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Abstract—The U.S. government provides support funds for
academic research in engineering through a variety of agencies.
The majority of the funds for academic research is provided
through the U.S. Department of Defense (DoD) and the National
Science Foundation (NSF). Together these two U.S. government
agencies provide about $5B in total research funding annually to
U.S. universities. Support funds for academic microwave-oriented
research provided by these two agencies have proved instrumental
in development of a strong academic base that has provided the
intellectual energy resulting in the development of the U.S. com-
munications, radar, remote sensing, and wireless industries. The
history of U.S. government support for basic research is discussed,
along with the organization of the DoD and NSF funding offices.
Research funding distributions and trends are also discussed.

Index Terms—AFOSR, ARO, basic research, DARPA, defense,
DoD, NSF, ONR.

I. INTRODUCTION

T HE U.S. government has been instrumental in the devel-
opment of the microwave industry, both through research

conducted at government laboratories, primarily by the U.S.
Department of Defense (DoD) and by providing support funds
to industrial and academic research scientists and engineers.
Dating to before World War II, the U.S. government recognized
the importance of microwave systems for military applications
and invested in microwave research and development at a variety
of laboratories, initially those associated with the U.S. Army
and U.S. Navy and then laboratories associated with the U.S.
Air Force, which originally was a part of the U.S. Army. Work at
these laboratories added significantly to the knowledge base and
greatly facilitated the rapid development and advancement of
the microwave industry. Advances in radar and radio communi-
cations, in particular, were greatly assisted by U.S. government
research. As important as these contributions were, however, the
support funds provided by the U.S. government to industrial and
academic researchers provided the base for continued work and
permitted the development of a strong knowledge base. Support
of academic research, in particular, produced a novel govern-
ment/academic partnership that has proven extremely effective
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Fig. 1. Distribution of basic research funds by agency for fiscal year 2001.

in development of a strong academic research base that has pro-
duced both commercial and military benefits. U.S. government
support of research has been a major factor in economic devel-
opment. This effort continues today and the U.S. government
provides the funds for support of the majority of the basic re-
search performed in the U.S. through a variety of agencies. The
U.S. DoD and the National Science Foundation (NSF) provide
the majority of basic research funds for engineering and science
disciplines, particularly those of importance to the microwave
industry. In this paper, the history of U.S. government support
for academic research is discussed.

II. BACKGROUND

Currently, the U.S. government provides slightly more than
$19B for the support of basic research, funded through a va-
riety of agencies. The distribution of the basic research funds for
fiscal year 2001 is shown in Fig. 1. As indicated, about one-half
of the basic research funds is allocated to the National Insti-
tutes of Health (NIH) for research in health sciences, with the
other half of the funds distributed to other agencies, primarily
for research in the basic sciences and engineering. Although the
DoD has only about $1.2B of basic research funds, the DoD
provides the majority of support funds for academic research
within the U.S. in electrical engineering, materials engineering,
computer engineering and science, information technology, and

0018–9480/02$17.00 © 2002 IEEE



TREW et al.: ROLE OF GOVERNMENT SUPPORT FOR RESEARCH IN U.S. ACADEMIC INSTITUTIONS 1029

other areas relating to microwave engineering. The NSF also
provides significant and growing support for microwave-ori-
ented academic research. Other agencies, such as the National
Aeronautics and Space Administration (NASA), perform sig-
nificant microwave-oriented research, but most of this is per-
formed at U.S. government facilities and the amount of funding
provided for academic research is relatively small compared to
the DoD and NSF. In order to understand the funding processes,
it is interesting to review how government funding for academic
research developed.

The U.S. government has not always been a strong supporter
of research. Although the government invested in numerous
technology projects throughout the history of the country,
investment in research was small. The need to have the gov-
ernment significantly invest in basic research was argued in
the 1920s and 1930s. Herbert Hoover, while U.S. Secretary
of Commerce from 1926 to 1930, campaigned to establish a
National Research Endowment. Hoover warned that the United
States had heretofore “ depended upon three sources for all
the support of pure science research over the years: (1) that
the rest of the world would bear this burden of fundamental
discovery for us, (2) that universities would carry it as a
by-product of education and (3) that men of great benevolence
would occasionally endow a Smithsonian or a Carnegie or a
Rockefeller Institute.” He felt that the future welfare of the
country depended upon scientific discovery, which required a
stable source of funding provided by the federal government.
However, there was opposition to federal support of academic
research. In 1934, physicist Karl Compton was president of the
Massachusetts Institute of Technology and Head of the Science
Advisory Board, which, in the wake of the depression resulting
from the stock market collapse in 1929, was established by
executive order to address: 1) the ills of unemployed scientists
and 2) unmet social problems. Compton argued in an article in
Science, “If government financial support should carry with it
government control of research programs or research workers,
or if it should lead to political influence or lobbying for the
distribution of funds, or if any consideration should dictate
the administration of funds other than the inherent worth
of a project of the capabilities of a scientist, or if the funds
should fluctuate considerably in amount with the political
fortunes of an administration or varying ideas of Congress, then
government support would probably do more harm than good

.” These arguments were muted by the events taking place in
Europe in the middle to late 1930s and the formal involvement
of the U.S. in World War II on December 8, 1941.

During the war years, a very successful collaboration between
government and academic researchers and engineers was estab-
lished. The contribution of academic scientists and engineers to
national security, as evidenced in the nuclear work performed
during the Manhattan Project and the radar development per-
formed at the Massachusetts Institute of Technology (MIT) Ra-
diation Laboratory, demonstrated the benefit to the country of
government and university collaboration and the advantages of
government support of academic research. After the war, the
U.S. government sought to define, for the post-war era, the role
of university scientists for peacetime and national security pur-
poses. President Franklin Roosevelt asked his Science Advisor,

Vannevar Bush, to study the issue and, in 1945, Bush deliv-
ered his seminal workScience: The Endless Frontierto then
President Harry S Truman. In this book, and in response to the
prewar arguments against federal support of academic research,
Bush argued for federal support of “unfettered” basic research
and the creation of a self-governing National Research Founda-
tion (NRF) with divisions of medical research, natural sciences,
and national defense. He also proposed a linear model for re-
search, consisting of basic research, applied research, and ad-
vanced development. The self-governing aspect of his proposal
caused significant controversy and President Truman felt that
the Constitution did not permit delegation of control over any
portion of the federal budget. The NRF was never established.
However, the debate that followed resulted in the creation of the
NSF in 1950.

III. U.S. DoD SUPPORT FORRESEARCH

The U.S. DoD began support of academic research in areas
of interest to the military before and during the World War II
period. This collaboration was very successful and encouraged
the DoD to continue support with a formalized structure in the
post-war era. The formalization of academic research support
was established by the U.S. Navy in 1946 when Vice Admiral
Harold Bowen created the Office of Naval Research (ONR) to
support “advanced research in nuclear physics and other topics
of interest to the Navy.” The other services soon followed suit
and the Army Research Office (ARO) was established in 1951
and the predecessor of the Air Force Office of Scientific Re-
search (AFOSR) was established in 1952. In response to the So-
viet launch of Sputnik, the Defense Advanced Research Projects
Agency (DARPA) was established in 1958 to focus research and
development activity upon high payoff projects of interest to na-
tional security. The Office of the Secretary of Defense (OSD)
became a direct supporter of academic research beginning in
1986 with the establishment of the University Research Initia-
tive (URI), which currently supports a portfolio of programs in
research, education, and infrastructure. The Multidisciplinary
University Research Initiative (MURI) and the Defense Univer-
sity Research Instrumentation Program (DURIP), for example,
are supported in the URI and managed in the Office of the Di-
rector of Defense Research and Engineering (DDRE) in the
OSD.

The main focus of the tri-services’ research offices is to sup-
port basic research and to work with the academic commu-
nity. When the ONR was established in 1946, it was initially
organized to counter the fears that government sponsorship of
university research would be restrictive, burdened with bureau-
cratic rules, or subject to political pressures. Scientists were en-
couraged to propose their own projects. No progress reports
were required and refereed publication in the open literature
was sufficient evidence of progress. Support funds were made
available for graduate assistants and summer faculty support and
awards were multiyear and renewable. The linear model pro-
posed by Bush was adopted and, for the most part, is still in
effect today. For example, although the science and technology
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Fig. 2. Historical distribution of DoD basic research funds.

(S&T) support funds provided the department by Congress con-
sist of basic research, applied research and advanced develop-
ment (denoted as 6.1, 6.2, and 6.3 in the federal budget), the
ARO and AFOSR only manage funds in the basic research (6.1)
category. The AFOSR manages all of the basic research sup-
ported by the Air Force, both at academic institutions and in
the Air Force laboratory structure. ARO only manages a por-
tion of the Army’s basic research, with the remainder managed
by other Army organizations. In an effort to integrate the Army
activities, the ARO was incorporated into the Army Research
Laboratory in 1999 and now operates as the ARL–ARO. The
ONR is vertically integrated and manages funds in the 6.1, 6.2,
and 6.3 categories. Although DARPA has the single largest S&T
budget, amounting to about $2B annually, most of the funds are
in the applied research (6.2) and advanced development (6.3)
categories. The basic research (6.1) budget for DARPA is cur-
rently on the order of $100M per annum. DARPA does, how-
ever, support a significant amount of academic research and pro-
vides on the order of $400M annually for such support, which is
about 40% of the S&T funds provided by the DoD for academic
research. Although the majority of these funds comes from the
applied research (6.2) category, a Presidential Directive signed
by President Ronald Reagan in 1984 states that all funds pro-
vided to U.S. academic institutions by the DoD are considered
fundamental research, regardless of the source of the funds, and
are considered to be governed by the policies that apply to basic
research. Altogether, the DoD provides on the order of $1.3B of
S&T funds annually to academic institutions. The OSD basic re-
search budget is currently about $300M, with about one-half of
this allocated to the MURI program. The DURIP program pro-
vides about $45M of funds for purchase of large instrumentation
items that are difficult to obtain under regular single investigator
grants. The tri-services (Army, Navy, and Air Force) provide
about $300M-$400M annually to university-based researchers,
primarily through their research offices. Although many pro-
gram changes have occurred since the early days, the strong
focus upon academic research remains.

Historically, the level of basic research funding has varied, de-
pending upon a combination of budgetary, economic, and polit-
ical factors. The variation of the DoD basic research (6.1) funds
as a function of year is shown in Fig. 2. As indicated, the dis-
tribution of basic research funds has varied considerably over
time. There are two curves shown in Fig. 2. The line indicated
as “then year dollars” refers to the actual value of the appro-
priations at that time, without consideration of inflation. The

Fig. 3. Fiscal year 2001 DoD budget distribution by budget category.

Fig. 4. DoD distribution of S&T funds by performer.

curve indicated as “constant year dollars” shows the value of the
appropriations when inflation is taken into consideration. The
latter figure gives a more accurate evaluation of year-to-year
expenditures and indicates that the peak years for investment
in basic research were in the mid-1960s. There was a signif-
icant decline, extending from 1968 to 1977, which coincides
with the Vietnam War. Basic research funding recovered from
the late 1970s to about 1986, and has fluctuated with significant
year-to-year variation over the past decade. There has been a
steady decline since 1994, with some recovery over the past two
years. However, current S&T funding is currently well below
the peak years.

The distribution of DoD S&T funds for fiscal year 2001 is
shown in Fig. 3. As indicated, there is considerable variation in
the distribution of funds throughout the services and agencies.
DARPA has the largest S&T budget, but the lowest basic
research budget. The Navy and OSD have the largest basic
research budgets, with most of the OSD funds administered
through the URI program.

The distribution of the DoD S&T funds as a function of per-
former is shown in Fig. 4. About 60% of the basic research
(6.1) funds, 14% of the applied research (6.2), and 4% of the
advanced development (6.3) funds go to support academic re-
search and development activities.
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TABLE I
DOD PERCENTAGE OFTOTAL FEDERAL RESEARCHFUNDING TO U.S.

ACADEMIC INSTITUTIONS BY DISCIPLINE (FY1998)

The basic research funds are highly focused into a few tech-
nical areas and the DoD provides support for work in only 12
areas, consisting of: 1) physics; 2) chemistry; 3) mathematics;
4) computer sciences; 5) electronics; 6) materials science and
engineering; 7) mechanics; 8) terrestrial science; 9) ocean sci-
ence; 10) atmospheric and space sciences; 11) biological sci-
ences; and 12) cognitive and neural sciences.

The DoD basic research funds are instrumental in support of
academic research in these highly focused areas and provide a
high percentage of the external funds available for university
research, as shown in the data listed in Table I.

As the data in Table I indicate, DoD support is instrumental
in providing funding for the technical areas important to mi-
crowave research. This support has permitted U.S. academic
institutions to build effective and productive programs in mi-
crowave research. This academic base has, in turn, been fun-
damental in development of the technology that has resulted in
the communications, radar, remote sensing, wireless communi-
cations, and other industries based upon microwave technology.
This support has served the nation well.

IV. NSF SUPPORT FORACADEMIC RESEARCH

The NSF is an independent agency of the federal government
and does not fall under any cabinet department. Congress passed
legislation creating the NSF in 1950 and President Truman
signed that legislation on May 10, 1950, creating a government
agency that funds research in the basic sciences, engineering,
mathematics, and technology. The NSF is the civilian federal
agency responsible for nonmedical research in all fields of
science, engineering, education, and technology. The NSF is
structured with seven directorates for research disciplines and
education. They include: 1) Engineering (ENG); 2) Social,
Behavioral, and Economic Sciences (SBE); 3) Biological
Sciences (BIO) and Geosciences (GEO); 4) Computer and
Information Science and Engineering (CISE); 5) Mathematical
and Physical Sciences (MPS); and 6) Education and Human
Resources (EHR). The Office of Polar Programs (OPP) funds
and coordinates all research efforts in the Arctic and Antarctic.

The roots of the NSF also come directly from the 1945 sem-
inal study by Vannevar Bush, i.e.,Science; The Endless Fron-
tier. The NSF was established in 1951 and the first 28 research
grants were awarded in 1952. Initial funding for these grants
was $3.5M. The NSF receives its funding from Congress and the
2001 fiscal year appropriation has grown to $4.4B. The histor-
ical, level of funding for support of research by the NSF is shown

Fig. 5. NSF budget history.

in Fig. 5, where the period between 1982–1999 has shows near
monotonic growth.

The NSF has an independent governing body called the
National Science Board (NSB) that oversees and helps direct
the NSF programs and activities. Members of the NSB are
appointed by the President and approved by the Senate. The
NSF has a long history of supporting research of direct interest
to the microwave community. In the mid-1950s, the NSF moved
toward funding “big science.” Included were new centers for
radio and optical astronomy and for atmospheric sciences. The
Soviet Union orbited Sputnik on October 5, 1957. The year
following Sputink’s launch, the NSF budget more that tripled to
$134M. During the early/mid-1970s, a major new program was
started—Research Applied to National Needs (RANN), which
focused on science research support of engineering, applied,
and environmental science. With the recognized and expanding
importance of engineering and applied science, in 1979, an
independent Engineering Directorate was established. In 1984,
the NSF awarded the first Presidential Young Investigators
program grants, which continues today in the form of the
CAREER/PECASE Awards. Many of these awards were and
continue to be focused in the area of microwave research. Due
to space limitations here, many other of the NSF’s research,
education, and resources programs are not discussed.

The NSF’s current strategic goals focus on a broad base of re-
search and education activities that provides the nation with the
people, ideas, and tools needed to fuel innovation and economic
growth.

• People—A diverse, internationally competitive, and glob-
ally engaged workforce of scientists, engineers, and well-
prepared citizens.

• Ideas—Discovery across the frontier of science and engi-
neering, connected to learning, innovation, and service to
society.

• Tools—Broadly accessible state-of-the-art shared re-
search and education tools.

People are the NSF’s most important product. People generate
the ideas that are the currency of the new knowledge-based
economy. Tools enable scientific discovery and provide access
to unique educational and innovative application opportunities
well beyond the research arena. These goals support the NSF’s
mission topromoteprogressacrossallofscienceandengineering
researchandeducation.Funding levelsassociatedwith theNSF’s
three strategic goals are shown Fig. 6 for fiscal year 2001.
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Fig. 6. NSF funding distribution of strategic goals.

The centerpiece of the NSF’s research program is its “core”
investments. The NSF’s core research and education activities
sustain the health and vitality of the nation’s science and engi-
neering research and education in all fields and education at all
levels. These funds support merit-reviewed research and edu-
cation and help provide balance across all fields. Investments in
core research and education activities are essential to developing
a diverse science and engineering workforce and to advancing
the frontiers of knowledge on a broad front. The NSF supports
33% of basic research in engineering conducted at the nation’s
academic institutions.

In order to provide additional focus of the core program, the
NSF regularly establishes initiatives, which encourages the sub-
mission of proposals that address research in specific areas.
Within the last three years, the Engineering Directorate in co-
operation with other Directorates have established several ini-
tiatives of direct interest and focus upon microwave technology.
These include the Wireless Information Technology and Net-
works, the Research for Mixed Signal Electronic Technologies:
A Joint Initiative Between NSF and SRC, Sensing and Imaging
Technologies for Multi-Use Applications, and the XYZ on Chip
initiatives. In addition, the NSF has established several centers
that have their focus in areas of strong interest to the microwave
community. These centers have their focus upon wireless tech-
nology and upon sensing of buried objects.

In addition to its investments in core research and education,
the NSF identifies and supports emerging opportunities in pri-
ority areas that hold exceptional promise to advance knowledge.
The current priority areas are: 1) biocomplexity in the environ-
ment; 2) information technology research; 3) nanoscale science
and engineering; and 4) learning for the 21st Century. It is en-
visioned that during the execution of these priority areas of re-
search, microwave research and technology will play a critical
role for their success. Funding levels in fiscal year 2001 for each
of these priority areas are as follows:

Biocomplexity in the environment $55M.
Information technology research $259M.
Nanoscale science and engineering $150M.
Learning for the 21st Century $121M.
In conclusion, the NSF has been and continues to be sup-

portive of basic research of interest to the microwave commu-
nity. For the interested reader, additional information may be
obtained from the NSF through its World Wide Web site ([On-
line]. Available: www.nsf.gov) and publications. Data for this

paper were primarily obtained from the two NSF publications
Celebrating 50 YearsandSummary of FY 2002 Budget Request
to Congress.

V. SUMMARY AND CONCLUSIONS

The last 50 years have been exciting and prosperous for the
microwave community and the future looks equally bright.
We have progressed from vacuum tubes to nanotubes, from
open wire waveguides to integrated transmission media, from
party-line telephones to satellite communications, from mi-
crowave systems that once filled a van to systems-on-a-chip.
All of these outstanding scientific advancements trace their
roots to research that was initially funded by the government.
Of course, the research had to transition from government-sup-
ported academic research to industry, and industry transformed
once research curiosities to practical products that advanced
the state of our society. During the next 50 years, one expects
microwave technology to play an ever-increasing role in our so-
ciety as we transform to an information technology dominated
environment.
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