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The R&D Portfolio: A Concept for
Allocating Science and
Technology Funds

Michael McGeary* and Philip M. Smith

The tremendously productive system of re-
search and development (R&D) that the
United States has enjoyed since World War
II is undergoing major changes in response
to the emergence of the information age,
the end of the Cold War, global economic
competition, pressure to reduce government
budgets, and changes in the way science
itself is carried out. The nation’s science
and technology (S&T) enterprise is having
to adapt to this uncertain future and deter-
mine how to pursue research opportunities
(1) while facing reduced or negative fund-
ing growth (2).

There is great concern about the future
of S&T in the governmental and industrial
sectors and in the, university research com-
munity. Recent reports have recommended
new goals, procedures for setting priorities,
and criteria for allocating S&T funding (3—
5). One theme is the need to treat funding
as an investment rather than as a current
consumption item in budgetary decision-
making (6).

The Portfolio Approach

The investment nature of R&D and the
high regard of the public for scientists and
research (7) will help sustain government
funding of S&T, but strong competing de-
mands for federal dollars will require the
S&T enterprise to restructure itself and be
more active in justifying support. We pro-
pose that the concept of R&D as an invest-
ment be extended by introducing the port-
folio concept from financial investment
theory into decision-making on the alloca-
tion of funds for S&T. Financial investors,
like R&D decision-makers, have to balance
opportunity and risk to obtain the best
overall return. Generally, the greater the
potential return from an investment, the
higher the risk involved. Most investors
spread their risks by allocating their assets
to a portfolio of diversified investments.
The goal is a portfolio that maximizes net
return at whatever level of risk the investor
is willing to assume (8).
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Allocating S&T funding is analogous
to financial investing. The success of any
given research project is uncertain, no
matter how carefully it is evaluated.
Projects addressing fundamental questions
are often the riskiest: Success, in the form
of useful but unforeseen applications, may
not be realized until years later. History
also shows that important advances in one
field sometimes come from apparently un-
related work in another field. In this situ-
ation of unpredictability, diversification is
important for maximizing results. If it is
not known where breakthroughs will be
made or when advances will occur, then it
is prudent to invest in a broad portfolio of
activities (9).

The portfolio concept draws attention
to the need to diversify not only among
fields but also among other components of
a successful S&T enterprise. Federal R&D
policy is often judged on whether the
amount of funding devoted to basic re-
search or universities is increasing or the
number of new and competing research
grants is going up. A portfolio approach
allows a broader perspective on what is
needed to maintain a productive S&T
enterprise. Because the discovery process
is rarely linear, a healthy portfolio will
have a mix of basic research, applied re-
search, and development activities (10).
Some activities will be driven by disciplin-
ary research agendas and by interdiscipli-
nary problems, some by federal agency
missions, and some by emerging high-pri-
ority national problems. The portfolio will
also balance the funding of research
projects with the cost of related infrastruc-
ture and overhead activities, such as main-
taining and upgrading facilities and equip-
ment, and training future researchers.

Within a disciplinary portfolio, one
would invest in all modes of research (the
precise mix varying from field to field and,
within fields, over time in response to
changes in R&D results or national goals)
to take advantage of alternative ways of
attacking problems and the potential inter-
action and feedback that may result from
multiple approaches. This approach moves
beyond the traditional paradigm that “big
science” and “little science” are in conflict
rather than complementary.
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The portfolio approach is especially im-
portant when funding is flat or shrinking.
[t recognizes the importance of investing
in fundamental and long-term research be-
cause that will produce the new knowl-
edge that will underlie future economic
growth. Normal behavior when resources
are tight or circumstances are uncertain is
to play it safe by funding sure bets. Today,
for example, peer reviewers tend to fund
projects that promise incremental but safe
results rather than truly innovative but
risky ideas; industry is shifting to more
applied, short-range research. The bal-
anced portfolio directed to the future must
ensure that an adequate proportion is de-
voted to fundamental research at each
level (including the national level, taking
into account the contributions of industry,
universities, foundations, and other non-
governmental sources of support for basic
research).

An explicit portfolio approach to fund-
ing S&T will also help ensure diversity
among research performers and funding
agencies. Such diversity stimulates creative
research ideas and increases the chances
that they will find support. The R&D pro-
grams can choose from a panoply of per-
formers, including in-house laboratories,
universities, industrial laboratories, or pri-
vately operated national laboratories and
R&D centers. At the same time, if an agen-
cy finds a research proposal to be too risky,
the researcher can take it to other agencies
or private funders for consideration.

The portfolio concept can also justify
continued or even expanded federal R&D
support within a flat or shrinking discre-
tionary budget. Portfolio theory has impli-
cations beyond allocating funding within
the R&D budget. It permits a dual strate-
gy. A strong case can be made for invest-
ing an adequate share of the federal budget
in R&D in competition with the many
other legitimate demands on the belea-
guered federal budget. Simultaneously, the
S&T enterprise can be restructured
through the portfolio approach to meet
the new conditions, drop obsolete activi-
ties and programs, and pass over lower-
priority activities to fund the most impor-
tant ones.

Implementing the Portfolio
Concept

The portfolio approach does not require
radical changes in the structure or proce-
dures of decision-making on R&D bud-
gets. In the government, for example,
R&D budgeting is decentralized and
builds from the bottom (where knowledge
about opportunities and needs is highest)
up. The process already incorporates the



diversity of approaches that has given the
U.S. S&T enterprise its strength. It also
includes broad input from researchers,
who serve on advisory committees and in
government R&D  leadership positions,
and from the reports and testimony of
science and engineering organizations.

The current R&D budgeting process
tends to focus on incremental changes
from year to year. That approach works
well when budgets are growing because
new research opportunities can be funded
without reallocation of resources from ex-
isting programs; however, it perpetuates a
set of programs and institutions aimed at
problems of the past. In a period of decre-
mental budgeting, there will be strong
pressures to distribute cuts proportionally
across all programs rather than cut lower-
priority activities in order to fund research
agendas for the future.

The portfolio approach involves more a
change in viewpoint or perspective than in
process. It tries to build on the traditional
ad hoc incrementalism of the budget pro-

" cess by expanding the scope of factors taken
explicitly into account at each level of de-
cision-making. It calls for decision-makers
to (i) look beyond next year’s budget re-
quest; (ii) ensure diversity by providing ad-
equate investment in each field (and, with-
in fields, funding multiple approaches to
research problems and multiple modes, in
terms of individual investigators, small
groups, research centers, and large-scale fa-
cility-based groups); (iii) achieve an appro-
priate mix of all components of a successful
research program (projects, facilities, equip-
ment, and people); (iv) consider what other
sectors are funding, including industry; (v)
consider cooperative efforts with research-
ers in other countries; and (vi) see that each
program, no matter how focused on a prac-
tical goal, invests adequately in long-term
fundamental research.

Adopting the portfolio perspective will
not be easy. At a time when funding will
be very tight, it calls for (i) peer reviewers
to be willing to recommend innovative
but risky proposals; (ii) program managers
to approve an adequate share of innova-
tive proposals, fund individual proposals
sufficiently rather than squeeze them to
fund more proposals, and invest in longer-
term activities such as equipment and fa-
cility upgrades that are easy to defer; (iii)
agency heads to protect research missions,
not existing personnel and facilities; (iv)
decision-makers in the White House to
take action when the bottom-up decision-
making process is not balanced from a
national point of view; and (v) Congress
to take a more integrated view of federal
S&T and its adequacy in the overall na-

tional budget portfolio.

Can it be done? Some field-of-science
surveys conducted for federal agencies by
the National Research Council have ap-
proximated a portfolio review. A good ex-
ample is the recent survey of astronomy
research (11). The survey committee exam-
ined all aspects of its discipline and gave
some infrastructure needs priority over
some research opportunities. Its success was
based on extensive consultation within the
relevant scientific disciplines, strong lead-
ership, and a willingness of participants to
agree on a clear ordering of priorities in
which research opportunities and all other
future needs (instrumentation upgrades and
training, for example) were placed in a sin-
gle framework.

Historically, there has been a reluctance
to make cross-field judgments because there
is no purely scientific algorithm for compar-
ing fields. Public officials, however, rou-
tinely have to make decisions about R&D
programs that affect the distribution of
funds among fields. The portfolio approach
provides a good way to consider the appro-
priate mix of fields in any programs or
agencies. The portfolio perspective, which
includes broad input from technical experts,
could better inform decision-making at var-
ious levels of the budget process by high-
lighting certain issues: how programmatic
decisions would affect fields, whether there
is sufficient diversity of investment among
fields, and whether emerging or rapidly
changing fields are identified and supported
appropriately.

The Will to Implement Change

The most difficult challenge is finding the
collective will to set priorities in our decen-
tralized science enterprise. Some scientists
argue that the S&T community should not
set priorities or identify potential budget
reductions because doing so would create
easy targets for budget cutters. If other in-
terest groups are not volunteering reduc-
tions in their funding and if R&D is demon-
strably in the national interest, why should
the S&T community aid in cutting their
own funds? In a rational political world,
there would be potent advocates in public
life for R&D as there are for other programs,
but the numbers supportive of R&D are
thinning as a result of retirements and re-
cent elections. Reductions will be made in
federal R&D appropriations under any con-
ceivable scenario now under political dis-
cussion. The S&T community will be better
off helping to guide the future direction of
R&D rather than being on the sidelines,
leaving the future to the politics of decre-
mental budgeting.
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The S&T leaders of World War II and
the years immediately following took the
lead in creating an enduring federal S&T
system. A similar determination—a will—
to adapt the U.S. S&T system to the future
must be the watchword today, and it must
be led by the scientific community. Only in
that way can the strengths of the U.S. S&T
system be maintained. Unless the process of
priority setting begins, and is done wisely
and well, the full potential of S&T contri-
butions to the work of the next century will
not be realized.
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