
54 June 2003    Physics Today © 2003 American Institute of Physics, S-0031-9228-0306-230-6

What Criteria Should Be Used to Establish
Funding Priorities?
D. Allan Bromley

When I served as director of the Of-
fice of Science and Technology

Policy and the assistant for science
and technology to President George
H. W. Bush (1989–93), the adminis-
tration often needed to deal with fund-
ing priorities for science and technol-
ogy. It’s essential that a committee or
panel recommending funding base its
decisions on some fundamental crite-
ria for making scientific choices.

Forty years ago, Alvin Weinberg,
then director of Oak Ridge National
Laboratory, pioneered such an analy-
sis (see PHYSICS TODAY, March 1964,
page 42). He formulated a scale of val-
ues that might help establish priori-
ties among those scientific fields that
were supported by the government. In
particular, he distinguished between
two kinds of criteria: internal and ex-
ternal. The internal criteria, Wein-
berg wrote, are generated within the
scientific field itself. Two such criteria
are: Is the field ready for exploitation?
And are the scientists in the field re-
ally competent? But if scientists ex-
pect society to support their work that
meets these internal criteria, they
must seek external criteria, that is,
those external to science.

Weinberg identified three external
criteria: technological merit, scientific
merit, and social merit. If a certain
technology is deemed valuable, soci-
ety needs to support the scientific re-
search required to achieve that tech-
nology. He asserted, “. . . That field
has the most scientific merit which
contributes most heavily to and illu-
minates most brightly its neighboring
scientific disciplines.” Social merit is
a more difficult thing to identify, but
Weinberg singled out one example—
science can help foster international
understanding and cooperation.

In 1969, I was invited to chair the
Physics Survey Committee of the Na-
tional Academy of Sciences (NAS) and
the National Research Council (NRC).
We were asked to identify the oppor-
tunities that would be available to
physicists during the 1970s. Weinberg

was also on the 17-member commit-
tee. The heart of our report, published
in 1972, attempted to address the
tough questions of priority, program
emphases, and levels of support. After
looking at other attempts to develop
criteria, we came up with our own set,
which we divided into three classes:
intrinsic, relating to the internal logic
of a science and its fundamental
bases; extrinsic, relating to the sci-
ence’s potential for application to
other sciences; and structural, con-
cerning available scientists, instru-
mentation, and institutions, as well
as questions of opportunity and conti-
nuity. We then used the three classes
as a basis for priority decisions.

Even earlier, Viki Weisskopf
(PHYSICS TODAY, May 1967, page 23)
had recognized a crucial aspect of the
entire federal investment process—
that scientific fields were becoming
ever more interdependent. He found
that the interdependence coupled the
intrinsic and extrinsic Weinberg crite-
ria. Plotting scores for one against the
other makes it clear that optimal
progress results when the scientific
enterprise moves along a front, filling
the intrinsic–extrinsic plane and mak-
ing rough angles of 45° with both axes
(see the figure on page 55). This opti-
mization ensures that there will be no
gaps or tears in the fabric of the over-
all scientific enterprise.

In recent years, Harold Varmus,
former director of the National Insti-
tutes of Health, has emphasized this
interdependence and its growing im-
portance. He has noted that progress
in the health and life sciences over the
past five years has been very much
driven by breakthroughs in chem-
istry, physics, and engineering.

Decadal surveys
As science adviser, I received a number
of subsequent reports on physics and
could read them with the unique per-
spective of having led such a so-called
decadal survey myself. Other physics
survey committees were formed: They
were chaired by George Pake (1966),
William Brinkman (1991), and Thomas
Appelquist (2001). In astronomy and
astrophysics, the National Academy

decadal survey committees were
chaired by Albert Whitford (1964),
Jesse Greenstein (1972), George Field
(1982), John Bahcall (1991), and jointly
by Joseph Taylor and Christopher
McKee (2001). More recently (2002),
Michael Turner chaired a committee
that addressed the growing overlap-
ping challenges between elementary
particle physics and cosmology.

The reports on astronomy and as-
trophysics made clear-cut statements
of priorities, in part because the
smaller number of active scientists in
the field allowed a consensus to be
reached.

State your priorities
Such statements of priorities in a
major field present arguments for
continued or increased investment in
those priority areas, so they are of
enormous importance and value to
the decision makers in Congress and
the administration. The federal gov-
ernment has not always followed the
priority recommendations in the pre-
cise order given in the reports because
the reports are only one of several in-
puts to budgetary decisions. Over a
40-year period, however, the govern-
ment has indeed followed rather
closely the priority ordering in as-
tronomy and astrophysics, funding
projects from the front of the queue
while each new report added new
projects to the back of the queue.

However, there is a danger in such
a priority ordering: After decades of
success in moving the queue
smoothly forward toward success, the
astronomy and astrophysics commu-
nity has developed an entirely under-
standable reluctance to change items
partway through the queue. Freezing
an intermediate priority leaves no
room for changes and surprises, such
as the discovery of accelerating ex-
pansion of our universe, the nonzero
mass of the neutrino, and the exis-
tence of dark matter and dark en-
ergy—whatever they may be. The
Bahcall committee was clearly aware
of this risk of freezing intermediate
priorities, and the Taylor and McKee
committee took great care to avoid
this danger. Only a year after that
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committee produced its report,
the Turner committee was es-
tablished to consider whether,
in the light of major new dis-
coveries, the midlevel items in
the queue deserved further ex-
amination. Such sensitivity to
the needs of those in Congress
and the administration who are
charged with broader funding
decisions has served the astron-
omy and astrophysics commu-
nities extremely well.

When the Whitford and Pake
reports were prepared in the
mid-1960s, federal investment
in science and technology was
generally increasing at roughly
20% per year as part of the
somewhat hysterical response
to the Soviet launch of Sputnik
1. In that atmosphere, it’s not
surprising that both reports
predicted future federal invest-
ment that turned out to be
wildly unrealistic by the end of
the 1960s, when the federal in-
vestment surge ended abruptly.
The NAS realized that more re-
alistic projections were needed,
so it established the Greenstein and
Bromley committees.

The Bromley, Brinkman, and Ap-
pelquist committees (and the later
astronomy and astrophysics survey
committees) all convened panels of
experts to advise the committees.
The Bromley report, published in six
volumes, was the most extensive of
the entire series of surveys formed by
the NAS. It was also unique among
the physics reports because it explic-
itly addressed the priorities issue
and provided priority listings of some
69 subelements of physics. Clearly,
the larger the field, the more difficult
the question of priorities becomes.
Even though 200 physicists partici-
pated in the Bromley survey, we
never claimed that the published pri-
orities represented a consensus of
the entire community.

Although I can personally attest to
the effectiveness of priority ranking
as an approach to the making of ene-
mies, our efforts were enthusiasti-
cally welcomed by people in Congress
and the administration who were re-
sponsible for decision making in
physics. I can also attest that those
charged with budgetary responsibil-
ity greatly need help from the scien-
tific community. When I was working
as a physicist I read numerous field
survey reports. For example, I thor-
oughly enjoyed reading the Brinkman
report. But when I was in the White
House, I didn’t find such reports as
helpful as I had hoped they would be

in the budgetary process. Everything
in the Brinkman report and all such
other reports sounded more than wor-
thy of increased investment, not sur-
prisingly, because it was written by
enthusiastic proponents. The Ap-
pelquist report (see PHYSICS TODAY,
November 2001, page 34) was engag-
ingly written and should be read care-
fully by every working physicist and
physics student. 

I emphasize that, in the absence of
explicit priority setting, all of the
NAS–NRC decadal reports are signif-
icantly more interesting and valuable
to the scientific community involved
than to government officials. But
watch for this growing danger: Be-
cause interdisciplinary and multidis-
ciplinary activities are rapidly becom-
ing more important in our society and
are appropriately emphasized in the
recent NAS–NRC reports, the funda-
mental core areas of science are in-
creasingly being neglected.

Focus first on criteria
Because establishing priorities in as
large and diverse a field as physics is
extremely difficult, I have long urged
that both survey reports and related
governmental discussions should
focus on the criteria that underlie the
priorities rather than on the priorities
themselves until the final budget de-
cisions are made. Priorities can
change dramatically and almost in-
stantaneously, as they did on 11 Sep-
tember 2001, but the criteria estab-

lished before September 11th
remained largely valid and in
general have much more stabil-
ity and longevity than do the
priorities derived from them
since that event. Were we to
focus on criteria, we would be
much less dependent on details
and even on the scientific field
under consideration.

I suggest a specific approach
wherein the priorities in any
field of science and between
fields would be based on objec-
tive answers to the following
questions:
� To what extent does the re-
search have the potential of pro-
viding fundamental new under-
standing of our universe?
� To what extent does the re-
search have the potential of af-
fecting other areas of scientific
research?
� To what extent does the re-
search have the potential of lead-
ing to new generic technologies?
� To what extent does the re-
search contribute to national
security, economic competitive-

ness, or improvement in our quality of
life?
� To what extent does the research
hold promise of significant return on
earlier scientific facility investments
(for example, large telescopes, accel-
erators, or light sources)?
� To what extent is the research at or
near the international frontiers of
work in the field?

By answering these questions
quantitatively with scores of 1 to 10
and summing the results, one attains
a first approximation to a set of prior-
ities. Further refinement can be ob-
tained by agreeing in advance to as-
sign different weights to the
individual questions. 

I and a great many others who
have had to develop scientific compo-
nents of presidential budgets and con-
gressional appropriations have used
similar approaches either consciously
or unconsciously. However, if a group
such as the President’s Council of Ad-
visors on Science & Technology were
to provide their own set of such ques-
tions applicable to the entire spec-
trum of federal science and technol-
ogy budgeting, those questions could
provide a more coherent approach to
the establishment of priorities than
currently exists.

Since 1980, and perhaps even be-
fore, all US administrations have
used the criteria-based approach ei-
ther explicitly or implicitly, but unfor-
tunately without much help from the
scientific community. �
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Viki Weisskopf’s plot shows that science makes opti-
mal progress when both intrinsic, and extrinsic crite-
ria are used. (Adapted from V. F. Weiskopf, PHYSICS
TODAY, May 1967, page 23.)


