DEINLON

Strengthen the Federal Commitment to
Science and Technology

During the past decade, the US
experienced an explosion of bene-
fits from long-term federal invest-
ments in science and technology. Those
benefits have become increasingly vis-
ible and pervasive—from national
economic growth driven by high-tech
industries to science- and technology-
based transformations in many areas
of public and private life, including
information and communication,
health, and national defense.

Opportunities abound for even
more remarkable advances in the
future. In genomics, new possibilities
have arisen for medical diagnosis and
treatment and a “golden age of dis-
covery” in plant biology. Computing
will make it possible to process mas-
sive amounts of complex information
at the high speeds needed for 21st-
century science and engineering (see
PHYSICS ToDAY, February 2002, page
42). And in cosmology, innovations in
instrumentation for the collection,
manipulation, and detection of radia-
tion at all wavelengths can serve as a
foundation for important new com-
munications technologies.

The contributions of science and
technology to our economy and quality
of life underscore the value of sus-
tained public investment in people,
ideas, instrumentation, and facilities
across the frontiers of knowledge.
Back in 1945, Vannevar Bush in Sci-
ence, The Endless Frontier, argued for
a federal policy to support research
and education in science for the good
of the nation: “Without scientific
progress no amount of achievement in
other directions can insure our health,
prosperity, and security as a nation in
the modern world.” He pointed out
that “the real ceiling on our produc-
tivity of new scientific knowledge and
its application . . .is the number of
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trained scientists available.”

The federal government, though,
has not sufficiently supported US sci-
ence and engineering research and
education. In its recent report, the
US Commission on National Secu-
rity/21st Century stated forcefully
that the long-term diminution of the
government’s role in these areas
threatens our nation’s future prosper-
ity and security.! And the nonprofit
Council on Competitiveness reported
that the US government has failed to
provide an appropriate foundation for
innovation, and noted a relative
decline in the federal contribution to
national R&D—especially significant
for basic research.? The observed
declines in graduate enrollments in
physical and computer sciences and in
workers employed in R&D are evi-
dence of “a gradual weakening of the
[national] science base and pool of tal-
ent,” according to the council.

A cross section of spokespersons for
the private and public sectors, includ-
ing representatives from the US
Chambers of Commerce, the Federal
Reserve, Congress, and academia,
have affirmed the importance of fed-
eral funding of basic research, includ-
ing high-risk basic research. The
National Science Board (NSB) defines
high-risk basic research as long-term
research that is funded primarily by
the government and often relies on
unique instrumentation and facilities
but that offers the possibility of major
breakthroughs in knowledge. Nonfed-
eral sectors of the economy—industry,
higher education, state, and non-
profit—depend on such support.
High-technology industries rely on
basic discoveries to fuel innovation,
but industry is devoting a declining
share of its financial support to long-
term, high-risk research in order to
maximize short-term profits. In the
aggregate, high-risk research yields
very high payoffs for the nation, but
often requires years or decades to pro-
duce results. Most private firms can-
not justify such investments.

To a significant extent, the federal
government’s long-term investment
in science and technology has been

justified: Our society is expected to be
better prepared to respond to unpre-
dictable opportunities and needs as
they arise. Since September 11th,
national defense, involving both mili-
tary action abroad and homeland
security, has created new and diverse
challenges for US science and tech-
nology. Success in meeting such chal-
lenges—as well as others affecting
health, prosperity, and quality of
life—inevitably rests on our ability to
marshal new or improved knowledge
and technologies, or to deploy the
existing ones in innovative ways.

Measuring the decline

How prepared are we to tackle these
challenges? The NSB, in its role as
adviser to the president and Con-
gress, has highlighted over the past
decade the importance of adequate
federal support for basic and high-risk
basic research. According to the NSB’s
Science and Engineering Indicators
for 2002, during the 1990s the US
maintained or improved its position,
relative to other nations, in the use of
new knowledge, techniques, and tech-
nologies® (see PHYSICS TODAY, June
2002, page 20). By the end of that
decade, the US remained the leading
exporter of high-technology products
and knowledge-intensive service
industries, such as finance and com-
munications. The NSB, however, cau-
tions that our advantage has been
shrinking over the past two decades in
three high-technology industries:
aerospace, computers and office
machinery, and pharmaceuticals. But
during the same time period, exports
did improve in the communications
equipment industry.

Measures of US leadership in fun-
damental scientific knowledge, al-
though positive, also show relative de-
cline. As the NSB reported, although
the US remains the largest performer
of R&D worldwide as of 1998 (44% of
the total for the Organisation for Eco-
nomic Co-operation and Development,
which has 30 member countries),
capabilities of other nations are grow-
ing, and those nations are becoming
more competitive. The OECD accounts
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for roughly 90% of the world’s R&D
expenditures. Non-OECD countries,
especially China, account for the rest.

Growth in US scientific output can
also be measured by the number of
journal articles written by scientists at
US institutions. The number stag-
nated from 1986 to 1999, whereas that
of our Western European and Asian
counterparts rose, according to the
NSB report. Furthermore, the US port-
folio is diverse but emphasizes the life
sciences. Western Europe also empha-
sizes the life sciences, but physical sci-
ences are more prominent there than
in the US. Eastern Europe focuses on
the physical sciences, whereas Asia
has a near balance between physical
and life sciences. With other countries
emphasizing different areas of re-
search, the US must both increase its
investment in research and collaborate
with other countries to retain leader-
ship in key fields.

Achieving a balanced research
portfolio is as important as the qual-
ity and quantity of research funded.
Yet federal support for the physical
sciences experienced little or no
growth during the past decade. Dur-
ing the same interval, however, fund-
ing for the life sciences increased dra-
matically. The issue of imbalance is a
concern for a range of stakeholders in

US science and technology: Shares of
federal research funding shifted rap-
idly from a relatively close 41% share
for life sciences and 37% for combined
physical sciences and engineering in
1990 to a wider funding gap, 47% and
30% respectively, in 2000 (see
PHYSICS TODAY, February 2002, page
22, and April 2002, page 30). Critics of
the imbalance—including former
National Institutes of Health Director
Harold Varmus—argue that break-
throughs in medical research rely on
advances in the basic sciences for both
knowledge and instrumentation that
can be applied to medical research,
diagnosis, and treatment. The NSB
has argued the need for new mecha-
nisms and a regular process to assess
the federal research budget as a
whole, and to identify gaps, overlaps,
and failures to address national
research priorities.*

The Bush administration has been
sanguine about the effects of concen-
trating federal funding on research
related to medicine and has chal-
lenged US scientific communities to
provide strong arguments for higher
levels of funding for other fields. It is
easy to identify weaknesses in our sci-
ence and engineering enterprise that
support the conclusion that some dis-
ciplines are underfunded. For exam-

ple, such a conclusion is inescapable
when access to cutting-edge facilities
increases but funding to support prin-
cipal investigators at US universities
declines. This is the case for nuclear
physics with a recent expansion of
available time at the two largest
national research facilities.® True, the
expanded availability provides greater
access for foreign scientists, but US sci-
entists and their students may have
difficulty obtaining funding for their
cutting-edge research—a clear exam-
ple of poor coordination and insuffi-
cient support for US science. Another
indication of a lack of support is the
poor average award size for both
NSF’s basic research projects and
inadequate graduate student sti-
pends, issues only recently receiving
attention after years of decline in pur-
chasing power.

Supporting the future—students

Some simple indicators shed light on
the effectiveness of federal funding for
the education—primarily through
research—of scientists and engineers
and their future availability. The US
higher education system has grown to
accommodate an increasing number
of people seeking degrees in science
and engineering fields. At the PhD
level, however, although the number




of degrees rose rapidly after the mid-
1980s, little growth occurred in the
number awarded to US citizens.
Hence, attracting sufficient high-abil-
ity US students to science and engi-
neering careers, especially in an envi-
ronment of flat funding, has become a
growing concern. Inspiring such stu-
dents at the beginning of their careers
is a precondition for building an out-
standing science and engineering
workforce. Students are further
encouraged when they are exposed to
opportunities for discovery, usually
through federally supported research
projects under the guidance of their
faculty mentor as principal investiga-
tor. Training high-ability students for
scientific careers is a long, expensive
process, and one that requires a
strong student commitment. The fed-
eral funding role is critical.

So how successful are we in inspir-
ing our high-ability students? A sur-
vey of graduates in science and engi-
neering, which was included in the
NSB indicators report, measured the
satisfaction of recent degree recipi-
ents with their field of study. In the
physical sciences, the higher the
degree level, the more graduates were
dissatisfied. Nearly a quarter of
recent PhD graduates said they would
not choose the same field of study

again if they were given the choice.
Dissatisfaction with outcomes by a
substantial number of the most highly
trained personnel in a field poses a
deterrent to potential students. One
obvious explanation for unhappiness
is that principal investigators, who
support students on their research
grants, are frustrated. They com-
monly waste time preparing multiple
proposals for research project fund-
ing, and even excellent proposals fail
to receive funding because federal
research budgets are inadequate.
This clearly sends future students the
message that the prospects for a
rewarding career in research are poor
and the field of study is not valued.

It is imperative that the federal
government reaffirm its commitment
to support national science and tech-
nology through fundamental research
and advanced education. To do so ade-
quately, it must dramatically increase
investments in basic research, and
assure that the process for allocating
federal funds produces the greatest
benefits for the American public. A
renewed federal commitment is criti-
cal both for sustaining the flow of new
knowledge and for educating the sci-
ence and engineering workforce that
is the foundation of continued US
prosperity and security.

I acknowledge the contributions of Jean
Pomeroy and other NSF professional
staff to this article.
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