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National Academy of Sciences
National Academy of Engineering
Institute of Medicine

National Research Council

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the charter
granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the
federal government on scientific and technical matters. Dr. Bruce M. Alberts is president of the
National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its
administration and in the selection of its members, sharing with the National Academy of Sciences
the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages education and re-
search, and recognizes the superior achievements of engineers. Dr. Wm. A. Wulf is president of the
National Academy of Engineering.

The Institute of M edicine was established in 1970 by the National Academy of Sciencesto secure
the services of eminent members of appropriate professions in the examination of policy matters
pertaining to the health of the public. Thelnstitute acts under the responsibility givento the National
Academy of Sciences by its congressional charter to be an adviser to the federal government and,
upon its own initiative, to identify issues of medical care, research, and education. Dr. Kenneth I.
Shineis president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciencesin 1916 to
associate the broad community of science and technology with the Academy’ s purposes of further-
ing knowledge and advising the federal government. Functioning in accordance with general poli-
ciesdetermined by the Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in providing servicesto
the government, the public, and the scientific and engineering communities. The Council isadmin-
istered jointly by both Academies and the Institute of Medicine. Dr. Bruce M. Albertsand Dr. Wm.
A. WuIf are chairman and vice chairman, respectively, of the National Research Council.
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Preface and Acknowledgments

The improved competitive performance of much of U.S.

industry in the 1990s derived from a combination of
corporate strategies and supportive public policies, includ-
ing steady and conservative fiscal policy, economic de-
regulation, trade liberalization, relatively lenient antitrust
enforcement, and previous decades' research investments.
These were conclusions of an in-depth study of 11 manu-
facturing and service industries by the National Acad-
emies Board on Science, Technology, and Economic
Policy (STEP), published in 1999.1 Although cautiously
optimistic about the future performance of the economy,
the STEP Board articulated four concerns that continue to
guide much of its work: the adequacy of measures and
statistical data to inform policy making; the availability of
skilled human capital to sustain resurgence; the implica-
tions for research and innovation of some aspects of the
extension of intellectual property rights; and the adequacy
of public and private investment in long-range research,
especially in the physical sciences and engineering. The
Board included in its report a commissioned analysis
providing the first detailed picture of changesin the federal
research portfolio in the 1990s.2

The present study was undertaken to update and extend
the Board's 1999 effort. In approving this project the
National Research Council decided to assemble a study
committee that included members of the STEP Board and

1Board on Science, Technology, and Economic Policy. 1999. Securing
America’s Industrial Srength, Washington, D.C.: National Academy
Press; and Board on Science, Technology, and Economic Policy. 1999.
U.S. Industry in 2000: Studies in Competitive Performance, Washington,
D.C.: National Academy Press.

2Michael McGeary and Stephen A. Merrill. 1999. “Recent Trends in
Federal Spending on Scientific and Engineering Research: Impacts on
Research Fields and Graduate Training,” in Board on Science, Technol-
ogy, and Economic Policy, Securing America’s Industrial Strength, pp.
53-97. Washington, D.C.: National Academy Press. A version of the
analysis was published under the authors' names as “Who's Balancing
the Federal Research Portfolio and How?" Science 285:1679-1680, 1999.

Vii

representatives of arange of scientific disciplines, includ-
ing the biological, atmospheric, and physical sciences.
David Challoner, Warren Washington, and John
Armstrong were appointed to the study committee, and we
are grateful for their contributions to the report.

This report has been reviewed in draft form by indi-
viduals chosen for their diverse perspectives and technical
expertise, in accordance with procedures approved by the
NRC's Report Review Committee. The purpose of this
independent review isto provide candid and critical com-
ments that will assist the institution in making its pub-
lished report as sound as possible and to ensure that the
report meets ingtitutional standards for objectivity, evi-
dence, and responsiveness to the study charge. The review
comments and draft manuscript remain confidential to
protect the integrity of the deliberative process. We wish to
thank the following individuals for their review of this
report:

Daniel C. Drucker, University of Florida

Susan M. Fitzpatrick, James S. McDonnell Foundation

Pierre C. Hohenberg, Yale University

Anita Jones, University of Virginia

Kei Koizumi, American Association for the Advance-
ment of Science

M. Granger Morgan, Carnegie Mellon Univeristy

Georgine M. Pion, Vanderbilt University

Paul M. Romer, Hoover Institute, Stanford University

Richard N. Zare, Stanford University

Although the reviewers listed above have provided
many constructive comments and suggestions, they were
not asked to endorse the conclusions or recommendations
nor did they see the final draft of the report before its
release. The review of this report was overseen by R.
Stephen Berry, University of Chicago, and Ronald
Ehrenberg, Cornell University. Appointed by the National
Research Council, they were responsible for making
certain that an independent examination of this report was
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carried out in accordance with institutional procedures and
that all review comments were carefully considered.
Responsihility for the final content of this report rests
entirely with the authoring committee and the institution.
The Board owes a special debt to Stephen Merrill,
STEP Executive Director, and Michael McGeary, consult-
ant, for repeating and extending the analysis that they
performed in 1999. They were assisted by Peter
Henderson, Director of the Board on Higher Education and
the Scientific Workforce, who analyzed data from the
Survey of Graduate Students and Postdoctorates in Science

PREFACE AND ACKNOWLEDGMENTS

Engineering (GSPSE) and drafted the section of the report
addressing graduate student support. Craig Schultz, STEP
Research Associate, and Julie Schneider, a National Re-
search Council summer 2000 intern and now aresearch
scientist with Genaissance Corporation in New Haven,
Connecticut, provided indispensable help compiling and
deciding how to present the data. Finally, Camille Collett
applied her considerable editoria skills to preparing the
manuscript for publication. Rona Briere helped with the
editing and design of the publication.

Dale Jorgenson,
Chairman

William Spencer,
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Executive Summary

This report updates and extends a 1999 study of trends
in federal research funding commissioned by the National
Academies Board on Science, Technology, and Economic
Policy (STEP).1 Analysis of more recent data supports that
study’s principal conclusion that a substantial shift has
been occurring in the composition of the federal research
portfolio. This shift in funding is affecting both the alloca-
tion of resources by research field and the supply of human
resources. In particular, there has been a significant reduc-
tion in federal funding for research in certain of the physi-
cal science and engineering fields. These include fields
whose earlier advances contributed to the surge in produc-
tivity and economic growth of the late 1990s? and fields
that underlie progress in energy production and conserva-
tion, pollution abatement, medical diagnosis and treatment,
and other national priorities.

BACKGROUND

In the early 1990s shifting national priorities stemming
from the end of the Cold War and a political consensus to
eliminate the federal budget deficit began to reduce federal
funding of research and development in real terms.3 De-

IMichael McGeary and Stephen A. Merrill. 1999. “Recent Trends in
Federal Spending on Scientific and Engineering Research: Impacts on
Research Fields and Graduate Training,” Appendix A in National
Research Council, Securing America’s Industrial Strength. Washington,
D.C.: National Academy Press.

2Dale Jorgenson, “Information Technology and the U.S. Economy,”
American Economic Review 91(1):1-32, 2001 and Kevin J. Stiroh,
“Information Technology and the U.S. Productivity Revival: What Do the
Industry Data Say?" Staff Report, Federal Reserve Bank of New Y ork,
no. 95, 2001. Available online at: http://www.ny.frb.org/rmaghome/
staff_rp/2001/2001.html

3Unless otherwise specified, all funding numbersin this report have
been converted to constant (1999) dollars using GDP deflators in Office
of Management and Budget. 2001. Historical Tables, Budget of the
United States Government, Fiscal Year 2002, Table 10.1, Washington,
D.C.: U.S. Government Printing Office.

fense R& D, funded mostly by the Department of Defense
(DOD) but also by the Department of Energy (DOE), was
most affected by the cuts. The purpose of the STEP
Board's 1999 study was to seeiif, in fact, longer range
research in disciplines that received most of their federal
funding from DOD and other agencies with reduced R&D
budgets was being cut accordingly. The study analyzed
data on actual federal obligations for basic and applied
research from FY 1990 through FY 1997 (the last year for
which data were available), especialy trends after 1993
(the last year of real growth in federal research budgets
until 1998).4

The study showed that in 1997, although the level of
federal research spending was nearly the same as it had
been in 1993, a number of agencies were spending less on
research than they had in 1993, including DOD (-27.5
percent), Department of the Interior (—13.3 percent),
Department of Agriculture (6.2 percent), and DOE (-5.6
percent).5> Meanwhile, the research budget of the National
Institutes of Health (NIH) had increased by 11 percent.
The cuts disproportionately affected most fieldsin the
physical sciences (physics, chemistry, and geology),
engineering (chemical, civil, electrical, and mechanical)
and mathematics, because those fields received most of
their support from agencies with reduced research funding
and only a few were able to obtain increased support from
other agencies. Nevertheless, the funding of particular
fields did not necessarily mirror the budgets of their

4Obligations are commitments to spend money, regardless of when the
funds were appropriated and of whether actual payment is made later, for
example, under multiyear contracts. The data on federal obligations are
based on the federal fiscal year that begins October 1 each year. Data on
expenditures by other sponsors of research are for calendar years.

SMichael McGeary and Stephen A. Merrill. 1999. “Recent Trends in
Federal Spending on Scientific and Engineering Research: Impacts on
Research Fields and Graduate Training,” Appendix A, Table A-1in
National Research Council, Securing America’s Industrial Srength.
Washington, D.C.: National Academy Press.
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2 TRENDS IN FEDERAL SUPPORT OF RESEARCH AND GRADUATE EDUCATION

principal supporting agencies. Some of these fields were
subject to reductions in support by agencies with growing
budgets. Based on these findings, the Board expressed its
concern about the long-term implications of reduced
federal investment in fields important to such industries as
electronics, software, networking, and materials processing
and to advances in the life sciences.

KEY FINDINGS

The following findings form support the conclusions
and recommendations of this study, based on trends
through 1999:

* Federal research funding in the aggregate turned a
corner in FY 1998 after 5 years of stagnation. Total expen-
ditures were up 4.5 percent in FY 1998 over their level in
1993. A year later, in FY 1999, they were up 11.7 percent
over 1993. FY 2000 and FY 2001 saw continued growth in
budget authority for research. These increases are ac-
counted for primarily by NIH. Indeed, increasesin NIH
appropriations kept federal research funding from falling
even lower in the mid-1990s and have dominated more
recent growth in overall research funding (see Figure ES-
1). Moreover, NIH is slated by the current administration
for substantial increases in the next several years while
most other agencies would receive flat or reduced funding
for research.

« Although federal research funding began to increase
after 1997, the new composition of federal support re-
mained relatively unchanged. In 1999, the life sciences had

40
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20 —

15

Billions of 1999 dollars

10

1993 1999
Fiscal year

FIGURE ES-1 Federal funding of research, by agency, FY 1993
and FY 1999 (constant dollars).

46 percent of federal funding for research, compared with
40 percent in 1993. During the same period, physical
science and engineering funding went from 37 to 31
percent of the research portfalio.

—Whereas 12 of the 22 fields examined had suffered
areal loss of support in the mid-1990s (four by 20
percent or more), by FY 1999 the number of fields
with reduced support was seven. However, five of
these—physics, geological sciences, and chemical,
electrical, and mechanical engineering—were down
20 percent or more from 1993.6

—The fields of chemical and mechanical engineering
and geological sciences had less funding in 1999
than in 1997. Funding of some fields—including
electrical engineering and physics—improved
somewhat from 1997 to 1999 but not enough to
raise them back up to their 1993 levels.

—Other fields that failed to increase or had less
funding after 1997 included astronomy, chemistry,
and atmospheric sciences.

—One field that had increased funding in the mid-
1990s, materials engineering, experienced declining
support at the end of the decade. Its funding was
14.0 percent larger in 1997 than in 1993, but that
margin fell to 3.0 percent in 1998 and 1.5 percent in
1999.

—The fields whose support was up in 1997 and has
continued to increase include aeronautical, astro-
nautical, civil, and other engineering;” biological
and medical sciences; computer sciences; and
oceanography.

—Fields that, like overall research expenditures,
turned a corner were environmental biology, agri-
cultural sciences, mathematics, social sciences, and
psychology. Their funding, which was lessin 1997
than in 1993, exceeded the 1993 level by 1999 (see
Figure ES-2).

» More recent actions on federal budgets for research,
including the first installments in doubling of the NIH
budget over the 5 yearsending in FY 2003, will increase

8From time to time, agencies responding to the NSF survey of federal
funds for research and development change their procedures for classify-
ing funding by field of research. In 1996, for example, NSF changed its
classification of engineering and the environmental sciences research
activities so that its support of mechanical engineering appeared to be
much less and its funding of oceanography much greater. In this case, if
NSF did not actually change what it was funding, the drop in overall
federal funding of mechanical engineering was somewhat less than
reported, and the apparent increase in oceanography may not be real.
Most fine fields were not affected by such changes during the 1993-1999
period, and the broad trends documented in this report—expansion of life
sciences funding relative to funding of the physical sciences and engi-
neering—are not affected.

7+ Other engineering” includes agricultural, bioengineering, biomedical,
industrial and management, nuclear, ocean, and systems engineering.
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the current divergence between the life sciences and other
fields unless other fields receive substantially larger in-
creases than proposed.

» The decline in the support of many of the physical
science and engineering fieldsis partly attributable to the
fact that the budgets of their principal sponsoring agencies
[e.g., DOD, DOE, and the National Aeronautics and Space
Administration (NASA)] did not fare as well asthe NIH
budget and partly to the fact that the agencies with grow-
ing budgets, especially NIH and NSF, did not increase
their support of those fields and in some cases reduced it.
At the same time, some fields—e.g., computer sciences,
oceanography, and aeronautical engineering—experienced
substantial growth even though their largest 1993 funders
were agencies with shrinking budgets—e.g., DOD and
NASA. These fields did so by maintaining their level of
funding from agencies with declining budgets and by
picking up additional support from other agencies.

» The patterns in federal funding of basic research and
research performed at universities are similar to that for
overall funding of research but somewhat more favorable,
suggesting that by the late 1990s agencies were tending to

protect basic and university research relative to applied
research and other performers.

« Although federal funding of research assistant posi-
tions through research grants and contracts is but one
factor among many in determining the number of graduate
students in training and the number of Ph.D.’s produced in
afield, graduate enrollments and Ph.D. production were
generally down in fields that had less federal funding in
1999 than in 1993. Over the next few years, these declines
will contribute to an ongoing reduction in the supply of
new talent for positions in governmental/nonprofit organi-
zations, industry, academia, and other employment sectors
(see Figure ES-3).

« Although the data are much more limited, it appears
that states and philanthropies have shared the research
priorities of the federal government in the last decade. For
both states and foundations, biomedical research consumes
amajority of research funding and has grown at a faster
rate than support of other scientific and engineering fields.

 Data on the composition of industry-funded research
are classified by sector rather than by field and thus are not
directly comparable to those on federal expenditures. The
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data show that corporations’ spending on research has
been increasing but is concentrated in a few sectors such as
the pharmaceutical industry and the information technol -
ogy sector. Electronic components was one industry in
which research investment increased as federal support of
the most closely related research field, electrical engineer-
ing, declined over the decade. Nevertheless, except for a
few industries such as pharmaceuticals, only a small
fraction (less than 4 percent in computers and semiconduc-
tors, for example) of all corporate research and devel op-
ment is basic research. Moreover, private research invest-
ment is quite volatile, sometimes subject to wide
fluctuation from year to year with or independent of the
business cycle.

e The shiftsin federal funding of fields were partly the
result of congressional (e.g., biomedical research) and
presidential priorities (e.g., high-performance computing
research and development); but the funding reductions
were substantially the product of decentralized decision
making by officials in various departments, agencies, and
congressional committees, adjusting resources to agency
mission needs in a constrained budget environment. Im-
pacts on the overall composition of the federal research
portfolio were not considered until FY 2000, when the
administration and Congress began to discuss the balance
of funding among fields, and the FY 2001 budget cycle,
when for the first time balance became an explicit criterion

used by the administration in developing its budget re-
quest.

CONCLUSIONS

The recent shift in composition of the federal research
portfolio is significant. Although nonfederal entities
increased their share of national funding for R&D from 60
to 74 percent between 1990 and 2000, federal funding still
supports a substantial component, 27 percent, of the
nation’s total research expenditures, 49 percent of basic
research spending. Reductionsin federal funding of afield
of 20 percent or more have a substantial impact unless
there are compensating increases in funding from non-
federal sources, which does not appear to be the case in the
last few years. Generally speaking, moreover, federal
funding for research has a longer time horizon and can be
more stable than investments from other sources.

The funding trends leading to shiftsin the federal
research portfolio will continue under the admini-
stration’s budget plan. The administration’s request for
NIH for FY 2002 would increase its budget authority for
research by 12.9 percent over the 2001 level in constant
dollars. All other non-defense research would be reduced
by 1.5 percent. There is also provision for an increase in
DOD'’ s budget authority for research but its allocation
awaits the results of the administration’s strategic review.
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Thereislittle indication, based on their portfolios from
1993 to 1999, that NIH would allocate substantial funds to
fields outside of the biological and medical sciences or that
DOD would rebuild funding for fields the department
previously cut or increased less. NSF, with the broadest
research portfolio, has tended to increase its support of
fields whose funding from other sourcesis growing and
reduce support of some fields whose support is declining
elsewhere. In any case, its research budget is small com-
pared with those of DOD and NIH.

There are compelling reasons for the federal govern-
ment to invest across the range of scientific and engi-
neering disciplines.8 Increasingly, the most important
problemsin both the life and physical sciences and engi-
neering require collaboration across disciplines. Examples
include genomics and bioinformatics, which rely on math-
ematics and computer science as much as biology for
progress; nanotechnology, which depends on chemistry
and chemical engineering, physics, materials science and
technology, and electrical engineering; and understanding
of climate change, which relies on collaboration among
oceanographers, atmospheric chemists, geologists and
geophysicists, paleontologists, and computer scientists.

Furthermore, research, by its nature, is highly uncertain.
It is not possible to know when and where breakthroughs
will occur, what practical applications they may have, and
when those applications may pay off. Important advances
in one field sometimes come from apparently unrelated
work in another field. For example, who knew in 1945 that
the discovery of nuclear magnetic resonance in condensed
matter by basic research physicists would lead to the
development of MRI technology 30 years later?® Increas-
ing interdisciplinarity and uncertainty about where ad-
vances will take place and if or when they will be commer-
cially successful argue for the prudence of investing in a
broad portfolio of research activities.

Thereis cause for concern about the allocation of
funding among fields in the federal research portfolio, in
particular with respect to most of the physical sciences
and engineering whose funding, in contrast with the
biomedical sciences, has with few exceptions stagnated or
declined. The current level of funding in some fields may
not be optimal from a national perspective or from the

8The rationale for a diverse portfolio is articulated in National Acad-
emy of Sciences, National Academy of Engineering, and Institute of
Medicine. 1993. Science, Technology, and the Federal Government:
National Goals for a New Era. Washington, D.C.: National Academy
Press; and National Research Council. 1995. Allocating Federal Funds
for Science and Technology, Washington, D.C.: National Academy Press.

9National Academy of Sciences. March 2001. A Life-Saving Window
on the Mind and Body: The Development of Magnetic Resonance
Imaging, Washington, D.C.: National Academy of Sciences. At: www/
beyonddiscovery.org/beyond/BeyondDiscovery.nsf/files’PDF MRI.pdf/
$file/MRI PDF.pdf.

viewpoint of those who support expanded funding of
biomedical or computer science research. Advancesin
both of the latter fields will be dependent on progressin a
broad range of fields of fundamental research, including
physics, chemistry, electrical engineering, and chemical
engineering, all fields with less funding at the end of the
1990s than they received earlier in the decade.

Although it may be wise palicy to reduce the linkage
between research funding and training support,1° re-
search allocation decisions should take into account the
need for trained peoplein a field. Curtailing research in a
field may constrict the supply of trained people with
advanced technical degrees (not only Ph.D.’s) who are
capable of applying and exploiting research advancesin a
variety of settingsincluding but not limited to the labora-
tory. Increasingly, there is a premium on scientific and
engineering training in arange of service aswell as manu-
facturing industries. The effect of cutting research is both
direct, in reducing the number of research assistant posi-
tions, and indirect, in signaling to prospective graduate
students that some fields offer poor career opportunities.

The current system for allocating research funding
does not necessarily ensure that national priorities are
taken into account. In the highly decentralized U.S.
system of support for science and engineering, most
research funding is tied to the missions of federal agencies
rather than national needs more broadly conceived, such as
technological innovation and economic growth. If amis-
sion changes—for example, defense strategy in the post-
Cold War world—support of certain fields of research may
decline for reasons that are entirely defensible in terms of
the affected agency’ s priorities but not necessarily defen-
sible in terms of the research opportunitiesin and produc-
tivity of those fields and their potential contributionsto
national goals.

The evidence of changing agency priorities and portfo-
liosis actually encouraging. In arapidly changing world, it
would be disturbing if spending patterns were static. But
there is no process for reviewing systematically the effects
of these decentralized decisions on the health of research
fields and the supply of human resources with reference to
aset of national goals. It may be that funding reductions
are entirely warranted by diminished research opportuni-
ties or productivity or less need for people in those special-
ties. On the other hand, funding increments may be justi-
fied. Simply increasing the research funding of certain
agencies (for example, DOD, DOE, or NSF) will not
necessarily achieve the desired allocation by itself. A
single agency’ s research budget may be comparatively
small and widely dispersed or the agency may continue to

10A position taken by the Committee on Science, Engineering, and
Public Palicy in its report, Reshaping the Graduate Education of Scien-
tists and Engineers, Washington, D.C.: National Academy Press, 1995.
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allocate any increases to its current priorities. The task
requires some centralized oversight, similar to the mecha-
nisms for advancing presidential priorities that cut across
agency programs and budgets.1!

I mprovements in data and analysis would support a
better informed process of allocating federal funding for
research. Current surveys are valuable and underutilized
tools for assessing the nation’s allocation of resources to
the conduct of science and development of technology, but
their utility could be improved by modest changesin the
surveys and in the presentation of their results. Moreover,
there are significant gaps in information, especially on
non-unversity performers of federal research and on non-
federal research sponsors — states, philanthropic institu-
tions, and businesses at afine level of detail. There needs
to be a good deal more qualitative evaluation of the output
of research fields and the effects on outputs of changesin
funding levels as well as more rigorous analysis of the
influences on the supply of and demand for scientists and
engineers with advanced training.

RECOMMENDATIONS

Based on these conclusions, the committee recommends
action in three areas. For the most part our recommenda-
tions reaffirm previous Academy statements on the budget
allocation process for research,1? priorities for the National
Science Foundation’s statistical arm, the Division of
Science Resources Studies,3 international benchmarking
of scientific performance,!* and federal support of graduate
training in science and engineering.1®

Evaluation and Adjustment of the Research Portfolio

The U.S. system for funding and performing research
has many strengths and accounts in large part for the
productivity of American science and technology. In
making the following recommendations, we are not calling
for centralization of decision making about research
priorities and spending. What is needed is a mechanism or
mechanisms to monitor the aggregate results of a very

IINational Science Board, “The Scientific Allocation of Scientific
Resources’ [Discussion Draft for Comment], March 28, 2001, p. 3.

12National Research Council, Allocating Federal Funds for Science
and Technology, 1995. Op. Cit.

13National Research Council, Measuring the Science and Engineering
Enterprise, Washington, D.C.: National Academy Press, 2000; and
Industrial Research and Innovation Indicators, Washington, D.C.:
National Academy Press, 1997.

14National Academy of Sciences, National Academy of Engineering,
and Institute of Medicine, Experiments in International Benchmarking of
U.S. Research Fields, Washington, D.C.: National Academy Press, 2000.

15National Academy of Sciences, National Academy of Engineering,
and Institute of Medicine, Reshaping the Graduate Education of Scien-
tists and Engineers, 1995. Op. Cit.

decentralized system of selecting and carrying out research
projects to see if adjustments are needed to close gaps or
reduce shortfalls that occur when policy makers make
decisionsin a narrow framework.

Recommendation 1. The White House Office of Science
and Technology Policy (OSTP) and the Office of Man-
agement and Budget (OMB), with assistance from
federal agencies and appropriate advisory bodies,
should evaluate the federal research portfolio, with an
initial focus on fieldsrelated to industrial performance
and other national prioritiesand arecent history of
declining funding. Examples are physics, electrical
engineering, chemistry, chemical engineering, mechani-
cal engineering, and geological sciences. Fields with flat
funding or only small real increases through the 1990s
also merit attention. Theseinclude materials engineer -
ing, atmospheric sciences, mathematics, psychology,
and astronomy. The conclusions of the evaluation
should bereflected in budget allocations.

Recommendation 2. Congress should conduct its own
evaluation of the federal research portfolio through the
budget, appropriations, or authorization committees.

Recommendation 3. For the longer term, the executive
branch and Congress should sponsor the following
types of studies: (1) in-depth qualitative case studies of
selected fields, taking into account not only funding
trends across feder al agencies and nonfederal support-
ersand international comparisons but also subtler
differencesin thefoci, time horizons, and other re-
sear ch characteristics that are obscured by quantitative
data; (2) studies of agency research portfolios and
decision making to under stand the reasons for shiftsin
funding by field and the extent to which the health of
individual fields and interrelationships among fields
aretaken into account; and (3) studies of methodolo-
giesfor allocating federal research funding according
to national rather than merely departmental criteria
and priorities.

Recommendation 4. The executive branch and Con-
gress should institutionalize processes for conducting
and, if necessary, acting on an integrated analysis of the
federal budget for research, by field aswell as by
agency, national purpose, and other perspectives.

Data Improvements
National data systems need to be expanded and im-
proved to support better policy making.

Recommendation 5. NSF should annually report and
interpret data from its survey of federal R& D obliga-
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tionsin aform (e.g., adjusted for inflation) and on a
schedule useful to policy makers. Improvementsin the
data that should be given careful consideration include
reporting of data on university research support by all
agenciesthat support amajor share of research in
certain fields[e.g., Department of Interior (DOI) in
geological sciences and Department of Commer ce
(DOC) in oceanography], obtaining data by field on
performers other than universities (e.g., in industry and
government laboratories), evaluating and revising the
field classification, and making the field classification
and resear ch typology uniform across surveys (e.g., the
surveys of academic R& D expenditures and ear ned
doctorates as well asthe survey of federal R& D obliga-
tions). Agencies should make surethat the data they
provide NSF are accurate and timely.

Recommendation 6. Although it may beimpractical to
obtain data on industrial R& D spending by resear ch
field, NSF should administer the Industrial R&D
survey at the business unit level to make data on the
composition of private R& D more meaningful.

Recommendation 7. NSF should consider ways of
obtaining data on the allocation of state expenditures
on aregular basis.

Recommendation 8. The philanthropic community
should cooperatein collecting and publishing data on a
basis comparable to federal research statistics.

Analytical Improvements

The analysis presented here, a gathering of existing data
from various sources, is afirst step that raises more ques-
tions than it answers.

Recommendation 9. NSF and other federal agencies
funding resear ch should support benchmarking studies
that compar e inputs and outputs across countries and
sponsor other effortsto develop techniques for assess-
ing the productivity of various fields of research.

Recommendation 10. NSF should continue and expand
its effortsto develop innovation indicators other than
R& D expenditureinputs, collect data on them, and
fund resear chersto analyze them. Other agencies (e.g.,
NASA, DOD, DOE, and the National Institute of Stan-
dards and Technology) interested in the role of federal
resear ch in technological innovation, could fund or
jointly fund such analyses.

Recommendation 11. Resear chers, professional societ-
ies, industry associations, and federal research agencies
should explorethe relationships between federal re-
sear ch funding and other factors (e.g., population flows
through the educational system, domestic and foreign
student demand, labor market conditions, etc.) in the
development and use of scientific and engineering
talent. Only then can we evaluate the trendsin student
enrollment and in graduate study programs’ output
and determine how to influence those trendsif that is
the conclusion of the analysis.
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Introduction

In the early 1990s, shifting national priorities stemming
from the end of the Cold War and strong pressures to
eliminate the federal budget deficit began to reduce federal
funding of research and development in real terms.t The
level of federal R& D funding decreased by 9.2 percent
from FY 1992, its historical high, to FY 1996 and did not
surpass its 1992 level until 2001.2 Defense R& D, funded
mostly by DOD but also DOE, was most affected by the
cuts. It decreased by 14.4 percent between 1992 and 1996.
That trend raised concern about how cuts would be im-
posed by discipline and agency, given the decentralization
of decisionmaking concerning federal R&D programs. In
1995, a National Research Council committee chaired by
former National Academy of Sciences President Frank
Press observed that historically DOD had provided the
majority of federal funding for academic research and
training in electrical engineering, metallurgy and materials,
and computer science, and DOE was the largest federal
contributor to materials science through its national labora-
tories. The committee said that all science and engineering
depend critically on those fields, and cuts in Department of
Defense and Department of Energy programs made for
other purposes might well have significant and inadvertent
impacts on diverse research and development programs
conducted in many other agencies and having clear impor-
tance to the country .3

1Unless otherwise specified, all funding numbersin this report have
been converted to constant (1999) dollars using GDP deflators in the
OMB. 2001. Historical Tables, Budget of the United States Government,
Fiscal Year 2002, Table 10.1. Washington, D.C.: U.S. Government
Printing Office. The data are based on the federal fiscal year, which
begins October 1 each year.

2American Association for the Advancement of Science, “Historical
Data on Federal R&D, FY 1976-2002.” At www.aaas.org/spp/dspp/rd/
hist02p2.pdf.

SNational Research Council. 1995. Allocating Federal Funds for
Science and Technology, pp. 8-9. Washington, D.C.: National Academy
Press.

In 1999, the National Academies' Board on Science,
Technology, and Economic Policy sponsored a study of
trends in federal funding of fieldsto seeif, in fact, research
in disciplines that received most of their federal funding
from DOD and other agencies with reduced R& D budgets
were being cut accordingly.? At that time, data were
available on actual funding of research obligations from
FY 1990 through FY 1997, especially trends after 1993,
when pressures to reduce the federal budget deficit and
reductions in the defense budget had stopped real growth
in federal research budgets for a 5-year period.>

The principal findings of the 1999 report were as
follows:

* Inthe period 1993-1997 the research fields with
declining constant dollar support outhumbered the fields
with growing support by 12 to 10. The support for four
fields dropped by 20 percent or more. The reductions were
concentrated in engineering (especialy mechanical and
electrical) and the physical sciences (especially physics
and geology). Exceptions were computer science and
material s engineering, whose support increased 39.4 and
12.6 percent, respectively. Other fields given substantial
funding increases in the mid-1990s were medical sciences
and oceanography.

» Computer science and materials research, heavily
supported by the Department of Defense (DOD), illus-
trated that fields may receive increased funding even
though the overall research budgets of their principal

4Michael McGeary and Stephen A. Merrill. 1999. “Recent Trendsin
Federal Spending on Scientific and Engineering Research: Impacts on
Research Fields and Graduate Training,” Appendix A in National
Research Council, Securing America’s Industrial Strength. Washington,
D.C.: National Academy Press.

5Before 1993 there had been along period of real growth in research
funding overall if not in all research fields or by all federal agencies
supporting research.
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agency sponsors decline. By the same token, fields primar-
ily funded by agencies with rising budgets do not necessar-
ily fare accordingly. In the FY 1993-1997 period, medical
sciences (up 14.4 percent) received far more from growth
in the National Institutes of Health budget than did the
biological sciences (up only 1.1 percent).

* Inthe constrained budget environment of the mid-
1990s there was no consistent pattern of protecting support
of university research relative to in-house research and
research performed in the corporate sector.

» No single agency was serving as a “balance whedl” to
ensure some stability of funding in fields whose support is
declining elsewhere. In the 1990s, NSF, with the broadest
research portfolio, appeared to be amplifying changesin
other agencies, in most cases boosting funding for fields
prospering elsewhere and reducing funding for fields being
cut elsewhere.

* In the cases where direct comparisons can be made
because of identical field nomenclature in different NSF
surveys, changes in university research funding of afield
corresponded to changes in the number of graduate stu-
dents supported by federal fellowships, traineeships, and
research assistantships in that field. Where research fund-
ing was down (e.g., chemical and mechanical engineering),
the number of graduate students also declined. Conversely,
the number of federally supported graduate studentsin
computer science increased, as did federal research sup-
port.

Based on those findings, the Board expressed its con-
cern about the reduction in federal investment in fields
important to such industries as electronics, software, and
materials processing and concluded that the trends in
federal funding, if they continued, merited “a careful
assessment of their long-term implications and what steps,
if any, should be taken to change them.”8 At about the
same time, concern began to increase about the possible
“imbalance” in the federal research portfolio based on the
divergence between the declining support of the physical
sciences and engineering and the growth of funding of
biomedical research through the National Institutes of
Health.

In the fall of 2000 the STEP Board decided to revisit its
analysis and conclusions for several reasons.

The Board' s first motivation was the availability of
additional data that were otherwise unlikely to be pre-
sented and interpreted in a form useful to policy makers.
As aresult of efforts by the NSF' s Science Resource
Studies (SRS) Division to accelerate the availability of
results of the Federal Funds and other surveys, data on
agencies research obligations are now available within
approximately 15 months of the end of the fiscal year. This

6National Research Council. 1999. Securing America’s Industrial
Srength, pp. 4. Washington, D.C.: National Academy Press.

enables examination of federal agencies' spending on
nearly two dozen research fieldsin FY 1998 and FY 1999
and their reasonably reliable estimates for FY 2000 by
major field of research. Surprisingly, however, none of
these data have been reported in the NSF' s publications of
science and technology statistics—Science and Engineer-
ing Indicators, National Patterns of R& D Resources, or,
with few exceptions, SRS’ periodic Data Briefs.” Nor does
the American Association for the Advancement of Science
examine the subject of field allocation in its annual analy-
ses of the current fiscal year federal R& D budget.

A second motivation was curiosity about the effects on
allocations among research fields of the marked turn-
around in federal research funding in FY 1998. After 5
years of stagnation, FY 1998 research expenditures were
up 4.5 percent in real terms from 1993 and even more
(11.7 percent) in FY 1999. Even DOD’ s research budget
showed modest increases over FY 1997 (although it was
still much smaller than in 1993), and increasesin FY
2000-2001 federal R& D budgets ensure continuing incre-
mental growth through most of 2001. In this improved
funding environment, the question arises whether the
disparities in how research fields fared in the mid-1990s
have been eliminated or moderated.

Third, recent articulations of the importance of “bal-
ance” in the publicly supported research portfolio by a
number of executive branch and congressional policy
makers makes the question of the relative growth in fund-
ing among research fields when R& D budgets are increas-
ing even more compelling. What has been the impact of
officials greater attention to how federal research money
is being spent and their declared intention to correct any
“imbalances’?

Finally, the Board decided to extend the analysis of
federal research spending in certain respects. First, al-
though this report deals primarily with changesin (basic
and applied) research spending through 1999, it also
examines trends in basic research support and research
conducted at universities by field.® Second, the report
looks in greater detail at the relationship between research
funding and graduate student support by research field.
Third, the report identifies which fields changed their
structure of support (principal agency sponsors and their
shares) in the 1990s and which did not and with what
results. Finaly, it considers trends in the composition of
research support from nonfederal sources, principally
states, philanthropies, and industry, to cast some light on
the question of whether other sponsors of research are

7An exception was Alan |. Rapoport. Feb. 17, 1999. “How Has the
Mix of Federal Research Funding Changed Over the Past Three De-
cades?’ Arlington, VA: National Science Foundation.

80ccasionally the report refers to trends in research and devel opment
expenditures, especially with regard to budgets after 1999 for which
separate figures for research are not available.
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INTRODUCTION

following federal government priorities or supporting areas
whose federal support is declining. The data sources used
in this analysis and their principal features are described in
the Appendix.

Chapter 1 reviews aggregate support, while Chapter 2
addresses trends in federal support by field. Field trendsin
graduate education support are examined in Chapter 3, and

11

agency trends in research and graduate education support
in Chapter 4. Chapter 5 looks at trends in nonfederal
research support. The key findings, conclusions, and
recommendations of the study are presented in the final
chapter. The Appendix provides a brief discussion of data
sources while the Annexes contain data tables for Chapters
2 through 6, respectively.
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Aggregate Trends in Federal Research

GENERAL TRENDS BOX 1
Federal investment in research turned a corner in 1998, Classification of Research?!
after 5 years of stagnation (Figure 1-1). Overall federal ) o _ _
expenditures on research exhibited a solid increase in FY In Ibasw research the objective of the spopsormg agency is to
1998 (up 4.5 percent in real terms from 1993) and a much gain more complete knowledge or understanding of the fundamen-
more substantial increase in 1999 (up 11.7 percent from tal a§pe_cts of phenomena and of observabl_e fac_ts, without specific
1993). Further increases in budget authority for research applications toward processes or products in mind. _
and development in the FY 2000 and FY 2001 appropria- In _applled research the obje(?tlve of the sponsoring aggn_cy is to
tions have ensured continuing incremental growth into the gain knowled_ge or understandmg necessary for determining the
current year. Substantial increases in appropriations to NIH means by which a recognized need may be met.
represent a very large part of this growth, but even exclud- Development is systematic use of the knowledge or understand-
ing NIH, federal obligations for research in 1999 were up ing gained from research, directed toward the production of useful
by 1.4 percent over 1993, whereas in 1998 non-NIH materials, devices, systems, or methods, including design and de-
research expenditures had been 2.3 percent below their velopment of prototypes and proces§es. It excludes quality control,
1993 |evels. routine product testing, and production.
Federal funding of basic research declined slightly after —_—
1993 but since 1996 has been treated more favorably than The Nati:)nal Academies have for several years rscommended use of
h all. In 1993 federal agencies obligated $15.0 the concept “federal science and technology (FS&T)” to refer to and
rgsgarc over e 3 a g A highlight in the federal budget investments in investigations aimed at
billion for basic research in 1999 dollars. Real spending on discovering new knowledge of fundamental phenomena and their
basic research surpassed that level in 1996 and has - R e e S
creased stead ly every year since. In 1997, fundi ng of basic systems. The FS&T conc'ept is broader than basic an’d appli:ed research
research was $15.4 billion, 2.8 percent more than in 1993. together. See National Research Council. 1995. Allocating Federal
In 1999, it was $17.4 hillion (16.6 percent more) and it Funds for Science and Technology, pp. 8-9, Washington, D.C.:
iected to b 8.6 billi 2 . National Academy Press. Since 1998 the Academies’ Committee on
was projected to be $1 O Ifhon ( 4.5 percent more) In Science, Engineering, and Public Policy has been tracking what it
2000. The comparable increases for total research were 0.6 considers to be F&ST expenditures at the agency and program level but
percent (1993-1997), 11,7 percent (1993-1999), and 18.7 hcadamy o Eninarng, st o Medicie, 106, Observaions o
pergent (1993'2000)_' As aresult of its h'gh grOWth rate,. the President’s Fiscal ’Year 1999 Federal écienée and Technology
basic research constituted 52.0 percent of total research in Budget, Washington, D.C.: National Academy Press. Also same title for
1999 compared with 49.8 percent in 1993 FY 2000, FY 2001, and FY 2002. In its FY 2002 budget submission the
' . L . Office of Management and Budget has included its own FS&T analysis for
This tre_nd toward b§S|C researc_h rel aI'Ye to applled the coming fiscal year. Office of Management and Budget. 2001.
research did not occur in all agencies or fields. Between Analytical Perspectives, Budget of the United States Government,
1993 and 1999, funding for basic research increased more e TR IS LD, RS T, S ot
- . rinting Office. It is possible that more common use of the concept an
than for qpplled resea.rCh or was CUIlleSS than applled . agreement on its application will lead to systematic collection of data that
research in 12 of 22 fields we examine. Of the nine major can be used to assess FS&T allocations over time. For the time being, that
agencies we look at, basic research support increased more is only possible with the NSF Federal Funds Survey relying on the

traditional classification of science and engineering activity—basic
research, applied research, and development.

than total research support, or decreased less, in four cases.
These differences are discussed in Chapters 3 and 4.
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FIGURE 1-1 Federa obligations for research, FY 1990-FY 1999
(in constant dollars).

Like basic research, federal funding of research at
universities also fared better than overall federal research
funding. The federal agencies with the six largest R&D
budgets obligated $13.2 hillion for research performed at
universitiesin 1999, compared with $11.0 billion in 1993,
areal increase of $2.2 billion. Thisincrease of 19.6 per-
cent was larger than the increase in overall federal support
of research of 11.7 percent and was only exceeded by an
increase in support for research at nonprofit institutions of
23.2 percent over the same time period. The other major
types of performers experienced much smaller increases:
intramural laboratories (4.4 percent), industrial laboratories
(4.6 percent), and federally funded research and develop-
ment centers (6.9 percent).

Universities received substantial increases in both basic
research support (up 19.4 percent from 1993 to 1999) and
applied research support (up 20.0 percent). As aresult,
universities accounted for 39.4 percent of federally funded
research and 52.2 percent of federally funded basic re-
search in 1999, compared with 36.8 percent and 51.0
percent in 1993, respectively. And they were expected to
receive even higher percentages of federal research fund-
ing in 2000 (40.5 percent and 52.9 percent, respectively).

AGENCIES’ RESEARCH BUDGETS

Between 1993 and 1997, only NIH, NSF, NASA,
Environmental Protection Agency (EPA), and DOC expe-

rienced real growth in research budgets among the nine
largest agencies, but in 1998 and 1999 nearly all agencies
benefited from the improved budget picture. NIH had the
most success. Its budget for research was 33.5 percent
larger in 1999 than it wasin 1993 in real terms. But the
cases of double-digit growth also included the DOC (up
30.5 percent), NSF (up 19.3 percent), EPA (up 13.3 per-
cent) and NASA (up 10.0 percent). The Department of
Agriculture (USDA) turned a 5-year decline in research
funding (5.0 percent from 1993 to 1997) into 6.5 percent
real growth by 1999. Even the DOD research budget
showed modest increases in 1998 and 1999, although the
drop from 1993 was not greatly affected (down by 26.6
percent in 1997, compared with 22.4 percent in 1999). Of
the major federal agency sponsors of research, other than
DOD, only the Department of Interior continued to experi-
ence reductions in research funding (off 5.8 percent in
1999 from its 1993 level). (See Annex, Table 1-1.)

Although by 1998 or 1999 most agencies' research
budgets were higher than they were in 1993, the diver-
gence in budget success observed in 1997 persists. NIH
accounted for much of the growth in federal research
funding; all other agencies received 4.9 percent less re-
search funding in 1997 than in 1993, primarily due to the
substantial cut at DOD. By 1999, the non-NIH agencies
were up by 1.4 percent over 1993. NIH's steady increases
pushed up its share of federal research funding from 32.1
percent in 1993 to 38.4 percent in 1999, and it was ex-
pected to increase to 40.4 percent in 2000.1

The upward trend in agency funding of research is
certain to continue through FY 2000 and FY 2001 because
of enacted appropriations, but it is by no means certain to
persist in future years. In its first budget, the new adminis-
tration is attempting to reduce to 4 percent the “recent
explosive growth” in discretionary spending, which had
been growing at arate of 6 percent in recent years.2 Pro-
posed overall budget increases of $14.2 billion for DOD,
$4.6 billion for the Department of Education, $2.9 billion
for NIH, and $5.6 billion for a National Emergency Re-
serve leave little for growth in other programs and agen-
ciesin FY 2002. The FY 2002 budget submission also
proposes to limit future growth in discretionary spending
to the projected rate of inflation, approximately 2.1 percent
ayear. The budget requests an increase in nondefense
research and development of 4.3 percent in FY 2002 (from
$45.1 to $47.1 billion), but excluding NIH, nondefense
R& D would decrease by 3.0 percent. Nondefense R& D
would increase substantially in 2003, because of the final

1American Association for the Advancement of Science. December 19,
2000. “A Preview Report for Congressional Action on Research and
Development in the FY 2001 Budget,” Table 2, Washington, D.C.:
American Association for the Advancement of Science.

2Changes in this paragraph are expressed in current, not constant
dollars.
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installment of the amount needed to double the NIH
budget in 5 years, but according to an analysis by the
American Association for the Advancement of Science
(AAAYS), the annual increases would drop to about 2.2
percent after 2003. AAAS estimates that nondefense R& D
funding would be 10.9 percent larger in 2006 than in 2001.
If NIH is excluded from the cal culation, nondefense R&D
funding would be 2.8 percent less in 2006 than in 2001.3

Not every agency funded more basic research in 1999
than in 1993. DOD’s support of basic research was 26.5
percent lessin 1999 than in 1993 in real terms, and several
smaller agencies (EPA and Department of the Interior)
sustained even larger cuts in basic research, although the
absolute amounts were substantially smaller than DOD’s.

Much of the increase in funding of basic research has
been driven by NIH. In 1993, NIH obligated $6.4 billion
for basic research (42.5 percent of all basic research). In
1999, NIH obligated $8.6 hillion (49.5 percent of all basic
research). NIH support of basic research was 35.8 percent
larger in 1999 than in 1993, an annual rate of increase of
5.2 percent. In all, NIH accounted for 91.4 percent of the
net increase in federal funding of basic research during the
6 years from 1993 to 1999. NIH estimated that its funding
of basic research would increase by more than a billion
dollars (11.8 percent) from 1999 to 2000. That would
make NIH’s support of basic research 51.7 percent morein
2000 than in 1993. As aresult, NIH would account for
51.8 percent of al federal support of basic research.

If NIH istaken out of the calculation, federal support of
basic research increased only 2.5 percent from 1993 to
1999 (0.4 percent a year) rather than 16.6 percent (2.6
percent ayear). Decreases at DOD, EPA, and DOI totaling
$615.7 million in 1999 compared with 1993 were offset by
increases totaling $829.1 million at the other non-NIH
agencies. The largest absolute increases were at NSF
($413.1 million) and DOE ($173.1 million). NASA’s
spending on basic research increased just 1.6 percent
($31.6 million). All other agencies raised basic research
support by atotal of $211.3 million.

RESEARCH PERFORMERS

Universities

The majority of federal R& D agencies treated universi-
ties more favorably than other performers in the 1990s.
Funding of university research increased at about the same
or higher rate than funding of total research at five of the
nine largest agencies (NASA, NIH, NSF, EPA, and DOC).

SAAAS. 2001. AAAS Report XXVI: Research and Development FY
2002, Table I-15, Washington, D.C.: American Association for the
Advancement of Science. Outyear projections for defense R& D were not
included in the AAAS table, because they will not be available until the
Defense Strategic Review is completed in June 2001.
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At asixth (DOD), university research was reduced less
than total research (—18.7 percent vs. —22.4 percent). At
DOE and Interior, however, universities did not fare as
well as other performers. For example, DOE support for
research was 2.1 percent larger in 1999 than in 1993, but
support for university research was 8.0 percent less.

There was a similar pattern in federal support of univer-
sity basic research. Five of the nine major agencies pro-
vided about the same or larger percentage increases in
basic support to universities than to other performers
(NASA, DOE, NIH, NSF, and DOC) and EPA reduced
funding of university basic research by a smaller percent-
age than total basic research. At the other three agencies,
support of basic research increased less, or fell more, than
for other performers. DOD, for example, reduced funding
of total basic research by 26.5 percent but university basic
research by 34.3 percent. At the same time, DOD reduced
funding of total applied research by 20.9 percent but
increased it at universities by 17.7 percent.

NIH was responsible for most of the increase in federal
funding of university research. In 1999, NIH provided $1.9
billion more for research at universities than in 1993,
which accounted for 86.5 percent of the net increasein all
federal funding for research at universities. Similarly, NIH
provided $1.3 billion more for basic research at universi-
ties than in 1993, which was 88.4 percent of the net federal
increase in funding of university basic research. Without
NIH, the increase in federal funding of university research
would have been smaller (5.6 percent without NIH vs. 19.6
percent with NIH) and the increase in basic research at
universities would have been even less (4.7 percent vs.
19.4 percent).

The other increases in university research were pro-
vided by NSF ($332.9 million), NASA ($143.1 million),
DOC ($38.8 million), EPA ($18.0 million), and USDA
(%$2.6 million). Increases were offset by decreasesin
support from DOD (-$227.8 million), DOE (—$49.1 mil-
lion), and Interior (-$20.3 million).

The pattern was similar for university basic research
except that DOE increased its funding by $59.2 million in
1999 compared with 1993 even as it cut overall funding of
research at universities by $49.1 million by making steep
cuts in applied research. The EPA cut funding of univer-
sity basic research by $2.2 million even though it had
increased funding of total research at universities by $18.0
million.

In sum, barely half of the nine major agencies support-
ing research favored universities over other performers for
total research or basic research, but one of those agencies
was the one with the largest research budget, NIH. Thus,
federal support of university research was substantially
greater in 1999 than in 1993. As aresult, NIH accounted
for agreater percentage of federal support of university
research in 1999 than in 1993 (58.6 percent vs. 53.1

Copyright © National Academy of Sciences. All rights reserved.



Trends in Federal Support of Research and Graduate Education
http://lwww.nap.edu/catalog/10162.html

16 TRENDS IN FEDERAL SUPPORT OF RESEARCH AND GRADUATE EDUCATION

percent). The same was true for university basic research
(58.2 percent vs. 52.3 percent).

Other Performers

In 1993, universities received the most federal research
funds ($11.0 billion), followed by federal intramural
laboratories ($8.3 billion), industry ($4.4 billion), federally
funded R&D centers (FFRDCs) ($3.7 billion), nonprofits
($2.3 hillion), state and local governments ($0.2 billion),
and foreign performers ($0.1 billion). Although the various
categories of performers had different rates of increases
from 1993 to 1999, the rank order of performersin federal
funding did not change.

In 1999, federal agencies obligated $13.2 billion for
research performed at universities, 19.6 percent more than
in 1993 in real terms. Only nonprofit institutions received
alarger percentage increase—23.2 percent—to $2.8
billion. In 1999, other performers (except state and local
governments) also had more funds than in 1993, but the
increases were much smaller—in the 5 to 7 percent range.
Asaresult, universities increased their share of federal
research funding from 36.8 percent in 1993 to 39.4 percent
in 1999. Nonprofits also increased their share (from 7.6 to
8.4 percent). The other performers—intramural 1aborato-
ries, industry, FFRDCs, state and local governments, and
foreign organizations—received smaller percentages of
federal research funding than they did in 1993. Despite the
differential rates of growth, however, the overall allocation
of federal research funding among types of performers had
not resulted in major shifts.

In the immediate aftermath of the flattening of federal
research funding after 1993, federal funding of FFRDCs
contracted substantially for several years and did not
surpass the 1993 level of funding until 1997. Intramural
laboratories also were cut, especially in the period from
1996 to 1998, and only exceeded the 1993 level of funding
in 1999. Industry experienced a substantial funding in-
crease in 1995 (19.7 percent more than in 1993) but was
cut back in 1996 to alevel only dightly larger than it was
in 1993. The other sectors had small increases during the
several years after 1993 until larger increases came along
in 1998 and 1999.

In 1993, universities were the largest performer of
federally funded basic research. That year, federal agencies
obligated $7.6 billion (in 1999 dollars) for basic research
at universities, 51.0 percent of the total. Federal intramural
laboratories were the next largest performer category with
$3.0 billion (19.9 percent), followed by FFRDCs with $1.9
billion (12.8 percent), nonprofit institutions with $1.3
billion (8.7 percent), and industry with $1.0 billion (6.7
percent). State and local and foreign governments ac-
counted for $0.1 billion (less than 1 percent). In this rank
order, industry is further down than it isin total research,

reflecting the fact the industry is much more likely to
perform applied research.

In 1999, the distribution of funding among basic re-
search performers was largely unchanged. Universities
were still the dominant venue for basic research, with 52.2
percent of the funding. This small increase in academia’s
share of 1.2 percentage points came at the expense of
intramural laboratories and industry, which lost 1.2 per-
centage points and 0.5 percentage points, respectively.
Nonprofit research institutions also increased their share,
by 0.8 percentage points.

These differences in share came from varying growth
rates among types of performers. Funding of basic research
at universities was 19.4 percent larger in 1999 than in
1993, 26.9 percent larger at nonprofits, and 16.5 percent
larger at FFRDCs. The percentage growth in federal
funding of basic research at FFRDCs was much larger than
it was for total research at FFRDCs (16.5 percent vs. 6.9
percent). Basic research funding at intramural laboratories
and industrial laboratories was also larger, but by less (9.6
percent and 8.2 percent, respectively). Funding of basic
research performed by state and local govern