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Science and Social Purpose

Proposed fundamental changes in the national science
effort are discussed in terms of biomedical research.

Discussions of contemporary science
too often focus on the painful and dis-
ruptive effects of a reduction in federal
support—an inevitable consequence of
general constraints on federal expendi-
tures. They are less than helpful in the
broad analysis of the general support
system itself.

It would be well to acknowledge that
there are fundamental imperfections in
present federal mechanisms for the
support of science, and that the ulti-
mate patrons of science, the public,
have not been given an understanding
of science that can serve as a base for
its continued support and evolution. A
simple return to larger funding of re-
~ search would mitigate some of the im-
mediately urgent problems, but this
alone would not adequately serve the
long-term needs of science. Here I ex-
plore the basis for this conviction, as
well as its implications for evolution of
science policy.

The urgent tasks that now confront
the scientific community, though not
simple, are quite clear.

1) The scientific community must
adjust itself to less than optimum fund-
ing, at least for the present, while re-
taining the essential strength of the sci-
" entific enterprise.

2) It must seek out the imperfections
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of the present support systems, and
propose modifications that are correc-
tive and, in addition, rationally based
and generally applicable to the diverse
fields of science.

3) Finally, the scientific community
must devise means of fostering a
broader understanding of the revolu-
tionary technological forces that can
be unleashed by a vigorous science for
the betterment of society.

All three of these tasks are feasible,
each is urgent, and each will require a
high degree of scientific statesmanship.

General Considerations

Science has flourished remarkably in
the United States since the end of
World War II, largely as the result of
intelligent use of the vast sums of pub-
lic money available for a wide diversity
of scientific and technological activi-
ties. The government policies which
fostered this development emphasized
the promise of science for the attain-
ment of major public objectives. These
policies were pursued even though only
a few of the individuals directly in-
volved in the political process truly
understood the difficulties inherent in
the problems that scientists were asked
to solve, or the character, complexity,
and modus operandi of science. Fur-
ther, as diverse fields of science rapidly
evolved under these circumstances, the
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scientific community made little at-
tempt to increase public understanding
of these characteristics of science, or
to establish the necessary coupling be-
tween the satisfaction of social needs
and aspirations on the one hand and
broad support of research on the other.

For a time, science seemed to be iso-
lated from the real world and its prob-
lems. The public attitudes which fos-
tered the outpouring of support were a
popular expression of faith in the ulti-
mate power of science to benefit man-
kind. Many scientists, on the other
hand, viewed activities in their own
fields as a type of pure intellectualism
—an expression of what is best in our
society, not necessarily connected with
public needs and problems or social
purposes. Such a view is reasonable
for the individual scientist but does not
provide an adequate base for broad
public support of a more general en-
terprise.

It is true that much of science was
defended before the public by hard-
headed and sophisticated administra-
tors. They were convinced that science
could, if properly supported, make
broad contributions to society, and
their plans, approaches, and public at-
titudes reflected a high degree of real-
ism. These attitudes prevailed in the
programs for the exploitation of nu-
clear energy, in those for the develop-
ment of new weapons, and, to a large
extent, in those aimed at alleviating
disease and disability.

The coupling of research with broad
social issues was less well articulated
in the development of support pro-
grams for basic research, or for the
“fundamental research” essential in
scientifically based missions. This lat-
ter type of activity, frequently called
“mission-oriented basic or fundamen-
tal research,” was deemed essential to
an agency’s mission when this was
viewed broadly and with a concern for
the future. However, too often the ac-
tivity was buried within a complex
agency budget and not presented as an
essential part of a rationally evolving
program. The opportunity was missed
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to couple fundamental research with
applications and developmental activ-
ities, particularly as these related to the
general social purposes of the agency.

For many areas of science (medi-
cine, perhaps, is an exception), the
major impetus for expansion was ex-
ternal to science as such. It was a re-
sponse to deficiencies in U.S. programs
perceived when other nations made
striking technological advances that
had implications for the defense of this
nation, or that generated urgent, but
poorly defined, concern for national
prestige. An example is the sizable in-
fluence that Sputnik I and the subse-
quent evolution of the Russian space
program had on federal spending for
research and development. This event
did more than change the order of
magnitude of U.S. R & D expenditures
for defense and space; it had an influ-
ence on all areas of R & D. In fact, by
precipitating the Office of Education
into the mainstream of higher educa-
tion through enactment of the Nation-
al Defense Education Act, it may well
have changed the course of higher edu-
cation in this country. In any case, the
burgeoning economy of the United
States, with its already broad techno-
logical base, imposed few serious budg-
etary restrictions on science-program
development during the late 1950’s and
early 1960’s.

This set of circumstances permitted
science in the United States to grow
more or less in accordance with its
own internal logic, being guided more
by considerations of excellence, pro-
ductivity, and freedom of individual
effort than by consideration of the ex-
tent to which it might satisfy definable
social needs. It seems likely that the
period 1945-1965, particularly the last
decade, will be viewed in retrospect as
the time when U.S. science reached the
summit of broad uncritical public sup-
port—what might be called the “Au-
gustan era” of American science. But
this was not a planned “happening”; it
was more an accident, or spin-off from
an affluent society’s making bountiful
contributions to science for diverse and
often vague purposes. Fortunately,
these contributions were, in the main,
managed intelligently.

Such a situation, anomalous as it
appears, in retrospect, to have been,
led to the evolution of programs that
were a mix of basic, applied, and de-
velopmental activities. As the broad
program evolved, its continued support
and growth depended directly on obvi-
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ous concurrent benefits as well as on
expectations for the future. These ben-
efits were derived largely from the ap-
plied and developmental portions of
the activity, rather than from the basic
science involved. Such practical bene-
fits dominated most presentations of
accomplishments in all areas of sci-
ence. Meanwhile, the public compre-
hension of research and development
was shaped by mass-media information
techniques which presented the prog-
ress of science as a stochastic series of
exciting science spectaculars, without
giving any sense of the fabric of scien-
tific continuity and of its underlying
warp and woof.

One wonders what the public atti-
tudes toward science would be today
if more attention had been devoted,
during the past two decades, to educa-
tion of the public in the internal com-
plexities of science, and in the relation-
ship between scientific discovery and
technological advance. One should not
lightly dismiss the role that presenta-
tion of the adventure of scientific dis-
covery can play in motivating the pub-
lic to support science. But it is im-
portant for scientists to understand
that the motivating forces that captured
public interest a decade ago have little
relevance today. If science is to remain
healthy and vigorous and is to continue
to advance, a more rational basis for
development of the national science ef-
fort must be found.

Despite the anomalies, the nation
has acquired a broad and vigorous
base in most general areas of science.
During the present period of fiscal con-
straints, this base can provide a sound
point of departure for the next stage
in the exploitation of the nation’s in-
tellectual resources in science and tech-
nology. In the meantime, we must cor-
rect the fundamental weaknesses in the
support structure, weaknesess that can
place our long-term scientific prospects
in jeopardy.

I am firmly convinced that it is pos-
sible to improve our present support
mechanism for science, and to provide
for a more rational distribution of sup-
ports without hampering the produc-

tive activity now in being. I am also

convinced that such action must be
accompanied by a coupling of activi-
ties aimed at the acquisition of new
knowledge and activities aimed at ap-
plying that knowledge for the attain-
ment of social objectives.

Because the changes required will
involve a sharp departure from the

past, such a development will require
very thoughtful planning. Much is at
stake, and there is no precedent or
established design to guide us.

Before considering how our national
science effort can be made more ef-
fective, one must clearly understand
the distribution and magnitude of our
current scientific effort and the critical
strengths and deficiencies of present
support mechanisms, and have some
perception of the social needs that will
provide the ultimate gauge of rele-
vance and progress. Such a mix of
substantive, policy, and procedural
considerations is not amenable to sim-
ple treatment—certainly not if one at-
tempts to consider science and its use-
fulness as a whole. However, it is
possible to examine a major segment
of science in these terms and later re-
view the results for their relevance to
all fields of science. Such considera-
tions could then provide a basis for

_designing overall national policies.

The discussion of the biomedical
sciences which follows is not such a de-
finitive analysis. It is, rather, a series
of reflections on some of the more
important issues. Furthermore, I have
selected the biomedical-science area
for comment more because of my ac-
quaintance with that area than because
of a judgment on its relative impor-
tance.

Biomedical Research—1968

The striking World War II advances
in medicine, a progressive public un-
derstanding of the socioeconomic bur-
den of chronic illness, and our igno-
rance in relevant areas of science led
to a general acceptance of the view
that the ultimate resolution of major
disease problems was possible only
through research and the acquisition
of wholly new knowledge—funda-
mental as well as applied. These views
led to the enactment, during the late
1940’s, of the landmark legislation
which was the basis for the develop-
ment of the modern NIH programs
for the support of biomedical research.
However, during these initial stages of
the organic growth of NIH and other
federal programs, the complexity of
the biomedical problems and the prop-
er scale of an effort that would satisfy
the needs were matters not seriously
considered or generally discussed.

The longer-term aspects of further-
ing medical capability were first pre-
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sented formally by NIH to the Depart-
ment of Health, Education, and Wel-
fare in the summer of 1955, in a series
of discussions with the then Secretary,
Marion Folsom. This resulted in gen-
eral agreement on the need to expand
broadly the research support programs
of NIH, the pace to be determined by
the availability of scientific resources
rather than by any specific limitation
on dollars. It was also agreed that the
existing science base was inadequate
for the major effort to be applied and
for developmental programs directly
targeted on the clearly visible great
medical problems. It was also apparent
that the available manpower and facili-
ties were insufficient for exploiting the
scientific opportunities or for mounting
an attack commensurate with the seri-
ousness of the problems posed by
disease.

Major expansion of fellowship and
graduate education programs, designed
to produce scientists rather than med-
ical specialists, was proposed and ap-
proved. A precedent-breaking program
of federal assistance for the construc-
tion of medical educational and re-
search facilities was presented, but
this program fell afoul of the then
strong congressional opposition to fed-
eral entry into education, and the lack
of broad support from the academic
sector. When finally enacted, in 1956,
this legislation decoupled, for support
purposes, science from professional
education and provided for the con-
struction of research facilities only.

Secretary Folsom was responsible
for another action of far-reaching con-
sequence. He commissioned a commit-
tee to inquire into many of the im-
portant issues confronting biomedical
research. This gave rise to a report,
commonly called the “Bayne-Jones Re-
port” (1), which, together with a later
report commissioned by the Senate Ap-
propriations Committee, the so-called
“Jones Report” (2), provided much of
the basis for the vigorous but rational
support of the biomedical sciences by
congressional leaders. These two re-
ports also provided the philosophical
and practical basis for an attempt by
Folsom’s successor, Secretary Flem-
ming, to redress some of the imbal-
ances, within institutions, being gen-
erated by the “project grant” as the
sole instrument of federal support in
the expansion of biomedical research
and related training. Secretary Flem-
ming was successful in obtaining from
Congress an amendment to the Public
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Health Service act authorizing the
award of “grants for the general sup-
port of research and research training
programs” (3) of institutions. This was
the origin of the institutional support
programs of NIH, represented by NIH
general research support grants, bio-
medical science support grants, and
health science advancement awards.

The events of the late 1950°’s are of
special interest as we search out the
origins of deficiencies in the present
project-grant system of research sup-
port. It was proposed initially that a
substantial portion of the total federal
support of research should be general
support. In the first year, 5 percent of
the total budgeted research grants to
be made would be in the form of gen-
eral research and training grants. This
was to increase to 10 percent in the
second year and 15 percent in the
third year. An additional 2 to 3 years,
it was believed, would be needed for a
definitive study of the effectiveness of
the program. This study would provide
the basis for determining what propor-
tion of total grant funds should be
made available through project grants
and what proportion through general
grants. The latter, it was suggested,
might well constitute 25 to 30 percent
of the total. Unfortunately these pro-
posals found little merit in the eyes
of the individual scientist and his im-
mediate supporters, since it appeared
that they would diminish the share
of resources available to him and his
field.

Furthermore, attitudes toward such
concepts of funding were affected by
the trend toward focusing of popular
interest and attention on specific
achievements. For example, in the field
of cardiovascular medicine it has been
more convenient to view research prog-
ress in terms of the progression from
“blue-baby” operations, through com-
plex vascular surgery and open-heart
surgery, to, finally, heart transplanta-
tion than to consider the vast scope of
the interrelated basic scientific effort
that necessarily preceded each of
these achievements. And it has been
in the past, and indeed still is, simpler
to raise funds for quite explicit pro-
grams which tend to be short-term,
such as the testing of a specific drug,
than for longer-range and more com-
plex studies that are more general in
nature but are necessary if substantial
advance is to be achieved. The project
system tends to foster continued em-
phasis on short-term prospects and on

individual science spectaculars. These
circumstances lead to an environment
within which the scientist can expect
to be asked, much to his consterna-
tion, “What have you done for me
lately?”

In such an environment, and in light
of the traditional distaste for federal
intervention in the educational process,
it is not surprising that medical schools
delayed asserting even a modest need
for federal support for their basic edu-
cational programs until the early
1960’s. It is only during the past year
that the medical schools and the medi-
cal profession have agreed that mas-
sive support is essential for both cur-
rent and expected educational pro-
grams if these institutions are to meet
the broad social objectives that society
has placed before them. Similarly, only
recently has serious attention been given
to the general needs of university-
based science and education. The trans-
lation of these needs into fully realistic
federal programs and appropriations
has yet to be achieved. These percep-
tions of need come, unfortunately, at a
time of heavy demands on the federal
budget, associated with broad social tur-
moil, rapidly mounting federal costs for
education and R & D in general, and
enervating international commitments.

I should emphasize at this point that
there is indeed an imbalance between
support of research and support of
education in our professional and
graduate schools, and that there are
broad deficiencies in both the educa-
tional and the socially oriented service
functions of these institutions. The
genesis of the problems, however, is
not the development of a massive fed-
erally supported research activity, as
is frequently alleged, but, rather, the
long delay in recognizing, and in gain-
ing consensus on, the parallel role the
federal establishment should play in
the progressive evolution of broad edu-
cational programs and socially oriented
service programs. This role has not
yet been comprehensively defined.

But for all these deficiencies of the
support system, a highly diversified
biomedical research activity has been
developed. This is widely dispersed
across the nation and is generally char-
acterized by excellence. Its major
weaknesses stem from the support of
research alone in a situation in which
research, education, and service are
intimately mixed, and from the almost
exclusive use of project systems of
support by all agencies. These two
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characteristics of the support system
have resulted in a fundamental insta-
bility of institutions of higher education
at the very time that new and broad
educational and social functions are be-
ing imposed upon them.

Remedial Action

I turn now to consideration of what
I believe must be done to provide a
solid base for the further development
of the biomedical sciences. Clearly,
whatever is planned must be planned
in relation to the general problems of
education and institutional develop-
ment. Note must also be taken of the
pressing service-related activities of
many of the institutions involved.

I do not present any detailed argu-
ments, only a few broad generaliza-
tions. I trust these will be viewed by
some as informed judgments, since I
know they will be taken by many as a
statement of personal prejudices.

Institutional support. To meet the
needs and correct the deficiencies of
the complex programs I am discussing,
substantial funds must be made avail-
able directly to institutions of higher
education for general support of their
basic graduate and professional educa-
tional functions. These funds must be
adequate, and must be made available
by mechanisms which permit the insti-
tution as a whole to grow and to attain
general educational competence as well
as the greatest possible degree of ex-
cellence. Further, these objectives must
be attained within a system of support
“that gives the federal sponsor assur-
ance that the broad public objectives
for which the funds are made avail-
able are indeed being well served.

If the federal establishment provides
this type of funding, the amounts will
be substantial. This in turn will impose
on the university, in the areas of grad-
vate and medical education, wholly
new obligations. The universities and
medical schools will have to indicate
the size and scope of the central edu-
cational function, upon which their
educational achievement will be judged.
Further, methods will have to be de-
veloped for assessing the quality of the
central educational enterprise that is
supported. For example, medical
schools that receive general support
funds because of an wurgent financial
crisis in their funding must realize that
this is possible for a year or two in
an acute emergency but is not a normal
or indeed an adequate base for long-
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term support, and certainly is not a
rational basis for long-term develop-
ment.

Given a more adequate and more
stable financial base, institutions of
higher education could plan their over-
all development in the light of the
broad educational and social responsi-
bilities they have recently acquired. Be-
yond this central core of support, the
project system of grants and contracts
can continue to provide the principal
means for extension of mission-ori-
ented research programs.

Support of mission-oriented research.
Once the institutional integrity of in-
stitutions of higher education has been
secured by general support programs,
the mission-oriented agencies of the
federal establishment can move more
directly toward accomplishment of
their special missions. They can be
more free in selecting the institutions
that are to receive support for research
and development. Also, the terms and
conditions of their awards can directly
reflect the program needs of the agen-
cies’ objectives rather than a compro-
mise between the mission needs of an
agency and the sometimes overriding
needs of higher education, as is now
the case. With institutional integrity
assured, the way begins to open for an
enlarged and more sharply focused re-
search activity, accompanied in many
cases by a much greater measure of
national organization than now exists
4.

Elements of such organized research,
when it is performed within an aca-
demic environment, can enrich the
academic environment. However, such
activity will, I believe, be increasingly
performed in research environments
peculiarly devised for such complex
but coherently related research under-
takings, be these in universities, med-
ical centers, research institutions, na-
tional laboratories, or industry. In this
case, the further development of the
undifferentiated base of the biomedical
sciences will proceed in academic en-
vironments devised to provide the es-
sential coupling of research and edu-
cation, and will be supported as an ob-
jective apart from, but complementary
to, mission programs.

Allocation of resources. Other re-
quirements must be met if the mix of
undertakings noted above is to be pro-
ductive. The first requirement is a bet-
ter information system, one capable of
providing an ongoing analysis of the
nature and extent of scientific effort in
areas of direct relevance to broad

problems in medicine and health. What
is needed is not a system that provides
for the simple storage and retrieval of
documents or indeed of the data and
other information they contain. Rather,
the system must be capable of provid-
ing analyses and arrays of information
specifically relevant to broad sets of
problems perceived from an overall
point of view (3).

The present informational systems
of federal agencies may satisfy agency
purposes, but they do not satisfy the
broader national need. For example,
NIH supports only about 40 percent of
all biomedical research and about 55
percent of all biomedical research sup-
ported by the federal establishment. The
rest is derived from other agencies—the
Atomic Energy Commission, the De-
partment of Defense, NASA, the Na-
tional Science Foundation, the Vet-
erans Administration, the Department
of Agriculture, and other portions of
the Public Health Service. There is not
now any simple mechanism for analyz-
ing all these activities insofar as they
relate to the generalities of biomedical
research. The analysis envisaged would
not be a simple consideration of the
biomedical sciences as such but, rather,
would be an analysis of research and
training in relation to the broader na-
tional objectives in the field of health.
In this fashion science would assume
its proper place as a competitor for the
federal dollar. _

Viewed in this light, research activ-
ity can be classified in very broad cate-
gories for central consideration of pri-
orities in terms of social objectives.
The allocation of resources then be-
comes manageable. One must accept
the condition that such allocations
must reflect a number of value judg-
ments and are not amenable to simple
linear scaling.

Central consideration of the use of
science and technology in the promo-
tion of health would be paralleled by
central consideration of their use in
relation to defense; space; resources,
including energy and minerals; food;
civil needs, including environment,
housing, transportation, and many
problems of our cities; and, finally, the
knowledge base and general educa-
tion.

One cannot hold a brief for any high
degree of specificity or precision at
this stage of development of a central
program analysis and planning activ-
ity. One must recognize that our po-
litical system now makes resource al-
locations for science that are quite
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explicit, but does so by a series of
judgments made in relative isolation
from each other. It does not seem very
bold to say that this decision process
can be improved, and that allocations
can be made among science areas,
with some consideration given to the
probable value of science to society.
Since allocations to individual areas of
science can never be absolute in the
absence of unlimited resources, the al-
location process must permit compara-
tive assessment of competing fields.
Finally, for broad acceptance by the
public, the allocation process must
provide input not only from science,
the generator of new knowledge, but
also from technology, the applier of
new knowledge, and from the con-
sumer, the user of technological appli-
cations.

Such a proposal is tantamount to
suggesting the designation of a series
of cognizant agencies for information
assembly and analysis. These would
not reflect departmental or agency op-
erational structure.

Some central apparatus. However,
for effective utilization of the orga-
nized flow of information produced by
such cognizant agencies, such informa-
tion would have to be collated at a
high point in the Executive Branch,
a point at which the critical policy and
allocation decisions that would influ-
ence program development in science
and education, and in the use of sci-
ence for other social purposes, would
be made. These decisions are so im-
portant that the level for collation of
information could be no lower than
that at which the National Security
Council and the Council of Economic
Adpvisors operate.

With a suitable central apparatus it
might be possible to diminish the pres-
ent chaotic competition for research
and development funds among the
major areas of scientific endeavor—
the competition between the needs of
research and education—and to con-
sider these needs in relation to broad
social needs and national purposes.
The evolution of an increasingly firm
sense of national capabilities and pri-
orities would permit clearer expression
of our national purposes in the pursuit
and utilization of new knowledge.

I fully realize that we now have
many central mechanisms for program
review and policy advice, but, without
considering each one in detail, I would
" hold that no one of them, nor indeed
a combination of all, is adequate for
our future needs and purposes.
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General Prospects and Problems

But to return to the future of the
biomedical sciences, the sequence of
thoughts that I would like to leave with
you is as follows.

1) The socioeconomic burden of dis-
ease is inordinate.

2) The economic cost, the most di-
rect indicator of which is the unit cost
of medical care, continues to rise geo-
metrically with time.

3) The conquest of serious disease
and attainment of the essentials for a
better quality of life are not visionary
goals. They will, however, require a
substantial expansion of research under
circumstances that provide comparably
well-developed support for educational
and service programs.

4) A prime essential for such ac-
complishments is the development of
central analysis and planning functions

that are adequate to the task of order-

ing national priorities and serve as a
basis for the allocation of resources
among broad fields of science and
within the biomedical field.

5) There must be developed, in par-

.allel with the expansion of research and

the development of central analysis
and planning functions, an adequate
public information program that por-
trays not only achievement but also
prospects and problems.

I would emphasize that each area of
science has its own special problems.
Biochemical science is no exception.
It shares some of its problems with
medical education and medical service.

These problems stem from a public
awareness of our deficiencies in knowl-
edge. The public has immediate ex-
perience of disease, disability, and
death. Moreover, it has become ex-
quisitely sensitive to certain deficiencies
in our system of medical education.
Such public knowledge, even though
only partial, is too frequently the basis
of emotional outpourings that result
from nonavailability of physicians at
times of medical need, or from indi-
vidual failures of diagnosis and therapy.

Furthermore, members of the gen-
eral community have reason to be dis-
satisfied with the results of scientific
“tours de force” presented as scientific
spectaculars but having little relevance
to their own problems. They have seen
new drugs produce defective children,
and they have been told that the tri-
umphs of molecular biology can lead
to a social evil as well as to social
good. They rightly care less about the
niceties of bureaucratic structure than

about the productivity of the total en-
terprise, and they have a right to have
the fields of science, education, and
service, as these relate to medicine,
presented to them in a more unified

~ and understandable fashion. They have

a right to a more realistic presentation
of the goals that members of the scien-
tific community have set for them-
selves, and of the prospects of success,
as well as a right to some conception
of the mechanics of the process, in-
cluding some appreciation of the pro-
jected time base. While they may not
need to know more about the distri-
bution of these activities within the
academic and federal structures, they
have a right to demand that bureau-
cratic considerations of departmental
autonomy, institutional individuality,
and freedom of the individual scientists
will not, in themselves, impose bar-
riers to the development of a sound
science and the rapid translation of
new knowledge into a readily available
medical capability.

I am convinced that the trend of re-
search, education, and service, as these
relate to medicine, will, even more in
the future than today, be the concern
of the people who are consumers of
the final product, and that this con-
cern will increasingly be reflected in
congressional attitudes. If this view is
generally correct, then I would judge
that, although there will be no riots in
the streets, there could be generated
high public pressures for change,
which could be misguided.

I would hope that we can accom-
plish the necessary organizational and
bureaucratic changes through rational
processes within the scientific commu-
nity- and the branches of government
rather than at the hands of a disen-

~chanted public.
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