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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 substan-
tial shift has been occurring in the composition of the fed-
eral research portfolio. This shift in funding is affecting
both the allocation of resources by research field and the
supply of human resources. In particular, there has been a
significant reduction in federal funding for research in cer-
tain of the physical science and engineering fields. These
include fields whose earlier advances contributed to the
surge in productivity and economic growth of the late
1990s2 and fields that underlie progress in energy produc-
tion and conservation, pollution abatement, medical diag-
nosis and treatment, and other national priorities.

BAC KGROU N D

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 fed-
eral funding of research and development in real terms.3

Defense 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 see if, 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), especially 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 
(–5.2 percent).5 Meanwhile, the research budget of the
National Institutes of Health (NIH) had increased by 11
percent. The cuts disproportionately affected most fields
in 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 frequently did not mirror the budgets of their prin-
cipal supporting agencies. Some of these fields were sub-
ject 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 fed-
eral investment in fields important to such industries as
electronics, software, and materials processing and to
advances in the life sciences.

KEY FINDINGS

The following findings form the basis for the conclusions
and recommendations of this study:

• Federal research funding in the aggregate turned a
corner in FY 1998 after five years of stagnation. Total
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Figure ES-1. Federal funding of research, by agency, FY 1993 and FY 1999.



expenditures 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 accounted for primarily by NIH.
Indeed, increases in NIH appropriations kept federal
research funding from falling even lower in the mid-
1990s and have dominated more recent growth in over-
all research funding (see Fig. 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
remained relatively unchanged. In 1999, the life sci-
ences had 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 portfolio. 

— Whereas 12 of the 22 fields examined had suffered a
real loss of support in the mid-1990s (four by 20 per-
cent 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.
— 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 atmos-
pheric 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, astronauti-
cal, civil, and other engineering;6 biological and med-
ical sciences; computer sciences; and oceanography.

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

• More recent actions on federal budgets for research,
including the first installments in doubling of the NIH
budget over the 5 years ending in FY 2003, will
increase the current divergence between the life sci-
ences and other fields unless other fields receive sub-
stantially larger increases than proposed.

• The decline in the support of many of the physical sci-
ence and engineering fields is partly attributable to the
fact that the budgets of their principal sponsoring agen-
cies (e.g., DOD, DOE, and the National Aeronautics
and Space Administration [NASA]) did not fare as well
as the NIH budget and partly to the fact that the agen-
cies with growing budgets, especially NIH and the
National Science Foundation (NSF), did not increase
their support of those fields and in some cases reduced
it. At the same time, some fields—e.g., computer sci-
ences, 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 favor-
able, 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 positions
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 pro-
duced in a field, graduate enrollments and Ph.D. pro-
duction were generally down in fields that had less fed-
eral 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 organizations, industry, acade-
mia, and other employment sectors (see Fig. 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 a majority of research funding and has grown
at a faster rate than support of other scientific and engi-
neering 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 expendi-
tures. The data show that corporations’ spending on
research has been increasing but is concentrated in a
few sectors such as the pharmaceutical industry and the
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information technology sector. Electronic components
was one industry in which research investment
increased as federal support of the most closely related
research field, electrical engineering, declined over the
decade. Nevertheless, except for a few industries such
as pharmaceuticals, only a small fraction (less than 5
percent in computers and semiconductors, for example)
of all corporate research and development is basic
research. Moreover, private research investment is quite
volatile, sometimes subject to wide fluctuation from
year to year with or independent of the business cycle.

• The shifts in federal funding of fields were partly the
result of congressional (e.g., biomedical research) and
presidential priorities (e.g., high-performance comput-
ing research and development); but the funding reduc-
tions 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. Impacts on the overall composi-
tion of the federal research portfolio were not consid-
ered 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 request.

CO N C LU S I O N S

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. Reductions in federal funding of a field
of 20 percent or more have a substantial impact unless
there are compensating increases in funding from nonfed-
eral sources, which does not appear to be the case in the
last few years. Generally speaking, moreover, federal fund-
ing for research has a longer time horizon and can be
more stable than investments from other sources. 

The funding trends leading to shifts in the federal
research portfolio will continue under the administra-
tion’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.
There is little indication, based on their portfolios from

1993 to 1999, that NIH would allocate substantial
funds to fields outside of the biological and medical sci-
ences 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 sup-
port of fields whose funding from other sources is growing
and reduce support of some fields whose support is
declining elsewhere. In any case, its research budget is
small compared with those of DOD and NIH.

There are compelling reasons for the federal government
to invest across the range of scientific and engineering
disciplines.7 Increasingly, the most important problems in
both the life and physical sciences and engineering require
collaboration across disciplines. Examples include
genomics and bioinformatics, which rely on mathematics
and computer science as much as biology for progress;
nanotechnology, which depends on chemistry and chemi-
cal engineering, physics, materials science and technology,
and electrical engineering; and understanding of climate
change, which relies on collaboration among oceanogra-
phers, 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 con-
densed matter by basic research physicists would lead to
the development of MRI technology 30 years later?8

Increasing interdisciplinarity and uncertainty about where
advances will take place and if or when they will be com-
mercially successful argue for the prudence of investing in
a broad portfolio of research activities. 

There is cause for concern about the allocation of fund-
ing among fields in the federal research portfolio, in par-
ticular with respect to most of the physical sciences and
engineering whose funding, in contrast with the bio-
medical 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
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viewpoint of those who support expanded funding
of biomedical or computer science research. Advances in
both of the latter fields will be dependent on progress in 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 policy to reduce the linkage
between research funding and training support,9

research allocation decisions should take into account
the need for trained people in 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 advances in a
variety of settings including but not limited to the labora-
tory. Increasingly, there is a premium on scientific and
engineering training in a range of service as well 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 fund-
ing is tied to the missions of federal agencies rather than
national needs more broadly conceived, such as techno-
logical innovation and economic growth. If a mission
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 defensi-
ble in terms of the research opportunities in and produc-
tivity of those fields and their potential contributions to
other national goals. 

The evidence of changing agency priorities and portfolios
is actually encouraging. In a rapidly 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
a set 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 spe-
cialties. On the other hand, funding increments may be

justified. Simply increasing the research funding of certain
agencies (for example, DOD, DOE, or NSF) will not nec-
essarily 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 allocate
any increases to its current priorities. The task requires
some centralized oversight, similar to the mechanisms for
advancing presidential priorities that cut across agency
programs and budgets.10

R ECOM M E N DAT I O N S

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,11 priorities for the National
Science Foundation’s statistical arm, the Division of
Science Resources Studies,12 international benchmarking
of scientific performance,13 and federal support of gradu-
ate training in science and engineering.14

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 produc-
tivity of American science and technology. In making the
following recommendations, we are not calling for central-
ization of decision making about research priorities and
spending. What is needed is a mechanism or mechanisms
to monitor the aggregate results of a very 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 decisions
in a narrow framework. 

Recommendation 1. The White House Office of
Science and Technology Policy (OSTP) and the Office
of Management and Budget (OMB), with assistance
from federal agencies and appropriate advisory bodies,
should evaluate the federal research portfolio, with an
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initial focus on fields related to industrial performance
and other national priorities and a recent history of
declining funding. Examples are physics, electrical engi-
neering, chemistry, chemical engineering, mechanical
engineering, and geological sciences. Fields with flat
funding or only small real increases through the 1990s
also merit attention. These include materials engineer-
ing, atmospheric sciences, mathematics, psychology,
and astronomy. The conclusions of the evaluation
should be reflected 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 federal agencies and nonfederal support-
ers and international comparisons but also subtler dif-
ferences in the foci, time horizons, and other research
characteristics that are obscured by quantitative data;
(2) studies of agency research portfolios and decision
making to understand the reasons for shifts in funding
by field and the extent to which the health of individual
fields and interrelationships among fields are taken into
account; and (3) studies of methodologies for allocating
federal research funding according to national rather
than merely departmental criteria and priorities.

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

Data Improvements

National data systems need to be expanded and improved
to support better policy making.

Recommendation 5. NSF should annually report and
interpret data from its survey of federal R&D obliga-
tions in a form (e.g., adjusted for inflation) and on a
schedule useful to policy makers. Improvements in the
data that should be given careful consideration include
obtaining data by field on performers other than uni-
versities (e.g., in industry and government laborato-
ries), evaluating and revising the field classification, and
making the field classification and research typology
uniform across surveys (e.g., the surveys of academic
R&D expenditures and earned doctorates as well as the
survey of federal R&D obligations). Agencies should

make sure that the data they provide NSF are
accurate and timely.

Recommendation 6. Although it may be impractical to
obtain data on industrial R&D spending by research
field, NSF should administer the Industrial R&D survey
at the business unit level to make data on the composi-
tion of private R&D more meaningful.

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

Recommendation 8. The philanthropic community
should cooperate in collecting and publishing data on
contributions to research on a basis comparable to fed-
eral research statistics.

Analytical Improvements

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

Recommendation 9. NSF and other federal agencies
funding research should support benchmarking studies
that compare inputs and outputs across countries and
sponsor other efforts to develop techniques for assess-
ing the productivity of various fields of research.

Recommendation 10. NSF should continue and
expand its efforts to develop innovation indicators
other than R&D expenditure inputs, collect data on
them, and fund researchers to analyze them. Other
agencies (e.g., NASA, DOD, DOE, and the National
Institute of Standards and Technology [NIST]) inter-
ested in the role of federal research in technological
innovation could fund or jointly fund such analyses.

Recommendation 11. Researchers, professional soci-
eties, industry associations, and federal research agen-
cies should explore the relationships between federal
research 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 engineer-
ing talent. Only then can we evaluate the trends in stu-
dent enrollment and in graduate study programs’
output and determine how to influence those trends if
that is the conclusion of the analysis.
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