The NAS Surveys of Fundamental
Research 1962-1974, in Retrospect

In this article I review the origination,
design, conduct, policy impact, and gen-
eral usefulness of the ten surveys of the
health and direction of major fields of sci-
ence that were conducted from 1962
through 1974, by committees working
under the aegis of the National Academy
of Sciences’ Committee on Science and
Public Policy (COSPUP). The reports (/)
were:

1964 Ground-Based Astronomy: A Ten-
Year Program (A. E. Whitford, chairman)

1965 Chemistry: Opportunities and Needs
(Frank H. Westheimer)

1966 Physics: Survey and Outlook (George
E. Pake)

1966 The Plant Sciences: Now and in the
Coming Decade (Kenneth V. Thimann)

1968 The Mathematical Sciences: A Report
(Lipman Bers)

1969 The Behavioral and Social Sciences:
Outlook and Needs (Ernest R. Hilgard)

1970 Report on the Life Sciences (Philip
Handler)

1972 Astronomy and Astrophysics for the
1970’s (Jesse L. Greenstein)

1972 Physics in Perspective (D. Allan
Bromley)

1974 Materials and Man’s Needs (Morris
Cohen).

Sponsored for the most part by the
federal agencies that support basic re-
search, and costing about $2 million,
the surveys were prepared with the
help of hundreds of scientists from
industry, government, and the universi-
ties. The reports profiled funding, de-
scribed manpower trends, portrayed the
contributions of fundamental research to
the advance of technology, and esti-
mated the requirements for continued
vigorous development of the fields. In
this article I will discuss these surveys as
instruments of the scientific commu-
nity’s self-governance and of national
policy-making, giving particular atten-
tion to the surveys of physics.

It is important from the beginning to
appreciate the almost unresolvable diffi-
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culties of the surveys. The surveyors
were asked to present the best ‘‘cases’
for the fields to which they had devoted
their lives—objectively, and with re-
straint. They were asked to be critical
and to recommend measures of economy
and efficiency—measures that would af-
fect themselves, their colleagues, and
their institutions. They were asked to
avoid being influenced by the govern-
ment, industry, and others—but at the
same time to learn from, and eventually
influence the work of, those same institu-
tions. The surveyors were asked to ex-
press opinions representative of the
broad diversity of scientists’ opinions—
while working in what might (non-
pejoratively) be called “elitist”” modes of
operation-by-committee. And the sur-
veyors were asked to make projections
and predictions—of the basic research
endeavor, which almost by definition
defies projection and prediction.

Origins and Procedures

In the early 1960’s, the Academy and
its working arm, the National Research
Council, taking advantage of their posi-
tion in the scientific community and their
charter as quasi-governmental organiza-
tions, became increasingly involved in
matters of national policy. The newly
formed Committee on Science and Pub-
lic Policy, under the chairmanship of G.
B. Kistiakowsky, began preparing the in-
fluential report Basic Research and Na-
tional Goals (which would be published
in 1965) for the U.S. House of Represen-
tatives’ Committee on Science and As-
tronautics (2). Kistiakowsky had often
felt when he was science adviser to Pres-
ident Eisenhower that he would have
been helped in weighing and recom-
mending programs and policies if broad-
based appraisals of fields had been avail-
able to him, especially studies that might
have buffered some of the strong argu-
ments made by the highly organized
practitioners of “‘big science.”” Kistia-
kowsky gained support from Academy

president Detlev Bronk and others, and
the COSPUP undertook sponsorship of
the series of studies that form the subject
of this review. COSPUP’s role was to
explore the need for particular surveys,
assist the disciplinary representatives in
organizing their surveys, coordinate liai-
son with the appropriate government
agencies, and offer prepublication cri-
tique. More will be said about COS-
PUP’s role later.

All of the surveyors served without
pay, being compensated only for travel
and direct project expenses. Many of the
participants were drawn from outside
Academy membership. Committees were
formed, and they worked in various
ways, for the most part in small special-
ized panels. Not only were research-dis-
cipline panels set up, but also panels on
personnel, instrumentation, communica-
tion, and other functional problems.

The committees handled their data-
collection work in different ways; all
found analysis difficult. The Bromley
committee convened a special panel to
oversee the collection and analysis of
statistical data, in order to coordinate the
many different working groups’ ap-
proaches to the government statistics of-
fices and in order to ensure that the data
were expressed in a form that would al-
low intercomparison. The desirability of
coordinating all this work through a
single data panel was a lesson learned
from the Westheimer and other surveys.
Those who have had to deal with the
numbers marvel at the heroic efforts of
the Bromley data panel—even though,
as several people have only half jokingly
suggested, nobody has ever fully com-
prehended that intricate and forbidding
work besides panel chairman Conyers
Herring. And Herring himself disclaims
even that.

Throughout their deliberations the
committees maintained liaison with the
National Science Foundation, the mis-
sion agencies, the Office of Science and
Technology, the Bureau of the Budget
(later Office of Management and Bud-
get), congressional committees, and the
professional societies.

The Surveys, in Vignette

The surveys differed in quality, tone,
and style, each reflecting its policy con-
text and the complexion of the field.

The Whitford report (1964) described
the instruments upon which the small,
cohesive astronomy community is so de-
pendent, and it outlined the arguments
over ground-based versus space-based
observation that still split the field. With-
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out evidencing special concern over
where everyone would work, the report
projected a doubling of the doctoral pop-
ulation within a decade.

The Westheimer chemistry report
(1965) portrayed an extremely large and
vigorous field emphasizing application
and predominant industrial involvement.
It gave much attention to personnel is-
sues. The feature most often cited is the
Westheimer report’s emphasis on mod-
ernization of chemistry to take advan-
tage of advances in physics and mathe-
matics, and the associated need for sub-
stantial investment in such instruments
as spectrometers and computers.

“‘Big science’’ got full treatment in the
Pake physics survey (1966). Arrayed
page after page were the steep funding
charts that now seem like astonishing
historical inscriptions: ‘‘During the peri-
od 1959-1963, there was fairly rapid
growth in federal support of basic phys-
ics research, corresponding to an aver-
age annual growth rate of at least 20 per-
cent per year [not including NASA ex-
penditures]. . . .”” Special support was
given to the meson-factory proposal.

Academic botany was covered in the
Thiman report (1966), but such huge
fields as forestry and agricultural re-
search were not. The impression con-
veyed was of a diffuse ‘‘small science.”
The report urged that such essential
fields as taxonomy, without which much
ecological investigation would be help-
less, not be neglected in the rush toward
the more glamorous molecular biological
approaches.

The Bers survey of mathematics
(1968) described how ‘‘little’” the field
was: the total federal investment in
mathematics to date had been only $300
million. A primary function of the pro-
fession is educating people in other
fields. The report argued for greater sup-
port for applied math and the computer
sciences.

The Hilgard survey of the behavioral
and social sciences (1969) portrayed a set
of diffuse fields working at quite some re-
move from the ‘‘hard’’ sciences, making
forays into applied territory with only
moderate success.

Biochemistry as reviewed by the Han-
dler survey (1970) was a vigorous enter-
prise broadening beyond its traditional
contexts (but the report still carried a
biomedical tone), drawing upon the so-
phisticated resources of biology, chem-
istry, and physics, and making a reputa-
tion for being able, at long last, to tackle
the problems of nutrition, disease, food
and fiber production, and preservation of
the biospheric environment.

The astronomy and astrophysics of the
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Summary

The Academy’s surveys of the
health and direction of various
fields of science have served as in-
struments for the sciences’ self-ap-
praisal, aided fields in asserting
their identity and arguing for sup-
port, fostered mutual education
and heightening of self-under-
standing among those involved in
science policy-making, served to
express the general tenor of the
scientific community’s opinion,
functioned as ‘‘seconding’’ docu-
ments, and had the effect of lend-
ing endorsement to particular ma-
jor projects. There were, indeed,
shortcomings and limitations, but
the surveys appear to have been
worth the expense and effort. As
with other such endeavors, pro-
cess may well have been as impor-
tant as product.

Greenstein report (1972) were keyed
closely to the development of new facili-
ties, for which the committee presented
a list of priorities. The Greenstein report,
coming 8 years after the Whitford report,
noted that the astronomers’ employment
market had become saturated.

Bromley’s physics committee pre-
pared the largest and in many ways the
most ambitious report (1972) of the se-
ries. As though a latter-day explorer-em-
peror had commissioned it to encyclope-
dize the territory and peoples of physics,
the committee catalogued a myriad of re-
search activities, drew profiles of the
physicist population, described in detail
the community’s dynamics and educa-
tion and communication, diagnosed the
endeavor’s overall health, analyzed the
intellectual commerce between physics
and its neighboring fields, and developed
a method for setting priorities—all in the
effort to place ‘‘physics in perspective.”’

In the Cohen report (1974) the repre-
sentatives of a variety of endeavors
struggled with their identity problem and
sought definition and recognition as a
new field, ‘‘materials science.”’

Policy Axes

Through all the surveys run the peren-
nial themes of science policy-making.
Whether to respect ““critical size> argu-
ments and concentrate efforts in a few
centers, or to disperse efforts broadly.
How to balance research per se with re-

search-in-the-educational-context. ‘‘Big
science’’ versus ‘‘little science.”” Uni-
versity labs, industrial labs, government
labs. How much to preserve the estab-
lished fields, and how much to encourage
their evolution. ‘‘In-house’’ research as
compared to ‘‘outside-user’’ participa-
tion, and the problems of ‘‘suitcase sci-
ence.”’” Capital expansion versus fuller
use of existing facilities. The relative ad-
vantage of investigator grants, project
grants, contracts, and institutional block
awards. In many of the surveys these
themes, which delineate the decisional
axes, were discussed explicitly. Others
were discernible only from reading be-
tween the lines.

Usefulness

First, the surveys served as in-
struments for the sciences’ self-apprais-
al. Most observers agree with American
Institute of Physics director William
Koch that ‘“The principal value of the
Pake and Bromley surveys was that they
caused physicists to confront each other
on these issues.”’ This opinion is widely
shared, and it is reflected in the many
recommendations most of the surveys
have directed to the scientific commu-
nity at large. Robert Green, who served
as COSPUP’s executive secretary
through all of the surveys, points to a
kind of effect that he, as a ‘‘broker’ in
the policy arena, must always be con-
cerned for: *‘One of the most important
aspects of the surveys was the inter-
action between the committee scientists
and government officials. This was very
much a matter of mutual education and
resulted in revelations for both sides.”’
Allan Bromley has said, ‘‘Few aspects of
our work were more important than our
trying to. learn how to wrestle with the
issue of priorities.”” And Wayne Gruner,
of the National Science Foundation, ex-
pressed the opinion of many in govern-
ment when he observed that ‘‘What has
been important has not so much been the
specific recommendations as the reflec-
tion of the overall mood of the scientific
community in the tenor of the reports.
The Bromley report, for instance, gave
us in the government an indication of the
willingness of the physics community to
make certain kinds of hard decisions.”

As Frank Westheimer has com-
mented, ‘‘Writing about chemistry is en-
tirely different from writing chemistry; in
our survey we found ourselves outlining
things about the art that we knew but had
not previously become fully aware of.”
Among his committee’s conclusions, for
example, was the judgment that what
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chemistry needed was not so much in-
creased output of Ph.D.’s as improved
quality of their training nationwide—an
appraisal which was arrived at carefully,
could have been deduced reliably by few
other means, and which contributed to
the ‘‘tenor”’ of opinion about the field.
The Bromley study examined the ques-
tion of professional mobility in depth for
the first time, and found itself concluding
that ‘‘physics PhD manpower is much
more mobile than has been commonly
believed. During the period 1968-1970
about one third of the PhD’s changed
their subfields of major interest.”’

Despite connotations in the overused
term to the contrary, scientists usually
interact as ‘‘community’’ only in-
directly, except in projects like the sur-
veys—and obviously even then there are
extreme difficulties of representativeness
and consensus. If the surveys are to be
reviewed at all sympathetically, this as-
pect of the community—an intellectual
diaspora striving for cohesiveness—has
to be appreciated.

Second, the surveys have aided fields
in asserting their identity and arguing for
continued support. This has been espe-
cially important for the classical but fad-
ing disciplines, for highly diffuse fields,
and for emerging disciplines. The
Bromley report observed that ‘‘For
many years, an outstanding problem fac-
ing acoustics as a field has been the pres-
ervation of its identity. Some subject
matter has been taken into other dis-
ciplines and subfields because acoustics
provides a successful tool (for example,
ultrasonic measurements in condensed-
matter physics), some has always spread
across other classifications (noise vis-a-
vis turbulence), and some has been so
largely outside physics that it has virtual-
ly been forgotten (speech, hearing, and
bioacoustics). It matters little what label
attaches to the subfield, but it is impor-
tant that it be maintained.”” (But I must
register the complaint that since there
must surely have been good reasons for
that historical development the Bromley
report missed a chance to present the
pro’s and con’s of this argument openly
instead of just passively acquiescing in
the acousticians’ pleas; nowhere did the
report explain why acoustics had to be
maintained as a field. Is it not true that
one of the surest signs that a discipline
has fulfilled its purpose is that it per-
vades the other fields so thoroughly that
it loses its own identity and thereby pass-
es on, as many venerated disciplines
have, into the history of science?) As
was mentioned earlier, The Plant Sci-
ences championed the importance of
such classical fields as taxonomy as un-
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derpinnings for modern ecological re-
search. Materials and Man’s Needs
opened with the question, ‘‘What is ma-
terials science and engineering?”’

On one hand, there certainly are times
when such self-preserving arguments
need to be presented, and the few suit-
able forums available, such as the sur-
veys, should indeed be used in this way.
But on the other hand, such claims may
prove spurious. Broad, critical surveys
should be able to entertain minority
views, weigh the claims fairly, and de-
scribe the shape of the debate; but the
Academy surveys have often failed to do
this with full candidness.

Third, by both process and product the
surveys have fostered much-needed mu-
tual education and heightening of self-
understanding among those involved in
science policy-making. This has not been
inconsequential. Many people have ac-
knowledged the passing of their scientif-
ico-political innocence in working on the
surveys. Alvin Weinberg expressed this
intention in a letter to Allan Bromley in
1969: “‘The problem that we face is to
elevate the level of discourse underlying
the politics of physics, so that there is
little venality or self-serving in that poli-
tics. In some ways I conceive of this as
one of the central jobs of the whole exer-
cise of the [Bromley] committee: to ex-
tend and deepen the intellectual basis of
the political discourse which ultimately
determines allocations in physics, as it
does in any non-market situation.’

Learning as a community, scientists
have improved their self-analytical tech-
niques through the surveys, and they
have learned much about how to conduct
these  complicated projects. The
Bromley survey reflected many lessons
from the Pake and Westheimer exer-
cises.

Officials of the government, as well,
have in many cases found the survey ex-
periences subtly enlightening; they have
come to know the leaders of the scientific
fields they oversee and serve and have
learned from them not only matters of
specific fact but also some of the in-
tuitions that guide decisions about basic
research.

Fourth, the surveys have served to ex-
press the general tenor of the scientific
community’s opinion. The Greenstein
astronomy report expressed strong ap-
prehension over the shift of research ac-
tivity away from the universities and into
the national laboratories. The Bers math-
ematics report recommended ‘‘support
of research and education in the applied
mathematical sciences as such, and not
merely in connection with either mathe-
matics or the particular sciences that use

mathematics.”” Other than surveys,
there are not many mechanisms for gath-
ering and expressing opinions on such
general issues. A good survey reestab-
lishes bench marks, legitimates bound-
ary shifts, exposes claims that otherwise
would be disputed only in private, and
commits to easily examined record a
combination history, inventory, census,
and projection.

In this regard, what government offi-
cials generally hoped for from the sur-
veys was a broad overview, and most
have thought the surveys’ level of detail
adequate. As one program officer ob-
served, ‘““We have to study every pro-
posal in the field that comes to this agen-
cy, we receive all sorts of advice, and we
continually have to argue for our budget.
About some things, we know as much as
the survey committee does. Don’t get me
wrong, but as for more detail—no, we
don’t need it. What we want is a feeling
for the general current of opinion.”’

Fifth, the surveys have frequently
been put to use as ‘‘seconding’ docu-
ments. This is not unique to science, nor
is it necessarily bad. Those conducting
surveys simply have to expect it. This
use of the surveys—selective, rather
passive citation to buttress arguments ar-
rived at from other directions—is per-
fectly exemplified by Atomic Energy
Commission (AEC) physical research di-
rector John Teem’s testimony before the
Joint Committee on Atomic Energy in
the authorization hearings on the 1974
AEC budget. Teem called attention to
the fact that “‘In its 1972 report, Physics
in Perspective, the National Academy of
Sciences Physics Survey Committee
identified heavy-ion physics as an impor-
tant new frontier of nuclear physics.”
He quoted the relevant passage from the
survey, then went on to affirm that ‘“We
in AEC also identify heavy-ion physics
as an important new thrust. . . .”* Later,
in presenting the case for the meson fac-
tories, he drew support from the
Bromley report again. In its official re-
port of the hearings, the Joint Committee
reprinted the ‘‘executive version’’ of the
Bromley survey in its entirety.

Sixth, the surveys have often had the
effect of lending endorsement to particu-
lar major projects. In many cases the
Academy reports have repeated recom-
mendations promoted more unre-
strainedly by other groups, thereby
exerting a ‘‘tilting”” infuence. Some be-
lieve that the Pake report’s concurrence
with the Bethe panel’s report, Meson
Factories (3), had some influence on the
decision to go ahead with building the
Los Alamos meson physics facility; cer-
tainly this additional ‘‘vote” did not
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hurt, and a Pake disapproval would have
been a challenge. The Westheimer sur-
vey is unfailingly acknowledged as hav-
ing helped to catalyze the National Sci-
ence Foundation’s establishment of
line-item provision for chemical in-
strumentation in its budget. The Bromley
report added its impetus to the push
_for the National Accelerator Labora-
tory and the Oak Ridge heavy-ion ac-
celerator. On this point Harvey Brooks
“has commented, ‘‘I think the most useful
contribution of the Bromley report was
in crystallizing a consensus on the many
competing projects in ‘big physics,’ es-
pecially in astrophysics (jointly with
Greenstein), particle physics, and nucle-
ar physics.”’

Inherent Limitations

Recalling some of the wearisome inter-
nal Academy battles over survey ques-
tions, Harvey Brooks stresses the impor-
tance of recognizing that whereas scien-
tists can be drafted to work with others
in conducting surveys, ‘‘they cannot be
required to be parties to what they see as
their own execution.”” Candor is com-
mendable-—so long as it does not offend
too many colleagues or debilitate the pol-
iticking that scientists engage in no less
than others having special interests. In
this, of course, lies one of the major in-
herent limitations of the surveys. The
surveyors were charged to be in-
tellectually honest and not to try to ‘‘sec-
ond-guess’’ the political system; never-
theless, because political aloofness can
come close to being political naiveté, the
surveys presented their cases with re-
straint but, as should be expected, never
lost their character as political docu-
ments. In no way should this be inter-
preted to mean that government staff or
other groups could have done better; in
fundamental research there is no substi-
tute for the experience and guidance of
active researchers. But limitations
should be recognized.

A second limitation of surveys is that
they must unavoidably sacrifice some
precision of analysis and impact as the
price of breadth of coverage. Studies
tend to be more competent and effective
when they are closely focused on neatly
defined issues. As the field of survey is
broadened, comparison of its disparate
elements becomes more difficult and the
criteria for judgment become less a mat-

ter of science. (In the extreme, the task.

would lose all validity: how can space re-
search be compared with Antarctic ex-
ploration, or botany with mathematics?)
The very breadth of the Academy sur-
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veys is perhaps their most valuable as-
pect; on narrow issues, there is never a
shortage of government and other advi-
sory committees willing to render ad-
vice. Broad surveys can provide much-
needed perspective. :

How important it is that widely dif-
ferent fields be compared directly, and in
what way, is not clear; anxiety over this
point may be largely unfounded. The
federal budgetary process is largely in-
cremental and segmented, with modifi-
cations made rather independently
around the periphery of a free-form na-
tional budgetary ‘‘pie,”’ and the alloca-
tions to basic research are based not so
much on comparisons among the re-
search sectors as on judgments of the
contribution each kind of research prom-
ises to make to the societal sector to
which it belongs. Only after the long
budget fight is over does the pie get
“trued up’’ for neat depiction in docu-
ments. There is hardly a definable sci-
ence and technology budget per se; to
continue with the above metaphor, we

might say the science budget is an an- ,

nulus of varied width cutting through all
the various sectors of defense, health,
education, agriculture, and so on. It is
probably only vaguely true that alloca-

tion of funds to cancer research, or high-

energy physics, deprives plant physi-
ology, or optics, of support, except in
certain special cases. Indeed the result
may even be the opposite, in which stim-
ulation of one area may carry coupled
enthusiasm for science over into other
areas. The budget is finite, so of course
the final budget is a statement of com-
parison; but although checks are made to
ensure that no principal area of science is
neglected, the budgetary process does
not strongly intercompare the different
basic research programs. Thus the pe-
rennial suggestion that the Academy ‘‘do
the global survey’” and appraise the val-
ue of all the disciplines relative to each
other appears to be not only nearly im-
possible but perhaps even not very use-
ful.

Also with regard to focus, a limitation
is that widely dispersed *‘little science’’
fields, with their patchwork patronage,
are in many ways more difficult to survey
than coherent, highly organized, facili-
ties-dependent ones supported largely by
a single powerful agency. On this point,
those who resent the self-serving nature
of the surveys always mutter something
like, ““To those who have, more will be
given. . ..”

A third set of limitations has to do with
the intrinsically elitist or meritocratic na-
ture of the survey process. The scientists
selected for the committees are chosen

because of their scientific accomplish-
ment and public stature. No plan of rep-
resentation by age, sex, origin, institu-
tional affiliation, or research interest will
avoid all objections. Nor can conflicts of
interest be eliminated completely. Nor
can the possibility of ‘‘special pleading.”
Some ways of dealing with these prob-
lems are discussed below.

A fourth set of limitations arises in
that, except in the most general sense,
the surveys are not oriented toward ei-
ther social problems or agency missions.
But in large part, these are the lines
along which the government and indus-
try run their business. The surveys have
principally examined what was needed
to advance the sciences themselves,
looking for ‘‘opportunities for exploita-
tion of the field,” rather than looking at
the requirements for bettering society as
a whole. This makes it difficult to match
agency plans to survey findings.

The problem of priorities-setting is the
fifth limitation. Never, in these surveys
or elsewhere, has a perfect program been
developed for deciding on the relative
importance of different research pro-
grams. All of the surveys made recom-
mendations. The Greenstein report sys-
tematically examined the needs for facili-
ties in astronomy. The Bromley
committee engaged the problem most
thoroughly, conducting an elaborate
jury-rating experiment to develop cri-

(teria and then using the system to rank

major facilities proposals and evaluate
subfield program elements. The Bromley
report said that ‘“The purpose of the rat-
ings was to test the feasibility of arriving
at a consensus regarding the desirable
relative emphasis among subfields of
physics and among program elements
within each subfield. Such judgments
might then guide decisions as to in-
creased or decreased support for each
program element and subfield within
whatever total might become available
for physics as a whole. It is the Com-
mittee’s view that the outcome of this
exercise is properly described in terms of
program emphases rather than prior-
ities.”’ The aim was to develop some-
thing more refined than a monotonically
valued ‘‘shopping list.”” The committee
cautioned that its ratings were primarily
illustrations of the method, not in-
controvertible evaluations. Much more
work on approaches to priorities needs
to be done.

Sixth, these studies take time. Thor-
ough surveys will always proceed slow-
ly, which will invariably frustrate gov-
ernment officials, especially research
program officers. As one complained,
“We began to wonder whether, with all
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the panel meetings and writing and re-
viewing and rewriting, the Bromley re-
port would ever be published!”” (It took
over 24 years.)’

And last, idealism aside, the surveys
are human documents. Traces of person-
alities will always pervade the reports.
As has been said, ‘‘Committees may de-
liberate, but individuals do the writing.”’

Moderating the Claims

In an effort to enhance the credibility
of the surveys, filtering and buffering
were applied at every stage. First the
specialist panels prepared their reports,
without pretending to consider the over-
all state of the science; they were primar-
ily to be concerned for the health of their
chosen enterprises and, within reason, to
defend them cogently and vigorously.
Then the survey committee, receiving
the panels’ reports, tempered those find-
ings in preparing the survey volume.
This and the panel reports went through
several iterations, with modification
by liaison commentators and outside
readers. Further buffering occurred
when the COSPUP, which is composed
of scientists from many different dis-
ciplines, reviewed the drafts. Only then
were the reports published.

How effective this process has been,
has differed with the various cases. In
some instances there is evidence that, in
an effort to restrain themselves and fore-
stall disapproval by their peers on the
broader survey committee, the panels
themselves went through considerable
“*head-knocking’ in developing their
statements. In the Bromley study, the
nuclear physics panel apparently consid-
ered the idea of an intense-neutron gen-
erator of the sort that Canadian physi-
cists had long been pursuing, but decided
not to ask for one. The plasma physics
panel decided that until plasma dynamics
were better understood, building a large
plasma reactor could not be justified.
The Bromley report also declined to en-
dorse proposals for national laboratories
for high-pressure research, intense-laser
research, low-temperature research, and
a computing center for solid-state calcu-
lations. The Bromley survey committee
“concurred with and supported’’ many
of its panels’ findings, but remarked that
“‘on occasion, however, the Committee,
from its broader viewpoint covering not
only all of physics but also its broader
external interaction, not unexpectedly
reached somewhat different conclu-
sions.”” Despite its shortcomings and
occasional failures, this kind of proce-
dure has strong advantages. Such a
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broad-based, iterative, critical mecha-
nism is not usually available to, say,
agency staff or advisory committees.

But still, it is obvious that each sur-
vey, all said and done, has not only “‘put
its best foot forward’ but has tried to
gain a step or two on its rivals as well.
Practitioners of ‘‘small science’ can
rarely resist complaining, ‘It just seems
unfair that physics, one of the wealthiest
fields, got a half-million bucks to sell its
own case.”’” What responses to that have
to be considered? First of all, we remind
ourselves that the professionals in the
government presumably interpret the
surveys with the same toughness and eye
for bias they apply to other reports that
flood their desks. Then we ask whether
the economies the surveys have led to
have offset their expenses. The point will
always be debatable, but most observers
remark that with an annual federal phys-
ics budget in excess of $300 million, an
investment of $500,000 every 5 years or
so in a major stocktaking survey is not
unreasonable. Officials of the funding
agencies have in general said that their
agencies have obtained their money’s
worth from the surveys.

The Academy, COSUP, and the

Government

Academy sponsorship ensured broad-
ness of representation and access. Many
people have remarked that no staff, advi-
sory committee, or contract-research in-
stitute effort could have marshaled the
services of so many perceptive and in-
fluential scientists from such diverse
backgrounds, or so effectively coordi-
nated their work. Academy sponsorship
has ‘‘headed off”” some charges of spe-
cial pleading and self-interest, partly be-
cause of the internal review process in-
volving the COSPUP. The Academy
committees were better able to cut
across agency missions lines and discern
the shape of emerging areas than special-
ized agency advisory committees usually
are.

As to the government’s role, the
agencies helped initiate and fund the
projects, and in most cases they appoint-
ed active liaison representatives to the
committees and panels. The survey com-
mittees solicited information and advice
from the various appropriate offices of
government, worked with them in devel-
oping much of the factual material, and
sought to present the findings in a man-
ner that would assist and influence the
government’s decision-making.

What should be appreciated is the way
in which the survey groups and the gov-

ernment strove to keep themselves in-
sulated from each other during the sur-
vey period. Communication took a rath-
er curious form different from that of
more conventional government advisory
work. During the survey process the sur-
veyors tried to avoid being influenced
and the government avoided becoming
obligated; then, after the reports were
published, the survey groups actively
campaigned to convince the agencies of
the usefulness of the documents, and the
agencies, usually quietly and privately,
tried to extract from the reports as much
guidance as possible.

COSPUP helped to initiate each of the
projects, serving as a broker for the in-
terests of the various groups involved.
Later, as the survey reports were pre-
pared, COSPUP gave them confidential
prepublication review, recommended
specific improvements, then placed its
imprimatur on the final versions and
transmitted them to the president of the
Academy for publication.

As Harvey Brooks explained when he
was COSPUP’s chairman, COSPUP’s
review was intended to buffer the tone of
the reports—‘‘to insure some common
denominator in degree of optimism be-
tween the different fields, to make sure
that some disciplines or subdisciplines
do not make highly inflated claims of
needs in comparison with others.”

In transmitting the documents, which
it had reviewed but had not itself pre-
pared, COSPUP in essence attested to
the public that the surveys presented
reasonable conclusions and recommen-
dations warranting serious consid-
eration. To the survey committees,
COSPUP offered the assurance that, al-
though the documents would have to
stand on their own merits, they would be
conveyed and recommended to the high-
est appropriate officials of the govern-
ment. In both of these brokerage roles,
in relation with the public and with the
survey committees, COSPUP carefully
maintained its third-party status, insist-
ing that the reports expressed the find-
ings not of COSPUP but of the surveying
committees.

On occasion, the COSPUP letter of
transmittal, bound into the final docu-
ment, implied that the report had short-
comings. The Pake report was passively
chastized: ‘‘No attempt has been made
to identify relative priorities of the vari-
ous fiscal needs in case that the total
budget does not grow at the recommend-
ed rate [of 21 percent per year].”” As was
the Greenstein astronomy report: *‘For
reasons that are readily understandable,
in view of the present enormous promise
of the field, the report has given, per-
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haps, inadequate attention to the prob-
able scientific consequences of more
constricted financial support than is im-
plied by even its first four priorities or to
how the national program could be reori-
ented to minimize the damage from such
austerity. . . .”” None of the prefacing
letters, however, was ever openly dis-
paraging of the reports. The need for re-
straint is obvious. But if these letters had
been drawn more critically, perhaps out-
lining problem areas or simply recount-
ing the essence of the debate COSPUP
had had with the surveyors (perhaps
printed as an appendix so as not to inter-
fere with the opening statements of the
report), they would probably have been
more useful.

Shortcomings

One of the most painful problems for
the surveys was to confront the prospect
of cutbacks in funding. I will illustrate
with the Pake survey, but will insist that
the problem afflicted all of the surveys to
a greater or lesser degree and that much
of the Pake’'s shortcoming was due to
historical circumstances.

In the Pake panel reports and in the
project’s correspondence there are
enough acknowledgments of the down-
turn impending in the mid-1960’s to
make it evident that the committee was
aware of the funding problem, or at the
very least aware of ominous signs. Rele-
vant discussion had already appeared in
the scientific press and in budget hear-
ings. The Bureau of the Budget was
deeply concerned. Several government
officials privately urged the Pake group
to appraise the consequences of possible
budgetary retardation. But the report
hardly touched the issue. Why? Those
involved give several reasons: it was not
really clear that a severe cut would
come; scientists knew how to handle
funding increases but not decreases; no-
body was willing to offend his colleagues
by indicating that some kinds of work
were more worthwhile than others; and
everyone was loath to generate what
might turn out to be ‘‘self-fulfilling
prophecy.”” The last is mentioned uni-
versally. Many people felt that if it were
even implied that physics might survive
a squeeze, support would indeed be re-
duced. Thus the strategy of not admitting
to options and of avoiding discussion of
alternative budgets. While this feigning
may have had some marginal advan-
tages, there is no evidence that it influ-
enced the construction of the federal
budget. Indeed, it simply denied poten-
tially useful guidance to the science-sym-
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pathetic officials who, in any event, had
to wage the budgetary infighting, with or
without advice.

After publication of the Pake report in
1966 a series of changes occurred that
could hardly have been anticipated sin-
gly, let alone as a cluster: the national
economic climate began to cool; the cri-
terion of ‘‘social relevance’ began to
gain importance; environmental and en-
ergy-supply problems became promi-
nent; the nation’s commitments to space
exploration began to wane; the once-in-
satiable market for scientific talent ap-
proached saturation; the ‘‘Mansfield
amendment’’ and shifts in public senti-
ment curtailed military research in the
universities; students began to express
their disaffection; and professional mi-
gration dramatically changed the com-
plexion of a number of fields. Hence, to
be fair historically we should acknowl-
edge that at the time the Pake report was
prepared the need for what would later
be referred to as ‘‘tough decisions’” was
not compellingly evident. But this epi-
sode exemplifies the problem perfectly.

Conversely, in their earnest and only
lightly bridled pursuit of support the sur-
vey committees—Ilike most of the scien-
tific and technical community—have
generally neglected to examine the dan-
gers of excess: What might be the con-
sequence of too much support? Science
sometimes becomes an instrument of
politics—mounting an extravagant of-
fensive on cancer in an election year, or
racing to the moon—and in this plays a
risky game. Science is also susceptible to
a kind of self-defeating overenthusiasm
for its own enterprise. Specialist panel
studies seem not to be able to face these
issues except when confronted with the
most extreme emergencies. In their
breadth and sophistication, the surveys
have had the opportunity to address
these issues squarely, but they have
mostly declined.

There is one aspect of tactics that can-
not be stressed too strongly. It has to do
with summaries and recommendations,
and is not limited to these surveys. Sur-
prisingly, scientists, who demand terse,
informative abstracts and summaries in
scientific reporting, often turn around
and deliver to busy public officials plump
documents having only bland summaries
and weakly focused recommendations.
Yet, especially at the higher levels of
management and government, these
very well may be the only parts of the
reports that get read closely. Asked
about this shortcoming, some of the
Academy surveyors have recounted with
regret how, after many months of meet-
ing and writing and rewriting, the com-

mittee finally sat down to pull together
some recommendations at the last min-
ute before going to press. The ‘‘fatique
factor’ is hard to compensate for; per-
haps a few people could be designated
from the start as preparers of the sum-
mary and recommendations, be kept
fully informed throughout the project but
spared the writing chores, and then re-
lied upon to prepare those special sec-
tions and refine them in collaboration
with the rest of the surveyors. Abridged
‘‘executive versions’’ of the reports usu-
ally prove helpful.

Some of the reports’ overall recom-
mendations were only poorly substan-
tiated and their justification by the find-
ings was left unclear. In some cases, al-
though the recommendations probably
had merit, as printed they were not well
supported by either evidence or argu-
ment. We are obliged to ask, then, to
what extent committees should be ex-
pected to buttress their recommenda-
tions with data, or with reasoned specu-
lation, in print so as to establish a firm
basis for government and public consid-
eration of the claims. Speaking of his
committee’s report, George Pake has
commented in retrospect that ‘‘the rec-
ommendations having to do with the so-
ciological and economic fabric of physics
research and educational enterprises
were inherently subjective. Contrived
documentation would have been mean-
ingless. My view remains that the collec-
tive—indeed essentially unanimous—
judgment of the Physics Survey Com-
mittee had substantial intrinsic value.
The committee consisted of recognized
outstanding physics researchers and

. scholars drawn broadly from diverse

branches of physics. They were a
thoughtful, experienced, and generally
wise group. Any exhortations that such a
group puts forward with near-unanimity
strike me as worthy of consideration by
the physics community and the agencies
supporting physics.’”” Still, though, it
should be useful to recipients of the re-
port, to other practitioners of the dis-
cipline, and to the surveying commit-
tee’s own case, to publish the bases
upon which the recommendations are
founded in as much detail as possible.
Early in a survey project it may be
useful to discuss the complexion of the
recommendations and set up some hypo-
thetical findings, or even pairs of con-
flicting  tentative recommendations,
which could serve as ideas to be tested
and enriched during the course of the
survey. Several of the surveys explicitly
addressed their recommendations item-
by-item to particular audiences—the fed-
eral government, the universities, pri-
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vate industry, philanthropic founda-
tions—and this may have helped focus
their effect.

Usually the survey documents have
been released with some fanfare of press
conferences, news reports, and public
appearances by the survey chairmen.
Briefing sessions have been held with
certain key officials, and there has occa-
sionally been some review by the
agencies concerned. Otherwise, as is a
common weakness in the Academy’s
work, follow-up has often been light (this
currently seems to be improving).

As an example of the kind of review
that can be conducted, in 1966 the plan-
ning staff of the National Science Foun-
dation (NSF) reviewed the underlying
assumptions and limitations of the West-
heimer report and prepared a rather elab-
orate 37-page internal document, An an-
alytical review of Chemistry: Opportuni-
ties and Needs. Called by NSF associate
director Bowen Dees “‘an effort to look
at some of the issues dealt with in the
Westheimer Report from a rather general
and completely ‘field-of-science neutral’
point of view,”” that paper critiqued the
Westheimer report’s manpower analyses
and its recommendations on instru-
mentation and computer work. Also
in 1966, the Academy surveys were dis-
cussed over a weekend by COSPUP and
the chairmen of the surveys to that date,
and by a Woods Hole summer study ses-
sion of the President’s Science Advisory
Committee.

One can imagine that the value of the
surveys might have been enhanced if
they had been subjected to active exami-
nation in public hearings before the sup-
porting agencies, their congressional
oversight committees, and other inter-
ested parties, after a suitable but brief
period of private review. Assumptions
could be exposed, questions of timing
raised, data-base problems aired, and
needs for further study detailed. This
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could aid the surveyors as well as the
government, and could preserve the mo-
mentum built up over the preceding
months and elicit commitments to give
the issues further attention. Perhaps the
closest model for such examination was
the review devoted to the 1965 COSPUP
report, Basic Research and National
Goals (2), in which the House Com-
mittee on Science and Astronautics
heard presentations by the Academy
panelists and asked questions, in hear-
ings fashion, about the report.

In another kind of follow-up, the Na-
tional Research Council’s Committee on
Nuclear Science in 1975 prepared a re-
port, Nuclear Science: A Survey of
Funding, Facilities, and Manpower 4),
which is explicitly an updating of the
Bromley nuclear physics panel’s report.

By final note of criticism I will repeat
my overall complaint over how little the
reports reveal the push-and-pull of opin-
ion, the arguments over ideas, and the
rejection of alternatives. Competent sur-
veys hewing to their charters should eas-
ily be able to withstand the openness,
and by revealing the essence of the de-
bates and the foundations of the pre-
vailing arguments they would render full-
er service.

Conclusion

Altogether, their various flaws not-
withstanding, the Academy surveys ap-
pear to have been worth the trouble and
expense. They have influenced policy,
they have provided occasions for scien-
tists to interact with other public leaders
in a mutually profitable way, and they
have taught us some valuable lessons.
Such surveys cannot be done with such
sophistication by any group other than
working scientists themselves.

For the present, the Committee on
Science and Public Policy does not antic-

ipate sponsoring any more major sur-
veys. It has, however, indicated a will-
ingness to lend assistance to groups call-
ing upon it, and in 1975, for instance, it
sponsored an Astronomy Manpower
Committee in producing a report on Em-
ployment Problems in Astronomy (5).

The question of whether the nation
needs more. work of this sort cannot be
answered in summary fashion. It will de-
pend on how the fields develop and will
differ from field to field. Periodic up-
dating of previous reports may suffice, as
may ad hoc studies of special problems.
Or maybe we need another round of ma-
jor surveys, benefitting from accumu-
lated experience. Or perhaps we need
sophisticated studies of applied science
that draw implications for basic research
where appropriate. Or maybe we should
survey the health of basic research
explicitly and as a matter of public
record in the federal budget process,
building upon a broader informational
and political base in that effort than
has been the practice.

It bears repeating in closing that with
such endeavors as these surveys, pro-
cess may well be as important as prod-
uct.
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