 3.5 0.7
Coke, refi ned petroleum 
 products, and nuclear fuel...  0.6 0.5 0.1 1.4 0.9 0.3 1.6 0.5 2.0 0.2 0.8 0.8
Chemicals (less 
 pharmaceuticals) ................  4.2 1.4 10.9 6.1 5.1 8.1 5.9 1.8 4.7 1.6 2.4 NA
Pharmaceuticals ...................  6.5 6.1 6.1 13.2 8.6 6.9 24.7 0.2 1.4 16.5 5.0 NA
Rubber and plastic 
 products..............................  0.8 0.4 1.7 2.8 1.8 2.4 0.5 0.3 1.4 0.7 1.9 1.7
Nonmetallic mineral 
 products..............................  0.4 0.1 1.2 1.3 0.3 1.6 0.4 0.2 0.5 0.2 0.6 0.9
Basic metals .........................  0.3 1.4 0.7 1.4 0.4 2.8 0.5 1.1 1.3 2.0 1.0 1.0
Fabricated metal products ...  1.0 1.1 1.4 1.0 0.6 1.1 0.6 0.2 0.6 0.3 2.2 1.1
Machinery NEC.....................  3.4 2.2 9.5 4.5 7.5 9.3 6.1 11.9 2.8 8.7 7.6 7.6
Offi ce, accounting, and 
 computing machinery .........  5.2 4.8 1.9 1.9 1.1 10.8 1.0 0.0 7.1 0.7 0.1 1.8
Electrical machinery .............  1.9 1.4 3.0 3.7 2.3 9.8 3.7 1.3 1.7 1.4 4.6 3.1
Electronic equipment 
 (radio, television, and 
 communications) ................  12.9 28.8 10.7 12.5 19.3 18.8 8.9 3.2 36.7 23.4 49.2 13.5
Instruments, watches, 
 and clocks ..........................  9.6 1.3 4.9 6.7 2.9 4.5 4.2 0.8 1.0 5.7 2.7 4.6
Motor vehicles ......................  9.3 1.9 29.6 13.4 15.4 12.4 7.5 3.2 14.3 17.0 0.4 16.1
Other transport equipment 
 (less aerospace) ..................  0.6 0.1 1.0 0.6 1.2 0.3 2.0 3.0 1.9 0.5 0.6 1.0

Aerospace ........................  5.2 12.3 6.6 11.8 10.5 0.8 9.5 8.7 2.9 2.9 0.1 7.6
Furniture, other 
 manufacturing NEC ............  0.4 0.6 0.5 0.8 0.2 0.9 0.2 0.0 0.8 0.2 0.3 0.5
Recycling ..............................  NA NA 0.0 0.0 0.0 NA 0.0 0.0 0.0 NA 0.2 NA

Electricity, gas, and water .........  0.1 1.6 0.3 2.5 0.2 0.9 1.4 0.5 1.8 0.6 1.2 NA
Construction .............................  0.1 0.2 0.2 0.9 0.2 1.7 0.3 0.9 3.7 0.4 1.0 NA
Agriculture and mining ..............  NA NA NA NA NA NA NA 3.3 NA NA NA NA
Services ....................................  34.4 29.0 7.8 9.1 19.7 2.1 16.6 58.5 10.5 12.8 12.0 13.0

Wholesale, retail trade, 
 motor vehicle repair, etc. ....  12.6 7.3 NA 0.0 0.4 NA NA 0.0 0.3 0.2 0.1 NA
Hotels and restaurants .........  NA NA NA 0.0 0.0 NA NA 0.0 0.0 NA NA NA
Transport and storage ..........  0.1 0.2 NA 3.6 0.1 0.2 NA 0.5 0.5 0.0 0.5 NA
Communications ..................  0.7 0.9 NA NA 0.1 NA 5.9 0.7 3.6 2.6 6.1 NA
Financial intermediation 
 (including insurance) ...........  2.0 1.9 NA NA 1.2 NA NA 0.0 0.0 NA NA NA
Computer and related 
 activities..............................  7.4 6.2 NA 2.5 2.5 1.9 5.3 1.1 3.9 4.5 3.8 3.7
Research and development..  7.0 10.5 2.5 NA 12.9 NA 3.7 44.9 0.3 4.8 NA NA
Other business 
 activities NEC .....................  NA 1.9 NA 3.0 2.2 NA 1.1 0.4 1.8 0.6 0.3 2.2
Community, social, and 
 personal service 
 activities, etc.......................  NA NA NA NA 0.2 NA 0.1 10.9 0.2 0.0 1.2 NA

NA not available separately
NEC not elsewhere classifi ed
PPP purchasing power parity

NOTES: Data for communications industry in United States include only telecommunications R&D. Analytical Business Enterprise Research and Development 
(ANBERD) data not available for Switzerland. Data are for years listed under country names.

SOURCES: Organisation for Economic Co-operation and Development (OECD), ANBERD database, 2002; and OECD, R&D Efforts in China, Israel, and Russia: Some 
Comparisons With OECD Countries (Paris, 2000).
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total industrial R&D concentrated in the electronic equip-
ment manufacturing sector. In comparison, most of the other 
countries displayed somewhat higher sector concentrations. 
For example, 20 percent or more of industrial R&D was con-
centrated in electronic equipment manufacturing in Finland 
(at 49 percent of its industry total), South Korea (37 percent), 
Canada (29 percent), and Sweden (23 percent). Indeed, the 
electronic equipment sector was among the largest perform-
ers of industrial R&D in 7 of the 11 countries shown and was 
the second largest performer of industrial R&D for the entire 
European Union. Among other manufacturing sectors, mo-
tor vehicles in Germany and pharmaceuticals in the United 
Kingdom accounted for 20 percent or more of total R&D 
performance, which was consistent with general economic 
production patterns. [See OECD (2001) for a harmonized 
historical series on industrial R&D expenditures in several 
OECD countries.] 

One of the more significant trends in both U.S. and in-
ternational industrial R&D activity has been the growth of 
R&D in the service (nonmanufacturing) sector. According 
to the internationally harmonized data in table 4-20, this 
sector accounted for 34 percent of total industrial R&D per-
formance in the United States in 2000.73 A number of other 
countries also reported substantial increases in their service 
sector R&D expenditures during the past 25 years. Among 
G-7 countries, nonmanufacturing shares of total industrial 
R&D increased about 5 percentage points in France and 
Italy and 13 percentage points in the United States, United 
Kingdom, and Canada from the early 1980s to the late 1990s 
(Jankowski 2001). In each of these three English-speaking 
countries, computer and related services account for a sub-
stantial share of the service R&D totals. (See sidebar, “R&D 
in the ICT Sector.”) Furthermore, the service sector appears 
to be an important locus of industrial R&D activity in sev-
eral countries, reflecting in part the growth in outsourcing 
and greater reliance on contract R&D in lieu of in-house per-
formance, as well as intramural R&D in these industries.

According to national statistics for recent years, the non-
manufacturing sector accounted for less than 10 percent of 
total industrial R&D performance in only three of the G-7 
countries (Germany, France, and Japan). Among the coun-
tries listed in table 4-20, the service sector share ranged from 
as little as 2 percent in Japan to 59 percent in Russia. The 
latter figure, however, primarily occurred because special-
ized industrial research institutes perform a large portion of 
Russia’s industrial and governmental R&D and are classi-
fied under “research and development” within the service 
sector. Apart from these institutes, the manufacturing-
nonmanufacturing split in Russia’s industrial R&D would 
be similar to ratios in the United States [American Associa-
tion for the Advancement of Science and Centre for Science 
Research and Statistics (AAAS/CSRS) 2001].

Source of Funds. Most of the funding for industrial 
R&D in each of the G-8 countries is provided by industry 
itself. As is the situation for OECD countries overall, gov-
ernment financing accounts for a small and declining share 
of total industrial R&D performance within G-7 countries. 
(See “Government Sector.”) Government financing shares 
ranged from as little as 2 percent of industrial R&D perfor-
mance in Japan to 11 percent in Italy (appendix table 4-45). 
(For recent historical reasons, Russia was the exception to 
this pattern among the G-8 countries, with government ac-
counting for 49 percent of its industry total.) In the United 
States in 2001, the Federal Government provided about 9 
percent of the R&D funds used by industry, and the majority 
of that funding was obtained through DOD contracts.

Foreign sources of R&D funding increased in many 
countries between 1981 and 2001 (figure 4-28). The role of 
foreign funding in R&D varied from country to country, ac-
counting for as little as 0.4 percent of industrial R&D in Ja-
pan to as much as 27 percent in Canada in recent years. This 
foreign funding predominantly came from foreign corpora-
tions but also included funding from foreign governments 
and other foreign organizations. The growth of this funding 
primarily reflects the increasing globalization of indus-
trial R&D activities. For European countries, however, the 
growth in foreign sources of R&D funds may also reflect the 
expansion of coordinated European Community efforts to 
foster cooperative shared-cost research through its European 
Framework Programmes.74 Although the growth pattern of 
foreign funding has seldom been smooth, it accounted for 
more than 20 percent of industry’s domestic performance 
totals in Canada and the United Kingdom and almost 10 
percent of industrial R&D performed in France and Russia 
between 1981 and 2001 (figure 4-28). Such funding takes on 
even greater importance in many of the smaller OECD coun-
tries as well as in less industrialized countries (OECD 1999). 
The recent global slowdown in industrial R&D spending 
may be reflected in a decline in foreign funding as a share of 
domestic industrial R&D in the most recent years’ data for 
Italy, the United Kingdom, and Russia. Although data exist 
on foreign sources of R&D funding for other countries, there 
are no data on foreign funding sources of U.S. R&D perfor-
mance. However, the importance of international investment 
for U.S. R&D is highlighted by the fact that approximately 
13 percent of funds spent on industrial R&D performance 

73As previously discussed, the recent growth in R&D in the U.S. trade 
industry refl ects statistical procedures more than actual R&D activity in 
wholesale and retail trade companies.

74Since the mid-1980s, European Community (EC) funding of R&D 
has become increasingly concentrated in its multinational Framework Pro-
grammes for Research and Technological Development (RTD), which were 
intended to strengthen the scientifi c and technological bases of community 
industry and to encourage it to become more internationally competitive. 
EC funds distributed to member countries’ fi rms and universities have 
grown considerably. The EC budget for RTD activities has grown steadily 
from 3.7 billion European Currency Units (ECU) in the First Framework 
Programme (1984–87) to an estimated 15 billion ECU for the Fifth Frame-
work Programme (1998–2002). The institutional recipients of these funds 
tend to report the source as “foreign” or “funds from abroad.” Eurostat, Sta-
tistics on Science and Technology in Europe: Data 1985–99 (Luxembourg: 
European Communities, 2001).
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in 2000 were estimated to have come from majority-owned 
affiliates of foreign firms investing domestically.75

Government Sector
As in the United States, in most countries the government 

sector performs much less R&D than it funds. And, also as in 
the United States, the role of the government as a performer 
of R&D has been shrinking internationally. The government 
sector accounted for 13 percent of the OECD R&D perfor-
mance total as recently as 1995. This share fell to 10 percent 
of OECD members’ combined R&D performance in 2000 
(OECD 2002a) and equaled 24 percent or (usually much) 
less in each of the G-8 countries (appendix table 4-45).

Government R&D Funding Totals. A significant trend 
in the G-7 and other OECD countries has been the decline 
in government R&D funding relative to R&D funding 
from the private sector. In 2000, less than 30 percent of all 
R&D funds were derived from government sources, down 
considerably from the 44 percent share reported in 198176 

(figure 4-29). Part of the relative decline reflects the effects 
of budgetary constraints, economic pressures, and changing 
priorities in government funding (especially the relative 
reduction in defense R&D in several of the major R&D-
performing countries, notably France, the United Kingdom, 
and the United States). This trend also reflects the absolute 
growth in industrial R&D funding as a response to increas-
ing international competitive pressures in the marketplace, 
irrespective of government R&D spending patterns. Both 
of these considerations are reflected in funding patterns for 
industrial R&D performance. In 1982, government provided 
23 percent of the funds used by industry in conducting R&D 
within OECD countries, whereas by 2000 government’s 
share of the industrial R&D total had fallen by almost two-
thirds, to 8 percent of the total.

Government R&D Priorities. A breakdown of public 
expenditures by major socioeconomic objectives provides 
insight into government priorities that differ considerably 
across countries and shift over time.77 Within OECD, the de-
fense share of governments’ R&D financing total declined 
annually from 44 percent in 1986 to 29 percent in 1999 
(table 4-21). Much of this decline was driven by the U.S. 
experience: 54 percent of the U.S. Government’s $98 bil-
lion R&D investment during 2002 was devoted to national 
defense, down from its 69 percent share in 1986. 

Concurrent with the changes in overall defense/non-
defense R&D shares, notable shifts occurred in the compo-
sition of OECD countries’ governmental nondefense R&D 
support during the past 2 decades. In terms of the broad so-
cioeconomic objectives to which government programs are 
classified in various international reports (OECD 2001 and 
2002g), government R&D shares increased most for health 
and the environment and for various nondirected R&D ac-
tivities (identified in table 4-21 as other purposes).78 Growth 
in health-related R&D financing was particularly strong in 
the United States, whereas many of the other OECD coun-
tries reported relatively higher growth in environmental 
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Industrial R&D financed by foreign sources:
1981–2001
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SOURCE: Organisation for Economic Co-operation and 
Development, Main Science and Technology Indicators, 2002. 
See appendix table 4-46.           

75The fi gures used here to approximate foreign involvement are derived 
from the estimated percentage of U.S. industrial performance undertaken by 
majority-owned (i.e., 50 percent or more) nonbank U.S. affi liates of foreign 
companies. The U.S. foreign R&D totals represent industry funding based 
on foreign ownership regardless of originating source, whereas the foreign 
totals for other countries represent fl ows of foreign funds from outside the 
country to any of its domestic performers. (See “R&D Investments by Mul-
tinational Corporations.”)

76Among all OECD countries, the government sector accounts for the 
highest funding share in Portugal (63 percent of its 2000 R&D total) and the 
lowest share in Japan (20 percent in 2000).

77Data on the socioeconomic objectives of R&D funding are generally 
extracted from national budgets. Because budgets already have their own 
methodology and terminology, these R&D funding data are subject to 
comparability constraints not placed on other types of international R&D 
data sets. Notably, although each country adheres to the same criteria for 
distributing their R&D by objective, as outlined in OECD’s Frascati Manual 
(OECD 2002f), the actual classifi cation may differ among countries be-
cause of differences in the primary objective of the various funding agents.

78Health and environment programs include human health, social struc-
tures and relationships, control and care of the environment, and explora-
tion and exploitation of the Earth. R&D for other purposes in table 4-21 
includes nonoriented research, other civil research, and research fi nanced 
from GUF (e.g., the estimated R&D content of block grants to universities 
described in the earlier discussion of the academic sector.).
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research programs. Indeed, as is indicated from a variety 
of R&D metrics, the emphasis on health-related research is 
much more pronounced in the United States than in other 
countries. In 2001 the Federal Government devoted 25 per-
cent of its R&D investment to health-related R&D, making 
such activities second in priority only to defense.79 

The relative shift in emphasizing nondirected R&D re-
flects government priority setting during a period of fiscal 
austerity and constraint. With fewer discretionary funds 
available to support R&D, governments have tended to 
conduct activities that are traditionally in the government 
sphere of responsibility and for which private funding is less 

likely to be available. For example, basic research projects 
are inextricably linked to higher education. [See Kaiser et 
al. (1999) for a description of recent efforts to make higher 
education R&D data more internationally comparable.] 
Conversely, the relative share of government R&D support 
for economic development programs declined considerably 
from 38 percent in 1981 to 23 percent in 1999. Economic 
development programs include the promotion of agriculture, 
fisheries and forestry, industry, infrastructure, and energy, 
all activities for which privately financed R&D is more 
likely to be provided without public support, although the 
focus of such private and public support would undoubtedly 
differ somewhat.

Differing R&D activities are emphasized in each country’s 
governmental R&D support statistics.80 As noted above, 
defense accounts for a relatively smaller government R&D 
share in most countries than in the United States. In recent 
years, the defense share was relatively high in the United 
Kingdom, Russia, and France at 46, 44, and 30 percent, 
respectively, but was less than 12 percent each in Germany, 
Italy, Canada, and Japan. South Korea expended 16 percent 
of its $6 billion government R&D budget on defense-related 
activities (figure 4-32). Japan committed 27 percent of its 
non-GUF governmental R&D support to energy-related ac-
tivities, reflecting the country’s historical concern about its 
high dependence on foreign sources of energy. In Canada 14 
percent of the government’s non-GUF R&D funding was di-
rected toward agriculture. Space R&D received considerable 
support in France and Russia (13 and 10 percent, respective-
ly), whereas industrial production and technology accounted 
for 15 percent or more of governmental R&D funding in 
Canada, Germany, Italy, and South Korea. Industrial pro-
duction and technology is the leading socioeconomic objec-
tive for R&D in South Korea, accounting for 30 percent of 
all government R&D. This funding is primarily oriented to-
ward the development of science-intensive industries and is 
aimed at increasing economic efficiency and technological 
development.81 Industrial technology programs accounted 
for 12 percent of the Japanese total but less than 1 percent of 
the U.S. total (figure 4-32). The latter figure, which includes 
mostly R&D funding by NIST, is understated relative to 
most other countries as a result of data compilation differ-
ences. In part, the low U.S. industrial development share re-
flects the expectation that firms will finance industrial R&D 
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Sources of R&D expenditures in OECD countries:
1981–2000

OECD—Organisation for Economic Co-operation and Development

SOURCE: OECD, Main Science and Technology Indicators, 2002. 
See appendix table 4-47.
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79Most of the health-related R&D is classifi ed as research, whereas about 
90 percent of defense R&D is classifi ed as development.

80For the purpose of cross-country comparisons, the shares reported here 
and in fi gure 4-32 have been calculated after removing research fi nanced 
from general university funds (GUF). These shares thus represent govern-
ment R&D funds dedicated to specifi c socioeconomic objectives. Shares 
including GUF can be found in appendix table 4-48. In 2000–2001 the GUF 
portion of total national governmental R&D support was 44 percent in Italy, 
39 percent in Germany, 35 percent in Japan, and between 22 and 29 percent 
in the United Kingdom, Canada, and France. South Korea and Russia are 
like the United States in that they do not report GUF.

81Historically, Russia has also devoted a large share of government R&D 
to industrial development. Fully 27 percent of the government’s 1998 R&D 
budget appropriations for economic programs were used to assist in the 
conversion of the country’s defense industry to civil applications [American 
Association for the Advancement of Science and Centre for Science Re-
search and Statistics (AAAS/CSRS) 2001].
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In 1999 and 2000, the ICT sector accounted for more 
than a fourth of total business R&D expenditures in most 
OECD countries and, as shown in figure 4-30, more than 
half of total business R&D in Finland, Ireland, and South 
Korea. According to these internationally comparable 
tabulations, ICT industries accounted for 36 percent of 
the industrial R&D in the United States and 34 percent 
of the Japanese total. Of the large European economies, 
the United Kingdom comes closest to matching the ICT 
R&D concentration of the United States and Japan, with 
a particularly high concentration of ICT services R&D. 
For a discussion of R&D alliances in the ICT sector, see 
“International Technology Alliances.”

Although several other OECD member countries had 
much higher concentrations of R&D in manufacturing 
ICT industries than the United States in 2000, the United 
States still accounted for half of all OECD-wide R&D 
expenditures in ICT manufacturing (figure 4-31). Japan 
and South Korea, which have historically emphasized 
ICT manufacturing, accounted for more than a fourth of 
the total, with the larger OECD members making up the 
bulk of the remainder.

Information and communications technologies (ICTs) 
play an increasingly important role in the economies of 
OECD member countries. Both the production and use of 
these technologies contribute to output and productivity 
growth. Compared with other industries, ICT industries 
are among the most R&D intensive, with their products 
and services embodying increasingly complex technol-
ogy. Because R&D data are often unavailable for detailed 
industries, for the purpose of this discussion ICT indus-
tries include the following ISIC (International Standard 
Industrial Classification) categories:

� Manufacturing industries: 30 (Office, accounting, 
and computer machinery), 32 (Manufacture of radio, 
television, and communications equipment appara-
tus), and 33 (Manufacture of medical, precision and 
optical instruments, watches, and clocks)

� Services industries: 64 (Post and communications) 
and 72 (Computer and related activities) (OECD 
2002e)
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Figure 4-30
Industrial R&D, by ICT sector, for selected
countries: 1999 or 2000
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SOURCE: Organisation for Economic Co-operation and 
Development, DSTI/EAS Division, Analytical Business Enterprise 
Research and Development database, 2002.
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OECD-wide ICT manufacturing R&D, by selected 
country: 2000
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SOURCE: OECD, Measuring the Information Economy (Paris, 2002).
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activities with their own funds; in part, government R&D 
that may be indirectly useful to industry is often funded with 
other purposes in mind such as defense and space (and is 
therefore classified under other socioeconomic objectives).

Compared with other countries, Germany, France, and 
Italy invested relatively heavily in nonoriented research at 
26, 25, and 24 percent, respectively, of non-GUF govern-
ment R&D appropriations. The United States government 
invested 6 percent of its R&D budget in nonoriented re-
search, largely through the activities of NSF and DOE. 

Character of R&D Activities 
Given the variations in international R&D activities by 

performing sector, source of funding, and industrial focus, it 
follows that countries would differ in terms of the character 
of their R&D activities. The proportion of a country’s R&D 
expenditures classified as basic research, applied research, 
or development not only reflects the sectoral structure of its 
national system of R&D but also indicates differences in 
national priorities, traditions, and incentive structures. The 
character of the R&D performed in a nation can change as a 
result of market forces and policy decisions. 

R&D classification by character of work often involves a 
greater element of subjective assessment than other R&D in-
dicators and hence only a third of the OECD member coun-
tries (and Russia) have reported character of work shares for 

1998 or later.82 Rather than resulting from surveys, the data 
are often estimated in large part by national authorities.83 
Nonetheless, where these data exist, they help differenti-
ate the national innovation systems of different countries in 
terms of how their R&D resources contribute to advancing 
scientific knowledge and developing new technologies. 

Most of the countries that report R&D character-of-work 
distributions emphasize development, followed by applied 
research and then basic research (figure 4-33). In four of 
the countries shown (United States, Japan, South Korea, and 
Russia), development accounted for at least 60 percent of 
national R&D, with most of the experimental development 
work under way in their respective industrial sectors. In all 
of these countries except Russia, the majority of develop-
ment funding comes from the industrial sector, mirroring the 
U.S. pattern described earlier in this chapter. In Russia, the 

Table 4-21
Government R&D support for defense and nondefense purposes, all OECD countries: 1981–99
(Percent)

    Economic 
   Health and  development   Other 
Year Defense Total environment programs Civil space purposes

1981........................................  35.6 64.4 19.7 37.6 9.9                     32.8
1982........................................  38.1 61.9 19.4 37.7 8.6                     34.3
1983........................................  39.9 60.1 19.3 36.8 7.7                     36.2
1984........................................  41.8 58.2 20.1 36.0 7.9                     36.0
1985........................................  43.4 56.6 20.5 35.6 8.6                     35.3
1986........................................  44.4 55.6 20.5 34.5 8.8                     36.2
1987........................................  44.1 55.9 21.2 32.3 9.8                     36.7
1988........................................  43.4 56.6 21.6 30.7 10.2                     37.6
1989........................................  41.9 58.1 21.8 29.7 11.0                     37.6
1990........................................  39.9 60.1 22.0 28.7 11.9                     37.4
1991........................................  36.9 63.1 22.0 28.1 12.0                     38.0
1992........................................  35.6 64.4 22.1 26.9 12.1                     38.9
1993........................................  35.6 64.4 22.1 26.0 12.3                     39.6
1994........................................  33.1 66.9 22.4 25.1 12.4                     40.1
1995........................................  31.2 68.8 22.4 24.3 12.1                     41.1
1996........................................  30.9 69.1 22.6 24.2 11.9                     41.3
1997........................................  30.7 69.3 22.8 24.5 11.4                     41.3
1998........................................  30.0 70.0 23.5 22.6 11.4                     42.5
1999........................................  29.3 70.7 24.4 23.1 10.6                     41.8

OECD Organisation for Economic Co-operation and Development

NOTE: Nondefense R&D classifi ed as “other purposes” consists largely of general university funds (GUF) and nonoriented research programs.

SOURCE: OECD, Main Science and Technology Indicators database, 2002.
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Nondefense R&D budget shares

82For a discussion of these issues see the sidebar “Choice of the ‘Right’ 
R&D Taxonomy Is a Historical Concern” in Science and Engineering Indi-
cators 2002 [National Science Board (NSB) 2002].

83The magnitude of the amounts estimated as basic research also is af-
fected by how R&D expenditures are estimated by national authorities. 
International R&D survey standards recommend that both capital and 
current expenditures be included in the R&D estimates, including amounts 
expended on basic research. Each of the non-U.S. countries displayed in fi g-
ure 4-33 includes capital expenditures on fi xed assets at the time they took 
place (OECD 1999). All U.S. R&D data reported in the fi gure include de-
preciation charges instead of capital expenditures. U.S. R&D plant data (not 
shown in the fi gure) are distinct from current fund expenditures for R&D.
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Non-GUF government R&D support, by socioeconomic objectives, G-8 countries, and South Korea: 2000 or 2001
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SOURCE: Organisation for Economic Co-operation and Development, special tabulations, 2003. See appendix table 4-48.
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Figure 4-33
R&D expenditures of selected countries, by character of work: 1998 or 2000

NOTES: Character of work for 6 percent of Japan’s R&D is unknown. Percents may not sum to 100 because of rounding.

SOURCES: Organisation for Economic Co-operation and Development, Basic Science and Technology Statistics, vol. 2002-1 (Paris, 2002); Centre for 
Science Research and Statistics, Russian Science and Technology at a Glance 2000, 2001; and National Science Foundation, Division of Science 
Resources Statistics, National Patterns of R&D Resources (Arlington, VA, annual series).
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government funds the majority of all R&D, including the R&D 
performed by its industrial sector. This emphasis on develop-
ment was not nearly as pronounced in the other countries 
shown, where it ranged from 44 percent of national R&D in 
France to as little as 36 percent in Switzerland and Italy.

The European countries for which data are available 
tended to emphasize basic and applied research in lieu of 
development.84 France, Italy, and Switzerland each focused 
more than half of their R&D expenditures on research (ba-
sic plus applied). The Czech Republic and Poland, lower-
income European countries, both reported more than 30 
percent of national R&D expenditures dedicated to basic 
research. Switzerland, a small high-income country boasting 
the highest number of Nobel prizes, patents, and science ci-
tations per capita worldwide, devoted more than 60 percent 
of its R&D to basic and applied research in 2000 despite 
having an industrial R&D share (74 percent) comparable 
to the United States and Japan. The differences among the 
Swiss, U.S., and Japanese character-of-work shares reflect 
both the high concentration of chemical and pharmaceutical 
R&D in Swiss industrial R&D as well as the “niche strat-
egy” of focusing on specialty products adopted by many 
Swiss high-technology industries.

China, mirroring the pattern set by its dynamic neighbors 
Japan, Singapore, and Korea, devotes only a small fraction 
(5 percent) of its growing R&D effort to basic research, 
favoring applied R&D aimed at immediate economic devel-
opment. Separate data are also available for Taiwan, where 
basic research accounts for 10 percent of all R&D and indus-
try accounts for an even greater share of R&D performance 
(64 percent) than in China (60 percent).

R&D Promotion Policies
Many countries, regarding S&T as important both for 

economic growth and for general public welfare, have de-
veloped strategies for promoting domestic R&D activity, 
high-technology industries, and innovation. These strategies 
incorporate a variety of policy measures ranging from direct 
government spending on R&D and technology to tax poli-
cies and intellectual property policies.

Public Funding for R&D. Government spending on 
R&D has continued to increase at a rate faster than inflation 
across OECD. A number of governments have set explicit 
goals to increase R&D activity even further:

� Austria intends to increase its share of R&D expenditure 
in gross national product (GNP) to 2.5 percent by 2005.

� Canada has set a goal to raise its ranking of 15th in R&D/
GDP ratio among OECD countries to 5th by 2010.

� South Korea established its first 5-year S&T plan in 
1997, in which it set a goal to increase the share of the 
total government budget allocated to R&D to 5 percent 
by 2002. Although South Korea failed to achieve this 

goal, it increased the R&D share substantially from 3.6 
percent in 1998 to 4.7 percent in 2002.

� Norway intends to raise its absolute level of R&D fund-
ing to the OECD average by 2005.

� Spain aims to increase its R&D spending as a share of GNP 
to 1.29 percent by 2003, up from 0.9 percent in 1990.

� The European Council has set a goal for the European 
Union as a region to devote 3 percent of GDP, on aver-
age, to R&D by 2010 (OECD 2002g).

R&D Tax Policies. In many OECD countries, the gov-
ernment not only provides direct financial support for R&D 
activities but also uses indirect mechanisms such as tax 
relief to promote national investment in S&T. Indeed, tax 
treatment of R&D is broadly similar among OECD coun-
tries, with some variations in the use of R&D tax credits 
(OECD 1996 and 2002g). The two main features of the 
R&D tax instruments are:

� An allowance for the deduction of industrial R&D 
expenditures from taxable income in the year they are 
incurred (exists in almost all OECD countries, including 
the United States) 

� An additional R&D tax credit or incentive, with a rising 
trend in the use of incremental credits (exists in about 
half of OECD countries, including the United States). 
Incremental credits provide additional incentives for 
firms to increase their R&D spending over past levels. 
(See “Federal R&D Tax Credit.”) 

In addition, several OECD countries have special provi-
sions that favor R&D in small and medium-size enterprises 
(SMEs). In recent years, some OECD countries have made 
significant changes to their R&D tax policies in an attempt 
to further encourage private investment in R&D:

� In 2002 Norway introduced a tax plan offering SMEs a 
20 percent tax allowance for both internal and external 
R&D expenditures.

� The United Kingdom enacted a tax plan in 2000 that 
allows SMEs to deduct 150 percent of R&D expendi-
tures.

� Australia has enhanced its R&D tax incentives, which 
now allow firms to deduct 125 percent of all R&D ex-
penditures and 175 percent of the labor-cost component 
of incremental increases in R&D.

� Spain recently enacted a 10 percent increase in the de-
duction of R&D investments and broadened the scope 
of the incentive to include capital investments related to 
innovation and the costs of acquiring technology in the 
form of patents or licenses in addition to R&D invest-
ments (OECD 2002g).

A growing number of R&D tax incentives are being of-
fered in OECD countries, including the United States, at the 
subnational (provincial and state) levels. See Poterba (1997) 

84The most current character-of-work data available from OECD sources 
for Germany are for 1993. The United Kingdom compiles this type of data 
only for the industry and government sectors, not for higher education or its 
nonprofi t sector, the traditional locus of basic research activities.
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for a discussion of international elements of corporate R&D 
tax policies.

Intellectual Property Policy and Technology Transfer. 
The large increase in patenting at U.S. universities and col-
leges following the passage of the Bayh-Dole Act in 1980 
has led several OECD countries to review or modify their 
own policies regarding ownership of technology developed 
with public funding. OECD notes that one of the main im-
pacts of these policies has been “to raise awareness of and 
support for technology transfer, especially within the hierar-
chy of PROs [publicly financed research organizations] and 
among researchers and graduate students” (OECD 2002g, p. 
182). For more information about trends in patenting at U.S. 
colleges and universities, see chapter 5. 

R&D Investments by 
Multinational Corporations 

International R&D investments by multinational corpora-
tions (MNCs), such as overseas R&D spending and R&D 
joint ventures and alliances, support long-term activities 
aimed at the development of new products and techno-
logical capabilities. The resulting technological linkages 
across firms and geographic regions are increasingly vital 
in the fast-paced environment of scientific research and 
global market competition. International R&D spending 
links are particularly strong between U.S. and European 
pharmaceuticals, computers, and transportation equipment 
companies.85 In recent years, the United States has attracted 
large investments by foreign R&D-performing companies. 
Foreign-owned R&D in the United States grew at a real av-
erage annual rate of 10.8 percent from 1994 to 2000, mostly 
as a result of mergers and acquisitions, compared with an 
average annual growth rate of 6.9 percent for U.S.-owned 
R&D overseas. This section analyzes data on foreign direct 
investment (FDI) in R&D (see sidebar, “Foreign Direct 
Investment in R&D”), including activity by foreign-owned 
companies in the United States, parent companies of U.S. 
MNCs, and U.S. overseas affiliates in terms of investing or 
host countries, their industrial focus, and implications for the 
ownership structure of U.S. R&D. Major findings were:

� Foreign-owned firms conducting R&D in the United 
States accounted for $26.1 billion (13 percent) of the 
$199.5 billion in total industrial R&D expenditures in 
the United States in 2000. This share fluctuated between 
11 and 13 percent during the period 1994–2000.

� In 2000 about two-thirds of foreign-owned R&D in 
the United States was performed in three industries: 
chemicals and pharmaceuticals, computer and electronic 
products, and transportation equipment. Seven countries 
invested $1 billion or more in R&D in the United States 
in 2000: Germany, the United Kingdom, Switzerland, 
Japan, Canada, France, and the Netherlands, accounting 

85Much like trends in international technology alliances discussed earlier 
in this chapter.

Foreign Direct Investment in R&D 
Statistics on overseas R&D activity by U.S. compa-

nies or by foreign-owned companies in the United States 
are part of operations data associated with U.S. direct in-
vestment abroad (USDIA) and foreign direct investment 
in the United States (FDIUS), respectively. The term for-
eign direct investment (FDI) is used below and through-
out this section to refer to either type of direct investment. 
Direct investment refers to the ownership of productive 
assets outside the home country by multinational corpo-
rations (MNCs). More specifically, the U.S. Bureau of 
Economic Analysis (BEA) defines direct investment as 
ownership or control of 10 percent or more of the voting 
securities of a business in another country. FDI can be 
examined using either direct investment position and re-
lated capital inflows/outflows data (balance of payments 
method) or economic activities of foreign affiliates of 
MNCs (financial and operations data). This section uses 
the latter set of indicators, including gross product, sales, 
employment, and R&D expenditures, to analyze major-
ity-owned affiliates (those in which the ownership stake 
of parent companies is more than 50 percent).

Most FDI involves overseas production, marketing, 
and distribution, not R&D-oriented activities. Increas-
ingly, however, companies have been expanding knowl-
edge-based technology development activities abroad 
in search of synergies and location-specific expertise. 
Other incentives include R&D costs considerations and 
the support of foreign production sites (Kumar 2001; 
and Niosi 1999). The incentives, goals, and character of 
overseas R&D activities can be summarized in two broad 
categories: (1) market seeking, or home-base exploiting, 
supporting the development of new markets and foreign 
production sites, and (2) asset-seeking, or home-base 
augmenting, pursuing science-based technologies and 
capabilities (Bas and Sierra 2002; Kuemmerle 1999; and 
von Zedtwitz and Gassmann 2002). In the first category, 
MNCs aim to use and profit from proprietary knowledge 
overseas by transferring and adapting technologies for 
local markets, emphasizing product development expen-
ditures. The second category targets the development of 
long-term innovative capabilities by taking advantage of 
novel or complementary knowledge located elsewhere. 
The latter is a more recent development within the inter-
nationalization of R&D activities, driven by the demands 
of knowledge-based competition, particularly among 
OECD countries (Niosi 1999). 

The tradeoffs and complementarities between these 
two broad objectives affect not only the relative emphasis 
of research versus development activities in technology-
intensive MNCs but also location and organizational 
decisions (e.g., proximity to production and/or research 
clusters, stand-alone R&D facilities, contractual alli-
ances), financing mechanisms (e.g., parent-company 
funding, venture capital, government grants), and techni-
cal personnel needs.
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for about 90 percent of all R&D expenditures by foreign-
owned firms in the United States. 

� Parent companies of U.S. MNCs accounted for two-thirds 
of the R&D spending by all industrial R&D performers in 
the United States in 2000. In that year, these parent com-
panies had R&D expenditures of $131.6 billion in the 
United States, whereas their majority-owned foreign af-
filiates (MOFAs) had R&D expenditures of $19.8 billion 
for a total of $151.3 billion in global R&D expenditures. 

� Two-thirds of the R&D performed overseas in 2000 by 
U.S.-owned companies ($13.2 billion of $19.8 billion) 
took place in six countries: the United Kingdom, Germa-
ny, Canada, Japan, France, and Sweden. At the same time, 
emerging markets such as Singapore, Israel, Ireland, and 
China were increasingly attracting R&D activities by U.S. 
subsidiaries. In 2000, each of these emerging markets 
reached U.S.-owned R&D expenditures of $500 million 
or more, levels considerably higher than those in 1994. 

� Three manufacturing sectors dominated overseas R&D 
activity by U.S.-owned companies: transportation equip-
ment, computer and electronic products, and chemicals 
and pharmaceuticals. These are the same three industries 
that accounted for most foreign-owned R&D in the Unit-
ed States, implying a high degree of R&D globalization 
in these industries. 

Foreign-Owned R&D Spending 
in the United States

Overview
The economic presence of foreign-owned companies in 

the United States is substantial. In 2000, majority-owned 
U.S. affiliates of foreign companies—affiliates operating in 
the United States in which the ownership stake of foreign 
direct investors is more than 50 percent—had a gross prod-
uct (value added) of $449.4 billion, sales of $2.1 trillion, and 
almost 5.6 million employees in the United States, according 
to data from the U.S. Bureau of Economic Analysis (BEA)86 
(table 4-22). These affiliates accounted for 6.0 percent of 
U.S. private-industry GDP and 4.9 percent of U.S. private 
employment in 2000 (Zeile 2002).

R&D spending by majority-owned U.S. affiliates of 
foreign companies (hereafter, foreign-owned R&D) reached 
$26.1 billion in 2000, an increase of 8.6 percent over 1999 
expenditures.87 In 2000, foreign-owned R&D spending ac-
counted for 13 percent of the $199.5 billion in total indus-
trial R&D expenditures in the United States, according to 

NSF’s Survey of Industrial Research and Development.88 

This share fluctuated between 11 and 13 percent between 
1994 and 2000. Note that the share of foreign-owned R&D 
spending in 2000 (13 percent) was more than twice the 
comparable share of U.S. private-industry gross product and 
employment, reflecting significant activity in R&D-inten-
sive industries. 

Investing Country and Industry Analysis
Relatively few investing countries account for most of the 

foreign-owned R&D in the United States. In 2000, European-
owned subsidiaries accounted for $18.6 billion (71 percent) 
of foreign-owned R&D in the United States (figure 4-34), 
a share comparable with their 67 percent share in foreign-
owned gross product in the United States. The corresponding 
R&D shares for Canadian- and Asia/Pacific-owned subsid-
iaries were 14.0 and 10.9 percent, respectively. In particular, 
R&D activities by U.S. affiliates of foreign companies were 
dominated by seven investing countries with $1 billion or 
more in R&D expenditures (table 4-22). These top countries 
accounted for about 90 percent of all foreign-owned R&D in 
the United States, a somewhat higher percentage than their 
corresponding shares of gross product (value added), sales, 
and employment (82, 73, and 80 percent, respectively). Ger-
man- and British-owned subsidiaries accounted for about 20 
percent each of the total foreign-owned R&D spending in 
the United States in 2000, followed by Canadian-owned af-
filiates with 14 percent. Relative to gross product, German-, 
Canadian-, and Swiss-owned companies, respectively, were 
the most R&D-intensive subsidiaries (table 4-22).

Foreign-owned R&D in the United States is performed 
primarily in manufacturing. In 2000 about two-thirds was 
performed in three industries: 27 percent in chemicals (of 
which 80 percent was in pharmaceuticals), 24 percent in 
computer and electronic products (of which three-fourths 
was in communications equipment), and 12 percent in trans-
portation equipment, mostly in motor vehicles. Electrical 
equipment and components and machinery accounted for 
7 and 3 percent, respectively, of foreign-owned R&D in 
the United States (table 4-23 and appendix table 4-50). The 
information sector and the professional, technical, and sci-
entific services sector each represented 3 percent of this U.S. 
total in 2000, exhibiting little change from 1999.

Firms from some investing countries are particularly 
active in certain industries. In 2000, 80 percent of R&D 
performed by Swiss-owned subsidiaries in the United 
States was performed by chemical and pharmaceutical 
affiliates, compared with 38 and 24 percent, respectively, 
for British- and German-owned subsidiaries (table 4-23). 
In contrast, more than a fourth of Japanese-owned R&D 
was performed by companies classified in computer and 
electronic products.89 

86U.S. Bureau of Economic Analysis (BEA), Survey of Foreign Direct 
Investment in the United States, 2000. Available at http://www.bea.gov/bea/
di/di1fdiop.htm. BEA data used in this section exclude data for depository 
institutions. All data are on a fi scal year basis. Estimates for 2000 are pre-
liminary. For the methodology of BEA’s Survey of Foreign Direct Invest-
ment in the United States, see http://www.bea.gov/bea/di/fddscrpt.htm.

87R&D spending data in this section are based on R&D performance, 
which refers to R&D spending according to who conducts the R&D activity, 
whether for the performer itself or for others, regardless of funding source.

88National Science Foundation, Division of Science Resources Statistics, 
Survey of Industrial Research and Development, 2003. Available at http:
//www.nsf.gov/sbe/srs/indus/start.htm.

89Further industry-country analysis is precluded by disclosure limitations.
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The shares of computer and electronic products as well as 
transportation equipment in foreign-owned R&D spending 
are comparable with their shares in total company-funded in-
dustrial R&D spending in the United States, according to data 
from NSF’s Survey of Industrial Research and Development.90 

However, the share of chemicals in foreign-owned R&D was 
more than twice the share of chemicals in overall industrial 
R&D in the United States (11 percent in 2000).91 This dif-
ference suggests the appeal of the United States as a center 
for chemicals and pharmaceuticals R&D for major foreign 

Table 4-22
Selected operating data for majority-owned U.S. affi liates of foreign companies: 2000

 Gross product  Sales (billions  Employment  R&D spending  Investing country  R&D/gross 
 (billions of current  of current (millions of  (billions of current share of R&D  product ratio 
Investing country  U.S. dollars) U.S. dollars) employees)  U.S. dollars) spending (percent) (percent)

All countries....................... 449.4 2,053.0 5.56 26.1 100.0                      5.8
Top seven countries ...... 368.2 1,492.8 4.46 23.4 89.8                      6.4

Germany.................... 54.0 308.2 0.69 5.6 21.5                    10.4
United Kingdom ........ 100.1 331.2 1.10 5.0 19.2                      5.0
Switzerland................ 34.0 120.0 0.46 3.0 11.5                      8.9
Japan......................... 62.2 429.7 0.70 2.6 10.0                      4.2
Canada...................... 36.3 159.3 0.56 3.7 14.0                    10.1
France ....................... 38.9 144.4 0.40 2.1 8.2                      5.5
Netherlands ............... 42.6 D 0.55 1.4 5.2                      3.2

D data withheld to avoid disclosing operations of individual companies

NOTE: Majority-owned U.S. affi liates of foreign companies are affi liates in the United States owned more than 50 percent by foreign direct investors.

SOURCE: U.S. Bureau of Economic Analysis, U.S. Department of Commerce, Survey of Foreign Direct Investment in the United States, annual series, 
http://www.bea.gov/bea/di/di1fdiop.htm.
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SOURCES: U.S. Bureau of Economic Analysis, Foreign Direct Investment in the United States, annual series; and U.S. Bureau of Economic Analysis,
U.S. Direct Investment Abroad, annual series. See appendix tables 4-49 and 4-51.

Figure 4-34
Foreign-owned R&D in United States and U.S.-owned R&D overseas, by investing/host region: 2000
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90National Science Foundation, Division of Science Resources Statistics, 
Survey of Industrial Research and Development, 2003. Available at http:
//www.nsf.gov/sbe/srs/indus/start.htm.

91National Science Foundation, Division of Science Resources Statistics, 
Survey of Industrial Research and Development, 2003. Available at http:
//www.nsf.gov/sbe/srs/indus/start.htm.
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companies, reflecting asset-seeking FDI goals. At the same 
time, the share of the gross product of these foreign-owned 
chemical affiliates in total foreign-owned gross product in 
the United States (9.1 percent) was much higher than the 
overall chemical industry share in U.S. (private industry) 
GDP in 2000 (2.1 percent), indicating substantial production 
activity by these affiliates (U.S. BEA 2003). These observa-
tions suggest that R&D investments by foreign chemical 
companies in the United States are likely pursuing both 
market- and asset-seeking objectives.

U.S. MNCs and Overseas R&D Spending

Overview
The economic reach of U.S.  MNCs—defined as U.S. par-

ent companies and their foreign affiliates—is considerable.92 
According to BEA data, U.S. MNCs had a gross product of 

$2.70 trillion, sales of $9.03 trillion, and 31.20 million em-
ployees worldwide in 2000 (table 4-24). Parent companies 
of U.S. MNCs (hereafter, U.S. MNC-parent companies) 
had R&D expenditures of $131.6 billion in 2000, whereas 
their MOFAs had R&D expenditures (hereafter, U.S.-owned 
overseas R&D) of $19.8 billion for a total of $151.3 billion in 
global R&D expenditures.93

Between 1994 and 2000, R&D spending by MOFAs grew 
at a faster rate (6.9 percent real average annual rate) than that 
of their U.S. parents (4.3 percent).94  The percentage of total 
R&D spending by U.S. MNCs that was performed abroad 
by their MOFAs increased from 11.5 percent in 1994 to 
13.1 percent in 2000. However, the 2000 R&D spending 
share of MOFAs within the worldwide operations of U.S. 

Table 4-23
R&D performed by majority-owned affi liates of foreign companies in United States, by selected NAICS industry 
of affi liate and region/country: 2000
(Millions of current U.S. dollars)

         Professional,
     Computer and   Trans-  technical,
 All     electronic  Electrical  portation  scientifi c
Region/country industries Total Chemicals Machinery products equipment equipment Information services

All countries.................  26,089 20,554 7,023 868 6,182 1,714 3,206 790            818
Canada....................  3,664 D D 5 D D 66 D              72
Europe .....................  18,610 15,025 6,645 D D 1,305 3,028 D            188

France .................  2,135 1,750 416 30 D D 101 D              50
Germany..............  5,610 5,273 1,347 139 D D D D                3
Netherlands .........  1,366 1,303 419 3 D 2 D 0                D
Switzerland..........  3,013 2,702 2,391 46 34 D 0 D                D
United  Kingdom ..  5,018 3,279 1,888 D D 78 221 319              41

Asia and Pacifi c.......  2,840 1,463 315 D 738 21 102 4            556
Japan...................  2,617 1,383 D 74 706 10 102 4            555

Latin America and 
 other Western
 Hemisphere ...........  735 478 — 0 39 D D 0                0
Africa .......................  D D 0 0 0 0 0 D                0
Middle East .............  D 88 40 0 43 0 0 D               —

— less than $500,000

D data withheld to avoid disclosing operations of individual companies

NAICS North American Industry Classifi cation System

NOTES: Data are preliminary 2000 estimates for majority-owned (more than 50 percent) nonbank affi liates of nonbank U.S. parents by country of ultimate 
benefi cial owner and industry of affi liate. Data include expenditures for R&D conducted by foreign affi liates, whether for themselves or for others under 
contract. Data exclude expenditures for R&D conducted by others for affi liates under contract.

SOURCE: U.S. Bureau of Economic Analysis, U.S. Department of Commerce, Survey of Foreign Direct Investment in the United States, annual series, 
http://www.bea.gov/bea/di/di1fdiop.htm. See appendix tables 4-49 and 4-50.
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92BEA defi nes parent company of a U.S. multinational corporation 
(MNC) as an entity (individual, branch, partnership, or corporation), 
resident in the United States, that owns or controls at least 10 percent of 
the voting securities, or equivalent, of a foreign business enterprise [R. J. 
Mataloni, Jr., U.S. multinational companies: Operations in 2000, Survey of 
Current Business (December 2002): 111–131]. This section is based on 
data for U.S. nonbank MNC-parent companies and their majority-owned 
nonbank foreign affi liates.

93According to the NSF Survey of Industrial Research and Development, 
R&D abroad reached $17.9 billion in 2001, up 2.3 percent from $17.5 bil-
lion in 2000 (appendix tables 4-54 and 4-55). Note, however, that the 2000 
estimate for R&D abroad reported in the NSF survey differs from that 
reported in BEA’s Survey of Direct Investment Abroad because of meth-
odological differences in the surveys. For more information, see the NSF 
website at http://www.nsf.gov/sbe/srs/sird/start.htm and the BEA website at 
http://www.bea.gov/bea/di/usdscrpt.htm.

94See appendix tables 4-51, 4-52, and 4-53 for historical data and se-
lected industry detail for R&D performed by U.S. MNCs. In this section, 
data for R&D expenditures of U.S. MNC-parent companies include R&D 
performed for the Federal Government.
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MNCs was approximately half of their share in employment 
and sales and a little more than half of their share in gross 
product (value added) (table 4-24). This shows a relative 
preference by parents of U.S. MNCs for domestically based 
R&D performance compared with other activities, which is 
consistent with the behavior of MNCs based in other ad-
vanced economies (Niosi 1999). The high concentration of 
R&D expenditures by U.S. MNCs at home results in a sig-
nificant role of these parent companies as R&D performers 
in the United States. U.S. MNC-parent companies accounted 
for two-thirds of the R&D spending by all industrial R&D 
performers in the United States in 2000.95 In comparison, the 
gross product of U.S. MNC-parent companies accounted for 
about a fifth of U.S. (private industry) GDP in 2000, accord-
ing to BEA.96

Host Country and Industry Analysis
Two-thirds of the R&D performed overseas in 2000 by 

MOFAs of U.S. companies ($13.2 billion of $19.8 billion) 
took place in six countries: the United Kingdom, Germany, 
Canada, Japan, France, and Sweden (table 4-25).97 On a 
regional basis, the European region accounted for approxi-
mately two-thirds ($12.9 billion) of all U.S-owned overseas 
R&D; the Asia/Pacific region ($3.7 billion, or 18.9 percent) 
outpaced Canada ($1.9 billion, or 9.5 percent) as a locale for 
U.S.-owned overseas R&D (figure 4-34).

In 2000, approximately three-fourths of U.S.-owned 
overseas R&D was performed in three manufacturing sec-
tors: transportation equipment ($5.7 billion, or 29 percent), 

computer and electronic products ($4.9 billion, or 25 per-
cent), and chemicals ($4.3 billion, or 22 percent, most of 
which, 83 percent, was in pharmaceuticals)98 (table 4-25). 
Compared with 1999, the share of computer and electronic 
products increased 3 basis points, mostly at the expense of 
chemicals, whereas the transportation equipment share was 
little changed. Information as well as professional, techni-
cal, and scientific services represented 2 and 6 percent, re-
spectively, of overseas R&D in 2000, compared with 1 and 
5 percent, respectively, in 1999. Certain emerging markets 
play an increasing role in U.S.-owned overseas R&D. The 
10 locations shown in table 4-26 hosted $3.5 billion (18 
percent) in R&D expenditures by MOFAs of U.S. parent 
companies in 2000, compared with $1.3 billion (11 percent) 
in 1994. Furthermore, U.S.-owned R&D expenditures in 
these 10 countries increased by 15.9 percent annually (real 
average annual growth) from 1994 to 2000, compared with 
6.9 percent annual growth for the aggregate of all host coun-
tries. For some of these locations, the real average annual 
increases were much higher, albeit from smaller levels of 
R&D activity.

The change in the relative overseas R&D rankings of 
these emerging markets are significant, indicating a selec-
tive diffusion of global R&D activities beyond traditional 
areas, likely aimed at adapting products to local markets and 
regulations, complemented by local know-how and human 
R&D resources. For example, U.S. subsidiaries in Singa-
pore, Israel, Ireland, Taiwan, and South Korea with activi-
ties in computer and electronic product manufacturing spent 
a total of $1.2 billion in R&D in 2000, or 25 percent of $4.9 
billion of U.S.-owned overseas R&D in this industry. A third 
of the combined $555 million in R&D expenditures by U.S. 
subsidiaries in Mexico and Brazil was devoted to transporta-
tion equipment R&D. 

Table 4-24
Selected data for U.S. multinational corporation parent companies and their MOFAs: 2000

   

Parent companies  Billions of  Percent Billions of  Percent Billions of  Percent  Percent
and MOFAs current dollars distribution current dollars distribution current dollars distribution Millions distribution

Total ..........................  2,695.3 100 9,033.9 100 151.3 100 31.2              100
U.S. parents .........  2,089.4 78 6,547.1 72 131.6 87 23.2                74
MOFAs..................  605.9 22 2,486.9 28 19.8 13 8.1                26

MOFA majority-owned foreign affi liate of U.S. parent company

NOTES: Details may not sum to totals because of rounding. MOFAs are affi liates in which combined ownership of all U.S. parents is more than 50 percent.

SOURCE: U.S. Bureau of Economic Analysis, U.S. Department of Commerce, Survey of U.S. Direct Investment Abroad, annual series, 
http://www.bea.gov/bea/di/di1usdop.htm.
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95Note, however, that BEA’s defi nition of U.S. MNC-parent companies 
does not rule out parent companies that are owned by foreign companies. 
About 13 percent of the published R&D expenditures for U.S. MNC-par-
ent companies were also part of the R&D expenditures of majority-owned 
affi liates of foreign companies in the U.S. in 2000, and in 1999, according 
to BEA estimates.

96Ned Howenstine, Chief, Research Branch, International Investment 
Division, U.S. BEA, personal communication with author, 8 April 2003. 
To match the industrial basis for foreign direct investment statistics, GDP 
data used in this comparison refer to U.S. private GDP excluding depository 
institutions and private households.

97Data for U.S.-owned R&D in the United Kingdom are for 1999; most 
2000 data were unavailable because of disclosure limitations.

98Note that these are the same three industries that accounted for most 
foreign-owned R&D in the United States, implying a high degree of R&D 
internationalization in these industries.
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R&D Expenditure Balance
Foreign-owned R&D expenditures in the United States 

grew at a real average annual rate of 10.8 percent from 1994 
to 2000, compared with an average annual growth rate of 
6.9 percent for U.S.-owned overseas R&D. In 1998–2000 
annual foreign-owned R&D spending in the United States 
exceeded U.S.-owned overseas R&D spending by at least $5 
billion (figure 4-35), or more than 3 percent of total indus-
trial R&D in the United States. In 2000 the difference, or ex-
penditure balance, was $6.3 billion, down from a record $7.7 
billion in 1998. At the regional level, R&D expenditures by 
European-owned companies in the United States outpaced 
overseas R&D spending by U.S. subsidiaries in Europe by 
$5.7 billion in 2000 (figure 4-34). 

U.S.-owned companies in the United States and abroad, 
and foreign-owned affiliates in the United States, may have 
a combination of local and foreign sources of R&D funding. 
However, data on international funding sources for indus-
trial R&D in the United States are generally unavailable. 
Both dimensions, ownership structure and funding sources, 
and how they may affect each other, are necessary for a 
fuller characterization of the international character of U.S. 
R&D activities. The Bureau of the Census, which conducts 

Table 4-25
R&D performed overseas by majority-owned foreign affi liates of U.S. parent companies, by selected NAICS 
industry of affi liate and region/country: 2000
(Millions of current U.S. dollars)

         Professional,
     Computer and   Trans-  technical,
 All     electronic  Electrical  portation  scientifi c
Region/country industries Total Chemicals Machinery products equipment equipment Information services

All countries.................  19,758 17,822 4,254 764 4,878 331 5,744 383            919
Canada....................  1,874 1,735 272 13 194 18 1,086 3              30
Europe .....................  12,938 11,699 3,152 509 2,085 250 4,264 255            589

France .................  1,445 1,356 726 57 225 14 153 1              21
Germany..............  3,105 3,067 235 159 460 126 1,852 2                2
Sweden ...............  1,335 1,230 D 23 D D D D                D
United Kingdoma..  4,000 3,250 1,092 147 512 6 1,128 19            582

Asia and Pacifi c.......  3,727 3,478 684 204 2,174 D 187 105                D
Japan...................  1,433 1,277 560 152 450 15 19 D                D

Latin America and 
other Western 
Hemisphere .........  665 561 125 29 114 D 207 D              69

Africa .......................  27 24 20 2 0 0 1 —                0
Middle East .............  527 324 1 8 312 0 0 D                D

— less than $500,000
D data withheld to avoid disclosing operations of individual companies
NAICS North American Industry Classifi cation System

aData are for 1999. Data for all countries include unpublished 2000 data rather than the 1999 data.

NOTES: Data are preliminary 2000 estimates for majority-owned (more than 50 percent) nonbank affi liates of nonbank U.S. parents by country of ultimate 
benefi cial owner and industry of affi liate. Data include expenditures for R&D conducted by foreign affi liates, whether for themselves or for others under 
contract. Data exclude expenditures for R&D conducted by others for affi liates under contract.

SOURCE: U.S. Bureau of Economic Analysis, U.S. Department of Commerce, Survey of U.S. Direct Investment Abroad, annual series, 
http://www.bea.gov/bea/di/di1usdop.htm. See appendix table 4-51.

Science & Engineering Indicators – 2004

Manufacturing Nonmanufacturing

Table 4-26
R&D performed overseas by majority-owned 
foreign affi liates of U.S. companies in selected 
economies: 1994 and 2000
(Millions of current U.S. dollars)

Location Rank R&D Rank R&D

Singapore ............ 14 167 8 548
Israel .................... 16 96 9 527
Ireland.................. 8 396 10 518
China ................... 30 7 11 506
Hong Kong .......... 19 51 14 341
Mexico................. 13 183 16 305
Brazil.................... 10 238 17 250
Malaysia .............. 20 27 19 214
Taiwan ................. 15 110 21 143
South Korea......... 26 17 22 131

NOTE: Rank refers to the relative position of the host country in 
terms of the amount of U.S.-owned R&D expenditures.

SOURCE: U.S. Bureau of Economic Analysis, U.S. Department of 
Commerce, Survey of U.S. Direct Investment Abroad, annual series, 
http://www.bea.gov/bea/di/di1usdop.htm.
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the NSF Survey of Industrial Research and Development, 
and BEA, which conducts the FDI surveys, are engaged in a 
data-linking project aimed at a more detailed profile of U.S 
R&D performance and funding. 

Conclusion
The resurgence in R&D investment in the United States 

from 1994 to 2000 slowed almost entirely by 2002. An un-
certain economy rocked by turbulence in financial markets 
and terrorism led to reduced output in both the manufactur-
ing and service sectors as well as subsequent slowdowns 
in R&D expenditures in many sectors. At the same time, 
the Federal Government’s role grew in terms of both R&D 
funding and performance, reversing the decade-long diver-
gence of private and public funding of R&D.

Recent acts of terrorism and military mobilizations have 
reversed a declining trend in the U.S. Government’s share 
of defense-related R&D. Other countries throughout the 
world have maintained their focus on nondefense R&D and 
have attempted to take proactive steps toward intensifying 
and focusing their national R&D activity. These steps range 
from increasing general government spending to fostering 
high-technology industrial clusters.

The locus of R&D activities is also shifting as a reflection 
of broad technological changes and new scientific research 
opportunities. Industrial R&D is increasingly undertaken in 
service (versus manufacturing) industries, and much of the 
industrial R&D growth has occurred in biotechnology and 

IT. Moreover, Federal research funds have shifted markedly 
toward the life sciences during the past several years. 

In addition to R&D performance and funding, the organiza-
tion of R&D activities also has undergone substantial change. 
At the corporate level, R&D activities are increasingly globally 
driven by the need to support or develop markets and foreign 
production sites and the need for science-based technologies. A 
parallel trend is the increasing reliance on external technology 
sources and R&D alliances to share costs, risks, and resources 
and promote the development of innovative capabilities, in-
creasingly relevant for long-term competitiveness.

These issues not only affect the performance and policy 
implications of R&D activity in the United States and over-
seas but also present new challenges for the development of 
S&T indicators (National Research Council 2000). In part 
to address these challenges, NSF, through the Bureau of 
the Census, which conducts the NSF Survey of Industrial 
Research and Development, and BEA, which conducts the 
international investment surveys, have initiated a statistical 
linking project to further explore the international composi-
tion of R&D activity in the United States. Fuller investiga-
tions and tracking of the apparent growth in the web of 
partnerships among firms, universities, and Federal agencies 
and laboratories in conducting R&D are warranted. An un-
derstanding of this dynamic and changing scenario is essen-
tial in a U.S. economy increasingly driven by the production, 
diffusion, and exploitation of science-based knowledge.
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