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GOALS AND OBJECTIVES OF NATIONAL
SCIENCE POLICY
(With Dr. George C. Pimentel)

THURSDAY, FERRUARY 28, 1985

HoOUSE 0¥ REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,
TASK "ORCE ON ScieNCE PoLicy,
Washington, DC.

The task force met, pursuant to notice, at 8:40 a.m., in room
2318, Rayburn House Office Buildin 7, Hon. Don Fuqua (cheirman
of the task force) presiding.

Mr. Fuqua. The task force will be in order. Teday we begin hear-
ings with outside witnesses regarding their views and ideas on the
subject of science policy before the special task force, and we are
very pleased this morning, for several reasons, to have Dr. George
Pimentel, who is professor of chemistry at the University of Cali-
fornia at Berkeley. He is the former Assistant Director of the Na-
tional Science Foundation. He is currently Chairman of the Na-
tional Academy of Sciences’ Committee to Survey Chemical Sci-
ences, and yesterday he was honored by the President of the
United States with a Medal of Science that was presented by the
President.

We are very pleased to have you, George. You’ve been here many
times, and you have certainly contributed a great deal to the delib-
erations of our committee on various subject matters. We are glad
to have you today to be our leadoff witness in what we hope will be
a constructive study of our science policy of the United States.

[A biographical sketch of Dr. Pimentel follows:]

DR. George C. P:MENTEL

Professor George Claude Pimentel assumed Directorship of the Laboratory of
Chemical Biodynamics, a Division of Lawrence Berkeley Laboratory and an Orga-
nized Research Unit of the Chemistry Department, University of California, on Jily
1, 1980. He came to that post after having served as Dep ity Director of the Natior al
Science Foundation (NSF) for three years, October 1977 to June 1980, Dr. Piment:l
has been a member of the chemistry faculty at th~ University of California . t
Berkeley since 1949. He is widely known both for ais scientific contributions and
also for his excellence in teaching.

Dr. Pimentel’s research has been in the fields of infrared spectroscopy, chemical
lasers, molecular structure, free radicals, and hydrogen bonding. Dr. Pimentel’s in-
terests have centered on the application of spectroscopic methods to the study of un-
usual chemical bonding. A major contribution was the development and exploitation
of the matrix isolation method for the spectroscopic detection of highly unstable
molecules This involves stabilization of such molecules in & matrix of frozen inert
gas, such as argon, at very low temperature to permit leisurely spectroscopic study.
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Apé)lication of this matrix isolation method led to the discovery of many unusual
and highly reactive molecules that could not otherwise have been detected.

His pioneering development of rapid scan techniques for infrared spectroscopy ex-
tended to the gas phase these spectroscopic studies of normally trensient species.
This work led to the design of a unique infrared spectrometer for the 1969 Mariner
interplanetary spacecraft to determine the composition of the atmosphere cf Mars.

During studies of photochemical reactions, Dr. Pimentel and his students discov-
ered the first chemically pumped laser. Flash phntolgfis methods on the microse-
cond time scale permitted the measurement, through the laser emissions, of nascent
population inversions produced in the normal course of a chemical reaction. Quite a
variety of chemically pumped vibrational and rotational lasers have been discovered
in his laboratory, providing valuable state-to-state kinetic information.

An enthusiastic teacher, Dr. Pimentel currently lectures in freshman chemistry
at Berkeley as he had done for six years before aooe&nng a Presidential appoint-
ment as Deputy Director of the National Science Foundation. He is also chairman of
the committee appointed by the National Research Council to identify prime areas
for research in the chemical sciences. He is coauthor of seven books, four of which
are textbooks, and three of which concern areas of his research. He has long been
concerned with the quality of teaching in secondary schools and was editor of the
CHEM Study roiect which was devoted to the development of a new high school
chemistry . The text, titled Chemistry—An Experimental Science, was pub-
lished in 1963 and is now used :n high schools in every state. More than a million
copies have been sold, with all royalties going to the U.5. Ty .sury, and the text has
been translated into 13 languages, including Russian. Dr. Pimentel al 10 has collabo-
rated in the 1 ‘oduction of several chemistry educational films, incluidng one which
concerns the impact of science on the quality of life. In 1958, Dr. Pimentel received
the Campus Teaching Award at the University of California on the basis of student
nominations and evaluations. In 1971 he received the Manufacturing Chemists Asso-
ciation College Chemistry Teacher Award. His name is }'sted in Outstanding Educa-
tors of America.

Over the years, he has received many honors and awards for this scientific contri-
butions. He was awarded a Guggenheim Fellowship in 1955 and then, in 1957, he
received the American Chemistry Societs\; Califoraia Section Award. He received the
American Chemical Society Precision Scientific Award in 1959. He was elected a
member of the National Academy of Sciences in 1966 and two years later he was
elected a Fellow of the American Academy of Arts and Sciences. In 1972 he received
the Dickerson College Priestly Memorial Award and in 1974 he won the Spectrosco-
pg Societly of Pittsburgh Award. Dr. Pimentel was selected to participate in the
1973-74 ’S.Ja Eminent Scientist Exchange rasa and was an Alexander
von Humboldt Senior Scientist Awardee in 1974. In 1379 ne was awarded the EK.
Plgler Prize in Molecular Spectroscopy and the UCLA Distaiaguished Alumus Award
UCLA. He was selected as the 1980 recipient of the Ellis R. Lippincott Medal and
also received the Distinguished Service Gold Medal from the National Science Foun-
dation in 1980. He was selected to receive the 1982 Linus Paulinﬁ Medal from the
ACS Puget Sound Section and the 1983 Peter Debye Award in Physiou! Chemistry
from the ACS. He also received the 1983 Madison L. Marshall Award from the
American Chemical Society’s North Alabama Section. He received the Wolf Prize in
Chemistry, 1982. In 1985 Dr. Pimentel received the Franklin Medal, the William
Proctor Prize, and the National Medal of Science Award, considered the Nation's
highest scientific honor.

rn May 2, 1922, in Rolinda, California, Dr. Pimentel received a Bachelor of Arts
degree from the University of California at Los Angeles (UCLA) in 1948. After a
year on the Manhattan Project at the Berkeley can pus and mure than two years in
the Navy, he returned to Berkeley and completed his graduate work. After earning
a Doctor of Philosophy degree in 1949, Dr. Pimente! was appointed a member of the
faculty at Berkeley and 10 years later he had attained the rank of professor.

From 1966 to 1968 he served an Chairman of the Chemistry Department. He
served on the University of California Select Committee on Education in 1965-66.
He was a member of the Lunar and Planetary Missions Board, an advisory unit to
the National Aeronatics and Space Administration (NASA), from 1967 to 1970 and a
member of the National Academy's Committee on Science and Public Policy from
1975 to 1977. Dr. Pimentel was elected President of the American Chemical Society.
%eé 7serv&s as President Elect during 1985, President in 1986 and Past-President in




3

STATEMENT OF DR. GEORGE C. PIMENTEL, PROFESSOR OF
CHEMISTRY, UNIiVERSITY OF CALIFORNIA AT BERKELEY,
BERKELEY, CA

Dr. PIMENTEL. Thank you very much. I certainly appreciate your
letting me come today and speak on these very important issues. I
think you know, sir, that I consider these issues of extremely great
importance. I have spent much time thinking about them.

I would like to begin by commending, if you will let me, the com-
mittee for undertaking this systematic study. It is certainly benefi-
cial to articulate clearly and periodically and remind ourselves of
why the Federal Government should be investing not inconsider-
able sums in the advancement of science.

I have, of course, a background which colors my views, as every-

one has, and I will speak about that background so that you can
se;t;d how my background and biases, if you like, have been devel-
oped.
In the first instance, let me speak about where we are now in
science. In replying to my own question there, I should remark
that I just returned from Britain 2 days ago, where I had the op-
portunity to speak with some of the science policy lesders of the
United Kingdom. In December I had meetings with their counter-
parte, this time in Stockholm, Sweden, and last year, earlier, in
Germany. And I can tell you what I think you already know, that
we are, simply stated, the envy of the worlg in the strength of our
science and the strength of our insticutions to pursue science.

One of the aspects of our institutions is the pluralism of support,
sc that we have a variety of agencies here in Washington consider-
ing the areas of science most relevant to the particular societal
needs that their mission defines. We also have the National Sci-
ence Foundation with the more general mission of ensuring the
heaith of science across the board.

None of these countries that I mentioned has quite that plural-
ism of support and, as I say, abroad it is considered to be one of the
great advantages we have over them in pursuing science. So I
return to my remark that we are the envy of the world in the
strength of our science. How did we get here? Now, in this I would
like to engage in a bit of reminiscence, if I might, which will ex-
plain, in part, the attitudes that I shall be presenting to you.

My experience with science policymaking began by accident just
after the end of World War II when, while 1 was still in uniform in
the illustrious command status of Ensign in the Navy, I was sent to
Washington, DC, just at the end of the war to work in an office
that was headed by Captain Conrad and a civilian physicist named
Allan T. Waterman. This office was called the Office of Research
and Inventions, and while I was there, its name was changed to the
Office of Naval Research.

In a very real sense, I think that that was the beginning of the
post-World War II concept of how the United States was going to
pursue science. And my view of the philosophy that was put into
being there was that we should fundp our most creative people to
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Eursue their most ambitious and their most adventurous ideas on
ow to advance human knowledFe. Stated negatively, it was,
“Fund creative people, but don't tell them what to do.”

Another very fundamental concept that more or less had its ori-
gins there, I believe, was that we should engage the academic com-
munity fully in the research enterprise. And I think as is pointed
out in the book, that again is a particular aspect of the support of
U.S. science, much more so than others in the more advanced, sci-
entifically advanced countries.

This, I believe, is again one of the aspects of the U.S. scene that
gives us enormous strength. Engaging the academic community in
the research enterprise links very tightly the advancement of the
scientific frontiers to the training and education of the next gen-
eration of American scientists. I think this is one of the most im-
pressive aspects of our science establishment and one that we
should always value ve% highly.

Of course, Allan T. Waterman became the first Director of the
National Science Foundation and proceeded to put into effect the
policies that I have tried to describe. At least that was my view of
the policies that were brought into being in the Office of Naval Re-
search—put the money where the xople are and fund the person,
not the proposal—and that will make an optimum climate for elic-
iting creativity.

Now I would like te turn to the several questions that have been
posed and rather briefly ﬁlrgvide you with some views of my own
about what might be the kinds of answers that you would be find-
ing and, with your permission to restate some of the questions, per-
haps, to perhaps point to answers and new directions.

The first question I find is: What are we as a nation aiming for
in providing support for science? My answer to that, in what you
refer 0 as the most general terms, is to assure societal access to
the benefits that inevitably flow from a better understanding of
ourselves and the world around us.

I think that we can regard that as a sufficient justification for
pursuing science, and with particular emphasis on the fact that so-
cietal benefits flow, we can see the support of science as similar,
but much more crucial perhaps, to the support of cultural activities
and the arts. I certainly, as much as anyone, regard the advance of
understanding of ourselves and the environment as one of the im-
portant parts of our cultural ethos, and science, I believe, deserves
to be supported only with that as a justification.

Howaver, I believe that the size of the investment that is made
in this country’s future throu%l; its support of science should be
very much larger than might justiﬁeso on the cultural benefits
alone, and that’s because we have ample evidence at hand, and it’s
easy to project into the future, that societal needs are answered by
drawing on the reservoir of knowledge that’s been accumulated in
fundamental research over the decades. So science and technology
are the hallmarks of our time, and assuring that our society has
full access to the benefits which will flow from such activities fully
Jjustifies, I believe, the support of science.

The second and the third questions refer to E;)als for science and
how they relate to our other national needs. Are the goals for sci-
ence internally consistent? I am not exactly sure what is m :ant by
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this reference to goals other than what I have indicated; that is to
say, the expansion of human knowledge with particular emphasis
on those areas of human knowledge that might lead to a response
in the future to human and societal needs that could not be antici-
pated today.

The words “national goals,” again expressed in number four,
makes me just a little bit nervous. And I have underscored the lan-
guage in this brochure the expressicn, “Goals should avoid a high
level of generality, which is easier to develop, but less useful as a
guide.” I think I understand what’s meant by that. It’s one thing to
say, “Well, we're just advancing frontiers,” but it’s another thing
to understand what that means as one tries to make decisions
about the level of support and distribution of support among activi-
ties.

Nevertheless, I would like to add at Jeast to that statement that,
“Goals should avoid a high level of generality,” the converse: I
think our goals should avoid a high degree of specificity that might
constrain or limit creative advances and adventurous challenges to
existing dogmas. I do believe that we’re trying to advance frontiers,
and, by definition, this means moving into areas where we’re not
exactly sure either what we will find or what will be the outcome,
and what we want to be careful about is to avoid being so specific
in defining our goals that we, in essence, restrain ourselves to stay
within existing bounds.

And then the last two questions I find: “Have our goals
changed,” and, “To what extent must changes now be made,” I do
believe that changes continually ought to be brought into consider-
ation.

I find myself asking the question, “Do we have big problems that
are connected with changing goale and insufficient responsiveness
to the needs of today, they being different from the needs of yester-
day?” I would have to answer, “No,” if the question is phrased the
way I phrased it, “Are there big changes needed?” Because of the
word “big,”” I don’t believe that big changes are needed.

I would assert that we need to bring into the funding equation
somewhat more explicitly thar we might have in the past the ques-
tion of the resources needed in a given area in contrast to the prob-
able societal benefit. But as I say that, of course, I want to say
again what I just said earlier: without being so specific that we con-
strain ourselves. .

We need to pose perhaps more explicitly and clearly the question
of resources needed in a given area to maintain its health and vi-
tality versus the manpower needs that we find society is express-
ing. That is to say, one of the most important activities «f a re-
search activity, particularly of course in the universities, is to pre-
pare the cadre of scientists, young scientists, who will advance our
science and technology in the future. And, as we see them, re-
search in universities as a contribution to our manpower pool, we
should have in mind those areas of science where the manpower
are going to be most needed.

But once again I would admonish s not to feel that we can pre-
dict the future so precisely that we would impcse on ourselves
bounds that later we might find inappropriate.

10
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But summing all of it up, I am brought back to the beginning,
where I would reiterate that we have a magnificent science and
technology position in the world, and I guess I would sum up with
the old expression that, “When it works, don’t fix it.”

Thank you very much, Mr. Chairman.

DISCUSSION

Mzr. FuQua. Thank you very much, George.

Without using too many generalities, but more specifically, you
did touch on where goals have changed. How would you evaluate
our ability to attain those goals, including, as you say, “If it ain’t
broke, don’t fix it?”” And of course, it’s not our purpose to be criti-
g of science policy. We're trying to ses if we can make it work

tter.

Do you have any suggestions for us as to what you think would
be beneficial in trying to achieve our goals, whatever they are—
and maybe they should be somewhat better defined? But has policy
changed over the years? Certainly, the world has changed rather
dramatically in the last 40 years, or hetter than that. Do we have a
mechanism that can cope with that as we look 40 years dowi. the
road rather than back 40 years?

Dr. PiMeNTEL. Well, I think we do have the mechanisms, and I
think it's primarily a matter of being sure that we put them to
work. I mentioned already the benefits the U.S. society has from
the plurality of support areas, and that means that we have a
series of Federal agencies, each of which is encouraged and, I be-
lieve, obliged by law to advance science in areas that it perceives to
be important to the accomplishment of its mission.

I think one of the ways in which to get the full benefit of this—
and I think this is responsive to your question—is continually to
remind mission leaders, mission agency leaders, and to ask them to
restate the way they see their mission and how their existing pro-
grems are seen to be working toward that end.

I think that the inore or less continuous review of hov: the lead-
ers of each mission agency see their mission and how they can
defend and argue that their program is moving toward that end is
itself a significant answer that permits a wider access to the ration-
ale for the program and opportunity for committees like this to
carry out their responsibility of seeing to it that the interests of the
United States are well pursued.

Now, it may be that—and this might seem repetitious and a
little tiresome; I don’t think it is—I lt%nuk it is quite appropriate
right now to have these various agencies continually reminding
themselves and all of us how they’re moving toward their mission.

Mr. FuQua. You mentioned that you just returned from Great
Britain, and that is a country that has spent for many, many years
a considerable amount of sums for basic research. Yet we find their
economy has not responded likewise.

Take a country like Japan, which has not funded a great deal of
money in basic research. Yet their economy has been booming. Is
there a correlation in that? I know you're a chemist and not an
economist, but is there a correlation between that and what we en-
vision the role is in this country? It appears to me that if we are

11
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strong in basic research and we provide the foundation for econom-
ic advancement, and continue to be competitive in the world mar-
ketplace, there we have two examples where just the opposite has
occurred,

Dr. PIMENTEL. Yes. I know that you pose that question. I am
aware of the social context of the development for the last couple
of decades that are surely extremely influential. To be specific
about that and not feeling that I am telling you anything at all
that you are not already aware of, the econoinic context of the situ-
ation Britain finds itself in has to do with social developments that
are, 50 to speak, coming home to roost and they’re having great dif-
ficulties in determining how to restore their economic strength
that the country used to have. So certainly there are societal devel-
opments there that transcend the institutional mechanisms by
which they pursue science.

The Japanese situation, I think, is a little more interesting in a
certain sense, in that we have seen Japanese science and technolo-
gy over the last two decades emerge in quite a remarkable fashion.

The one factor I think somewhat disarms your remarks about
the lesser investment that is being made there is the simple fact
that the Japanese economy does not make heavy investments in
defense programs—of course, that being something that we our-
selves are responsible for. And this has very important implica-
tions, I think, for their ability to use much smaller sums on a
smaller scale than either we or, for instance, the United Kingdom,
and make very significant advances in their scientific posture.

I apologize as a chemist and a person whe is not gqualified in
these areas to be answering your question with answers that lie in
economics and social structure, but I must edmit that that’s where
I feel the major explanation is to be found.

Mr. Fuqua. The Chairman of the National Academy of Space
Science Board recently noted that there are no scientific criteria
we can develop for science policy as a whole. I quote, he said, “We
are experts in setting priorities within any one field of science. The
astronomer, for example, finds it difficult to judge impartially the
value of research in the life sciences. The ultimate judgment about
priorities are made adequately by the present method of relying on
a complex democratic process to make essentially political deci-
sions.”” What is your opinion about scientists and politicians
making decisions about scientific priorities?

Dr. PrMeNTEL. In the first instance, my experience at the Nation-
al Science Foundation—1977 to 1980 was the period I was there—is
more or less consistent with the first statement that you read. It
did seem that we had advisory committees within the various sub-
disciplines that were extremely effective in facing these very diffi-
cult issues of relative importance within that subdiscipline—very
difficult decisions, but nevertheless a sufficient mutual understand-
ing of relative importance, relative potentiality, to be able to fight
out those hard decisions.

What I found most difficult, and perhaps most lacking, was any
willingness, readiness, or ability to make that kind of contrast be-
tween different areas of science. I think it’s very important, but
one of the more difficuit things we do.

ERIC 12
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I tried to look for indices that might be used to try to make such
difficult decisions, and in fact they were more or less implicit in
what I indicated were the rather modest needs for change in our
techniques. They’re not that earthshaking, but I think they’re real,
tangible, and useful. One of them is to ook around us and see—we
have the data at hand as to where scientists end up: in industry, in
Federal Government, in State government, in education—how
many people are needed to keeﬁnour industries healthy and going,
of each of the various subdisciplines, and have that in mind as one
of the criteria by which we make our policy decisions about the rel-
ative importance of funding one area compared to another.

And then the other part of the answer would be what I have said
before, that asking each of the mission agency scientific policy-
makers to remind us of how the existing research program is seen
to be directed toward the goals of that agency, I think again is a
very effective way of making sure that the agencies’ policy deci-
sions are considering appropriately the long-range mission of the
. gency—again without being too constrictive, but making sure that
that’s foremost among the considerations.

I think those are useful ways to keep this question in the open
and properly addressed.

Mr. Fuqua. Thank you.

Before I recognize Mr. Lujan, I notice we have in the audience
Dr. Fred Seitz, who is former president of Rockefeller University, a
member of the National Academy of Sciences, and a very distin-
guished scientist in his own right.

We are very pleased to have you here.

Mr. Lujan.

Mr. Lusan. Thank you, Mr. Chairman.

Congratulations to you on your award.

I do have a few questions of Dr. Pimentel.

The subject you were discussing with the chairman bothers me
somewhat, the statement of let the democratic process determine
the science policy, and let the political process finally emerge. I
don’t feel comfortable with that. There are some areas, of course,
that I have some knowledge about and have maybe some opportu-
nity to help in forming policy, but in general, in talking about com-
puters and medicine and those kinds of research programs—there I
feel totally inadequate.

I tell you how I make my decisions. When somebody talks to me
about it, explains the program, and if it happens to be a favorite of
mine—frankly if it has some down-home advantage to it—those are
the kinds of things that help me make a decision. And I am just
not comfortable with letting the political process set the priorities.

With that, you say that we should not be too specific. I am won-
dering what you mean. Let me sive you some examples. Do you
think statements such as, “c=>zarage the use of robotics”—I am
just reading some—‘“man’s presence in space; smaller fission and
fusion machines”—which happens to be one of my soapbox
themes—"attract international cooperation; consider the payoff’—
are those too restrictivz or too specific? Do you think those are too
specific or wide enough to set the policy and to let people within
the scientific community work on their own projects as long as
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they are pointed in those directions, those examples that I just
gave you?

Dr. PIMENTEL. Well, let me say I didn’t find any of the examples
that you read excessively constrictive if interpreted with some
flexibility. I guess I would want to distinguish at this point between
the support of fundamental research, however one wishes to make
the definition of fundamental research, and applied research, and
make sure that in our zeal and understandable interest in promot-
ing societal benefit, that we don’t lose sight of the long-range as-
pects of research while we’re trying \o get short-ranga benefits.

To make this point—you mentioned robotics, and of course, one
can approach the subject of robotics at a variety of levels—I think
we can anticipate quite clearly that robotics has a very important
role ‘in our technological future, and regarding this as an area of
a}gprorriate significant investment seems to me quite wise, and
then I would add, of course, viewed with a great deal of flexibility
and breadth to make sure that we are not ox;g thinking about the
Earticular assembly line that might immediately benefit from
ringing in robotics.

I can remember 5 years ago being confronted by Senator Prox-
mire on one of our grant proposals at the National Science Founda-
tion that was built, or designed, I guess, to get a large object to
walk. And Senator Proxmire wanted to know what this object
might actually do. And the principal investigator, thinking hard to
try to say something that could explain why he wanted a large
object to be able to walk, indicated that it might be goad to move
across tundra.

Senator Proxmire indicated there’s no tundra in Wisconsin and
he knew of no need for this object, and consequently he found it
not necessarily a worthy investment.

My feeling is—without arguing for this particular project—that
he was using too narrow a definition of how this particular scientif-
ic exploration might lead to understandings that later would be
beneficial. And so I guess again I will say your list, I found worthy,
and with proper flexible interpretation, not one that I would con-
sider too constrained.

Mr. Lusan. T guess you know, on reflection, all of those five lead
to payoffs somehow. Maybe that’s my big interest in this whole
thing. One of the statements you made, differentiation between the
short-term and the long-term goals and assigning maybe heavier
emphasis on the short-term gains rather than long-term gains,
whichever you see as the most productive.

Dr. PIMENTEL. You see, I would argue that the different agencies
would take a different, and each one an appropriate, let us say, bal-
anced view between short-range opportunities and longer range op-
portunities. I see the National Science Foundation as the agency,
the institution that we have set up to make sure that we have
some people pursuing advanced knowledge more or less unfettered
by the need o justify in practical terms the outcome, and in con-
trast to that, other agencies like the National Institutes of Health
and Department of Energy and Department of Defense I think also
should be supporting fundamental research but obviously they
must as well engafe in what I will call somewhat more applied re-
search and actual development work in the accomplishment of
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their mission. So a single unilateral definition probably is not war-
ranted, but each agency should justify its own program in this
sense.

Mr. LusaN. Thank you.

Thank you, Mr. Chairman.

Mr. FuQua. Mr. Walker.

Mr. WALKER. Thank you, Mr. Chairman.

If you will forgive me for {'ust a second, I am going to raise some-
thing that I think is a problem that’s developing in science policy.
And I need just a couple of seconds here to frame it. It goes back to
the questions that the chairman asked you and, to some extent,
what Mr. Lujan asked you. The more we get the Federal Govern-
ment involved in the issue of funding science, the more you end up
with political decisionmaking. Is there not a danger that that be-
comes then a real problem in science, because politicians are ulti-
mately i(:ing to act like politicians, we ultimately are going to
define things in terms of our constituency? We ultimately are
going to define science in terms of things that we understand and
the things that we don’t understand we are ultimately going to dis-
miss as being maybe even silly, and that tends to add a bureaucrat-
ic element.

Even more disturbing is the fact that we tend to begin to try to
get around scientific processes; for instance, like peer review. We're
already beginning to see a trend develop in Congress where you
sidestep the whole peer review process and fund projects that have
a political appeal. n, the political appeal is who has the power
to get the money at any given time, and that causes a concern.

And then the Federal Government tends to set up things which
become increasingly bureaucratized; for example, the national labs,
which have done some fantastic work. But the fact is that once you
bring somebody into the national lab system and he or she is there
for maybe 10 or 12 years doing a project, they are then there long
enough that they look at the 20-year point when they could retire
from the Federal Government and so t:ey stick around for maybe
8 more years when they’re not really doing much more than de-
fending that which they did early in their career. And so we lose a
lot of the innovativeness as a result of that bureaucratic structure.

Now, you know, I see the Federal Government involved and that
having some dangers of that type that really impact on science
policy then in the future. And T weuld just appreciate your com-
ments.

Dr. PiMeNTEL. All right. I will begin by saying that very much
the concern you have just expressed I would endorse and agree
with. The business of sidestepping the peer review process and let-
ting the political process, with the inevitable appeal to particular
constituencies, invade our science policy decisions, I think is very
dangerous and definitely to be avoié):d.

In a way, your comments, I hope, will be kept in mind through-
out the discussions that Xou have about the questions that have
been posed in thig book. And in a certain sense I feel the kinds of
remarks that you’ve just made are one of the justifications for the
whole study, because I indicated at the beginning that you are in-
vestigating very important questions and it’s healthy to consider
and then articulate clearly not only why the Federal Government
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is engaged in the support of science but how it should be engaged
in the support of science. Anc I think clear-cut statements about
the possible pitfalls is just as important an element of the outcome
of your deliberations as the implications of, say, the policies that
should be modified somewhat.

So ultimately, I would say that the outcome of a study could
have a very beneficial impact in avoiding the pitfalls that you’re
talking about, and that’s where I believe and have confidence in
the vision and wisdom of you people in coming up with a final ar-
ticulation that will be a healthy one and that will benefit us
throughout the next few decades.

Mr. WALKER. Thank you, Mr. Chairman.

Mr. FuqQua. Doctor, I might point out to the other members that
we do have another % aring starting in here at 9:30.

Mr. Packarp. Thank you, Mr. Chairman.

There are several questions that could be asked, Mr. Chairman,
but I will only ask one.

In a very practical sense, Doctor, we're faced with budget con-
straints more and more at this time and we’re being called upon to
fund education at the entry level and make equal access to the op-
portunity for higher education through student loans and grants at
the same time we’re asked to fund scientific and technological re-
search and studies.

With the constraints on the budget, where do you believe would
be the better place for our tax dollars to be focused: at the entry
level, or at the research level where we have already proven and
educated people?

Dr. PIMENTEL. [May I ask, do I understand the entry level fo be,
lat us say, precollege?

Mr. PAackARD. No; I am talking about primarily opportunity for
higher education after high school.

Dr. PiveNiEL. I see. Well, if I understand the distinctions that
you made there, I think thare is no doubt that one wants to focus
the resources on the research level and that, of course, implies at
the graduate educational level. But focus does not imply, of course,
that there is no attention given to the other area. What one wants
to do is make a wise decision or, in any event, to charge the appro-
priate agency heads to make their best decision about the appropri-
ate level to fund the entry-level aspect cf education.

The one aspect of this that must be kept in mind is that we
won’t have graduate students, we won’t have graduate students
either of the abilily level or the state of preparation unless we
have a healthy entry level educational system, so we cannoi ne-
glect it and we cannot put it aside. Certainly that is consister:t with
the earlier remark that you focused on the graduate ievel and re-
search aspect.

Mr. FuQua. Mr. Lewis.

Mr. LEwis. I have no questions.

Mr. FuQua. Mr. Boehlert.

Mr. BoEHLERT. No questions.

Mr. FuQua. George, thank you very much for being here today.
You have contributed a great deal not only because of your back-
ground as a distinguished scientist but also as an administrator of
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science programs in the National Science Foundation. You have
been very, very helpful.

Thank you very much.

Dr. PiMENTEL. Thank you.

Mr. Fuqua. We will meet again next Thursday morning, same
time, same place.

[Whereupon, at 9:20 a.m., the task force recessed, to reconvene
the following Thursday, March 7, 1985, at 8:30 a.m.]

[Answers to questions asked of Dr. Pimentel follow:]
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Replies to Questions for the Record
Professor George C. Pimentel

In your view. should one of +the goals of govern snt science policy be to
achleve and maintaln, as a matter of national | ostige, U.S. leadership
across the spectrum of science, or should we share or yield leadership in
some areas of science to other countries?

(ans.) 1. National prestige should not be an overt goal of government gcience
policy. Such a motivation could cause us to distribute our nstional tuagarch
investment unwisely and inefficiently. Thus, national prestige might lead us
to build a huge facility (e.g., a planetary space probe, a large accelerator, a
large telescope) when international collaboration is more appropriate because
the number of acientific questions likely to be addressed does not warrant
costly redundancy.

To the contrary, international scientiffc cooperation in the most funda-
mental areas of science speeds the advancement of knowledge and makes it more
efticient. Then, in the course of this cooperation, there 18 little room for
doubt that the contributions of U.S. scientists will indeed austain our
national prestige.

Two caveata are appropriate. First, we should not contemplate deliberate
Zielding of leadership in any frontier area of science that ia rich in promiae
for fundamental advances and potential for application to aocietal nee.
Second, we must recognize that the desire vo maintain e ic petitiv
does provide one basis for U.S. gupport of scientific activity yhere U.S. lead-
ership ia sought. It {s entirely sensible that one factor in the decision
process by which research resources are distributed should be the expectation
that our economic competitiveness and societal well-being will be enhanced by
increased knowledge in particular areas.

Industrial employment of acientists is another factor to be weighed as ye
try to link federal support of science to increased cconomic competitiveness.
We must try to attract talented young people into those sciectific fields
needed by industry to furnish the scientific manpower with the requisite funda-
mental background and interests.

It Is well recognized that the potential payoft In medicline or technoloqy
from an indlvidual research project can not be predicted. However, we also
know that broad flelcs, such as chemlstry, yield signiflcant practical bene-
flts. To what extent can and should the expectations of such pavoff be used
to determine the levels of funding for sclence and for the {ndividual discl-
pltnes?

(ans.) 2. 1It 18 surely not possible to predict that a particular scientific
project will ultimately have a technological payoff. What can be predicted
with confidence, however, is that advance of the frontiers 0 certain scien-
tific ficlds will surely have this outcome because the field plainly relates to
societal needs. Then it is only sensible to allocate enough resources and a
high enough priority to such a field to be sure we capture the long-range
benefits to be won.
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In discussions of the government sclence budget, much stress has been placed
on providing new funds for new Inltlatives In emerging areas of sclentlfic
promise. Why should we not expect a comparable group of areas within each
discipline which heve "peaked" or been "mined out" and where consequently
some funding decreases can be made?

(ans.) 3. 1 can speak particularly about my own field, chemistry. In this
field, areas that have been "mined out™ are rapidly put aside voluntarily by
the active research community and forcefully reduced by the peer review
process. As is characteristic of "smali science” there i{s nelther a large
capital i{nvestment nor vested institutional {nterest in maintaining an activity
as its productivity wanes. Instead, there is etrong peer pressure urging move-
ment into new and promising opportunity areas. .

The current Administration has shifted the principal rationale for qovern-
ment funding of research. Instead of emphasizing the technologlcal pay-off,
the stress has been on the trafining of a new generation of sciuntists as the
principal beneflt yleided by research grants. In your view, how many sclen~
tists do we need In the coming decades and to what extent will the current
levels of research funding meet that need?

(ans.) 4. A crucial goal of federal support for fundamental research in Uni-
versiti{es should be the attraction of talented young people into those fields
needed by U.S. {ndustries to maintain our technologicsl leadership im the world
scene. Such young people can bring to our {ndustries first-hand knowledge of
the active research frontiers and first-hand experience with state-of-the-art
techniques. Whatever the federal investment {n fundamental research, its dis-
tribution among the disciplines should be consciously aware of the current
{ndustrial employment of scientists from those disciplines. Chemistry provides
an example that shows that this is not the case at this time. U.S. business
and i{ndustry employs more doctcral chemists than the sum of those employed with
doctorates i{n the blological sciences, mathematics, physics and astronomy
combined but federal research support for chemistry i{s only a small fraction of
that for the other disciplinmes.

To what extent |s government support cf sclence comparable to government
support of the arts and the humanltles? 1s there a "need" In our soclety
for the kind or sclence thar satisfles public cultural demand and can thls
serve to suggest the !evel of funding for sclence?

(ans.) 5. Our cultural ethos warrants federal support of research that
carries deep puilosophlcal significance and without {mmed{ate regard for
likely practical outcome. In that sense, soue government support of science
should have the same cultural origin as government support of the arts and
humanities. It would be unrealistic, however, to expect that the largc sums
presently directed toward sciantific research could be sustained without
reference to the fact that our standard of living and technological strength
are derived from such activity. Out task {s tc assure that those sums are
sensibly distribu.ed among those disciplines that can influence our societal
well-being and economic competitivenmess.
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Most studies of sclence and most agency budgets for sclence are future orl~
ented. They speak of future opportunitlies, future projects, and future re-
sults. Retrospective discussions are |imited to anecdotal cases of success-
es, while little has been done to ook carefully at entire programs and the
ratio of those which lead to technoloqice!l successes and those which do not,
however messured. Why should not more such comprehensive evaluations of
past programs be done?

(ans.) 6. Research activities appropriate for federal support ghould have
long-range significance and feature fundamental investigations that industry is
not likely to undertake because the payoff horizon is too distant. Such activ-
ities are intrinsically high-risk and their practical importance is difficult
to perceive quantitatively, and evaluation programs have difficulty finding
real measures of success. Hence I am not optimistic that we would gain useful
guidance from more evaluations relative to what common sense and objective
Jjudguent already provide.

As you look beyond the current studies and sclence budgets for the next few
years, what changes or adjustments In our goals and obJectives do you fore-
see for the decades after year 20007

(ans.) 7. We should direct a larger fraction of the federal R and D invest~
ment into the R end of the spectrum, the most appropriate place for federal
activity. We must find more reliable criteria for deciding upon the distri-
bution of federal support among the disciplines. Without converting to
enphasis on ghort range, sure-thing and “better mousetrap” projects, we should
place more eaphasis on areas that undergird our technological industries and
that respond to society”s needs.

in view of the many problems and difficultles vhich are facing the unlver-
sities, how do you view the longer term future of the netion's research unl-
versities?

(ans.) 8. The U.S. dependence upon its Universities as prime gources of {unda-
mental research is one of our major advantages over our competitors abroad
because it couples the research function with preparation of the next genera-
tion of gcientists. Both functions benefit enormously from the coupling. In
the national interest, the country”s research Universities should be kept
active and healthy.

With the fiuctuations in enrol Iment and the resulting (imits on faculty hir-
ing, should alternative Institutional mechanisms for research be sought to

suppienent the universities as purformers of resesrch, or should the number
of research unlversities be contracted or expanded?

(ans.) 9. Even the most richly supported research institutes abroad are
constantly struggling to find ways to avoid stagnation and to maintain the
vitality that is constantly injected into our University research laboratories
by the presence of bright young graduate studeats and reinforced by the teach-
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ing function. As to limits on faculty hiring, we have almos’ passed through
the worst of the age uniformity generated by the rapid University growth during
the 1950s. Retirements are beginning and University hiring practices are now
more attentive to age distribution. No major changes are needed with respect
to the research institutions we now have except to ensure that their research
capacity is being well utilized and adequately supported.

10. Overhead or indirect costs pald¢ on research grants have generally been jus-
tifled as needed to pey for the costs ussoclated with the performance of
research, but they have generally been I|imited to current operating costs.
in your view, should indirect costs be broadened to recover, as well, the
capltal costs and other non-operating costs of the universities?

(ans.) 10. In the national interest, the federal government must be concerned
with the health of the University research enterprise. Hence, it should seek
an appropriate participatory role in the provision of the University”s capital
and building needs ("bricks and mortar”™). An appropriate way to determine the
distribution of such resources would be to tie its amount to the total federal
research support competitively won at a given institution.
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GOALS AND OBJECTIVES OF NATIONAL
SCIENCE POLICY

(With Dr. Alex Roland)

THURSDAY, MARCH 7, 1985

HoUSE OF REPRESENTATIVES,
CoMMITTEE ON SCIENCE AND TECHNOLOGY,
Task Force oN Scrence Powicy,
Washington, DC,

The task force met, pursuant to notice, at 830 am., in room
2318, Rayburn House Office Building, Hon. Don Fuqua (chairman
of the task force) presiding.

Mr. FuQua. The task force will be in order.

This morning we continue the review of science policy. We are
very pleased this morning to have Dr. Alex Roland, associate pro-
fessor of history at Duke University, where he teaches military his-
tory and the history of technology. His research and teaching inter-
ests include the history of science and technology in the West,
20th-century technology and science policy in the United States,
and the history of aeronautics and space flight. His most recent.
book is Model Research: The National Advisory Committee for Aero-
nautics, 1915-1958, written while he was an historian with NASA.

Dr. Roland, we are very pleased to have you with us today. You
may proceed.

[A biographical sketch of Dr. Roland follows:]
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STATEMENT OF DR. ALEX ROLAND, ASSOCIATE PROFESSOR OF
HISTORY, DUKE UNIVERSITY, DURHAM, NC

Dr. RoLanD. Thank you very much, Mr. Chairman.

I am pleased and honorcd to have this opportunity to share with
you one historian’s persp:ct.ve on the timely and important task
you have set for yourself. For reasons that I will discuss in ‘my con-
cluding remarks, I believe that this kind of activity is indispensable
to a healthy relationship between science and the Federal Govern-
ment.

My belief that 7 might have something to contribute to your de-
liberations is based on my research and teaching. My basic proposi-
tion is that there are at least three kinds of science that need to be
considered and at least three different rationales for the Federal
Government to support them.

I would like to begin by differentiating among those three kinds
of science: physical sciences, life sciences, and sacial sciences. Their
histories are quite different and they may well require different
science policies.

The world is still in the throes of an enthusiasm for the physical
sciences that dates to the Newtonian revolution. By reducing the
movements of the planets and the apocriphal apple to a single,
simple equation, Newton stimulated a faith in man’s ability to un-
derstand nature, which was probably a good thing, and a belief in
quantification, which has been a mixed blessing. The physical sci-
ences have advanced most dramatically since ewton, in part be-
cause they are more readily quantifiable and in because we
have viewed the inorganic as more manipulable t the organic.

Outside of medicine, the life sciences have focused until recently
on taxonomy, which increases understanding without necessarily
making comparable increases in our ability to manipulate nature.
Genetics now shows signs of effecting a revolution in the Newtoni-
?n s;en}ze;;dbut it its too early to tg}il Thedsocial sciences haYe traxltid

ar ind, counting aggregate data an proving singularly unable
to identify any laws of nature. I propose to address the physical sci-
ences and life sciences during most of my remarks, turning to the
social sciences only at the end.

I draw this distinction because it bears on the committee’s deci-
sion to concentrate on science policy to the exclusi .n of technology
policy. Most research ir the physical sciences, aud an increasi

ng
amount in the life sciences, is inextricably intertwined with tech. .

nology. Either it has technological applications or its experimental
pursuit requires technologly. The phgsical sciences employ increas-
ingly sophisticated technology, the evelopment of which occupies
a significiant proportion of our research and develo ment; the life
sciences arc moving in the same direction. Particle accelorators
and Viking spacecraft for the Mars landing are as complicated as
the scientific research they support, making the separation of sci-
ence and technology virtually impossible in the modern world.

it has become a commonplace in the last 100 years to view tech-
nology as applied science, by which we usually mean applied physi-
cal science. Throughout most of human histoesy, however, technolo-
gy has led science; that is, we have learned how to manipulate
nature long before we understood why it operated the way it did.
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Man was making steel, for example, two millennivms before he un-
derstood its chemicai and molecular composition. What is more,
technology has very often stimulated scientific investigation, as
Watt’s steam engine prompted Sadi Carnot to develop thermody-
namics. Even today, much of our technology precedes and stimu-
lates scientific discovery, current research on memory storage and
retrieval for computers outstrips our understanding of the molecu-
lax"rﬁhysics at work.

is is not to deny that, especiall{ in the last 100 years, much of
our technology has become science based. Increased understanding
of the laws of nature has led to practical applicsions, a fact re-
flected in the large science component in modern engineering edu-
cation.

Understanding why something works is indeed preferable to
simply knowing that it does work, but understanding that some-
thing is true—for example, that hydrogen is theoretically the most
efficient combustion fuel—may leave us a long way from a practi-
cal h{drogen engine. The most important distinction to be drawn is
whether to consider science as an end unto itself, or to see it as a
means to an end.

In the United Statss, the Government has historically seen sci-
ence as a means to an end, and this has dictated the nature of Fed-
eral support. Science in thie colonies and the early republic was
largely a private enterprise, funded by amateurs of independent
means like Benjamin Franklin or by universities and foundations.
The Government provided support mostly for agriculture and mili-
tary applications, clearly expecting some practical return on its in-
vestment, usually some technological application.

At the turn of the century, the Government began to increase its
support of science, creating such agencies as the National Bureau
of Standards and the National Advisory Committee for Aeronau-
tics. But again, it was for practical applications, usually technolo?,
not for basic science. Most research was done in-house, on the
model of meilitary arsenals and agricultural research stations.

Qur modern view of the relation of government to science formed
in World War II, to be refined in the succeeding years of cold war.
Vannevar Bush and his colleagues in the wartime Office of Scien-
tific Research and Development were chiefl reslggnsible. For
better or for worse, Bush’s “Science—the Endless Frontier” has
shaped our science policy for the last four decades. Several basic
tenets of “‘Science—the Endless Frontier” warrant special atten-
tion. Most are explicit in the report; one is implicit, but nonethe-
less decisive.

First, Bush argued that what he called scientific research was in-
gispensable to the military and economic security of the United

tates.

Second, the Government should fund this research on a continu-
ing wad substantial basis, in contrast with the irregular and inad-
equate oatterns of the past.

Third, scientists should have control over how these funds were
distributed, to ensure that the best sci=nce was supported as it had
been by OSRD during the war.

Bush was not, however, asking for free access to the Treasury;
funds expended in this way would represent only a small propor-
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tion of those spent on research and development through the mis-
sion agencies of the executive branch, as in fact OSRD had ac-
counted for only a part of the military R&D in World War II.

Fourth, the scientists should remain in their home institutions,
primarily universities, and not be drawn into Government labora.
tories, with their inevitable emphasis on applications and politics.

Fifth, scientists should particiglate with Government leaders and
industrialists in shaping R&D gg icy.

The unspoken assumption behind these recommendations was
that scientists understand nature’s laws better than anyone else;
they are in a better ‘position to see the potential applications of
their understanding. it behooved the Government, Bush believed,
to suptport the expansion of that understanding, to create a reser-
voir of people capable of seeing how thet understanding might be
reduced to practical applications. Let the scientists themselves
pursue their own agenda, identify ard conduct the best science as
an end in itself. In an emergency, the country couid draw upon this
reservoir of talent, even as it had gathered the country’s nuclear
physicists together in the Manhattan Project.

us, even Bush’s formula, though it called for scientific auton-
omy, based its ent on the traditional American belief that
pure research will lead in the end to practical apolications, that
science leads ultimately to technology. Of course, Bush was refer-
ring principally to the physical sciences; he made special provision
for medicine, which has comparable applications, but otherwise
slighted the remaining life sciences.
ut if Bush’s assertion were true, that basic research leads to
technological applicatiors, it would create a serious contradition.
Scientists conducting truly basic research rely on publication.
Their only reward system is recognition by their colleagues, and
this recognition goes to first publication. Why should the Federal
Government support basic research if it is going to give away the
results, if it is not going to get a monopoly on the agplications?
Why pursue basic research at all if the results are ee for the
taking in the international marketplace of scientific literature?
Why not support only applied researcg?

Bush would have argued that basic research creates that reser-
voir of people best able to apply their own results. Bui this only
begs the 3ueetion why other scientiste, working on applications,
cannot understand the theoretical literature.

This has not become a fundamenta! problem since the Bush for-
mula was pro because the Cold Wg.r has provided yet another
premium for basic research, one with applications entirely differ-
ent from those envisioned by Bush.

At least since Sputnik, we have come to believe that scientific
achievement, independent of material application, contributes to
national security. Scientific eminence len prestige, and prestige
weighs in the calculus of the social, ideological, and political com-
petition betwcen East and West. We go literally to the ends of the
solar system and the bowels of the atom, not just in search of un-
derstanding, but in large measure to demonstrate our scientific vir-
tuosity.

Each year we quickly convert the Nobel Prizes into a box score
of which nation is doing bez*. And we realize practical returns on
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our life sciences that were impossible when the principal criterion
was technological application. Basic research has become a tool not
only for manipulating nature, but for influencing public opinion—
yet another practical application in the American tradition.

Bush and the cold warriors who followed him have both then
argued for Federal support of science, one on the basis of the tradi-
tional view of practical app.:_ ations, the other in the belief that na-
tional prestige contributes to national security.

From an historian’s perspective, I would argue yet a third, one
that has been lurking beneath the surface throughout our national
history but far too seldom advanced. We should patronize basic sci-
ence on a substantial, nontrivial, and continuing level, not only in
expectation of some measurable return on investment but simply
because understanding is a fundamental human activity, the sup-
port of which becomes a great nation such as ours. Just as we sup-
port, however modestly, the humanities and the arts, so too in prin-
ciplfzf should we support the investigation of nature as an end in
itself.

No one can foresee the practical advantage in knowing how the
universe was formed or why the dinosaurs disappeared or why
grass is green, but we will be a poorer society if we stop asking, if
we continue to demand of our science only that it make us richer
and safer. For this pert of the scientific agenda, that is, for truly
basic research, I agree with Bush that the scientists themselves are
the best judges of how and where to dispense what the Government
can afford.

All the rest of scientifiz activity is more or less directed or ap-
plied, that is, it is conducted on the assumption that increased un-
derstanding will eventuslly cerve some direct, utilitarian end. Here
I harbor sonie strong reservations about the Bush formula. First,
except in that peculiar realm of truly pure research, I do not be-
lieve that scientists should have complete autonomy, any more
than any other group in our society should set its own agenda for
dispensing public funds. Given that all other science is applied or ~
directed in some conscious way, the Government should retain a ;
clear voice in the application and the direction. ‘

Second, I do not share Bush’s faith in institutional arrange-
ments. Institutions come and go, and while they may help to shape
pelicy and channel research funds, they cannot guarantee the isola-
tion of process from policy. No agency is immune to politics; no in-
stitutional form remains static.

The creation of a separate civilian space agency, for example, did
not ensure the separation of civilian space activities from military,
nor has it prevented the militarization of space. Similarly, the
shuffling of Federal energy agencies in the 1970’s reflected policy
more than it shaped it. The National Science Foundation is a far
different instrument of the national will than Bush’s proposed Na-
tional Research Foundation, on which it was based. Only the con-
tinual refinement of policy, such as this committee is now embark-
ing upon, can ensure that public funds serve the public good.

Finally, I would place the social sciences in the same cateiory as
pure science and recommend that the Government support them in
the same way and for the same reasons. We should not expect the
socia' sciences to produce practical applications like those derived
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from the physical sciences and now the life sciences, for nature is
knowable in a way that societies are not. But we should nonethe-
less provide the social sciences continuing and nontrivial Govern-
ment support as ends in themselves. Like pure science, the human-
ities, and the arts, they are hallmarks of a vital and curious society
where understanding is its own reward.

In conclusion, then, I would argue that there are at least three
good reasons for the Federal Government to support science, but
that these reasons apply differently in the different scientific fields.
The physical sciences continue to dominate the public imagination,
in part because of the tremendous advances since Newton, climax-
ing perhaps in the atomic bomb. Practical, that is, technological,
application remains the most telling argument for basic research
in this field, with prestige and the abstract search for knowledge
playing leszer roles.

Genetics and medicine __ave provided the most dramatic practical
applications in the life sciences and the greatest international pres-
tige as well; other life sciences deserve support almost entirely on
the basis of their contr.bution to our understanding, though we
have not begun to tap the potentials of this field. With few notable
exceptions, like the Nobel Prize in economics, the social sciences
continue to make their greatest contribution in our understanding
of ourselves.

Perhaps in our increasingly technological world that will prove
in the long run to be the greatest contribution of all. How to
manage the clones and the neutron bombs may be the most impor-
tant questions we face.

[The prepared statement of Dr. Roland follows:]
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"Goals and Objectives of National Science Policy," testimony by Alex
Roland before the Task Force on Science Policy of the House Committee

on Science and Technology, 7 March 1985.

I am pleased and honored to have this opportunity to share with
you one historian's perspective on the timely and important task you
have set for yourself. For reasons I will discuss in my concluding
remarks, I believe that this kind of activity is indispensable to
a healthy relationship between science and the federal government.
My belief that I might have something to contribute to your delibera-
tions is based on my research and teaching in the history of Western
science and technology, with some emphasis on the history of twentieth
century science policy and technology in the United States. My basic
proposition is that there are at least three kinds of science that
need to be considered and at least th:ee different rationales for
the federal government to support them.

I would like to begin by differentiating among the three kinds
of science: physical sciences, life sciences, and social sciences,
Their histories are quite different and they muy well require different
science policies. The world is still in the throes of an enthusiasm
for the physical sciences that dates to the Newtonian revolution,
By reducing the movements cf the planets and the apocryphal apple
to a single, simple equation, Newton stimulated a faith in man's
ability to understand nature, which was probably a good thing, and
a belief in quantification, which has been a mixed olessing. The
physical sciences have advanced most dramatically since Newton, in

parc because they are more readily quantifiahble and in part because
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we have viewed the 1inorganic as more manipulable than the organic.
Outside of medicine the life sciences have focused until recently
on taxonomy, which increases understanding without necessarily making
comparable increases in our ability to manipulate nature. Genetics
now shows signs of effecting a revolution in the Newtonian sense,
but it 1s too early to tell. The social sciences have trailed far
bohind, counting aggregate data and proving singularly unable to
identify any laws of nature. I propose to address the physical
sciences and life sciences during most of my remarks, turning to the
social sciences only at the end.

1 draw this distinction because it bears on the committee's
decision to concentrate on science policy to the exclusion of tech-
nology policy. Most research in the physical scieuaces, and an in-
creasing amount in the 1life sciences, is inextricably intertwined
with technology. Either it has technological applications or its
exj 2rimental pursuit requires technology. The physical sciences employ
increasingly sophisticated technolegy, the development of which
occupies a sigmificant proportion of our research and development;
the life sciences are movaing in the same direction. Particle
accelerators anG Viking spacecraft for the Mars landing are as compli-
cated as the scientific research they support, making the separation
of science and technology virtually impossible in the modern world.

It has become a commonplace in the last 100 years to view tech-
nology as applied science, by which we usually mean applied physical
science. Throughout most of human history, however, technology has
led science; i.e., we have learned how to manipulate nature long before

we understood why it operated the way it did. Man was making steel,
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for example, two millenia before he understood its chemical and
molecular composition. What is more, technology has very often stimu-

lated scientific investigation, as Watt's steam engine prompted Sadi

L

Carnot to develop thermodynamics. Even today, much of our technology .
precedes and stimulates scientific discovery: current research on
memory storage and retreival for computers outstrips our understanding
of the molecular physics at work.

This is not to deny that, especially in the last one hundred
years, much of our technology has become science-based. Increased

understanding of the laws of nature has led to practical applications,

A e ey

a fact reflected in the large science component in modern engineering
education. Understanding why something works is indeed preferable
to simply knowing that it does work; but understanding that something
is true--e.g. that hydrogen 1is theoretically the most efficient
combustion fuel--may leave us a long way from a practical hydrogen
engine. The most important distinction to be drawn is whether to
consider science as an end unto itself, or to see it as a_means to
an end. ’

In the United States, the government has historically seen science
as a means to an end, and this has dictated the nature of federal
support. Science in the colonies and the early republic was largely

a private enterprise, funded by amateurs of independent means 1ike

Benjamin Franklin or by universities and foundations. The government
provided support mostly for agriculture and military applications,
clearly expecting some practical return on its investment, usually
some technological application,

At the turn of the century, the government began to increase
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1ts support of science, creating such agencies as the National Bureau
of Standards and the National Advisory Committee for Acronautics.
But again, it was for practical applications, usually technology,
not for basic science. Most research was done in house, on the model
of military arsenals and agricultural research stations.

Our modern view of the relation of government to science formed
in World War II, to be refined in the succeeding years of cold war.
Vannevar Bush and his colleagues in the wartime Office of Scientific
Research and Development were chiefly responsible. For better or
for worse, Bush's SC1ENCE--THE ENDLESS FRONTIER has shaped our science
policy for the last four decades. Several tasic tenets of SCIENCE~
THE ENDLESS FRONTIER warrant special attention. Most are explicit
in the report; one is implicit, but nonetheless decisive. First,
Bush argued that what he called scientific research was indispensable
to the military and economic security of the United States. Second,
the government should fund this research on a continuing and sub-
stantial basis, in contrast with the irregular and inadequate patterns
of the past. Third, scienticts snould have control over hcw these
funds were distributed, to ensure that the best science was supported
as it had been by OSRD during the war. Bush was not, however, asking
for free access to the Treasury; funds expended in this way would
represent only a small proportion of those spent on research and
development through the mission agencies of the Execative Branch,
as in fact OSRD had accounted for only a part of the military R&D
in World War II. Fourth, the scientists should remain in their home

institutions, primarily universities, and not be drawn into government
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laboratories, with their inevitable emphasis on applications and
polatics. And fifth, scientiscs should participate with government
leaders and industrialists in shaping R&D policy.

The unspoken assumption behind these recommendations was that
scientists understand nature's laws better than anyone else: they
are in a better position to see the potential applications of their
understanding. It behooved the government, Bush believed, to support
the expansion of that understanding, to create a reservoir of people
capable of seeing how that understanding might be reduced to practical
applications. Let the scientists themselves pursue their own agenda,
i1dentify and conduct the best science as an end in itself. In an
emergency, the country could draw upon this reservoir of talent, ev:n
as 1t had gathered the country's nuclear physicists together in the
Manhattan project. Thus, even Bush's formula, though it called for
scientific autonomy, based its argument on the traditional American
belief that pure research will lead in the end to préctical applica~
tions, that science leads ultimately to technology. E)f course, Bush
was referring principally to the physical sciences; he made special
provision for medicine, which has comparable apriications, but other-~
wise slighted the remaining life sciences.

But if Bush's assertion were true, that basic research leads
to technological applications, it would create a serious contradiction.
Scientists conducting truly basic research rely on publication. Their
only reward system is recognition bv their colleagues, and this recog-
nition goes to first publication. Why should the federal government

support basic research if it is going to give away the results, if

it is not going to get a monopoly on the applications? Why puirsue
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basic research at all if the results are free for the taking in the
international marketplace of scientific literature? Why not support
only applied research? Bush would have argued that .asic research
creates that reservoir of people best able to apply their own results.
But this only begs the question why other scientists, working on appli-
cations, cannot understand the theoretical literature.

Thiz has not become a fundamental problem since the Bush formula
was proposed because the cold war has provided yet another premium
for basic research, one with applications entirely different from
those envisioned by Bush. At least since Sputnik, we ha.e come to
believe that scientific achievement, independent +f mate’ 1l appli-
cation, contributes to na.ional security. Scientific eminence lends
prestige, and prestige weighs in the cwiculus of the social, ideo-
logical, and political competition between East and West. We go
literally to the ends of the solar system and the howels of the atom,
not Jjust in search of understanding, but in large measure to demon-
strate our scientific virtuosity. Each year we quickly convert the
Nobel prizes into a box score of which nation is doing best. And
we realize practical returns on our life sciences that were impossible
when the principal criterion was technological application. Basic
research has become a tool not only for manipulating nature, but for
influencing public opinion--yet another practical application in the
American tradition.

Bush and the cold warriors who followed him have both then argued
for federal support of science, one on the baeis of the traditional
view of practical applications, the other in the belief that national

prestige contributes to national security. From a historian's perspec-~
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tive, I would argue yet a third, one that has been lurking beneath
the surface throughout our national history but far too seldom ad-
vanced. We should patronize basic science on a substantial, non-
trivial, and continuing level, not only in cxpectation of some
measurable return on investment but simply because understanding is
a fundamental human activity, the support >f which becomes a great
nation such as ours. Just as we support, however m destly, the
humanities and the arts, so too in principle should we support the
investigation of nature as an end in itself. No one can foresee the
practical advantage in knowing how the un.verse was formed or why
the dinosawis disappeared or why grass is green, but we will be a
poorer society if we stop asking, if we continue to demand of our
science only that it make us ricner and safer. For this part of the
scientific agenda, i.e., for truly basic research, I agree with Bush
that the scientists themselves are the best judges of how and where
to dispense what the government can afford.

All the rest of scientific activity is more or less directed
or applied, i.e., it is conducted on the assumption that increased
understanding will eventually serve some direct, utilitarian end.
Here I harbor some strcng reservations about the Bush formula. First,
except in that peculiar realm of truly pure research, I do not believe
that scientists should have complete autonomy, any more than any other
group in our society should set its own agenda for dispensing public
funds. CGiven that all other science is applied or directed in some
conscious way, the government should retain a clear vuice in the appli-
cation and the direction.

Second, I do not share Bush's faith in institutionral arrangements,
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Institutions come and go, and while they may help to shape policy
and channel research funds, they cannot guarantee the isolation of

process from policy. No agency is immune to polities; no institutional

form remains static. The creation of a separate civilian space agency,

for example, did not ensure the separation of civilian space acti-
vities from military, nor has it prevented the militarization of space.
Similarly, the shuffling of federal energy agencies in the 1970's
reflected policy more than it shaped it. The National Science Founda-
tion is a far different instrument of the national will than Bush's
proposed National Research Foundation, on which it was based. Only
the continual refinement of policy, such as this committee is now
embarking upon, cen ensure that public funds serve the public good.

Finally, I would place the social sciences in the same category
as pure science and recommend that the government support them in
the same way and for the same reasons. We should .ot expect the social
sciences to produce practical applications like those derived from
the physical sciences and now the life sciences, for nature is
knowable in a way that societies are not. But we should nonetheless
provide them continuing and non-trivial government support as ends
in themselves. Like pure science, the humanities, and the arts, they
are hallmarks of a vital and curious society where understanding is
its own reward.

In conclusion, then, } would argue that there are at least three
good reasons for the federal goverament to support science, but that
these reasons apply differently in the different scientific fields.
The physical sciences continue to dominate the public imagination,

in part because of the tremendous advances since Newton, climaxing
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perhaps in the atomic bomb. Practical, i.e., technological, applica-
tion remains the most telling argument for basic research in this
field, with prestige and the abstract search for kuowledge playing
lesser roles. Genetics and medicine have rrovided the most dramatic
practical applications in the life sciences and the greatest inter-
nutional prestige as well; other life sciences deserve support almost
entirely on the basis of their contribution to our understanding,
though we have not begun to tap the potentials of this field. With
few notable exceptions, like the Nobel Prize in economics, the social
sciences continue to make their greatest contribution in our under-
standing of ourselves. Perhaps 1in our increasingly technological
world that will prove in the long run to be the greatest contribution
of all. How to manage the clones and the neutron bombs may be the

most important questions we face.
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DISCUSSION

Mr. Fuqua. Thank you very much, Dr. Roland, for a very excel-
lent paper.

Dr. RoLaND. Thank you.

Mr. FuQua. We are very interested in this subject and I think it
outlines very well some of the issues with which we are faced here.

One of the things in your conclusion, you talked about all of the
three sciences you outlined. You mentioned particularly the physi-
caj} sciences—probably people see more end results from the physi-
cal sciences perhaps than in the others. Yet we, the Government,
are politicians, not scientists, trying to make public policy decisions
affecting various things and also we must extract money from the
taxpayers in order to finance these programs.

Dr. RoLAND. Yes.

Mr. FuQua. When the public clamors for more support for basic
sciences versus the social sciences, for example, how, then, do we
factor into our policymaking decisions to offset the public clamor
for one science over the other?

Dr. RoLAND. I guess what I am really irying to suggest is that it
behooves all of us, your committee in particular, to try to be more
clear in our public discussion of these issues; that is, if we under-
stood there were different kinds of sciences that have different
needs, then people might be more receptive to an argument on
principle.

I firmly believe that it behooves the Government to support on a
certain continuing level, no matter how modest it has to be, the
basic sciences, and that we should make known to the American
people the belief that this is in the long term best interest of the

vernment.

The others are much easier to defend to the public, and the more
direct and immediate the application is, the easier it is to defend.
However, I think the result of that is that we tend to support tech-
nology-related sciences, those which can show immediate tangible
returns, and we ignore some of the cthers. I think that is to our
peril. I think everyone is capable of inderstanding this if we con-
ducted public debates in these terms instead of lumping all of sci-
ence together, because I reaily believe that when most people hear
science or applied scierce all they think of is physics, and the im-
mediate technological returns we get on that kind of research.

Mr. FuqQua. Let me say that I agree with you. I was asking the
question more at the devil’s advocate. I think it is poor %lil:lllic
policy to set science policy as a result of the weather vane. y
times we hope we have the foresight to evaiuate conditions and
needs of the country and make those hard decisions that we have
to make rather than what appears to be perhaps the most political-
ly or publicly popular programs. That is the difficult part of it.

On pz:ige 3 you mention that the computer is outstrig{)ing the un-
derstanding of molecular physics, and some of the problems we are
facing today, for instance in hazardous waste. We did not know
what to do back 30 or 40 years ago with regard to disposing some of
these waste. That can continue to be a problem. There are things we
are involved in today that we really don’t understand.
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What comes to mind is biotngineering. Is there something un-
foreseen? How does public policy try to take into consideration
those measures?

I think there is a higher awareness factor today of these things
than perhaps existed back 30 or 40 years ago. However, al that
time I was not as involved in public policy as those of us who are
sitting here today.

Is there a way in science policy that we can be stre we do not
repeat mistakes of the past?

Dr. RoLanp. I do not think there is any guarantee. I have two
answers 0 your question. One, I think this is where the social sci-
en 2s can serve a role, not in predicting the future but in pointing
out instances in the past where our public policy has not been ade-
quate to anticipate probl.ms in the future.

The specific one you raise about nuclear waste is particularly
poignant and it is appropriate to what I am trying to suggert to the
task force. A very distinguished nuclear scientist told me that the
nuclear waste probiem is a problem today becuuse when they first
faced it the scientific comraunity believed it was readily solvable
and they did not take the time to bring the issue out into the
public debate. They simply advised policymakers that that was
manageable. He seys that they now :egrel having made that deci-
sion; that is, for better or worse, they could not predict the future
fully either, but if they had conducted gublic debate rather than

aranteeing that the problem was solvable they would not look as
allible today as they do.

To my mind, that is another reason for not giving the scientists
carte blanche; at least make them come out in public forum and
explain what they anticipate or what they predict about the future
S0 itrtbecomes a public debate rather than a guarantee from an
expert.

Mr. Fuqua. I will have tc excuse myself, as I stated earlier. I
thank you very much for being here. I would like to be here longer
and hear the responses to the other questions. I will turn the meet-
ing over to Mr. Brown. I am sure he and the other members will
hav@il some very interesting questions for you. Thank you very
much.

Dr. RoLanp. Thank you.

Mr. BrowN [acting chairman). Mr. Lujan.

Mr. Lusan. Thank you, Mr. Chairman.

What you say about the nuclear waste issue is true. We were
always told that the technology is there and it is a solvable prob-
lem. While it was almost true, it was not totally true.

I have been sitting here as you were going through your state-
ment and trying to place myself in whatever little box you were
talking about. I divided it up intc two areas—the knowledge seek-
ers and the applications proponents.

Dr. RoLAND. Yes.

Mr. Lusan. I guess we do that even, as you characterize it, with
our Nobel Prize box scores. It gives us world leadership. That is
why every country in the world wants to get into the space busi-
ness as a means of their own national selr image.

I guess I fit into the applications proponents box from the de-
scriptions you have given. I see nothing wrong with it.
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Dr. RoLaND. Oh, no.

Mr. LuJan. Science is a means to an end. I would like to discuss
that a little bit. Why should it not be that all research, whether we
put it into this pool for use later on, into the bank account, but all
researcl: should be directed at eventual commercialization or for
defense, one or the other, which in itself is a means to an end?

Dr. Roranb. I guess what I am trying to suggest is that that one
seems a natural to me. I think, as you do, most people understand
that; that is a practical reason for pursuing scientific research. I
think there are at least two others.

One is this national prestige, and the space program is a good
example. We have received lots of practical returns from that, but
also some of the activities conducted by NASA are simply the pur-
suit of knowledge as ends in themselves, and that, too, should have
some place, however modest, in our Federal budget. It behooves us
as a nation to do that, in part because of the prestige that comes,
for example, from the Viking exploration of Mars. We still don’t
have any tangibles and practical returns on that, but the increase
of our understanding and the national prestige are both world-
worthwhile activities that the Government should be supporting
and pursuing.

The further you get from practical applications, especially for
vou to consider, the more difficult it becomes to convince the tax-
payers that this is something that should come out of the Federal
Treasury.

Mr. Lusan. Unless you can give them a practical application for
the future.

Dr. Roranp. Yes; exactly.

Mr. Lusan. Can you do that?

Dr. RoLanp. What I am saying is that the national prestige is a
legitimate, practical application; that is, part of the contest be-
tween East and West now is conducted on terms of how 3:Q the
Third World countries perceive the drift of events; which sociely
with its form of government and organization is making the most
progress? That is significant It does contribute significantly to our
international stature.

The third one is the most difficult to define, that is, the pursuit
of knowledge for its own sake is a legitimate enterprise that the
Gcvernment should be funding. My only argument for that is that
it behooves a society like ours to contribute some proportion of the
Federal Treasury, however small it is, in principle to enhance un-
derstanding.

Mr. Lusan. Give me your thoughts on what percentage. I look at
funding the National Science Foundation, for example.

Dr. RoLAND. Yes.

Mr. LusaN. Let’s say the Department of Energy or NASA, fund-
ing those for what good they do for mankind.

Dr. RoLAND. Yes.

Mr. Lusan. How should we weigh that? Can you give me a ner-
centage?

Dr. RoLanD. I can’t begin to give you numbers, but I think it is
comparable, though I hate to draw tgis comparigon because of how
modestly we support the arts and humanities, but I put the pure
sciences in understanding for its own sake in that same category. It
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is a hallmark of a society that is not so self-absorbed in wealth and
security that it can think of nothing beyond immediate practical
returns. That is, a curious and outward-looking society is a healthy
society, and a society that can find no money to support arts and
humanities and understanding for its own sake is aa impoverished
one, indeed. Exactly what the numbers are I would not begin to
recommend to you.

However, I think that Congress should make the case to the
people that this is just something we should do and identify it, that
a certain portion of our Federal exr¢nditure in science is not be-
cause we are trying to make ourselves richer or more secure but
just because we are trying to make ourselves wiser.

Mr. Lusan. Thank you, Mr. Chairman.

Mr. BrowN. Mr. Reid.

Mr. Reip. Thank you, Mr. Chairman.

Looking at your biographical outline, I am envious. You have
studied some things I would like to have studied. You have had a
great education. I think we on this committee should hear more
from people like you.

I was especially impressed with your direction which is basically
that there is more to science than a man in orbit.

Dr. RoLAND. Yes.

Mr. Remp. Can you give me your opinion as to how we are doing
as a nation in the social sciences compared to the ';)hysical sci-
ences? I understand your theory, but how are we doing?

Dr. RoranDp. Compared with other nations, I think we do quite
well. Compared with the physical and life sciences, the social sci-
ences have not—and it is my belief—cannot produce comparable
regults. The physical sciences in particular produce dramatic re-
sults because nature keeps behaving the same way every day, no
matter what we do about it.

Mr. Remn. Do you talk about that in your paper?

Dr. RoLanD. Yas; and society does not. Social sciences never will
discover laws of human activity comparable to the laws of nature,
the physical sciences and the life sciences. Therefore, in a certain
sense, the name “social sciences” is a misnomer, but it is appropri-
ate because what they are undertal:ing to do is to apply a variety,
a form of scientific methods to the study of society. That is admira-
lg{e but they are never going to reach conclusions that are compara-

e, .

Mr. Rem. If I may interrupt, I guess the direction of r:ly question
is this: Do you think we are doing enough in the social sciences?

Dr. RoLanD. No; social sciences need considerably niore support.
As I suggested in my conclusion, as we become an increasingly
technical society, I think that places a higher and higher premium
on the social sciences because the most important thing to under-
stand now perhaps is how to handle this wealth of scientific and
technological capability.

Mr. Remp. Your last sentence was quite enlightening: “How to
manage the clones and the neutron bombs may be the most impor-
tant questions we face.”

You know, all across the United States there is an effort, espe-
cially at the secondary school levels, to take out of the curriculum
social science courses.
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Dr. RoLAND. Yes; I know.

Mr. Rem. In my State there is a big battle in the State legisla-
ture now as to what teachers should be able to teach. They say the
only thing you should teach is reading, writing, and arithmetic.

Dr. RoLAND. That is right. I hate to say that it is finding its way
into the colleges and universities as well; that is, a perccption that
a crucial ingredient of liberal education for the world that todaﬁ’s
college graduates will face is more techr.ical training. Technical lit-
eracy is the term used most often now.

I have no argument with that whatsoever. I think it is helpful
for everyone to have some understanding of what science is, what
technology is, and how they function. However, if this is done at
the expense of the humanities and social sciences, we are likely to
lose exactly those skills and understandings that will be necessary
to control the science and technology. It becomes pervasive.

Mr. REm. You state again, in the last sentence, it is through
courses like this, no matter how mundane they might seem, that
we are able to attempt to manage clones and neutron bombs?

Dr. RoLanp. Exactly.

Mr. Remp. Mr. Chairman, I appreciate very much the staff and
the chairman who have produced this witness. We need more of
this. We have to recognize there is more to life than trying to
figure out a physics problem.

Thank you very much. I compliment you on your educational
background.

I am sorry, Mr. Chairman, but I have a meeting I must attend.

Mr. BRowN. Mr. Volkmer.

Mr. VoLkMER. Thank you very much. I am sorry I was not here
to hear your testimony. I have quickly reviewed it and find it most
interesting and most thought-provoking.

One of the things that struck me immediately as I reviewed your
testimony and heard some of your answers here is this: Back in the
late seventies, when some of us were looking at an energy policy
for this country, we thought we were doing some basic research on
energy matters, geared to application, and now we have seen in the
last 3 or 4 years those things have dropped off.

What is notable to me is what I read in here, even though we are
now down to what we would call in the physical sciences more
basic research, still that basic research is not truly basic research.
it is still applied research in a sense.

Dr. RoLAND. That is right.

Mr. VoLkMER. In the sense that it is done with the idea it will
have increased technological applications; is that correct?

Dr. RoLAND. Exactly.

Mr. VoLkMER. That is what you are saying?

Dr. RoLAND. Yes. As a matter of fact, an anecdote, I learned just
recently after drafting this testimony—a colleague of mine at
Duke, an engineer, read it and told me a story of an experience
that he had at one of our national laboratories, which shall remain
nameless. He said when reports were handed in there, scientific re-
ports that he had conducted, the secretary would call him and ask
him after the fact was this basic or applied research. He would
pick one of the terms, and he said he had the feeling that if for the
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tet}rlm he picked the money had run out it would just be called the
other.

I think one of the problemu we are facing—in fact, I suspect it is
laced through my testimony, too—is that we use these words very
loosely end we are not entirely clear on what they mean.

The distinction that I would draw is pure research, research that
is for knowledge for its own sake. While there may be practical ap-
plications, the researcher does not have any in mind. He or she is
Just pursuing a scientific agenda.

. All else, I believe, is directed or applied in some sense or an-

- other, that is, that even though the researcher is trying to increase
his or her understanding of the phenomencn, they hope that in the
end it will serve some purpose. That is a little bit different, I think,
and a distinction worth drawing.

Mr. VoLEMER. In other words, what we are doing, in the field of
aeronautics and in the field of space, or anything else, they are all
geared to an application. Anything that is done in grants with
regard to supercomputers, artificial intelligence, it is really not
basic research

Dr. RoLAND. Not pure. “Basic” is a term that has slipped in and
serves both purposes. Some people undersiand it as what I would
call pure research; other people understand it as what I would cail
directed research.

NASA is one of the few mission agencies I know of which does
conduct some pure research, as I understand it. That is exploration
of the solar system, that aspect of the solar program, which is com-
parably small. To my mind, it is pure research. There is no foresee-
able direct payoff. It is just understanding.

Mr. VoLKMER. As one who is not a researcher and does not have
a background in this type of thing, NASA—engineering, physics,
chemistry, or anything else—can you give us an example of what
you would call a pure research in the physical sciences?

That is what bothers me—the liinit of my ideas. You have a lot
more knowledge.

Dr. RoLanD. I am going to cop out and choose one I am most fa-
miliar with and which comes quickly to mind. Again i is from the
space agency. Astrophysics is fundamentally understanding how
the universe was formed and how it functions. There may someday
be some practical payoff in that but I don’t think they are conduct-
ing it with that in mind. They are just trying to understand the
nature of the universe.

Mr. VoLkMER. The reason I ask that question is that in review-
ing this I begin to think and come up with this: Are we now so
knowledgeable and have we done so much research that the areas
cf pure research are now limited?

Dr. RoLanp. No. I think it is going quite the other way. If you
look, for example, at physics in the 20th century, it has gone
through cycles. There have been periods where just this belief was
at large, that we understood the atom so well now we had essen-
tially solved the riddle, and then we moved a little bit further and
found it was an entirely different structure than what we imag-
ined. We do not know where the end of that is. I do not know any
physical science, let alone the life sciences, where people operating,
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especially at the theoretical end of it, would say that they are any-
where near a complete understanding.

Mr. VoLxMER. As we look at the structure of what we have been
working with in institutions, universities and laboratories, where
would we find people who would be willing to do this pure research
in the physical life sciences?

Dr. RoLAND. I think there are large numbers of them. This is Jjust
an impression now, but probably larger numbers than those who
are actually working on pure research, because they cannot get
funding for pure research. They do directed research because that
is where the money is. Large numbers who don’t do that kind of
fwgvork now would be happy to do it if there were adequate funding

or it.

Mr. VoLKMER. Thank you very much, Mr. Chairman.

I appreciate your testimony very much. Perhaps we can incorpo-
rate some of this into the policy report. .

I also have to leave for another meeting.

Mr. LunpiNe. I have no questions, Mr. Chairman. I appreciate
the historic r.view and I will pay close attention to this testimony
because Dr. Roland comes from the finest university in America.
[Laughter.]

Mr. BrRowN. Dr. Roland, your contribution is extremely valuable,
probably more than even you realize. It helps us get at the funda-
mentals of the policy issues involved in support of science and tech-
nology. Only when we get at the fundamentals will we be able to
formulate secure policies which would best serve the country.

I specifically would like to commend your emphasis upon the
contributions which applications and technology make to science,
the conventional wisdom today being that the path is all the other
way.

I think your discussion of basic, pure, and applied science con-
tributes to an important debate, but it does not resolve it. In my
experience over the past 20 years these distinctions always are in
the eye of the beholder, not in the reality.

Dr. RoLAND. Yes.

Mr. BrownN. The contribution you make in focusing on that third
reason for supporting basic science is that it is an indispensable in-
gredient in the human condition which deserves to be supported. I
think that is the major contribution that you make, and it needs to
be emphasized in many ways.

We have this tendency always to think in terms of cost-benefit.
What this country needs today is a vision which will captivate
them, not a cost-benefit analysis.

Dr. RoLAND. I quite agree.

Mr. BrowN. That may well be the most important political
lesson we can learn.

Dr. ROLAND. Yes.

Mr. BrowN. The history of science would indicate that its very
beginnings stem from that insatiable curiosity to know what consti-
tuted the universe. We hear from myth it may have been shep-
herds sitting around at night in fields looking up at the stars that
created this problem. There is no question that was basic research
because there was no practical application. It was also a good illus-
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tration of how all science begins, in a taxonomic way. They were
there reiularly, and so on.

I think you were presumptuous in some of the statements you
made about the distinctions between physical and social sciences.

Dr. RoLAND. Yes.

Mr. Brown. The beginnings of physical science were not based
upon the knowledge of the regular world. They were based upon an
effort to understand a very mystifying world. There was a lot of
Fraying to the gods to help understand what made thunder and
ightning but no idea that it would be really understood.

We need to understand and think about these things, and your
contribution compels us to do that in a very important way.

Let me ask you this; the question of whether we should support
the social sciences and even some more obscure fields is an imﬂpor-
tant policy issue. Your contribution as an historian helps build a
case for the support of the social sciences.

You also have had some experience with the program on Science,
Technology and Human Values which is threatened with extinc-
tion. Rather than my making a strong stateme::t on this subject,
would you care, based on your own experience, to indicate what
you consider to be the ability of such a program?

Dr. RoLAND. Yes. I believe there are several, but perhaps the
most compelling is that as we come to live in an increasingly tech-
nological world, that is, in a world shaped increasingly by science
and technology. This should not drive the humanities and sociai
sciences into the background but in fact bring them more fuliy to
the fore, because the emphasis on technical education will continue
and we will be forced to function with the technology we operate
with. That is no guarantee that we will understand the social im-
plications. In the final analysis, the social implications are surely
the most important criterion. What does it benefit us to control
nature if we cannot control ourselves, if we cannot develop a socie-
ty in which our scientific and technological advance creates more
wealth and security for us?

As we become increasingly enamored of and controlled by our
science and technology, we are going to need more, not less, skills
in understanding how to manage them socially and make them re-
dound to our real long-term benefit rather than immediate materi-
al benefit.

We conduct at Duke a program in science, technology, and
human values which has this in fact as its major focus. It is origi-
nally directed toward students in the sciences and engineering,
Eremed students, to give them an opportunity to sample courses,

ear lectures, engage in discussions on the social implications, the
careers that they envision for themselves. The student response to
that, I understand, is significant enough to sugiest that this is a
real concern to thoughtful pecple going into these fields in the
future. We need more, not less, of that in the future.

Mr. BrRowN. Mr. Lundine, I have preempted this because I
:lvaited until last. If you would like to interrupt at any point, please

0 50.

Mr. LunpINE. Thank you. I appreciate that.

Dr. RoLAND. I would like to add, if I might, that I read with great
interest the agerda that your task force has prepared for itself. I
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am very, very impressed with that. It sugiests a very informed
committee and a very informed staff which understands all the
ramifications of what science policy is.

One of the things I was trying to suggest in my presentation is
that it behooves us to see all the complexities of this.

Mr. BROWN. At the risk of alienating my good friend, Dr. Holm-
feld, who did most of the work on this, I would say it is far from
perfect but it is a good start. [Laughter.]

It is besed upon long appearance before this committee of these
issues and questions in one form or another and a need to look at
them systematically.

I want to go bacK and focus on this issue you raised so well, the
importance of supporting science because of the need to encourage
thelfgxencise of unrestrained human curiosity, sort of science for
itself.

Dr. RoLaND. Yes.

Mr. Brown. I do that because obviously I agree with your point
about the importance of it. I want to stress again, however, that
there is no way I have ever found that you can separate this out. If
you take the purest work of Einstein, the relativity theory, it took
another generation before the development of the nuclear weapon.

Dr. RoLaNnD. That is quite right. The distinctica I would draw is
that was not Einstein’s purpose. That is the distinction I would rec-
ommend in dividing these up for different funding purposes, differ-
ent rationales. If that researcher is just pursuing understanding
and has no long-term agenda for how that understanding might be
applied, then that is pure or, if you prefer, basic research. Howev-
er, if the research is being conducted in the belief that increased
understanding of this field will lead to some practical applications,
then that is directed. Both of them are worthwhile and both should
be supported. However, I think we should understand the distinc-
tion between the two. They are very different rationales. The tax-
payer can understand one, I think, much better than the other.

Mr. BrowN. The scientists coming before us like to have it both
ways.

Dr. RoLAND. I can understand that.

Mr. BRowN. They always claim that there is an inevitable social
benefit from the pure research. Then, on the other hand—they
claim that pure research without any idea of benefit ought to be
supported for itself.

Dr. RoLaND. I understand.

Mr. BrowN. They want to get all of the Lenefits and none of the
problems. I say this about some very dear friends of mine who tes-
tify before this committee.

hat they are missing is the vital importance of the point you
are making, that no society can claim leadership which does not
support it. The earliest support—Newton, for example—came be-
cause of Newton’s prestige. This great scientific leader was impor-
tant to the King or Queen of England; I am not sure who was in
charge at that point. It was not done because Newton was going to
contribute to development of something.

Dr. RoLAND. One of my colleagues squested to me upon reading
this testimony in draft that, as he recalled reading Bush, he always
believed that Bush had one agenda to himself and made a different
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one because he thought that was what could sell. I think that is
true. I think the scientific community is still functioning under the
Bush agenda and that creates the inherent contradiction. They be-
lieve one thing, that pure science or basic science is worthwhile to
fund as an end in itself but they are not sure that they can sell
that argument, so they make an argument on practical applica-
tions. We would all be much better off if we just got out in the
open and said that and tried to make a case for pure science.

Mr. Brown. That is exactly why I am belaboring the point with
you. I would like the record to fully reflect that we are missing a
great opportunity to inspire the people of this country and to
search for world leadership much more effectively when we fail to
recognize the importance of supporting the sciences, probebly the
most important characteristic of the human condition.

Mr. Lusan. Would the gentleman yield?

Mr. BrRowN. Yes; I want you to help on this.

Mr. Lusan. Why is it important you make a distinction, anyway?
In other words, if your colleague’s experience is typical and you
can justify basic research as applied or vice versa, it would seem to
me 1t would be just as easy to contaminate pure and directed. { am
not sure why we need to make that distinction.

Dr. RoLAND. Because we are not having enough people do real
research. Picture the scientist in the university who is looking for a
research agenda. He might have a very theoretical, very abstract
pure science question that he or she would like to pursue but the
cannot get funding for thai tecause they cannot argue any practi-
cal return, so what they do—again, the terminology is very confus-
Ing—very often they will call it basic research that has some fore-
seeable payoff. As soon as that intru ies upon the question, to my
mind at least, that is not real pure science. That is a form of direct-
ed research, and we ought to have some funding for science that is
simply for pure research and then let the scientists by their pear
review system determine which proposal is most compelling for get-
ting those funds.

Mr. LuJaN. In ;our view should we have some kind of a set-aside
for pure research?

Dr. RoLanD. Yes. In many ways that is what Bush had in mind
for what he called the National Research Foundation which
became a considerably different thing as the National Science
Foundation. Tae distinction he drew was layers of Government offi-
cials standing between the scientist and the Congress, and what he
wanted in his National Research Foundation was an agency of sci-
entists that went directly to the Congress and said: Here is our pro-
posal for the research we think is most important to do. We cannot
Justify it all. We cannot tell you what the payoffs will be, but it is
our best judgment that this is the best research to be doing. And
then let the mission agencies of government within the executive
branch pursue the directed research and conduct energy research.

No matter how basic or pure people within the Department of
Energy would argue that research is, surely they have in mind
there will be some long-term practical use.

Mr. LusaN. You are not suggesting we return to that concept
where all of the NSF funding be pure resesrch and the other de-
partments of Government would do all of the directed?
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Dr. RoLAND. Because it becomes different from what Bush envi-
sions, perhaps not. I would be cowifortable with what he originally
suggested, that is, some agency or branch, some portion of the NSF
budget which was argued simply on the basis of pursuit of under-
standing without any foreseeable or projected payoff.

Mr. LusaN. Not that I cannot understand that, but my heart is
in politics. I would much rather go across the street to that gres*
deliberative body with a budget or proposal which had two-thi:ds
applied and one-third basic or pure. Then I could talk about the
former and say we have set aside so much for the latter. I would
not go across there and justify any amount of money without being
able to explain the application.

Dr. Rorann. That is why we have the problem we have, because
we have not educated the American people to understand these dis-
tinctions so we don’t dare try to make an argument about pure re-
search. We call it all directed in some way or another and predict a
payoff from it which often does not come true.

Mr. Brown. The point I appear to be making is one of unquali-
fied support and endorsement of your theories, the significance of
pure research. I think a more important point to be made is that
we have a seamless web. The key ingredient is the human curiosity
aspect. It is just as pure for that curiosity to be applied for a practi-
cal problem as it is an abstract problem.

Dr. RoLanb. Of course.

Mr. BrowN. I find myself fighting today probably even more
than for the support of basic research, for appropriate applied re-
search which contributes to the welfare of the country in a signifi-
cant fashion.

Dr. RoLAND. Yes.

Mr. Brown. I don’t make a distinction in terms of its impor-
tance, prestige, or other things of that sort, nor do I distinguish,
sometimes for political reasons, between the significance of physi-
cal or biological or social science research as long as they represent
what needs to be supported to help human beings.

What I am seeking to do is to create sufficient, first, political and
congressional understanding and then public understandiang of that
sc that the entire basis rests on a firm foundation.

Dr. RoLAND. Yes.

Mr. BROWN. Let the record show you enthusiastically agreed
with me.

Dr. RoLanD. I enthusiastically agree with everything you say.

Mr. BRowN. We have come to the end of time alloted for us. An-
other committee will usurp our place here. We will stand ad-
Journed until the same time next Thursday when our witness will
be Dr. Lew Branscomb, well known o most of us, and whose many
roles in science are well known.

Thank you for your contribution.

Dr. RoLaND. Thank you.

[Whereupon, at 9:33 a.m., the task force recessed, to reconvene
Thursday, March 14, 1985.]

[Answers to questions asked of Dr. Roland follow:]
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QUESTIONS AND ANSWERS FOR THE RECORD
Professor Alex I"oland

To what extent have the goals and objectives of U.S. relence pol fcy changed
since 19457 To what extent have these changes been a response to "crises"®,
and to what extent have they been In response to broader whanges In soclie-
ty's needs and wants? What elements have contributes or deterred from the
fiexibii ity and responsiveness of our science pol fey?

| don't belleve the United States has ever had a2 sclence pol lcy, not
even since 1945. We have, however, expected science to serve several goals
and objectives, and we have developed pol Icies and Instltutions Intended to
reach these goals and serve these objectives. There are numerous Instances
of thls; perhaps a few examples wiil suffice. The crestion of the Atomlc
Energy Commlsslon preceeded from the assumption that science had del Ivered
to the United States & new technology fraught with promise and danger; oniy
a special Institutional arrangement wouid guarantee that the potentials of
this new technology were controlied and explolted. The iational Scieice
Foundation was a compromise of Bush's plan for postwar mobilfzation of sci-
ence. It excluded the military and medicine and it gave the sclentific
comnunity less autonomy than it wanted but more than It had enjoyed before
World War 11. In response . the c~{sis of Sputnlk, the Unlted States cre-
ated the President's Science Advisory Commlttee, the National Aeronautics
and Space Administration, and the Advanced Research Projects Agency, and
passed the Defense Reorganization Act of 1958 (creating a Director of
Defense Research and Engineering) and the Natlonal Defense Education Act.
As these actions, some In response to crises and some not, suggest, we do
not have a policy; rather we respcnd ad hoc to probiems as they arise.
This has the advantage of great flexibility and responsivenass, It has the
disadvantage of Inconsistency.

Have Busn's rationales for tie support of basic research proven valid over
the past 40 years? For exwmple, has the historical re~ord, In your view,
showis scientitlc research to be indispensable to the miiitary and ¢conomic
security of t-s U.S5.7 Base! upon the histcry of the twentieth contury
technology, should we qu.stfon the truism that science leads ul timateny to
technol ogy?

1t must be recalled that Bush's rationaies for *Le support of basic
research were just that--rationales. He belleved that therv were real rea-
sons and good raasons for supporting basic research. The real reasons--
knowledge as an end In ftself and basic research as an undifferentiated
pool from which 1o grauw future technolcgy-~would not sell. Sc he Invented
good reasons: econamic and mid itary sccurity. This case he could rest on
the record of nis wartime Office of Sclentlfic Kescerch anc Devel opment.
ris  cientists had heen demonstrably more productive folloxing thelr own
nuses than th: rest of the sclientific and technical community who had been
danz'ng to the tune pipeo by the wilitary. And their work pald off on the
ba*tiefiel~, By simple extens'sn It followed that !f a comparable group of
scientists _ould work under sirflar conditions in the post-war world they
would prndice comparable wonde:s of practical appllcatlon for the milltary
and economl : well-belrg of the country. Secarity and grosperity, atter
all, sell is washington.
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You mentioned the Bush Report of 1945. As a historian, can you thed any
1ight on the Steelman Report which was done by a staft member In President
Truman's White House and which was published In 5 volumes In 1947, iwo
yesrs after the Bush Report? Why was that report comissloned and why do
we todey hear so much less sbout 147

| have heard of the Stwelman Report only brlefly and In passing.
Short of engaglng In original research (which I would be willing to do 1f
you are really Interested), | would suggest that your questton helps to
expialn the obscurlly of the report. Bush knew that flve-volume reports
never get read. He iimited that baslc text of Sclence--Tha Endless Fron-
tler to 34 pages.

Some, Including some historlans and soclal sclentists, have suggcsted that
the relationship between sclience and the Federai Government Is In the na—
ture of a soclal contract: The govermment provides certaln resources for
sclentists to expend in return for which they provide soclety with certaln
benefits, How do you view thls analysis, and haz It changed cver the
years?

It 1s accurate enough to viee the relatlonshl) between sclence and
the federal govermment as a soclal contrac*, but not, | think, very help-
ful. The real Issue Is always what the govermment gots--or expects--In
return for Its support. Primarlly it has wanted throughout our hlstory
practical returns on Its Investment. It Is Just as much of a soclal con-
tract, hosever, If the govermment geis onrly advancement of knowledge that
pure research brings.

You argue that the U.S. Government has historically viewed science as a
means to an end rather than as ¢n end unto [tcelf, and that government sup-
port of sclence has reflected that vlies, Yet you advocate the support of
baslc reseasrch ~ especlally In the 11fe and soclal sclences - for thelr own
sske. What historical procedents exlist for pursulng such a pollicy? What
are the historical Iimits Ilkely to be Imposed on such a policy by the Am-
erican polltical system?

The precedent for govermment support of basic research Is In the arts
and the humanities. The govermment supports those activities (hosrever mod-
estly) on tne falth that art and cul ture are hallmarks of a heal thy socle-~
1y. We do not ask what a poem or a painting do In return for government
support; the return Is Intangible and assumed.

The problem, of course, Is that the govermment has historically pro~
vided Ilttle more than token support for the arts and humanitles. Some
belleve that such activities are best supported by private funding. Others
find distasteful partlcul~r art or humanlstlic projects +he govermment
funds. Still ~thers, Irwacsed In the deep current of anti-Intel lectuallm
that flors benear. the sur‘ace of Amerlcan culture, consider all such en-
terprises to be a waste of time and money. Baslc research |s vulnerable to
all the same objections. Adoitlonally, poets and palnters are at least
harmless; sclentlsts might blow up the world.

o1
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You note that throughout humen history technology has led the way for sci-
once rather than the other way around, and that oniy in the last 100 years
has 1t become commonplace to view technology as applied science. Where do
we stend to.s? Is It possible 4o distingulsh same areas of technology as
cloarly science based and other arees of technoiogy as clearly not. Do you
see that es a steady-state situstion or as evoiving, and what are the poli-
cy implications?

Indeed some technologles are clearly sclence-based. Equally clearly
some sclences are technology based; l.e., we are able to 4o things before
we understa~d why they work the way they do. Asrodynamics Is a classlc
example of a modern sclence whose theoretical base has long tralled empir-
Tcal capabliities. Many other sclences, from solld state physics to mole-
cular chemistry, share the same characteristic. If there 13 o trend at
work here It Is probably that sclence, especlally the physical sclences,
ars becoming Increasingly emplirical while technology Is becoming Increas-
Ingly rellant on sclentific knowledge or at least sclentific method. it Is
more and more difficult to distinguish between empirical sclence and teche
nology, except that thelr goals are different,

You sugsast that the 1dea that sclentiflic res.arch will lead o practical
applicailons Is the “traditional American bellef". 1n your view, how far
back In our AIstory does that bellef go, and do you see It as uniquely
American?

Myst colonlal sclence In Averica was natural sclence, col tecting
flora aid fauna to add to the store of European knowledge. By the time of
the Re» olution, however, our premler sclentists, men Iike Benjamin Frank-
IIn, Thomas Jefferson, and Benjamin Rush, were turning thelr attentlion to
phys’cal sclences with practical applications. Ever since the Revolution,
Congress has been more willing to fund sclentiflic activity with practical
application than sclence for its own sake. This Is not pecullarly Ameri-
can, but it does sult our natlonal penchant for pragmatism and practical-
ity. .

There has been muw.h emphasis on the need to maintain U.S. foendership In
sclence across a broad front In order 10 ullow the U.S. to remain strong In
technology and International trade. Yet some countriec with a strong
sclence base, such as England, have fallen behind econmically, and some
countries with a weak science hase, such as Japan, have surged shead
oconomically. What Is the relationship between nationa! aci International
strength In sclence and economic strength?

Nathan Rosenberg has addresced the relationship of sclence and teche-
nical progress In his recent book INSIDE THE BLACK BOX: TECHNOLOGY AND
ECONOMICS (Combridge: Cambridge Unlversity Press, 1982). In surveyling the
literature on the subject he concludes:

"What Is clear and Is borne out by the histories of Eng-
land, France, the United States, Japan, and Russla over the past
two and a half centuries or so is that a top-quality sclentific
establishment and a high degree of sclentific originallty have
been nelther a necessary nor a suffictent condition for
technological dynamism® (pp. 13-714)
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| agree wholeheartedly and | recommend to you Professot Rosenberg's
entire book, which speeks to many of the questions ralsed in your
letter. The chapter "How Exogenous is Science" s the best retuttal
1 know of the conventional wisdom on technology as applled sclence.

It Is well recognized that the potentlal payoff In medicine or tech~
nology from an Individual research project can not be predicted.
Hovever, ve also know that broed flelds, such as, for example, ches-
Istry, yleld signiflcant practical beneflts., To what extent can and
should *the expectations of such payoff be used to deteruine the jev-
els of funding for sclence and for the Individual disclplines?

As | suggested In my original testimony, | belleve that the disparity
In predicted payoft of different scientlfic enterprises requires that sci-
ence be funded under two rubrics. Dlrected or spplied sclence should be
funded at a level commensurate with the expected payoff and the percelved
public need. Pure or basic research should be funded Independent of any
expectation of direct return on Investment. This level of funding would of
course be far more arbltrary, but then so too Is current funding for the
arts and humanlitles.

To your knowledge, have there been any reirospective analyses made to sys~
tematically evaluate the natlon's sclence programs In order to determine
«he ratlo of projects which led to technologlcal payoffs and those which
did not? What are the Inherent pros and cons of such studles? How might
the discipline of history be put to use to assist In the formation of a
rational, comprehensive sclence pollcy? .

Numerous studies have been u...ertaken In the last two decades evalu-
ating more or less directly the contribution of sclentific research to
technical advance. The DoD HINDSIGHT study of 1969 and NSF's TRACES study
of 1968 are the best known, but there are several others equally important.
HINDSIGHT and TRACES bave both been criticized for methodology and for
reaching foregone conclusions. More Importantly, perhaps, they and most of
the other studies reveal the Inadequacy of the soclal scliences to ansver
the baslc question of how sclentlfic and technical advance take place. Te
processes are simply too varied and complex and our methodology aiid data
are too incomplete. What are needed are more dispassionate, scholarly,
comprehensive case studles, such as, for example, Edward Constant's THE
ORIGINS OF THE TURBOJET REVOLUTION. 1f we hud enough of these they might
teach us only that there Is no simple pattern to sclentific and technical
advence, but that would be valuabie knawledge In 1tself.

You note that the physical sclences are "more readily quantiflable™ than
the 11fe sciences and the soclal sclences. Is this, In your view, & con-
ditlon that will continue Indefinltely, or should we expect the llfe and
soclal sclences to reach the same lovel of quantification and exactness as
the physical sclences?

All oxygen atoms have elght protons and all combine with two atoms of
hydrogen to form wate-. 1t Is possible *hat one day we will know as much
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ebout cells and hor they function, but that time Is not yet. We are stiil
classifylng and gathering dats. Our ebliity to predict Is primitive com-
pared to the physical sclences. In the soclal sclences, we are still fur—
ther arey from real quantification. We do not even know what Justice s,
let alone hav to count It. What we do count In the soclal sclences Is
behavior--hor pecple vote, what they buy, how they respond fv question-
nalras. Untll we learn why people bekavo the wey they do, until ve produce
some Newton of the soclal sclences, we will stlll function llke the an-
clents, gazing at the stars and concocting erroneous models to describe
vhat we cannot explain. | do not expect that Newton of the soclal sclences
will ever appear; f he or she does, free will and I1fe as we know 1+ will

change Irrevocably.
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GOALS AND OBJECTIVES OF NATIONAL
SCIENCE POLICY
(With Dr. John S. Foster, Jr.)

THURSDAY, MARCH 21, 1985

1I0USE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,
Task Force oN ScienNce PoLicy
Washington, DC.

The task force met, pursuant to notice, at 8:40 a.m., in room
2325, Rayburn House Office Building, Hon. Don Fuqua (chairman
of the task force) presiding.

Mr. Fuqua. Our task force will be in order.

We are very pleased to have a gentleman I have known for a
long time. He has had a distinguished career as the director of one
of the major national laboratories, Livermore; served as Director of
Defense Research and Engineering for the Department of Defense;
has served as vice president of TR ; and has received many distin-
guished awards for his service and as a member of the National
Academy of Engineering; Dr. John S. Foster, Jr.

‘ We are happy to have you here and we will be pleased to hear
rom you.

{A biographical sketch of Dr. Foster follows:]

Dr. John 8. Foster, Jr. was appointed to his present position in June, 1979, and is
res(ronsible for providing leadership to the company’s engineering, manufacturing,
and research and development activities.

He joined TRW as vice president, energy research and development, in 1978 and
1v98756 named vice president and general manager, TRW Energy Systems Group, in

Dr. Foster was horn September 8, 1922 in New Haven, Connecticut. He received
his B.S. from McGill University, Montreal, in 1948. He received his Ph.D. in Physics
from the University of California, Berkeley, in 1952 while serving as a staff member
at the University’s Lawrence Livermore National T.aboratory in valifornia. In 1979
he received an honorary Doctor of Science from the University of Missouri.

In 195% Dr. Foster became a division leader in experimental physics at the Law-
rence Livermore Navional Laboratory. He was promoted to associate director in
1958, and director of the Livermore boratory and associate director of the Law-
rence Berkeley National Laboratory in 1961. )

In 1965 Dr. Foster was named Director of Defense Research and Engineering for
DoD, leading the Department through one of its most critical periods of techno ogi-
cal development.

Between 1942 and 1945 Dr. Foster worked in the Radio Research Laboratory at
Harvard University, spending 1948-1944 as an advisor to the 15th Air Force in the
Mediterranean Theater of Operations. He spent the summers of 1946 and 1947 with
the National Research Council at Chalk River, Ontario. .

Dr. Foster served on the Air Force Scientific Advisory Board until 1956. Then he
served on the Army Scientific Advisory Panel until 1958 and was a member of the
Ballistic Missile Defense Advisoxéy Committee, Advanced Research Projects Agency,
in 1965. He also served, until 1965, as a panel consultant to the President’s Science
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Advisory Committze. Dr. Foster is an ex officio of the Defense Science Board, pres-
ently serving as Senior Consultant.

Among the awards he has received are the E:nest Orlando Lewrence Memorial
Award of the Atomic Energy Commisison in 1960; the 1971 H H. Arnold Trophy;
the Defense Department’s Distinguishcd Public Service Medal in 1969; election to
the National Academy of Engineering in 1969; the James Forrestal Memorial
Award in 1969; the Crowell Medal in 1972; the WEMA award in 1973; and in 1974
he received the Knight Commander’s Cross (Badge and Star) of the Order of Merit
of the Federal Republic of Germany. Dr. Foster is a commander, Legion of Honor,
Republic of France.

He is & member of the Nationa' Conference on the A.lvancement of Research,
American Defense Preparedness Association, Los Angeles World Affairs Council, the
National Petroleum Council, Stanford Research Council, Caltech Energy Advisory
Board, National Advisory Board of the American Security Council, National Securi-
ty Industrial Association, American Institute of Aeronautics & Astronaatics, and
the committee on The Present Danger, Department of Energy, Energy Research and
Developmert Advisory Board. He is a member of the President’s Foreign Intelli-
gence Advisory Board.

STATEMENT OF DR. JOHN S. FOSTER, JR., VICE PRESIDENT,
SCIENCE AND TECHNOLOGY, TRW INC., CLEVELAND OH

Dr. FosteR. Thank you, Mr. Chairman. I welcome the opportuni-
ty to spend a little time with you here this morning. At the outset
let me just say that I had the privilege of reading your report. I
must say you have taken on a very challenging task. You have
raised dozens of issues. There is no way I can ibly address any
of them in a substantive way this morning. However, I want to
thank ycu for the opportunity to think about it because to me it
was quite an educational exercise to read your report and then try
to think about what one might do with regard to each of those
issues.

Now let me come to my visit with you this morning. I have four
or five points which I think might be worthwhile commenting on at
the outset. The first point is that it scems to me that U.S. science
and its capabilities can be steered by the Government. It can be be-
cause it has been. The example one might give depends very much
on one’s vantage point in looking at the last 40 years. Let me just
suggest one from my vantage point an example.

First a word or two about this science and its capability This is a
fantastic national asset. The United States is preeminent in sci-
ence. We have some of the best people in the world, some of the
best facilities. We achieved those in part because of people who
came to the United States, just as many of our fore&et(l’lers did.
They came because of the people who were already here, because of
the way we run our science program, because of the facilities we
have, and because of the country we have. You probably cannot
measure the contribution of each of those. Anyway, that is what
makes this one of the greatest assets of our society. And that sci-
ence that we have is linked in an intimate way to the technological
base we have.

There is a particular churacteristic of this science capability we
have that I want to address when it comes to the matter of wheth-
er or not you can steer it, and how.

The essence of science is that everything can be questioned, in-
cluding the method. As a consequence, we found in this country
that our science community is largely self policing, and that fact
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has important implications about the kinds of things one might
want to do when it comes to steering the scientific community.

The example to which I would like to turn has to do with the
period of the sixties and seventies, the period when the United
States called on the scientific community to perform the feats that
we see pictured on the walls of the room here. When President
Kennedy called on the scientific community to perform that task,
our universities and a large fraction of our industries turned their
attention from a joint effort-- aamely, the universities feeding their
major customer, industry, with the best people and best practices
for manufacturing, maintaining our industrial competitive base—
turned those people to this massive challenge, and we succeeded.

In the late seventies and early eighties. the Government turned
dewn funds to universities, and as a consequence, at least from my
perspective, the universities then sought other customers, particu-
larly industry, so in recent years we have seen a growing number
of university-industrial arrangements growing up. It is coming at
an important time for industry because we have, in the last decade,
realized that industrial competition is now a global matter with
global markets, and we find in a number of areas we have to pulil
up our socks if we are to be competitive in the nexc decade or two.
Therefore, here is a priceless asset, our scientific and technological
community, which was steered by the Government, and has had
major consequences both to the prestige of the United States in
world opinion—we won the Science Olympics—but in the process
we made a major change in the orientation of the universities from
industry toward Government as a customer and now more back
toward industry.

My second point, it seems to me that it is important to :nake it
easier for the Government to attract good scientists into the execu-
tive and legislative branches. Putting it the other way around, I
think we have made it too hard. I remember when I first went into
Governmrent. That was the year it was decided that relocation ex-
penses would not be borne by the Government, and the University
of California paid my way.

More recently the conflict-of-interest concerns have made it more
difficult to attract people to Government who have any kind of
holdings in industrial concerns which might represent a conilict.
And, even more recently, there are restrictions on employment ¢ne
can seek after leaving the Government.

I know this is a very complicated thing but it really seems to me
that the national loss from having people who are short of the very
best in the country is far greater than what we gain by putting ev-
eryone through a screen to be sure there is no way he can possibly
have a conflict of interest.

I think somehow we ought to trust those individuals who choose
to serve to really do the best they can, and, I suppose, run the risk
that occasionally some of them will do something, inadvertently
perhaps, that looks as though it was in his personal interest.
Therefore, I think better people will lead to wiser Government
practices when it comes to steering this critical science ca ability.

My third point, it seems to me that there is a bridge out between
Government R&D and industrial R&D, private industry R&D. Not

ERIC 57

IToxt Provided by ERI




54

a bridge everywhere but here and there, there is a bridge out. Let
me see whether I can explain that.

In recent years it seems to me there is a Government emphasis
on taking on the long-rarge or high-risk, high-payoff efforts, where-
as industry, probably not in its best interest, has looked more &t
short-range and low-risk efforts. This naturally leads to a consider-
able gap between the kinds of efforts pursued by those in response
to Government effort and those in response to private industry
effort, and it raises the question as to whether industry could ever
leap that gap, because if the Government research and develop-
meént products are to provide a payoff they then have to be used by
industry.

In my experier. ., in looking particularly at the energy ares, it
seems to me that a number of the Government efforts were too
much of a stretch for industry to reach for, so the Government
effort, when it was completed, lay fallow, at least from the point of
view of U.S. industry. In a number of instances foreign industry
picked up that lead and used it. It is not really their fault. It is haif
ours. We should have found a way for Government and industry to
bridge that gap.

My fourth point, and. this is an old one for you gentlemen, but I
would agree we need to modernize our university facilities. Thirty
years of the project grant system, which has a lot of advantages,
seems to me to have put an awful lot of focus on the cne investiga-
tor-one project approach, and that focus has turned the support
away from the funding of instruments and facilities. Now, then, we
now have the feeling in the community, it seems to me, that our
universities lack modern facilities.

An examp'e that came to mind recently was a visit from Profes-
sor Lange from the University of Stuttgart when he came to the
company and gave a number of lectures to our people. The thing
that stuck with me was recognition that in his institute they have
a rumber of machines, a number of facilities, that are quite similar
to those used in their industrial firms, whereas in our universities
we seem in recent years to be able to afford only models of those
industrial machines.

A fifth point, Government laboratories. It seems to me that im-
proving the trend we have seen in the last few decades in our Gov-
ernment laboratories requires a joint executive-legislative branch
effort. I do not see that you can improve that trend by the execu-
tive branch alone or, in fact, the legislative branch alone. Govern-
ment is a customer for those laboratories. The value of the labora-
tory over the years depends probably more on the importance of
the mission than anythirg else. If the mission is not very impor-
tant, so probably is the laboratory.

It seems to me unrealistic to expect that the laboratory will be
very effective in serving either industry or universities because its
prime customer is the Government.

Therefore, if the mission is no longer important or if it no longer
exists, what we might think about is building down, to take a
phrase from the military side of things. If somebody wants another
laboratory in some region of the country, maybe we ought to see if
we can close two and build one, but we ought to face up to it.
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I believe accountability is a necessary function of the Govern-
ment. Perhaps it is useful to think about this accountability at per-
haps three different levels. There is the individual investigator. He
will always argue that it will take years, even decades, to see the
results of his efforts, but it does seem to me reasonable to give him
a year or two or five, but not to ask him every year how it is going.

At the program level it seems to me quite reasonable for an
agency to make a review each year by a panel of experts in that
area, at the field of science level. I would say every 5 years it is
quite reasonable to ask the NRC, as it is now doing, to undertake a
review of some major scientific field such as fusion physics, high-
energy physics, chemistry, or materials.

I would also ask and suggest that the Congress and the executive
branch ask the directors of the national laboratories each year
what the laboratory has contributed for the last 10 years. Admit-
tedly there are big contributions and then nothing might happen
for a year or two, and then another contribution. However, over
the years, if one funds a laboratory at, say, $200 million a year, you
know after 10 years it is reasonable to ask, “What did we get for
the $2 billion?” It is important that those people know that that
question is there and that they are going to have to address it.

Finally, let me just make a general observation. Recently Presi-
dent Reagan called on the scientific community to look at this
question of whether or not one could provide for a strategic de-
fense. That brought to mind the thought that it may be quite rea-
sonable for the customer, that is the people of the United States
and perhaps mankind, to call on the scientific community from
time to time, the international scientific community, and ask them
to address some of the major problems. We have some important
international problems, the weather. It is important that we under-
stand what makes the world’s weather. If there is a CO» question,
it is important that we understand what causes the various levels
of CO: in the atmosphere, what would be the effect as the tempera-
ture goes up at the poles, reducing the density, changing the posi-
tion of the winds, and, therefore, the world’s weather. These are
important to this country, important to all industrial and underde-
veloped countries.

Currently there is great concern about the progress of the arid
lands in Africa. That is an important question not just to the
veople in Africa but to the United States and around the world.
Have we reelly asked the scientific community to help us under-
stand what causes that and how we can come to grips with it?

I am just suggesting that as long as we are funding science as a
customer, it is important that we provide a little market pull on
that capability, so it is not just enough to fund the technological
push. One needs to provide a little market pull, so if cne can do it
at the international level it could be a very important contribution
to international cooperation.

That is all I have, Mr. Chairman.

[The prepared statement of Dr. Foster follows:]
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Statement of

Dr. John S. Foster, Jr.
Vice Prestdent, Science & Technol ogy
Inc.

before the

Task Force on Science Pollcy
Commi ttee on Sclence and Technol ogy
U.S. House of Representatives
March 21, 1985

Thank you, Mr. Chalrman. | welcome the opportunity to spend a little time
with you with you here this morning. At the ourset let me Just say that | had
the priviiege of reading your report. | must say you have taken on a very chal-
lenglng task. There Is no way | can possibly address any of them In substantive
way this morning. However, | want to thank you for the opportunity to think
about what one might do with regard to each of these Issues. | have selected
stx points which | think might be worthwhile commenting on.

First, however, | would like 1o say a word or two about our capability fn
sclences. This capablilty represents a fantastic nattonal~ asset. The U.S. iIs
preeminent In sclience. We have some of the best scientists and factlities In
the world. We achleved these In part because of the people who were already
here, because of the way we run our sclence program, because of the factlities
we have, and because or the country we have. You probably cannot measure the
contribution of each of them. Nevertheless, our ability to attract them fs one
of the greatest successes of our soclety. And It §s our strong capablilifty in
sctence Is linked in an intimate way to the technologlcal base we have.

The essence of sclence Is that everything can be questioned, fncluding the
method. As a consequence, we find in this country that our science community is
largely self-policing, and that fact has !mportant Implications about the kinds
of things one might want to do when It comes to steering the sclientiflc commun—

ity.

Thic brings me to my first point, which Is that U.S. science and tts capa~
bilfties can be steered by the Government. It can be because ft has been.

The axample one might glve depends very much on one's vantage point In 1ook-
ing at the lasi 40 years. Allow me to suggest one from my vantage pofnt. It
has to do with the period of the sixties and seventies, a perlod when the Presi-
dent called on the scientific community to perform the feats in spaca that we
see pictured on the walis of this room. When President Kennedy calied on the
sciaontific community to perform that task, our universities and a iarge fraction
of our Industries turned their attention away frem thelr joint efforts of main-
iaining our industrial competitive base. Many of the best people and best prac-
tices that were belng provided by universities to Industry were directed to this
massive challenge, and we succeeded.
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Then In the late seventies and early elghtltes, tue Govermment began Iimiting
funding to the unltversities, As a consequence, at least from my perspective,
the unlversities sought other customers, particularly Industry. Conseque tly,
In recent years we have seen a growing number of university~tndustrial arrunge-
ments belng establ ished. These are coming at an Important time for fndustry
because In the 'ast decade we have reallzed that industrial competition s now a
global mutter fnvolving global markets. We find that In a number of areas we
have to pull up our socks If we are to be competitive In the next decade or two.

In this example, we find a priceless asset, our sclentlflc and technological
communtty, belng steered by the Government with major consequences to the pres=~
tige of the United States In world optnlon. We won the Space Olymplcs, but In
the process made a major change n the ortentatfon of universftfes from fndustry
toward Government as a customer and now are steering It back again more toward
Industry,

My second point has to do with the Importance of Government making I+ easfer
to attract good scientists fnto the Executive and Legislative branches., Putting
[t the another way around, | think we have made It too hard. | remember when |
first went tnto Govermment. That was the year when It was decided that reloca-
tfon expenses woul d not be borne by the Government, and the University of Cali=-
fornfa patd my way.

More recently, confllict-¢f-Interest concerns have made It more difficult to
attract top people to Government who have any kind of holdings In fndustrfal
concerns which might represent a conflict. And, even more recently, restric-
tions on employment that one can seek af ter leaving Government have been tight-
ened constderably.

| know this s a very compl fcated Issue, but | bel feve that what the natton
loses from having people who are short of the very best In the country Is far
greater than what the nation gains by putt'ng everyone through a screen to be
sure there is no way he or she can possibly have a conflict of Interust.

| believe we ought to trust those individual s who choose to serve to really
do the best they can. | suppose this wili run the risk that occastonal ly some
of them will do something, fnadvertently perhaps, that looks as though It was In
his or her personal Interest. Nevertheless, | think better people will lead to
wiser Government practices when It comes to steering our natfon's critical cci~
ence capabiiity.

My third polnt s that here and there a bridge s out between Government R&D
and private industry. Let me see If | can explaln that.

In recent years, Government emphasis has been directed toward tsking on the
long-range, high~risk, high-payoff efforts, whereas Industry, probably not fn
its best interest, has focused more on short-range, low-rfsk effc ts, This

natural ly leads to a considerable 92p between the kinds of efforts pursued by

those responding to Government efforts and those responding to private Indusiry
efforts. It ralses the question whether Industry can ever lsap that gap. If
Government research and development prcducts are to provide a payoff they have
to be used by Industry.
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In my experience, 1ooking particul arly at the energy area, a number of the
Government efforts were too much of 2 stretch for Industry to reach for. There-
fore, when these efforts were completed, the result lay fallow, at least from
the point of view of U.S. Industry. In a number of [nstances forelgn Industry
plcked up the lead and used It. It Is not really thelr fault. It Is half ours.
We should have found a way for Government and Industry to bridge that gap.

My fourth point, which Is an old one for you gentlemen, has to do with mnd-
ernizing our untversity facilities. Thirty years of the project grant system,
which has a lot of advantages, has put a lot of the focus on research support to
the one Investigator ~ one project approach, and that focus has turned support
away from the funding of Instruments and factlitles. We now have a feelfng In
the community that our universities |ack modern factlitles.

An experlence which comes to mind was a recent visit from Professor Kurt
Lenge from the Unfversity of Stuttgart who came to our company to give a number
of lectures to our people. What stuck with me was the recognition that his in-
stitute has a numbor of machines and facllities that are quite similar to those
used In West German Industrfal firms, whereus In our unfversities In recont
years we seem to be able to afford only models of those Industrial machlnes.

My fifth point refers to Government iaboratories. It seems to me that im-
proving the erosion trend In our Government |aboratories we have seen In the
last few decades requires a jolnt Executive-Leglslative branch effort. 1 don't
bel feve that y.u can Improve that trend by the Executive branch alone, or, In
fact, the Leglslative branch slone. Government {s a customer for those |abora-
torfies. The value of these |aboratories over the years probably depends more on
the Importance of thelr misston thun anything else. |f the missfon [s not very
important, so probably [s the |aboratory.

It seems unreal Istic to expec’ a Goverrment 1aboratory to be very effective
In serving elther [ndustry or universities when Its prime customer Is the Gov-
ernment.  Therefore, If the missfon [s no longer Important or if [t no longer
exists, then we might thinn about bullding down, to take 2 phrase from the mll[-
tary. 1f somebody wants another laboratory In some reglon of the country, maybe
we ought to see If we can close two and bufld one, but we ought to face up to
it.

My sixth pofnt [s that 1 belleve accountabll ity of Envestmeats In sclence [s
a necessary function of the Government. Perhaps It Is useful to think about ac-
countabil [ty at three different levels. The flrst level Envolves the Indlvidual
Investigator. He will always argue that It will take yesrs, even decades, to
see the results of his efforts. It seems reasonable to give him a year or two
or five, but not to ask him every year how [t Is golng.

At the program level, however, It would be quite reasonable for an agency to
meke 8 review of that program each year by a panel of experts. Finally, at the
fleld of science level It Is quite reasonsble every flve years or so 4o ask the
NRC, as It Is now dolng, to undertake a review of such major sclentiflc flelds
os fuslon physics, high energy physics, chemistry, materfals, etc.
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| would also Iiks to suggest that the Congress and the Executive branch ask
the directors of national |aboratories each year what the laboratory has contri~
buted over the past 10 years. Admittedly, major contributious may come about
only after Intervening periods of two or three years. However, over ten years,
If one funds & laboratory at $200 mlllion a year, It Is reasonable to ask, ™What
did we get for the $2 billion?" It [s Important that directors of §aboratories
know that that question !s going to be asked and that they are goling to have to
address |t.

Finally, let me meke a general observaticn. Recently, President Reagan
called on the sclentific community to look at the question of whethar or not one
cocld provide for a strategic defense. That brought the thought to my mind that
It may be quite reasonable for the customer, that Is the people of the Unlted
States and perhaps mankind at large, to call on the International scientific
community from time to time to address some of the major problems facing the
world. We have some Important international problems facing the world. It Is
Important that we understand what makes the worl d's waather. What would be the
effects [f the temperature goes up at the poles of reducing atmospheric density,
changing the position of {he winds, and therefore, the world's weather? |f
there [s a question sbout COp, It Is Important that we understand what contri=-
butes to the varfous lcvels of C02 In the atmosphere. Currently, there Is also
grezt concern about the progress of arid lands In Africa. Such problems are im-
portant not only to the United Stotes but also to all the other natfons of the
world. Have we really asked the sclentific community to help us understand
these problems aud suggest how we can come to grips with them?

| am suggesting that as long as the Government Is funding sciunce as a cus~
tomer, it Is not enough to fund Just the technological push. One needs also to
provide a 1ittle market pull, If one can do It at the International level It
could result In very important contributions to international cooperation.

That Is all | have, Mr. Chalrman.
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DISCUSSION

Mr. Fuqua. Thank you, John, for a very thoughtful statement.

As to the last part of your statement, I recall a specific example
a couple years ago of an incident at Boulder. They just concluded a
series of studies on wind shear which I thought was very impor-
tant. I asked them whether they had shared that information.
Nobody had asked for it. I wanted to give that study particularly to
the Department of Defense becausc I thought it was important for
flying and teaching. And the response of the Department of De-
fense was, “Don’t call us, we’ll call you.” Here is something that
affects lives, and yet if we add up for a year the number of flight
hours the Department of Defense has—not only that but = mer-
cial and general aviation communities—you wonder how , .u lead
the horse to water and make him take sustenance once he gets
there. That is one of the problems.

You mentioned Africa. We have a lot of work going on in meteor-
ology in basic research throughout our colleges and universities.
Maybe we should direct our efforts more toward problems you
identified as well as in the African contirent. Do you have un
answer to that? Do you have a thought about it, perhaps?

Dr. Foster. Mr. Chairman, not much more than to suggest that
there is a tendency to be preoccupied with whether or not to fund
this, that and the other request at the expense of some others inas-
much as there is only a limited number of dollars available. I am
suggesting there is another side of the coin, and that is what do we
want this capability to do for us? Perhaps we don’t think enough
about whether or not a capability can help people who are paying
the bill, and in return perhaps we can provide some money to those
who would like to examine this or that area of science.

Mr. FuqQua. You mentioned the national labs. You have a van-
tage point, having been the director of one, and working perhaps as
a user in the Department of Defense and also with industry. One of
the concerns we have had is that we recognize we have a great
asset in our national labs, a great resource. I am convinced we are
not making adequate and full use of that for industry as well as
academia. It is like pulling teeth to try to get the labs opened up so
the graduate students can perform work there which industry can
utilize. It has been a very difficult thing.

I know David Packarl;iyheaded up a committee for the President.
I met with Mr. Packard several times. I think he made some very
good suggestions about that.

Dr. FostER. Yes, sir.

Mr. Fuqua. Do you have any suggestions about that? How do we
mal;le lt:}%em function more fully for the support of society’s needs as
a whole?

Dr. Foster. I have perhaps given up a little on this. My view is
that the first and most important aspect of this is to make sure
that the laboratory has an important mission. If it has a very im-
portant mission, then I would argue the next thing to be sure it
does not stray off into half a dozen other fields. However, if it does
not have a mission, then we had better find one or close it.

In the process of looking over that range of things, I realize that
a number of thoughtful people have suggested that there is a great
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facility and a good opportunity for graduate students and a Sreat
opportunity for the universities to become involved and for indus-
try to become involved. I am trving to suggest that from my van-
tage point that is a kind of 10 percent thing. These laboratories are
very, very expensive. They are great national assets, and as the
customer, the agency and Government share the responsibility to
be sure that the purpose of the laboratory is really there and is im-
pgortant If it is not, they share the responsibility to see what to do g
about it. ;

Mr. FuQua. When Vannevar Bush studied the conclusions made
40 years ago, he stated that it was important to have Government
involvement in basic and applied research. However, if Govern-
ment became too dominant in the field, then you might iinpede the
interest of private industry also to fund that type of project. Do you
ﬁ th?at imbalarce today? How do you perceive that as functioning

ay?

Dr. Foster. First, Mr. Chairman, I agree that one needs to hav»
a balance in both Government and industrial involvement in that
research effort, that national research effort. I believe it was imbal-
anced in the late sixties and early seventies, but it is hard to make
a decision as to whether that was right or wrong. We were respond-
ing to a call, a national call.

I believe it is now coming back into balance, and it seems to me
that the Government, in requcing the funds to the universities and
industry picking up joint arrangements with the universities, is
moving in the right direction. At the moment it is probably indus-
try which is lagging a bit. It needs to be galvanized a little more in
its own interest in hooking up with the universities.

Mr. FuQua. You think the R&D tax credits have attracted more
industry funds into that effort?

Dr. FosTer. It certainly has helped some, sir. I don’t know how
much is due to the R&D tax credit but it has helped.

Mr. Fuqua. Thank you.

Mr. Lujan.

Mr. LusaN. Thank you, Mr. Chairman.

John, you make a very interesting point combined with some
others we have heard. Let me tie them together as far s policy is
concerned and what we are to do about it. You talk about Govern-
ment steering the whole course of science. That is true because we
fund universities who do a particular kind of research, the labora-
tories with gpecific missions and in contracting with the various
companies to get done what we want done, so we do steer.

Dr. Pimintel, our first witness, said we are the envy of the world
in our scientific endeavors, and if it ain’t broke, don’t fix it. Leav
it alone; it is functioning.

If you could sort of summarize this whole thing as to whether we
need to change our science policy or merely define it a little clearer
80 that we understand what we are doing, looking at it from the
standpoint of whether we should be more interested in end use or
knowledge and just research, = Nobel box score and that sort of
thing, and the long term versus the short term, how are we better
off? Is it by changing it or simply redefining the definition or steer-
ing us into a new course?
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Dr. FosTter. Mr. Lujen, the question at first blush seems to me t¢
be a little too tough.

Mr. Lusan. That is what we are trying to do with this Science
Policy Task Force. What do we do? I am asking you the same ques-
tion.

Dr. FcsTer. I understand, but you will have 2 years and I have 2
minutes. I understand Dr. Pimentel’s thought about if it ain’t
broke, don’t fix it. There is a problem, however. I don’t believe it is
busted, but I am not convinced it is not bent. It might be bent a
little here and there. Because it is such an important asset, because
it can be so valuable to our future, it seems to me we ought to see
that if it is bent in the wrong direction we ought to do something
about bending it in the right direction. I believe that is important.

An important thing, perhaps, is to ize that our scientific
capability is so pervasive in hundreds of large universities, hun-
dreds of large industries, that it cannot move left or right on an
instan’s notice. It in fact takes years, tgerhaps even a decade, to
make a rather major change. If that is the wrong direction, it then
has to take decades to come back. The cycle inside a university is
like a decade, so it is very important to do in fact what the descrip-
tion of your purpose says; namely, take a very careful study before
one chooses to make ever a slight change in course or a slight
change in practice.

I have suggested that it is ?erfectly reasonable for the Govern-
ment to expect an accounting for the expenditures. And I have sug-
gested it is important for the Government to think sbout what it
would like out of those expenditures as well as to review what the
scientific cummunity offeis and wishes to do. The combination of
those two things perhaps represents our best interest. I have sug-
gested there is an important international aspect here. We have
magnificent tools to look at a number of big problems and we have
a lot of brains. But there is a real opportunity here in these inter-
nationai problems to use not only our tools but others, and not only
our brains but others, and toqether the challenge between these
nations is a very healthy challenge. We will get more for our in-
vestment.

Mr. Lusan. You discussed the laboratories with the Chairman.
There is one area where we have complete control over what we
will pursue by the method of funding. Those discretiouary funds
that the directors have, are they used primarily for specific short-
term projects or are most of them used for pure science? What use
is made of those discretionary funds generally in your own labora-
togrand in the others?

. FosTER. It has been 1965 since I was director of the laborato-
ries so I am not sure to what degres my experience at that time
relates to what is going on now. Let me make two or three points
about the matter of discretionary funds for the director.

First of all, I think they are important. We ought to have them.
How much in terms of percentages is not a good guide. It is more
in the nature of what is goi.ll_iém in the laboratories. In my experi-
ence the funds were extraordinarily useful to take care of exciting
opportunities, immediate problems, where you knew that thie was
something that a laboratory really ought to do with a small
amount of effort, a really important thing to examine, or this is a
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problem which has to be taken care of right now, the thing to do
was to put the people on it, and at the same time go and explain to
those to whom you report, if it looked like it was going to be a
rather substantial amount of money, to gain their un erstanding of
how you are managing the program and their understanding of
what was going on. Without that, I thirk you begin to deny the
management of the laboratory’s sense of responsibility to do the
right thing.

Mr. LusaN. Not defire it to the point of where we want to shape
what they are going to do? That is what you are saying?

Dr. FosTER. Yes.

Mr. LusAn. I agree. I was curious as to where most of it goes,
whether to put out tl.c fire or really to do some substantial build-
ing.

Dr. FosTER. My experience was with relatively short-term money
because next year, if it turned into a relatively large opportunity,
there would be a description of the program or if a problem re-
mained there would be a description of the problem, so it is a sort
of 1-year thing.

I do feel strongly not only in having that flexibility but also in
holding the manager accountable.

Mr. Lusan. Thank you.

Mr. FuQuA. Mr. isrown.

Mr. BrowN. Dr. Foster, you raised a number of interesting policy
areas that we still do not seem to be able to get a handle on. . the
third point you made in your list you talked about the bridges be-
tween Government and industry in terms of the scientific research
programs not being adequate, and you suggested that in part it was
because of the Government’s focus on the long range, more funda-
mental research, and industry on the spposite enc of the spectrum
and a gap in between.

We observed that over a number of years but we have not been
able to come up with a solution to that problem which is adequate
except in a few cases. We seem to have done a little better job of
solving that in the agricultural field where from the beginning we
created the whole spectrum.

Dr. FosTzR. Right

Mr. BrowN. And we did not seem to have a fear that Govern-
ment was going into the agricultural business in competition with
the farmers, but we do have that in industry to a considerable
extent. There is almost a paranoia that if the Government gets in-
volved in that place in the middle of the specirum where there is a
potentially large commercial payoff that that is inappropriste. We
are grappling with that right now in the space program. We want
to divest the Government from the Land Satellite Program, but we
are not doing a good job of it.

The question is, How do we provide the long-range research,
transition it to the stage where it really does have commercial ap-
plication, and take care of it in adequate fashion so it becomes part
of our commercial-industrial base?

We even made mistakes in terms of the communications zatel-
lite. We spun it off at Comsat. We got out of the basic research
when we should not have, and then we got back into it again.
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How do we cover that policy area in an adequate fashion, mini-
mizing the distress it seems to have caused, and recognize that o
ultimate goal-—and I know of no disagreement on it—is a healthy,
full-fledged, private enterprise operation of those p which
are important, but with an adequate transition to.that situation
where 1t is n ?

Dr. Foster. Mr. Brown, I think you understand the problem
better than I do. To me what you said would seem to be rather key,
this business of a continuum that we have in agriculture, an ongo-
ing continuum. Some of those programs you are dealing with,
which seem to be problems, are not ongoing, however. They are a
project, admittedly very expe ‘ve project.

One thought that might x .seful to think about is the example
we have in the Defense Advance Research Projects Agency created
right after Sputnik to against future Sputniks. I recall set-
ting up, as a matier of poiicy, a requirement that when DARPA
wanted to get into sometgi.;g they had to have a plan at the outset
of how they were going to get out of this. There were two ways out
of this, because the program was only a few years long. Either it
was to stop or it would be picked up and continued by an operating
service. Therefore, from the outset, the service was brought in, like
the Air Force or the Army or Navy, they were brought in in the
plan(;x' e sofit was hzla:;vgare of what iltu;lasnsll);, hghhad 1;}
mind—the big far-reaching, exciti igh-ri igh-payo
project—and realized that the service had to decide whether to pick
1t up and continue its funding or express no interest, in which case
the project would die. It seemed to me that recognition from the
outset, that termination Zate was there and those alternatives were
clear, helped to make the program more effective and to bring
about the transition in the most sensible way.

Perhaps we have not found the best way to involve industry at
the outset. Maybe we have not made it a requirement for industry
to be involved in a serious way at the outset.

Mr. BROwWN. Obviously part of the problem has been that situa-
tion we describe as the adversarial relacionship.

Dr. FosTer. Right.

Mr. BrRowN. ich has been fairly common between industry
and Government.

Dr. FosTer. Right.

. Ml;.egaown. And I think we see signs it has been somewhat ame-
iorated.

Dr. FosTeR. That is right.

Mr. BrRowN. But we have not yet gotten over the hurdle. DARPA
has a major situation in the computer communications field where
ther are funding a long-range supercomputer program, and they
will have to get out of it at some point.

Dr. FosTeR. That is right.

Mr. BROWN. After they have met the needs of their own custon-
ers, when they have been convinced private industry will pick it up
and meet the needs of customers in that way.

Dr. FosTER. Yes.

Mr. Brown. What I am talking about here is some focus of deci-
sionmaking which will decide— DARPA done enough in this
area? Is it being transitioned adequately? I am not confident we
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are making an adequate judgment in that area. Mai;be DARPA is
doing better than average, I don’t know. However, there are other
areas where I know we are not doing as well as we should be doing.
I guess you don’t need to answer that question.

Let me take up one additional point. You sort of offered up a
challenge that we ought to do something to stimulate the world-
wide scientific community to look at the big groblems; you men-
tioned the weather, and so forth. We tried to do that. It has been
15 years ago that the scientific community said we ought to take a
big look at global weather. We ought to have an overall program.
We enacted the legislation to do that. It has been a flop, frankly. It
has not been a complete failure, but certainly it was not as ade-
quate as it should have been.

The reason for that is that I think there gre ebbs and flows in
the appreciation of what is a big global problem. What is attrac-
tive? CO2 was in all the headlines for a long time. I have not seen
a word about it recently. You can name other large scientific areas
in the same category.

We tried to institutionalize the process of keeping these in the
forefront. We acked, when we set up the Science and Technology
Policy Act, that there be a mechanism where we take a 5-year out-
look, and we do this every year, to keep elevating the high priority
problems. Yet that seems to have faded in terms of the e’fective-
ness. I think the reason that has faded is because we did not con-
ceive of the entire process. To be effective, that needs to permeate
not only the scienti?ic cemmunity but the public because the public
makes the final decisions as to what is important enough to budget
another $100 million, for example. I do not think we have done
that. Can we do a better job in that area?

Dr. FosTer. Obviously we can. Obviously we have to. I agree with
you tiat it is a matter of doing a more complete job rather than
Just asking questions once a year, laying the plan of expectation,
and that the complete list and consideration of each of the ele.
ments in that list will be examined in some detail. The expectation
of that and funding for efforts depend on satisfaction in analyzing
and reviewing each of those elements. Then it seems to me we will
do better.

Mr. BRowN. I hope so.

Mr. FuQua. Mr. Lewis.

Mr. Lewis. Dr. Foster, let me apologize for missing your early
presentation. I am interested in your opinion, and you may have
covered this, whether we are observing a degradation of our scien-
tific faculty and community, and what should the role of Govern-
ment be in relation to the private sector to try to upgrade our sci-
entific community if we are, in fact, falling behind?

Dr. FosteR. Mr. Lewis, I don’t know really whether our scientific
community is improving in quality or degrading, really. One thing
is_probably true, and that is that our role, compared to that of
other nations around the world, probably of necessity will decrease
as other nations make investments in science and technology, na-
tions that have not done it in the past, as they go from near zero to
some very small amount by our scale. We no longer have the domi-
nant and commanding position we once had. That isn’t bad. In fact,
that is probably good.
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I am aware that there are a number of people who are concerned
because on the faculties of U.S. universities and in the graduate
student program there are more and more people from other na-
tions, andr%%s seems to be of concern. It is not clear to me that
that is bad. You know, the fact is that this is a nation of immi-
grants, and it is what made us great. The people who come to this
country are generally the very best, and we have done well because
of that in the past. Therefore, I am not so sure that we should take
action to prevent those who come to us from other countries from
getting a grsb—class education.

We should also make sure, of course, that those who would like
to get a first-class education in this country can do so.

Mr. LEwis. One final question on this. Do you feel we should be
looking at upgrading our disciplines? Are we in need of more
Ph.D.’s and more masters in engineering and science than we are
bachelors?

Dr. Foster. I don’t believe I am the best witness on that Tllles-
tion, Mr. Lewis. I think obviously it depends very much on which
field you are talking about.

Mr. Fuqua. How about coming from industry? Does your compa-
ny have enough engineers?

Dr. Foster. It is my job in TRW to ask those kinds of questions,
and having been at one time a scientist, and so on, I asked that
question. I have some expectations. You see, I feel we can always
be better off if we had more Ph.D.’s, and so on.

I find that in some areas the arswer is ves, we would like to
have more Ph.D.’s, and in other areas the answer is no, we don’t
think we would be better off with more Ph.D.’s. We need more
people, for instance, who have a B.S. or an M.S. in mechanical ep-
gineering.

More recently, what we have been trying to do is to encouragse
the universities to turn out students who are trained in manufac-
turing. There was a tendency during the sixties for the universities
to turn from what you would call engineering practices to engi-
neering science. When they made that turn, then the product from
the university going into industry was much more interested in the
scientific aspects of industry than they were in, say, the manufac-
turing aspects of industry. That hur. us. Now, then, since we are in
this global challenge, and competitiveness is the name of the game,
we are looking for people who really understand manufacturing.
Yes, then, there is a shift there now, and a number of universities
are beginning to go back and examine what it takes to provide ex-
cellence in manufacturing.

Mr. Lewis. Thank you.

Mr. BRown. If I may follow up on that.

This condition of getting adequate supplies of trained manpaower
seems to follow curves.

Dr. Foster. That is right.

Mr. BrROwN. There is a shoriage of good nuclear engineering
right now.

Dr. FosTER. Yes.

Mr. BrRown. It used to be an exciting field and many people
wanted to get into it. The same thing influenced electric utilities
and water utilities. Yet today these are becoming high national pri-
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orities, to get people into these fields who understand the problems,
which are changing very rapidly after having been static for so
many years. Of course, we assume that the normal forces of supply
a}l!ld demand will meet this, but it does mean a 10-year lag or some-
thing.

Dr. FosTeER. Exactly.

Mr. BrowN. We need more foresight to reduce the lag and not
substituting some fiat but substituting a little smarter strategic
planning or something of that sort.

Dr. FOSTER. Yes.

Mr. BrowN. I wondered about whether we should address that
problem in some fashion as part of our science policy. I have not
seen a good handle on it. I bring it up because perhaps you can
think of a better way we can reduce that lag as proklems become
urgent and yet we do not have the trained manpower and do not :
develop it for a number of years, although ultimately we do—and
then we get a surplus for a while.

Dr. FosTER. I agree with everything you say. It is just a fact. De-
spite the excellence in our educational process and understanding
of the supply and demand law, we manage to go through the most
violent cycles decade after decade—dire predictions of shortages
only to be faced with surpluses within a matter of 10 years. This is
such an expensive thing in terms of the lives of individuals that it
probabl:- deserves a little more attention than we have been giving
it. I was delighted to see, in reading your study report, that you
plan to examine what has happened here historically and try to get
a handle on the mechanisms which drive this.

Obviously there are very different constants involved. When in-
dustry finds that it would be useful or necessary to go into a cer-
tain iield, it then imposes & very high demand. it can do that in a
matter rf months. Yet it can take the universities 4 to 8 years to
re¢,0naq, 8o you have a mismatch in the time constants.

There is another alternative to this and that is to retrain, to
transfer over from one particular adjacent field into the one that is
in need. Perhaps when we see these crises, we do not first turn to
that alternative and arrange training procedures to pernit a more
rapid response.

Mr. BROWN. A closer coupling between the universities and in-
dustry will help.

Dr. FosTER. Yes.

Mr. BRowN. You commented we are moving toward that.

Dr. FosTeR. Yes.

Mr. BrowN. We are looking at that in this study, the longer-
range demographic trends which bear on this. It is a separate
curve, but it relates to the changing needs of industry in a very im-
portant way sometimes.

Thank you.

Mr. Fuqua. Dr. Foster, thank you very much. We appreciate
your sharing your time with us. Your contribution has been very
valuable. You have given us the benefit of your thoughts which are
Important to us.

Dr. Foster. Thank you, Mr. Chairman. I enjoyed being here. 1
| learned a lot.
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[Whereupon, at 9:40 a.m., the task force recessed, to reconvene
Thursday, March 28, 1985.]

[Answers to questions asked of Dr. Foster follow:] K
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QUESTIONS AND ANSWERS FOR THE RECORD
Dr. John S. Foster, Jr.

QUESTION #1

In your view, should one of the goals of government science policy be to
achieve and maintain, as a matter of national prestige, U.S. leadership across
the spectrum of science, or should we share or yield leadership in some areas
of science to other countries?

ANSWER #1

1 believe it would be inappropriate for the U.S. to seek predominance
across the entire spectrum of science solely for the purpose of national
prestige. However, I belfeve we should Pursue science to serve human and
natfonal needs, and to do so we should seek and maintain the capability of
making pathbreaking discoveries across the entire spectrum. In some areas
we should maintain scientific leadership as a matter of national security
and welfare; such as national defense, energy, food production, health and
medicine, natural resource developrant, weather predjction and control,
etc.

UESTION #2

-
4

4
There has been much emphasis on the need to maintain U.S. leadership in
science across a broad front in order to allow the U.S. to remain strong in
technology and international trade. Yet some countries with strong science,
such as England, have fallen behind economically, and some countries with a
weak science base, sucn as Japan, have sur?ed ahead economically. What is the
relationship between national and internat onal strength in science and
economic strength?

ANSHWER #2

Natfonal strength in science needs to be balanced with strengths along the
entire technological chain if scientific discoveries are to be translated
into useful products and services. With today's speed of communications,
scientific discoveries and refinements are transmitted around the world
almost instantaneously. The nation best positioned to capitalize on
scientific potentials for their “downstream” technological and marketing
developments will roap the benefits in terms of economic development and
international trade. We need to constantly examine if any bridges are ont
along our own scientific-technological chain in order to be first to
benefit from our strong scientific pase.
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QUESTION #6

The current Aduinistration has shifted the principal rationale for government
funding of research. Instead of emphasizing the technological pay-of f, the
stress has beea on the training of a new generation of scientists as the
principal benefit yielded by research grants. In your view, how many
scientists do we need in the coming decades and to what extent will the
current levels of research funding meet that need?

ANSWER #6

I have no hard data upon which to respond to this question. However, I am
of the opinion, based on current recruiting trends, that the numbers of
engineers and scientists being matriculated in the fields of electronics,
computer sciences, and communications are runring far short of demand.
Furthermore, the disparity between supply and demand will likely increase
in coming decades. The choke point is generally attributed to an
insufficient supply of professors for educating the needed talent. 1
believe that if increased research support could have the direct effect of
increasing the number of available faculty in these fields some of the
expected shortfalls in talent could be corrected.

QUESTION #7

In your experience, is the problem of foreign-national scientists and
engineers working in industry on gov-:rnment contracts a serious one todev?

ANSWER #7

We find it very difficult to employ foreign-national scientists and
engineers in our government contract research because of the necessary
restrictions of physical access and requirements for securing clearances.

I assume it is not a serious problem for industry at large engaged in
non-classified goverrment work.

QUESTION #8

Industry has always provided modest amounts of funds for specific research
projects by university professors. Recently, this has received increased
attention and some growth of funding. Under what circumstances does industry
elect to provide such support? Should government policies and incentives be
changed to influence the types and levels of such funding?

ANSWER #8

1 believe that much of the recent growth in government-university
cooperative support of university research has been tied by industry to
the recruiting of top talent in selected areas and good will. Therefore,
the degree to which this type of support can be further leveraged by
government policies and incentives is probably 1imited. Tax incentives
which will further increase industry investments in that university
research focused on industry's needs could result in some additional
funding growth.
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QUESTION #3

Im the last few years the Defense Department has resumed a stronger role in
funding university research. This has met with support from those arguing
that support from all possible sources, including all the mission agencies,
aust grow, and with concern from those arguing that a growing military

presence on campus is undesirable. What s your view of DoD support of
university research?

ANSWER #3

The DoD is dependent on the best scientific minds in the country to assist
in developing those defense technologfes essential to our natfonal
security. In our society most of these great scientific minds reside at
universities and colleges. Generally, research sponsored by the DoD at
these universities and colleges 15 basic or applied research suitable for
graduate research dissertations and publications. 1 believe this research
is appropriate and necessary. Most concerns in recent years have arisen
over research that involves publication restrictions in the interest of
classification or technology transfer controls. Generally, research of
this nature is more appropriately conducted at off-campus research
fnstitutions, industry, and DoD laboratories.

QUESTIONS #4

It is well recognized that the potential payoff in medicine or technology from
an individual research project can not be predicted. However, we also know
that broad fields, such as chemistry, yield significant practical benefits.

To what exten® can and should the expectations of such payoff be used to
determine the levels of funding for science and for the individual disciplines?

ANSHERS #4

I believe that the quality of research, ability to perform, and
scientific integrity are the principal criteria to apply to the
sponsorship of university research. However, “"expectation of utility*
would be an additionally useful determinate in setting levels of funding
fer the engineering science disciplines.

QUESTION #5

In discussions of the government science budget, much stress has been placed
on providing new funds for new initiatives in emerging areas of scientific
promise. Why should we not expect a comparable group of areas within each
discipline which have "peaked" or been “mined out" and where consequently some
funding decreases can be made?

ANSWER #5

I believe that in a budget-constrained environment, peer and internal
reviews practiced not only by the NSF but aiso by other government
research granting agencies will cull out many of the research initiatives
which have "peaked" or are "mined out". Periodic program reviews by
external expert reviewers are also helpful in closing down programs that
are no longer productive in order to make room for new initiatives.
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GOALS AND OBJECTIVES OF NATIONAL
SCIENCE POLICY
(With Dr. James B. Wyngaarden)

THURSDAY, MARCH 28, 1985 2

HoUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,

TAsk Force oN Science Pouicy, cw

Washington, DC. ‘

The task force met, pursuant to notice, at 8:33 a.m., in room :
2318, Rayhurn House Office Building, Hon. George E. Brown, Jr.,

presiding. ) ]

Mr. BRowN [acting chairman]. The task force will come to order.
. We are very pleased to have with us this morning to discuss the
Important subject of science policy, Dr. James B. Wyngaarden, who
18 the Director of the National Institutes of rlealth. He has had a e
distinguished career in the health sciences and in policy issues ,
with regard to science in general. . ) ) !

We are delighted that you could be with us to participate in this
exercise, Dr. Wyngaarden, which I am sure ycu understard is a
rather lengthy effort to review where we stand and where we are
going in the general area of science policy and see whether we can
sort of reevaluate the status of science today and perhaps 25 years
?fltler to see whether there is some course and direction we might

ollow.

_ This will not be formal. I would like to have you take as much
time as you would iike to present your own ideas. Then we will
have a little discussion with you on these matters. Other members
will wander in as you p;oceeci.

Welcome to our meeting this morning. .

Our ranking Republican member, Mr. Lujan, is here.

Mr. LusaN. I have nothing to say at this point except I am glad
to see Dr. Wyngaarden.

[A biographi al sketch of Dr. Wyngaarden follows:]

Wyngaarden, Dr. James B., Director, National Institutes of Health,

Born.—October 19, 1924. East Grand Rapids, Michigan.

Education.—Calvin College, 1942-43; Western Michigan University, 1943-44.
M.D., University of Michigan Medical School, 1948,

Professional lIistory.—-1948-52, Intern and Resident, Massachusetts General Hos-
pital, Boston 1952-53, Visiting Investigator, Public Health Research Institute of the
City of New York, New York. 1953-54, Investigator, National Heart Institute, NIH,
1954-56, National Institute of Arthritis and Metabolic Diseases, NIH. 1954-56, Clini-
cal Instructor in Medicine, George Washington Universitxi Washington, D.C. 1956-
59, Associate Professor of Medicine, Duke University Medical Center, Durham,
North Carolina. 1959-61, Associate Professor of Medicine and Biochemistry, Duke
University. 1961-65, Professor of Medicine and Associate Professor of Biochemistry,
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Duke University. 1963-64, Visiting Scientist, Institut de Biol ie-Physiochemique, 3
Paris. 1965-67, Frank Wistar Thomas Professor and Chairman, Department of Medi-
cine, and Professor of Biochemistry, University of Pennsylvania Schoo] of Medicine,
Philadelphia. 1965-67, Physician-in-Chief, Med‘;cal Service Hospital of the Universi-
ty of Pennsylvania. 1967-82, Frederic M. HBanes Professor and Chairman, Depart-
ment of Medicine, Duke University. 1967-82, Physician-in-Chief, Mecucal Service,
Duke University Hospital. 1981-82, Chief of Staff, Univemits\;i!{ospital.

Professional Organizations.—American Academy of Arts and Sciences, American
Association for the Advancement of Science, American Board of Internal Medicine,

American Clincal and Climatological Association, American College of Physicians, 3
American Federation for Clinical Research, American Rheumatism Association, 2
American Society for Clinical Investigation, American Society of Biological Chem- :

ists, Association of American Physicians, Endocrine Societs\‘r),c1 itute of Medicine,

Interurban Club, National Academé'oof Sciences, Southern Society for Clinical Inves- ¥

gﬁtion, Sigma Xi, Council of the Government-University-Industry Research Round- A
e.

Honors, Awards.—University Scholar in Profeseional Schools (Medical), Uni sersi-
ty of Michig;a.rl‘:i 1946. Alﬁha OmegafALlﬁha (Univemits of Michigan), 1947. Cum
o

laude with Honors, Universit igan, 1948, Dalton Scholar in Medicine,
Massachusetts General Hospital, 1948, Consultant to the Durham Veterans Admin- :
istration Hospital, 1956-G5 and 1967-82. Honorary Membersi.ip in the Italian Socie-
ty of Rheumatology, 1961. Consultant to the Philadephia Veterans Administration N

ospital, 1965-67. Consultant to the Office of Science and Technology, Executive
Office of the President, 1966-72. Sesquicentennial Award, University of Michigan, .
1967. &?Oinwd to the President’s Science Advisory Committee, 1972. Consultant to :
the Food and Drug Administration, 1972-78. Modern Medicine Award for Distin-
ﬁxished Achievement, 1974. Election to the National Academy of Sciences, 1974.

orth Carolina Governor’s Award in Science, 1974. Apgoin to the President’s
Committee for the National Medal of Science, 1977-80. Founder’s Medal Southern
Society for Clinical Investigation, 1978. The John Phillips Memorial Award Ameri-
can Colleéﬁ of Physicians, 1980. Honorary Membershiﬁ in the Socied J Medical Ran-
tiago de Chile, 1981. Fellow of the Roi}lal College of Physicians of London, 1984. Dis- :
tinguished Alumuns Award, Western Michigan University, 1984. B

STATEMENT OF DR. JAMES B. WYNGAARDEN, DIRECTOR,
NATIONAL INSTITUTES OF HEALTH, BETHESDA, MD

Dr. WyNGAARDEN. Thank you.

I appreciate this opportunity very much and commend the com-
mittee for this undertaking of a very important subject.

I thought I might begin with a number of historical references, ;
perhaps well known to everyone, but nevertheless I cannot resist
pointing out we are approaching the 100th anniversary of the Na-
tional Institutes developed in 1887. We trace our origins to a one-
room laboratory on Staten Island set up in 1887, in what was then
the Marine Hospital Service, designed primarily to addres~ prob-
lems of infectious disease of immigrants and merchant seamen.
The problems that dominated the scene then were typhoid and
cholera. Four years later that laboratory was moved to Washington
and had several locations in the District before eventually being
moved out to Bethesda in the thirties.

During the Second World War, as you knuw, many parts of the
Nation were mobilized for the v ar effort, including many universi-
ty scientists who participated in contract research of value to the
military. After the war those contracts were moved to the NIH to
be administered.

In 1944, as a consequence largely of the Bush Report, the Public
Health Service Act created the National Institules of Health and
combired two laboratories previously ree:lly unrelated. One was the
National Cancer Institute that had been started in 1937, and the
other was this descendant of the Staten Island Laboratory, which
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at that time was called the National Institute of Health and was |
largely concerned with infectious disease problems. The National ]
Institutes of Health was born then. In the subsequent several years
additional irstitutes were added.

Essentially, when Dr. Shannon became Director in 1955, the total
budget for the NIH was in the neighborhood of $98 million. "When :
he retired 13 years later, it had passed $1 billion. During that 18-
year stretch the average rate of increase in purchasing power was
24 percent per year. About 1965 or 1968 that leveled o , and when
the budget passed $1 billion, there was a fairly extensive congres-
sional review of the NIH activities, headed by Congressman Foun- .
tain from Nocth Carolina, and the budget since that time has ik
grown at a much slower rate. In fact, the overall rate of owth
from 1968 through 1984 was 2 percent per year in purchasing
power, so you can see the NIH has had definite phases to its ¢
growth—very slow growth. It was still a very small Institute in the '
1940’s, and then it had a remarkable period of growth and much
more of a steady status in the Institutes for the past 15 years.

During those days of expansion from, say 1950, a number of im-
portant principles were established. One of these is the peer review
system, which developed in two phases. One was the injitial review
by a disciplinary study section for committees that would evaluate
grants for technical merit—scientific merit, and feasibility.

Then a second level of review was made by the councils of the
individual funding Institutes, which looked once again at the deci-
sions of the study section hut considered other jssues as well—
policy issues, program relevance of the proposed research, geo-
graphical distribution, and other matters of that sort. That two-
tiered peer review system has stood the test of time very well. It
has been emulated by many other groups around the world.

The primary mission of the National Institutes of Health as de-
fined in the 1944 legislation is to conduct research of potential ben-
efit to the health of the American people, and that has been our
overriding sense of mission ever since. It has some corollary fea-
tures, vne of which is to supply training for the scientists who con-
duct this research. Since a pattern developed that 80 percent of
this research is done through grants and contracts to university
scientists, the work has been predomir:antly conducted not in na-
tional laboratories but in academic settings. Corollary features are
those which concern the infrastructure; that is, the adequacy of fa-
cilities, including the equipment used in the laboratories. Those
four factors have been major features; that is, the support of the
research project itself, support of training, support of the equip-
ment, and support of facilities.

We use other mechanisms to accomplish our work, but the bulk
of the work is still done through the project grant mechanism, but
we employ contractors from time to time. Those are really ques-
tions of whether a proposal may involve a product to be acquired
or work to be conducted to produce a specified result, in which cuse
a contract may be useful. We use contracts for clinical trials where
we control the multiinstitutional activity.

However, the bulk of our support is in the research project grant
which is viewed not as a contract but as a grant in aid to enable
the scientist or a group of scientists to pursue the ideas which they
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have. They are clearly structured along a defined and predicted
line, but there is a great deal of flexibility built into that, because
in the case of the biological sciences more than in other sciences,
we are much more dependent upon the unex discovery than
we are on the completion of a tightly designed project.

I have the sense that physicists can gather around a table and,
basged ou existing data, predict the existence of some particle that
has not been discovered and then set out _precisely to discover that
particle. Biological science rarely works that way. It is very much
more dependent on a scientist doing work and discovering some-
thing unexﬁcted and then finding that it is a clue to a potential
discovery that has not really been anticipated, and then moving in
that direction following up these very exciting new leads.

We feel that our 1aission involves a balanced investrient in the
pursuit of new knowledge and in the agglication of that knowledge
to better define predictable outcomes. We huve protected the
budget for the aspect of discovery. At present something more than
60 percent of our budget is classified in this stan system as
beiniin support of basic work; that is, pursuit of basic knowledge

hich at the time it is conducted does not have a precise applica-
tion in mind. It is simply an ir /estment in new knowledge in hio-
logical science.

e have, of course, an aspect of accountability in this. Most of
our awards are made for 8 years. My own view is that that is a
little short in many cases. We are addressing that question, as to
whether we should move back toward longer awards, which was
the case a decade or twc ago. At any rate, at some point—3, 4, or 5
years—the scientist reepplies, and we have a chance to review the
progress and decide whether the high promise has been fulfilled
and whether it is merited to continue the award for another de-
fined pariod of time. There is an aspect of accountability built into
this, but it i not an annual complete review, though we do have
annual progress reports which are studied. We want to make sure
that work is going forward as proposed and consistent with the
original a?plication.

In the field of biomedical science we are in a stage of halfway
technologies in many areas. Lewis Thomas 1:as a classic example of
this, which is not a new one but it still applies. That is the iron
lung stage of polio treatment, which represents a coriplex stage of
incomplete understanding and a very expensive one. That, of
course, is replaced when it is possible to prevent the condition, in
this case by the vaccine.

We have many examples of that. I think we are at the halfway
technology stage in heart disease with bypass sum, and in
kidney disease with dialysis and transplantation. ile we are
doing what needs to be done to handle the care of patients with the
most modern scientific and technological approaches possible, we
are also investing in further understanding of basic phenomena in
the hope that we can prevent more and more of these conditions.
In fact, prevention strategy is one of the very prominent themes of
biological research. Using rather standard definitions of public
health schools and text, we classify about 25 or 28 percent of all
the research that we do as in the prevention category. This in-
cludes, just as one example, "f*uj accelerated vaccine development
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program. We have identified 10 or 12 conditions of very high priori-
ty for development of new vaccines.

There is great emphasis currently on the field of technol
transfer. There was a time when felt {hat its mission was ade-
quately addressed simply by promoting scientific research in a vari-
ety of fields and pubhsﬁ'i.ng that research. :ialf a dozen years %o 3
or more, the emphasis became somewhat broader than that. We
consciously developed mechanisms for accelerati% the application
of that knowledge in the practice of medicine. We set up a new
office called the Office of Medical Applications of Research in the
Office of the Director. This Office does a number of things.

One of its important activities is the organization of consensus
development conferences. These cover maybe 8, 10, or 12 topics a %
year, bringing in experts with a variety of points of view about that
development to discuss the state of that field and issue a statement s
which is not an NIH statement. It is done by contract. This is a .
public statement. That statement advises the medical profession on
the apﬁlication of research developments in that particular area.

We have had a very recent conference on obesity, which has re-
ceived some publicity. We have had one on control of serum choles- "t
terol values, diet, that sort of thing. We are quite conscious of now .4
supporting everything from the very basic exploration of new ideas
to the application of those' ideas in clinical applied work, to the g
evaluation of those new developments in terms of their optimum
apf:lication in the practice of medicine.

liked the statement that Jay Keyworth published some time
agg which summarizes, I think, the general attitude that we share
about basic research: that is that it is something that can only be
done on a scale that is currently practiced with Federal support.
Basic research warrants Government support because it is an in-
vestment in the future and in a better quality of life, better securi-
ty, better economy, and simply a better understanding.

We have for 40 years taken as our mission, as I indicated earlier,
the conduct of research of potential benefit to the health of the N
American people. We are currently examining a somewhat broad- )
ened sense of that mission. This is, again, stimulated in large part
by some of the comments that come out of OSTP having to do with
the responsibilities of the agencies such as NIH toward maintain-
ing industrial competitiveness and technological leadership.

e have scheduled a meeting of the Director’s Advisory Commit-
tee in June to examine that issue. The whole field of biotechnology
has grown up in large part because of NIH support. In the fifties
and early sixties we had a very large investment in bacterial physi-
ology, bacterial genetics, simply because we thought that it was
worthwhile to develop a be.ter understanding of cellular mechin-
ery. There was no suggestion or dream at that time 'that it would
spawn an entire new industry, but it has.

As a consequence, we are now at a stage of enormous contribu-
tions to health based on the use of bacteria as factories for produc-
ing new proteins and new agents of various kinds, which is extend-
ing far beyond biomedical science into agriculture, chemicals, and
8o on. That grew out of work 90 ’Fﬁrcent of which was NIH support-
ed over the past 20 or 80 years. There is a question whether we are
doing all we should be doing in terms of ensuring the health of the
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biotechnology industry and our national leadership in thic area.
We are going to be examining that issue more carefully.

In my view, it has a parallel in the story I just told about the
shift in our sense of responsibility for the use of knowledge devel-
oped in the biomedical field. We have moved past the point of feel-
ing that our responsibility has been met simply when the w ork is
published. We have, also, a role to play in ensuring the application,
the appropriate application, and periodic evaluation of the use of
that knowledge. We are going to be exploring this with a number
of gutside consultants and the NIH Director’s Advisory Committee
in June.

I mentioned a few minutes ago that 80 to 81 percent of the NIH
budiet is spent in other institutions. Actually 12 or 3 percent of
the budget is spent intramurally on research conducted at the Na-
tional Institutes of Health. About 81 percent is spent in grants and
contracts to some 1,250 institutions throughout the United States.
We support somewhere in the neighborhood of 50,000 or 55,000 in-
dividual scientists to some extent in their work through a total
array of 22,000 or 23,000 different grants and contracts.

In addition, we have a small ameunt of our budget spent in
international work. That figure has been fairly stable at about 1.5
percent of our budget for the past 10 or 15 years. It consists of half
of that amount in projects conducted overseas or in other countries.
A great deal of this is in Canada. About half of that is in support of
scientists working in this country or in international conferences,
that is, without any line budget for that. That is just the way it
turned out. It bas been fairly stable.

With respect to the four-fifths of the NIH budget expended in
grarnts and contracts to other institutions in this country, addition-
al statistics may be of interest that indicate the scope of the col-
laboration in health research between the Government, academia,
and increasingly also industry; 60 percent of all research funded by
the NIH is performed by universities.

Mr. REp. What was that?

Dr. WYNGAAPRDEN. Sixty percent. This difference between the 60
and the 81 percent consists of research conducted in perhaps free-
standing hospitals or institutes or industry; 60 percent is in the
universities.

We estimate that, of the health R&D funds used by universities,
77 percent comes from the Federal Government, chiefly from NIH,
so the extent of interdependence there is quite clear.

In 1983 the total national support for health R&D was about
$10.4 billion. Of that, 37 percent was supplied by the NIH, 38 per-
cent by industry, and 25 percent by other Federal, State, and local
governments, and private nonprofit organizations.

Of the amount supported by the NIH, we classified about 61 per-
cent as basic werk, somewhere around 31 percent as applied, and a
small amount, 8 percent, in what we call development work. Even
there that is not quite the same way industry would use the term
“development.” For example, we use “development” for the late
stages of vaccine programs when they are at the stage of clinical
testing.

From the standpoint of industry, on the other hand, about 10
percent is basic, and the rest is applied developmental work. There
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is a continuum there with a little overlap, but most of the basic
research done in industry is still fairly well product directed for
that industry’s interest, whereas ours can support good ideas wher-
ever they may potentially lead. In our view this represents a very
nice balance and excellent collaborative venture between the
public and private sectors.

I might say a word about the patent side of work supported by
NIH. In many areas of Government, patents are obtained, but they
are on inventions that are not marketed. I understand in Defense
there may be a procurement issue there that has a different goal
from ours.

We have sought since 1968 to capitalize on any kind of discovery
made with support of NIH funds. Since then, v » have negotiated
institutional patent agreements with 80 universities through which
they can retain ownership of grant-generated inventions.

However, since the patent and trademark amendments of 1980,
that concept has been applied to all Federal agencies. Our interest
is not a financial one; it is one to make sure that any discovery of
potential benefit to the American people is explcited. We have
march-in rights if there should be some failure to do that. We hav.
never had to use them. .

Of the 1,226 NIH-sponsored pa‘ents i:sued since 1961, both extra-
mural and intramural, 452 have been licensed. That represents a
37 percent licensure rate, which is a substantial rate of commer-
cialization when compared to the Government-wide average of less
than 2 percent.

We are now in the third year of the small business set-aside pro-
gram which has increasingly brought small businesses into the
arena of NIH-supported work. In the first year of that we awarded
$6.5 million, actually exceeding by $500,000 our quota for that year.
The following year we made 201 phase I awards and 46 phase II
awards, amounting to about $21 million, again exceeding our set-
aside requirements by, in this case, $275,000.

That has brought a new category of institutions into the portfolio
of NIH-supported work. There are still a few rough spots in most
relationships, but I think it is going very well. This year we are
increasing by law the amount that is in that program to 1 percent
of our R&D hudget.

We have a lot of collaboraticn with industry that stretches back
over the years. Pharmaceutical companies, for example, have fre-
quentiy donated drugs for use in clinical trials. In fact, we have a
few examples in which the actual expense of the clinical trial has
been shared between NIH and industry. We have had jointly spon-
sored conferences in many areas.

We are also developing some new programs of interaction. I have
already mentioned the Director’s advisory committee meeting on
biotechnology to be held in June. In all likelihood, this will open up
some new opportunities for collaboration with industry.

We have also met recently on two occasions with some of the of-
ficers of the Industrial Research Institute—their Federal Science
and Technology Committee—to explore ways in which we could
interact even more effectively. I plan to acziress their major fall
meeting to discuss some of the opportunities and policies at NIH.
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We will schedul:'lferhaps two major scientific conferences at the
NIH to which we will invite industrial leaders.

We are exploring ways in which more members of industry’s sci-
entific staffs might spend short periods of time, tperhapts even a
whole year, in our _intramural program as part of the company’s
sabbatical system. We have such people now. We have a few from
American industry. We have to have more from foreign industries.
We may have been overlooking an o portunity that should be de-
veloped domestically. We plan to do that.

I mizht say a word about return on investment, because there
have been substantial sums spent in biomecical research. There
was a book published in 1979 by Selma Mushkin entitled, Biomedical
Research: Costs and Benefits, in which she and her coauthors
address the degree to which biomedical research has accounted for
trends in reduced costs in illness, as measured by reduction in pre-
mature death and loss of work time.

She concludes that 30 to 40 percent of the reduction in mortality
rate and 39 percent in the reduction of objective sickness rate can
be attributecf,:o biomedical research. In fact, in terms of economet-
ric models, she states that, overall, the return on the investment in
biomedical research from 1900 to 1975 averaged 13 to 1. For every
dollar invested, there has been a thirteenfold return to the general
economy. That rate was higher in the early part of the century,
when the infectious disease rates were coming down and the ex.
penditures were small, but for the last 30 years of that, from 1945
through 1975, the rate was still 6 to 1.

In addition, our Office of Medical Applications of Research stud-
ied some time ago snme developments that grew out of support of
our medical science that have entered the general economy outside
the health care sector. There are some very interesting examples of
that. For example, the freeze-drying technique was criginally devel-
oped as a method of preserving proteins against deterioration.
Now, of course, it is the basis of—I am not sure about this coffee,
but at least a lot of instant coffee and other foods. It is a very im-

rtent component of the industry. There are other examples: flexi-

le endcacopes, enzi;mes used in the stabilization of beer, and so on.

They took 10 such discoveries and they found these returned $37
billion to the general economy. That F ppened to be a year when
the NIH budget was $3.7 billion, a very cor.venient 10-to-1 ratio.

I might just cite a couple more recent developments that I think
are very exciting. One is from cardiology and one is from neurolo-

gy.

Prior to birth, there is a slot between the left and right side of
the heart that enables blood to circulate in the fetus without
having to go through the lungs completely. That little artery nor-
mally closes off at the time of birth or shortly thereafter. However,
in some children it does not close and requires a surgical proce-
dure. That has been done for many years.

Recently, it has been discovered that ¢ rug, indomethacine, will
promote closure of that slot, thereby obviating the need for surgical
procedures. That drug was deveicpd in large part with NIH sup-
port. We estima‘e we put J)erhaps $5 million over many years into
the development of that drug and its scientific basis. We alzo re-
cently conducted a multicenter clinical trial that cost another $5
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anillion. So we invested about $10 million in that drug and proce-
ure.

The former cost of care for about 15,000 to 20,000 infants per
year we estimate as being close to $200 million. That iz the cost of
surgery plus a week in the intensive care unit. The total cost of
treatment with this new drug for the entire country is $800,000.
That is a development that has reduced the cost for the individual
patient from $9,000 to $40.

We have another development in the field of plasmapheresis for
Guillain-Barre syndrome, a neurological complication of viral infec-
tions. It is a paralytic state that requires extensive time in inten-
sive care units. The use of the plasmapheresis procedure hi s great-
ly shortened the length of time that such patients require in the
respirator by 11 days and has reduced the time that is required to
recover the ability to walk by somewhere between 80 and 90 days.
We estimate that that procedure, the trial of which cost about
$900,000, has saved $385 million a year in costs for these patients at
the hospitals in the general economy.

We could cite others. Those are two recent ones, but I think it
does illustrate that the investment is paying off handsomely.

The new vaccine for hepatitis B, if fully used, has a potential of
saving $4.3 million per week in hospitalization costs for that condi-
tion.

I mentjoned earlier that the budget of the NIH has been more or
less stable now for 15 years with an overall growth rate of about 2
percent per year in purchasing power. During that period of time,
we nave shifted resources into the project grant category because
of the large number of excellent projects which have been proposed
and because of our declining ability to fund as much of the work as
we might have otherwise funded.

This shift into research grant categories obviously was at the ex-
pense of certain other mechanisms, including contracts, clinical
trials, and training. So about 5 years ago, as a consequence of the
study on research goals that was conducted when Mr. Califano was
the Secretar{l, a policy of stabilization was propseed. The fuill ex-
pression of that policy called for protection of all of these catego-
ries to maintain a certain balance, but also suggested that a mini-
mum of 5,000 new and competing awards be made each year as a
device for smoothing out the enormous fluctuations that had oc-
cuarred over the grevious several years which had resulted in fig-
ures as low as 2,900 and as high as about 6,500 such grants being
funded. It was felt there was considerable merit in eveloping a
policy of a predictable number of such awards each year. Other-
}vise, the new people coming along really faced a very uncertain
uture,

That has been done, and we have since that time been able to
maintain the £,000 number as essentially a target figure. Tt was
conceived initially as a floor. It has since !))'ecome th a floor and a
cgialbiﬁig, but, at any rate, it has provided a substantial measure of
8 ity.

We have during this period of time, in the early seventies until
now, heen able essentially to double the number of such awards
made per year in this investigator-initiated 6)roject grant category
from something around 9,000 or 9,500 in 1970 to about 18,000 over-
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all last year. At the same time the applicant pool has tripled.
While we have doubled the number of awards, the applicant pool
has tripled. I think that is an expression of the number of talented
people who have found biological! science an exciting career to
enter. At present, we are funding an average of one-third of the
projects that are approved hy study sections, whereas roughly one-
half was the figure a decade ago. It does mean we have to be very
selective in assigning priorities to what we perceive to be the most
highly promisinﬁ. work. That is where the peer review system that
I mentioned earlier is so indispensable.

We have a number of topics on our agenda looking at the extra-
mural awards, system. My sense is that the degree of competition
that has grown up in the past decade has had some effects on the

tem that were not entirely anticipated. I has been a subtle
shift, it seems to me, from the investment philosophy in science
and scientists to one of more of a procurement mentality with a
great deal more careful and, in some cases, overly picayune review
of grants, looking for minor flaws that would Justify a lower priori-
ty because the comwetition is so intense.

We have some “ions a8 to whether this may not have had a
subtle negative efi.  on the creativity of the scientists. It might be
hard to document, vut there is a tendency to be very cautious, to
propose only things that are reasonably sure of execution. Many of
our advisers have commented in the same manner to us, that they
think this perhaps has not been the healthiest development. We
are looking at ways in which we can simplify the system, perhaps
move it back more toward the investment mentality, perhaps stabi-
lize investigators somewvhat more by providing longer awards
where they really are warranted.

We have addressed that question during the last meeting of the
director’s advigory committee and other outside consultants and
are in the process of drawing up some implementation plans right
now.

DISCUSSION

Mr. BrowN. Dr. Wyngaarden, we would like to save a few min-
utes for questions.

Dr. WYNGAARDEN. This is the end of my prepared remarks, so it
is & good time.

Mr. BrRowN. You anticipated us.

Your remarks have been extremely valuable in illuminating this
whole area. We very much appreciate it.

I am going to recognize Mr. Lujan first for questions.

Mr. Lusan. I have just a couple of quick ones.

Is there an{g:ing that inhibits your running of NIH as you
would in the absence of those obstacles? Are there some things that
you would like to proceed with?

Dr. WYNGAARDEN. No; I don’t see any major constraints of that
sort. I think in common with every other agency and every other
institution in the world we have to live within a budget. There are
some things that we cannot do for lack of funds, but actually the
budget has permitted a stable program now for a decade r more.
We are able to support the very best science.
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Mr. Lusan. In the avea of medicine, that costs big bucks, particu-
larly today—take heart transplants, for example, and that kind of
market—as a very basic question, can we depend on those big
dollar incentives to really drive research?

Dr. WYNGAARDEN. There has been a substantial reduction in the
incidence of heart disease. The death rate from coronary disease
has declined by about 25 percent in the pasi decade; by stroke,
even more than that. That ig in large part attributable to improved
health care, some of it lirectly re'ated to NIH-sponsored research,
such as better control of hypertension, which is maybe the single
most important factor.

I think there is a greater appreciation for preventive measures
for atherosclerosis, which is control of the fat content of the diets,
that grows out of NIH research.

We do not presume to take credit for all of that because some of
it is due to lifestyle changes and other factors that are certainly
not directly NIH-related. That is bringing -down the costs.

The other side of that, of course, is that procedures that are used
as part of the halfway technology stage I mentioned earlier are
very expensive. We do continue to evaluate those. A large study
funded by the Heart Institute helped, I think, to define the criteria
for cardiovascular =1rgery, for bypass surgery, and recommended
that there was a .airly substantial group of patients who ® ad
minor symptoms which could be controlled medically that did no¢
need surgery. We do address those issues, although our charge is
not primarily the cost of the health care system. Obviously, we
impact on it.

Mr. Fuqua. Dr. Wyngaarden, you indicated that about 60 per-
cent of your budget went into basic research.

Dr. WYNGAARDEN. Yes.

Mr. FuQua. It was generally on a 3-year cycle, most of the grants
were.

Dr. WyNGsARDEN. Yes; the average was 3.

Mr. FuQua. Last week we had Dr. John Foster here. I don’t know
if you know Dr. Foster or not. Ee has been the Director of the
Livermore Lab and has been involved more in physics than in any
type of research that NIH would be connected with.

He indicated from his perspective that when they set up DARPA,

I think it was, they warned him {hat when you started into basic
research, they wanted you to have a plan for when -you got out;
when would it be complete or when would it b accomplished? Do
you work that way, does NIH, or do you see that as an impeaiment
to further research?
. Dr. WYNGAARDEN. I think there is a difference between research
in physical science and biological science. Some of our most basic
research would be velz difficult to analyze in that manner at the
time it is done. I think the example I gave was bacterial genetics,
which led to DNA discoveries. This new industry could never have
bee”r;e%redicted in that manner in the fifties and sixties when it was
star . .

It was started then with the feeling that, if we knew more about
genetics and inore about cellular development and control, it would
open up new avenues, new insights for understanding diseass,
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which indeed it has done. However, the industrial outcome of that
I'think in a way came as a surprise to most peop:e.

I think we feel in a general gense that new knowledge is going to
be useful in the understanding of disease and in the deve opment
of therapeutic and prevention strategies, but it is very hard to pre-
dict just where a given piece of new information or a given theme
of research will find its application.

In fact, it even illustrates, I think, the declinin rationale for
some of the NIH organizations that we havs, in that two of the
most important discoveries in diabetes in the past year were not
even made in our Diabetes Program. One came out of the Dental
Institute and one came out of the Eye Institute.

Mr. Fuqua. That is very interesting.

Dr. WYNGAARDEN. There is an enormous sense of confluence of
science, and the common language is science. Whether it is labeled
immunology or bacteriology or ph siology, nevertheless, it is the
mechanism for coming together. The tools are so powerful, the
DNA techniques and antibody techniques are becoming standard
tools in all branches of biological science. Therefore, it is very hard
to know where a discovery will have its ultimate application.

Mr. Fuqua. On a broader philosophical vein, the last jor
report on science policy was the Bush repert about 40 years agnc:.ai)o

ou see that the importance of science and Government’s responsi-
ilitfy in science has changed very much in 40 years? What do you
see for the next 40 years?

Dr. WYNGAARDEN. I think the insights of that report have been
amply validated. I think the next 40 years will continue to require
a major Federal investment in the support of basic science. The in-
stitutions that have evolved, and collaborative relationships be-
tweer Federal support of academic institutions, and the li e of
academic institutions and industrial components for their capitali-
zation or for commercial applications, represent a very healthy
system. I cannot really see any substitute for the investment of
large amounts of Federal money in basic science. Even the entry of
more ﬁruilvate sector money into this field—it may double or triple—
is nothing on the scale of the Federal support. I cannot imagine
anﬂm jor shift in that distribution of responsibility. .

r. FuQua. Thank you. Mr. Packard.

Mr. PACRARD. Doctor, higher and higher health costs have
become a great concern to the American people.

Dr. WYNGAARDEN. Yes.

Mr. PACKARD. Research and development have produced technol-
ogy and equipment that hus generally increased the cost and cer-
tainly increased the quality of service to the people. The costs cer-
tainly have reflected that increased technology. You have given
two rather graphic examgles of how technology can reduce the cost
of health care. Is it possible to develop a strategy and a policy that
would lead to a greater emphasis .on seeking cost-saving research
and equipment in contrast to the rapid increase of health care
costs as a result of the high technelogy we have developed in the
health care field?

Dr. WyNGAARDEN. I think the answer is yes. I am not sure on
what sort of microscale, but certainly as an overall [Jhilosophy and
policy statement I agree with thet. It is reflected, for example, in
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our emphasis on prevention because the ultimate saving is in pre-
vention.

In those areas where there is a possibility of moving faster
toward prevention strategies, we are attempting to do so. One of
those I mentioned is the accelerated vaccine development program.
We have about 10 candidate vaccines that we have given very high
priority to in the sense that, if we put a larger resource, a larger
effort there, we may make progress more rapidly. I think that is \
important. . :

In terms of the large degenerative diseases or ones which cost so
much in terms of health carv>, cardiovascular problems, for exam-
ple, we need to make sure thai we do not overlook any opportuni-
ties in developing further understanding - the basic path of physi-
ological change. Arterosclerosis, for example, is behind a great
many of thege. Immunological responses in kidney disease are ones
that we need to gain insights into.

We have to pursue those with a steady vigor ‘o turn out the kind
of discovery that will turn these fields around. We are making
progress, but still care is going to be expensive.

Mr. PAckARD. My interest in this direction would even be more
acute among the elderly. If my figures are correct, 80 percent or
more of the entire lifetime cost of health care falls within the last
year of a person’s life, and therefore that is where the greatest
burden of cost falls. It would be of interest to me if we could devel-
op our policies to encourage research and development in the area
of cost-saving mechanisms and approach to medical care particular-

R ly among the elderly.

Dr. WYNGAARDEN. The arterosclerosis example, of course, is one,
but a better one for your purpose right now might be Alzheimer’s
disease. That is a good example because our concept of Alzheimer’s
disease has changed remarkably in the past decade. We have a
major emphasis on that field.

The barden of illness and health care coats certainly is one of the
factors we take into consideration in setting priorities.

Mr. Packarp. I have other questions, but I will put those into
the record.

Mr. BrowN. I would like to interject one comment before I recog-
nize another member.

Mr. Packard’s question shows we are all faced with this problem
of cost, not just in health but in other fields. I will cite ti2 example
of agriculture where a very productive and bensoficial research
system has resulted in huge extra costs to the taxpayers as a resuit
of subsidy payments.

Dr. WYNGAARDEN. Yes.

Mr. BrRowN. We need tv ask the same question there. The prob-
lems that cause these costs are institutional problems such as
third-party payment for health care or the very success of the re-
seaich whicﬁais the extension of life. In the case of agriculture, it is
the overproduction resulting from science coupled with an institu-
tional system which pays for the cverproduction. What we really
need to look at is the institutional system, but we do not have any
research in that area. We neglect that as an area where we can
fruitfully devote funds for development of better policies.
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I don’t want to blame that on NIH. That has to be blamed on
Congress. It leads to the question of whether or not we could not
more fruitfully develop some areas of policy research.

Mr. PAcRARD. If the chairman would yield on that point, that
brings it down to the bottom line. The function of this particular
committee is to establish a long-term national policy which will in-
clude a health policy or a bicmedical research policy. I believe in
establishing such a policy we ought not to overlook these thrusts
we can incorporate into cost-reducing processes.

Mr. WALGREN. You mentioned the emphasis .n prevention. I
wonder if it might be proper to ask for some submission in greater
detail of your IG;IH emphasis on that and how it occurred.

The question I want to raise for discussion would be the strength
of our ability to focus and emphasize areas of research or approach-
es such as cost reduction mentioned by Mr. Packard. You said in
the sixties we put emphasis on disease reduction, but other spinoffs
occurred. Certainly the fact there are spinoffs is not a reason not to
have a vex ' focused direction.

Could you describe or comment on the strength of the directing
power over and above the peer review system? To a certain extent,
*he peer review system is down there pulling these resources in
veg specific directions without regard to any overall policy thrust.

ow strong is our ability to develop direction and emphasis on
an overall level as opposed simply to putting the money in and
seeing where it goes?

Dr. WynNGaarpeN. We have a variety of mechanisms which
impact on Jwriority setting. I think in terms of great discoveries it is
hard to order those. Those come out of the work of scientists at the
bench and their insights, and frequently through unexpected devel-
opments. Beyond that, we have obviously a variety of pricrities
which are set. They are in a way also reegresentative of the names
of the institutes as they were estadlished along the way. There is
the Heart Institute, ine Cancer Institute, that represent public
policy statements.

In addition to the thrust of research that resuits from the receipt
of applications generated by the scientific community, we give
some guidance to the scientific_ community frequently reflecting
Congressional directives, reflecting administration priorities, re-
flecting issues brought to our attention by voluntary health agen-
cies, and efforts of our own advisory councils as they look over our
entire portfolio to identify areas which we need to stimulate more
work svg{;ich may result in requests for applications, requests for
proposals.

r. WALGREN. What I am asking is whether or not you can
detail the structure of that level of decisionmaking, perbaps not
here but perhaps in a submission, because somehow or other it
seems to me that our question would be whether that level of influ-
ence is strong enough. Is it being exercised directly enough? I don’t
know the answer to that. I am sure there are some yeses and noes.

Dr. WYNGAARDEN. My general answer would be yes, but there
may be specific examples.

Mr. WALGREN. If you could give u~ some kind of submission de-
scribing the process you use to bring that element to bear.

Dr. WYNGAAZDEN. Yes.
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Mr. WALGREN. And what levels in your organization ave involved
in that and when they see the flow of the money and get their op-
portunity to direct it. That would be helpful.

Dr. WyNGAARDEN. I will be happy to supply that information.
[See appendix.]

Mr. BROWN. Mr. Lewis.

Mr. Lewis. Doctor, you mentioned 60 percent of Kour budget is
for research. How do you make a determination of what percentage
oAfngour budget goes for research, advanced research, research for

S, respiraiory diseases, and other areas? How do you determine
how to allocate those funds?

Dr. WyNGAARDEN. We have 16 separate budgets at NIH. There is
no such thing as an NIH budget. There is a budget for the National
Cancer Institute and for each of the others. The overall allocation
of funds in a given field is really set by the Com(ggea.

Within that, the managers of the National cer Inctitute, for
example both in terms of the budget they prepare and defend, may
ask for funds for specific components, but :n the end they have a
great deal of flexibility in pursuing what they judge to be the
greatest areas of scientific promige.

You asked about AIDS. represents not only a national trag-
edy, but a scientific opportunity of enormously intriguing potential
to the scientists who work in the retrovirus field, for example. Thi
disease is one in which a selective cell, the T cell, was destroly;ed by,
in all prebability, a virus. People who sre working in T cell iology
and retrovirus work moved into this field because it was so excit-
ing.

Then we developed, on the basis of their estimates, requests for
funding that would permit the best work to go forward. It is a com-
bination there of, let's say, Administration pulicy, extramural
demand from the affected segments of society, and scientific oppor-
tunity that come to bear to define the bud%ﬁ:'

The budget for AIDS work in the NIH thi year is around $60 or
$61 million. In the Department as a whole it is about $95 million.
That has come from virtually nothing 5 years ago. We have re-
sponded to these varieties of influences to fund what we think is an
approrriate level of activity.

Mr. Lewis. Do you think funding is the greatest priority you may
have in the life sciences and biomedical medicine for advancement
of human welfare?

Dr. WYNGAARDEN. I think funding is at a good level. We were
talking before this hearing began about the offect on the cancer
field of the enormous influx of money in the early 1970’s, in re-
sYonse to a public demand fcr more work in cancer and the Nation-
al Cancer Act. The budget for the Cancer Institute was essentiall
doubled. To some extent, that came at the expense of other insti-
tutes which lost ground for a few y.ars, but the result of that was
an eno.mous stimulation of work in the cancer field.

It came at a time when research developments had moved to the
point where that investment we.t appropriate. Ten years earlier I
am not sure it would have been. By the early seventies, there was a
large amount of available information and the influx of new mone
did several things. One is that it attracted scientists whose wor
was perhaps relevant to cancer, but it could have gone in other di-
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rections than into the cancer field. It also sent a very powerful
signal to the youni people entering biological science, who then
chose the cancer field.

Whereas the cancer field had, on the average, not maybe the
quality of scientists in the fifties that it does now, it now has spec-
tacular people in it. There was a lot accomplished by the funding of
that field at a time when the opportunities were there to 1aake use
of the funds.

Mr. Lewis. Thank you, Mr. Chairman.

Mr. Brown. Dr. Wyngaarden, your presentation and discussion
raise many, many questions which we will not have an opportunity
to explore because we will have to leave shortly.

Let me bring up a couple items which seem to be particularl
relevant. In this discussion of funding of basic biological researc
in the various Institutes, it raises some questions about the normal
definition of basic research. It is not aimed at a specific goal or
target but the exploration of human knowledge. As {ar as I can
tell, you can fund good basic research on a particular problem in
almost any of the Institutes, it seems to me.

Dr. WYNGAARDEN. That is true.

Mr. BRowN. How do you go thrgvlllﬁh the decisionmaking process
which determines which Institute will fund good basic research?

Dr. WYNGAARDEN. As the applications arise, if they have som=
kind of linkage with the particular Institute’s program, they ar:
likely to be assigned to that Institute.

Mr. BRoWN. By “might,” you mean in the field of biological sci-
encev it may have an important component in that particular Insti-
tute?

Dr. WYNGAARDEN. Yes. For example, right now retrovirus work
is supported by the Cancer Institute. That reflected a decision of
some years ago, when it was not thought that retroviruses had
much relevance to human disease unless it was to cancer, that they
would be pursued by the Cancer Institute. Now we know better,
but that is where that work is supported.

If work is coming along that we cannot , we put it into an
Institute set ur precisely for that function, the General Medical
Sciences Institute. It supports basic research that may be funda-
mental to two or more programs or without specific foreseen appli-
cation. Most of the work in the bacterial genetics and viral genetics
i;ha:. tfav‘;eentually grew into the AIDS Program was supported by tha:

nstitute.

Mr. BrowN. It occurs it is not that important as long as there is
a rational process involved.

Dr. WYNGAARDEN. Yes.

Mr. BROWN. Members o. Congress tend to lock at this from the
standpoint of what is the rational process. Sometimes they are not
too rational themselves in doing that.

The other kind of question I have is again sort of an allocation
kind of question, but at a different level. It turns out, of course,
that biotechnologies, which I agree with you stem from the suprort
we gave to basic cellu.ar research for many years, have applice-
tions which go beyond human health. At least I do not think im-
proving the manufacturing of beer is tied to human health, and of
course in agriculture.
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The question I have stems from what is happening in agrical-
ture. We saw this week in the Post an article describing the revolu-
tion that will take place in agriculture.

Dr. WYNGAARDEN. Yes.

Mr. BRoWN. It is obvious that for many years the Department of
Agriculture did not adequately fund plant biotechnology, and even
perhaps some aspects of animal biotechnology, particularly rele-
vant to agriculture, although animals benefit from human biotech-
nology certainly. i .

How do we bring about at a Government-wide-level an apprecia-
tion of a proper distribution of the funding of research in impor-
tant areas so that we do not miss any major paths?

For example, you mentioned some rgs]pects of the work you have
done which have important industrial and agricultural applica-
tions.

Dr. WYNGAARDEN. Yes.

Mr. BRowN. Important applications in other fields of science.

Dr. WYNGAARDEN. Yes.

Mr. BrowN. How do we get that kind of proper focus on a broad-
er level than just the Institutes of Health?

Dr. WYNGAARDEN. That is a difficult question. My quick answer
to that would be that a system has evolved where we have a large
investment in basic and differentiated work but we also have ways
of feeding and channeling that work beyond where it was intended.
The work in AIDS is a good example of that. There do not seem to
be many ba Tiers to free exchange of information and utilization of
those discoveries in our particular capitalistic system of industria}
development. If there is any merit in commercialization of these
ideas, they will be commercialized.

We are getting at this problem of closer linkage with industry, I
think, and we hear from some of the industries that they are not
as well informed regarding what we do as they would like to be.
We are addressing that. That is important.

Mr. BrownN. I will not belabor it.

Mrs. Schneider.

Mrs. ScANEIDzER. Could you elaborate a little bit regarding which
of those 15 different budgets you have at NIH focus on preventive
medicine and looking at human health in a more comprehensive
way by including physical, mentai, and emotional aspects of vari-
ous diseases?

Dr. WyNGAARDEN. The 16 budgets include those of 11 categorical
institutes, several divisions, and one of them is essentially for
buildings and facilities. Excluding the latter, I would say virtually
all of those have a prevention component.

For example, the Child Health and Human Development Insti-
tute has a large component whici would be considered prevention.
So would the Allergy and Infectious Diseases Institute which deals
with viral and bacterial vaccines.

We can get you precise figures on that. The figure I gave of 28
ears, NIH’s overall figure, it is higher in some institutes and
ower in others. It is a question of the kind of work they do. The

more basic the work, the less you use.

With respect to the behavioral and social science research, aboat
$60 million is in two Institutes, $40 million ir Child Health and
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Human Development, and $20 million in Aging. Those would be
the largest Institutes invc .ved in behavioral research.

In all of those, the earlier question was when this behavioral pre-
vention emphasis developed. 1 think it has been there all along. We
didn’t discuss it in those terms 20 years ago but back in the early
fifties there was a lot of work done in understanding the b*ochemis-
try of fatty substances, for example. Now we classify that as relat-

to atherosclerosis.

Mrs. SCHNEIDER. It concerns me that as we listen to testimony in
verious hearings we have, there is such an emphasis on what a&
pears to be the high technology curative approach as opposed
really any kind of analysis as to ssme of these origins eor causes
v/hich might be more low tech types of things.

For example, in the area of cancer prevention, I think there is a
great deal of evidence emerging—I believe it has been around for a
while—but now it is emerging in popular magazines and other
more widely read journals, that stress is an important element of
cancer. I think we have known all along there is a chemical reac-
tion that takes place when one experiences certain emotional
changes, whether it be fear, anger, stress, or whatever.

It concerns me that all too often our budgets are focused on
hardware and new diseases as opposed to looking at what would be
more obvious.

One other example I would like to share with you and ask you
about is the area of air pollution. It is indicated that indoor air pol-
lution is responsible for many different illnesses we experience,
either temporary or long term, particularly in the area of lung
cancer. I believe 50,000 of the lung cancers which occur each year
have a connection with radon which is trapped within heavily insu-
lated homes or workplaces.

Dr. WYNGAARDEN. Yes.

Mrs. SCHNEIDER. It seems to me that the amounts of dollars that
the consumer is paying through their health bills and through
their taxes, which ultimately goes into research for the care of
lung cancer, this would be an area where NIIT would be anxious to
conduct research on the impact of various chernicals that react on
people, radon and others, on the human body. Is there work going
on there?

Dr. WyNGAARDEN. Those are excellent points. I will say some-
thing about these.

On the aspect of stress in general, I think ne other thing is that
there has heen a general suspicion that stress plays a large role in
many illnesses, perhaps including cancer. What is needed is a way
of reducing that generai question of - _iosity to some mechanism
that one can study and measure. That s where basic science devel-
opment defined in the &ast few decades 30 or 40 new chemical mes-
sengers in the brain. We used to think there were 4 or 5; we find
another 50 or 60. There may be many more.

We can now begin to approach in a more qualitative and scientif-
ic manner the explanations of the question you raise: Does stress
gllafy i:drole? T€ 80, how? We are making good progress in that gener-

ield.

As to pollution, we have the National Institute of Environmental
Health Sciences, which deals with the question you raised. We are
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not charged with the responsibility of regulating the workplace or
exposure levels, but of defining the scientific rationale for perhaps
regulatory decisions or changes in health practices and industrial
practices. We do that vigorously.

The question you raise of radon exposure will be pursued.

Mrs. ScHNEIDER. The administration is eliminating the research
into indoor air pollution. Is that & wise idea? ,
toDr. WYNGAARDEN. I am not aware of that. It has not come down

me.

Mrs. ScHNEIDER. I just told you. I would be curious about your
opinion.

Dr. WynGcaARrDEN. We are continuing research in the areas I in-
dicated, which would include any biological factors which depend
on cancer and other health problems. '

Mrs. SCHNEIDER. Sorry to put you on the spot.

Mr. BRowN. Dr. Wyngaarden, we are grateful to you for your ap-
pearance this morning. It has been very stimulating and helpful to
our pursuit of questions in these areas. We hope we can get you
back again. .

Dr. WyNGAARDEN. Thank you very much.

Mr. BrowN. The task force will be adjourned until next Thurs-
day at 8:30. The postponed appearance of Dr. Lewis Branscomb
from IBM will occur at that time.

[Whereupon, at 9:50 a.m., the task force recessed, to reconvene
the following Thursday, April 4, 1985.]

[Answers to questions asked of Dr. Wyngaar<en follow:]
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Some, including some historians and social scientists, have suggested that
the ralationship between science and the Federal Government is in the
nature of a social contract: The Government provides certain resources
for scientists to expend in return for which they provide society with
certain benefits. How do you view this anclysis, and to what extent does
it apply, in your view, to the field of biomedical research?

The reciprocal obligations between biomedical scientists and the society
that provides their support can indeed be viewed as a social contract.
Biomedical research derives the vast majority of its financial support
from Federal funds. Clearly, this support §s predicated on the public’s
belief and trust that from the results of such research will ultimately be
derived the tools for better diagnosis, treatment, and prevention of
disease and the reduction of premature death and disability. And, in

fact, substantial benefits have already been derived from research in the

form of new drugs and other treatment modalities, new vaccines and other
means of disease prevention, and new and improved screening and diagnostic
tests and procedures. Recent progress and advances in research now offer

even greater promise for future improvements in health care.

The NIH honors the implicit terms and conditions of this contract through
the process by which research priorities are established and funding
decisfons are made in the broad allocatfon of research resources. In
setting research priorities, the NIH gives consideration to the concerns
and wishes of the public, expressed directly and through congressional and
Executive Branch actions. Authorizing legislation and appropriations
influence our research planning and the conduct of our programs. The
views of professional societies, voluntary health organizations, and the
general public are sought also through 3 variety of means ranging from

structured activities such as national advicory councils, task forces, and
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commissions, to unstructured ndividual interaction with representatives

of such groups.

However, the research 1deas contained in unsolicited grant applications
provide a major influence on priority settirg and the NIN must meld
scientific considerations with broader policy considerations. 1v
accomplish this each Institute weighs (2) the state of knowledge in areas
of science underlying the various diseases; (b) the public health
importance of a disease; (c) the availability of trained manpower,
facilities, and equipment to mount major Initiatives; (d) the views of
various constituency groups; and (e) the thrust of congressiona) mandates

and directives.

The public, in turn, must understand that the nature of the research
process dictates to a large degree the manner in which health probleas can
be addressed. Bicmedical research is an investment in the future which
involves a continuing search for knowledge. Basic biomedical resecrch is,
by $ts nature, an unpredictable undertaking; there is no way of fore-
casting which problems will yield easily _.d quickly, nor when so'utions
will be found. This has always been charecteristic of the course of basic
biomedical rescarch and will continue to be. Navertheless, we are coming
closer than ever before to understanding the mechanisms of the Yiving
processes in cells and tissues, and there is a high degree of confidence
that the underlying mechanisms of disease are becoming approachable

because of these insights. This view is rapidly replacing the view held

]
13




ERI

Aruitoxt provided by Eic:

94

by many that the study of disease is quite a separate endeavor from basic
research. The evidence is also growing that human diseases are not the
comletely separate and apparently unrelated entities that they were once
believed to be. And as we continue to identify and sort out the
participating factors in the causation of disease, the knowledge gained

will advance our understanding on multiple fronts.

The social contract has also heightened concern for the rapid utilization
of the results of biomedical research. To the generic mission of basic
research has been added the responsibility to assure that the knowledge
gained in research settings is: (1) assessed for its potential clinical
usefulness 2nd applied as soon as possible to medical practice; (2) applied
widely in disease prevention; (3) provided to agencies responsible for the
regulat.on of health procedures; (4) transferred to industry for applica-
tion in health, agriculture, and environmental protection; (5) provided to
organizations responsible for health care financing; and (6) translated
into information appropriate for professional and public education. In
response to these continuing mandaves the NIH has developed a varfety of
mechanisms to facilitate the transfer of new technologies to improve the

quality of health care in the Mation.
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To your knowledge, have there bewn any retrospective analysis mide to
systematically evaluate the nation’s biomedical research programs in order
to determine the ratio of projects which led to technological payoffs and
those which did not? What are the inherent pros and cons of such studies?
In general terms, what have been the results of the evaluation studies
which Tle NIH has been mandated by the Congress to spend a smal)
percentage of its funds on?

During the past decade many -retrospective analyses of NIH programs have
been conducted. Individual Institutes that have conducted such analyses
usually select an {dentifiable program or program segment and combins peer
group perceptions of the state-of -the-science with review of program
structures, etc. Examples of this type of evaluation study that have been
particularly effective are studies of the National Institute of Dental
Research (NIOR) programs in Periodontal Disease., Caries and Craniofactal
Ancmalies,.and 2 Natfonal Institute of Arthritis, Diabetes, and Digestive
and Kidney Diseases (NIADDK) study of the Muskuloskeletal Diseases
program. The National Institute of Child Health and Human Development,
the National Eye Institute, and NIDR have incorporated state-of-the-
science analyses into comprehensive plans for institute programs. The
National Heart, Lung, and Blood Institute and the National Cancer
Institute have emphasized studies of the effectiveness of education and
technology transfer programs, and of sych broad data collection activities
as the SEER program. Comprehensive 1ists and examples of reports of

institute evaluation studies are available in the Science Policy Research

Division of the Library of Congress.

Comprehensive retrospective analyses are conducted centrally at NIH.

These programs of study use objective methods to address manpower jssues
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and to assess research program nerformance. Manpower studies examine the
subsequent career development and research productivity of individuals who
have benefitted from various types of training support. A recently
completed example is the report "Career Achievements of NIH Trainees and
Fellcws," an analysis of outcomes of predoctoral support. An analogous
study of postdoctoral training support is underway. NIH-wide ress. rch
program performance is assessed by examining the quality and quantity of
research journal publications resuiting from NIH grant and contract
support. Comprehensive analyses of publications resulting from NIH
extramural and intramura) research support programs from 1970 to 1983 are
in preparation The Science Policy Research Division of the Library of

Congress has copies of several reports of studies of this tyoe.

Retrospective analyses of the types described above do not provide

information about "technological payoff®. While it is possible to
identify 2 technological advance and to trace its development back through
the scientific journal literature to the fundamental discoveries that were
its necessary precursors (several such studies have been and are being
dori2), the opposite, “forward® tracing of the Jjournal 1{terature is not
technically feasible. Retrospective tracing is accomplished by searching
the references given by the key authors at each stage of an advancement.
Forward tracing requires that one attempt to track through successive
generations of papers that cite a target paper. Any paper that receives
even an average number of citations will, in only a few "generations* (of

tracking the papers that cite the paper that cited ‘he target) re.ult in
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hundreds or even thousands of possible pasearch directions in a wide

variety of disciplines. wWithout clues to guide the forward search, it is
hopeless to attempt to determine which direction may eventually lead to a
technologic advance. Furthermore, the traces wethodology has demonstrated

that the trails from basic research to technology may extend into decades.

Clearly, retrospective traces reveal only the most significant
contributors to a particular technologic development. For each such
contributor there may be dozens who serve primarily to confi-m or to
refine the breakthrough discoveries. While such refinements may actually
make possible the next level of discovery by revealing a new direction or
application, the traces methodology would be unlikely to accord them

recognition.

To conduct traces studies of all technological advances that occurred
during even a short period of time in an attempt at comprehensiveness
would be prohibitively costly; n.b., a current traces study of a mere
dozen technologic advances in cancer research will cost over a half

million dollars.

The logical alternative to traces studies for broad scale program analysis
are publications analysis and peer Judgements of the status of the
science. The latter type of analysis provides substantive information but
s subject to suspicion of bias. Publications analysis, or

*bibiiometrics®, provides no substantive information beyond literature
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titles and abstracts, but allows for objective analysis of the relative
uiility or merit of large aggregates of the published results of
projects. On the individual project level there is 1ittle doubt that the
Judgemsnt of a group of peers is most 1ikely to lead to a fair assessment
of the nature of the contribution of an individual grant. On the other
hand, when the issue is the overa)l performance of the often very lasge
number of investigators whose research support constitutes a “program®,
bibliometric analysis will provide the most comprehensive and objective

assessment of overall performance permitted oy present day technology.

Evaluations mandated by the Congress are usually conducted by the National
fcademy of Sciences. In general, these efforts résult in scholarly
reports that contribute much to the considerationﬁof policy issues ind
alternatives, but are, nevertheless, of limited leue and applicability to
NIH program policy development. Their limitations reflect the absence of
intimate knowledge and/or understanding of the full complex of factors and
forces the effects of which must be integrated in arriving at policy

decisions.
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The Chairman of the National Academy's Space Science Board recently noted
that there are no scicntific criteria that can be developed for science as
a whole. He said that "we are experts at setting priorities within any
one field of science. The astroncmer, for example, finds it difficult to
Judge impartially the value of research in the 1ife sciences. The
ultimate judgment about priorities are made adequately by the present
method of relying on a complex democratic process to make essentially
political decisions.* What js your view of the roles of scientists and
politicians in making decisions about scientific priorities?

How much the Federal Government allocates to competing areas of science
and by what criteria these decisfons can be made have always peen
important considerations put they assume an ¢ven greater urgency as a
result of the current climate of fiscal austerity coupled with the
ever-rising costs of performing new, sophisticated research. Such
allocations will probably become an increasing necessity since what
society is willing and able to spend on all of science will undoubtedly

never be enough to satisfy all worthy claims on the avaflable funds.

Obviously, the issue of establishing definitive priorities among diverse
fields of science is fraught with conceptual and technical difficulties
and has Tong eluded any satisfactory resolution. At the very highest
levels of aggregation it appears that the various broad branches of
science are, indeed, incommensurable and cannot be measured by any
universal or uniform standards. At least, I am not aware of any adequate
internal criteria that can be extended and ar-lied to compare the relative
"worthiness® of these far-ranging basic fields of science. Consequently,

decisions concerning the broad allocation of funds to such disparate

fields as radio astronomy and molecular biology involve criteria external
to science per se and require the exercise of value Judgments which are

different in kind from the scientific sudgments that are made in
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considering choices within a discipiine or research area. Such decisions
may be informed by considerations of the state of the art within a
Particular field and the potential for substantial research progress but
these decisions ultimately require the type of adjudication of conflicting
claims for public monies that, in my opinion, can best de achieved in a
political context. In this sense, I agree with the views expressed by the

chairman of the National Academy's Space Science Board.

Within such fields of science as biomedical research I believe that
internal criteria and scientific judgments are of paramount importance in
determining the allocation of resources. Obviously, they cannot serve as
the only crileria and the melding of scientific consideratins with
concerns for the relevance of research to pressing health needs will, in

my view, always be a hallmark of the U.S. sys‘em = research support.
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In discussions of the government science budget, much stress has been
placed on providing new funds for new initiatives in emerging areas of
scientific promise. Why should we not expect a comparable group of areas
within each discipline which have "peaked® or been *mined out® and where
consequently some funding decreases can be made?

It is true that there are both areas of expanding opportunities in science
and areas that have yielded their greatest contributions. However,
scientific opportunities are currently expanding at a prodigious rate.
This is due to our existing body of accumulated knowledge which has opened
entirely new areas of research. These novel areas of research add to the
collection of scientific knowledge and, in turn, expand the number of
promising research leads to be pursued. A major challenge facing NIH
today is to maintain the national research capability in a time of limited
rescurces so that the exceptional opportunities afforded by the current

biolosical revolution can be exploited.

As particular areas of science become less productive sources of new and
useful knowledge, funds are diverted from those areas and into more
fruitful ones. This is an ongoing process which s an intrinsic aspecf of
the scientific enterprise. There is, however, little publicity given when
an area of research is constricted, hence, there is almost no awareness

publically about these funding decreases which occur continually.

Fer instance, the NIH peer review system places a great deal of emphasis
not only on the quality of a proposal but on the significance of the
research and its relevance to {nstitute goals and the overall mission of
NIH. The competitive nature of research support, particularly in
biomedicine, rarely allows research to continue in areas acknowladged to

be devoid of significance. In v 1985, for example, it is estimuted that
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NIH's competing research project grant applications will have an award
rate of approximately 30 percent. Given sych conditions, only exemplary

research proposals stand a chiance of securing competitive funding.

Generally, research prooosals are also reviewed at their parent
fastitutions for quality, merit and importance of the intended research.
Investigators are also aware of the fact that their research results will
eventually ba scrutinized by the editorial review boards of scientific
Journals. These boards judge submissions in terms of importance and
originality. Finally, the selection of a research problem is guided by
the individual investigator's desire to gain recognition and stature in
the scientific community through the significance and creativity of his or

her efforts.

Categorical decisions to decrease funding in large areas of scientific
investigation are usually obviated by these highly refined informal and
formal processes which ensure that research investments are focused on

areas of scientific promise.
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In a recent article Dr. pavid Hamburger emphasized the need to ?1ace
stronger. emphasis on “the entire gamut of factors affecting health, from
basic research to health care delivery,® a process he described as placing
equal emphasis on a1l Yinks in the chain. NIH has recently been asked to
do this, in particular in the area cf biotechnology. To what extent
should Federal agencies supporting scientific research play an active role
in seeing that research results are transiated into practical application?
In its early years, NIH's primary concern was to develop a strong science
base which would underpin efforts to attack specific health problems.
However, as the state of the art progressed in many scientific disciplines
and opportunities for the development of useful medical intervertions
began to emerge, the NIH actively sought ways to increase the transfer of
this information to the health care system and to promote the commercial
application of relevant technologies. We believe Firmly that the quality
of medical care is dependent upon the timely and appropriate transfer of
medical technologies from research settings into medical practice and
that--as a health agency--the NIH has a major responsibility to facilitate

that transfer process.

The degree to which the various Lechnology assessment and transfer
mechanisms are utilized by NIH varies according to the needs of each Bip's
constituencies. Nonetheless, several major types of activities are common
to many of the BIDs. These include support of clinical trials,
specialized centers and clearinghouses; development and dissemination of
scientific publications: conduct of state-of-the-art workshops and
conferences; and evaluation of biomedica) interventions and moritoring of

patent ang licensing activities.
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The primary mean< for NIH's transferring new treatment methods is
dissemination of information about them through a number of conduits
including: scientific publications, brochures, and pamphlets; staff

attendance at professional meetings; and 810 public inform.tion offices.

In recognition of the need tc strengthen this transfer function, the
Director, NIH, established in 1977 the Office of Kedica) Applications of
Research (OHAR) to develop procedures for transferring knowledge to
promote its effective application in community settings. The functions of

this office are to:

o Coordinate, review, and facilitate the systematic ident. “ication

and evaluation of clinically relevant NIl program iaformation;

o Promote the effective transfer of such infnrmation to the health

care community and to other agencies requring such informatior;
o Provide a 1ink between technology assessment activities for the
BIDs and the Office of Health Technology Assessment, National

Center for Health Services Research; and

o Honitor the effectiveness and progress of NIH assessment and

transfer activities.
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In general, OKAR's mission is twofold: to conduct technolegy assessment
and transier programs such as the NIH Consensus Developwent Program ang
technology assessment conferences, the NIH/DHHS Patent Program. and review
and analysis of yssues relating to Health Care Financing Administration's
policies on Medicare coverage of medical technology; and to conduct
research and evaluation nf technology assessment and transfer methods.
These activities are coordinated by OMAR's full-time professional and
support staff working together with numerous 8I0 staff members and
receiving assistance from the NIH Coordinating Committee on Assessment and

Transfer of Technology.

The Coordinating Committee on Assecsment and Transfer of Technology
(CCATT) was established by the pirector, NIH, to proviae a mechanism for
the coordination of NIY policy and activities related to health technology
assessment and transfer and to share information on these activities vith

other Federal ayencies.

These activities reprezent a strong commitment to the transfer of new
knowledge from the basic laboratory to the healtn system, thus enabling
NIH to effectively carry out its mission to {improve the health of the

American people,

C
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Question §

Q: NIH is unique among the Federz: science agencies in that it ties {ts
budget request to a certain number of grant awards each year. Without
getting into the current controversy about that number, could you discuss
in more general terms how that approach orijinzted at NIH, how it has
worked, and whether,in your opinion, it may be appiicable to other Federal
stience agencies?

A: The NIH is commitied to maintaining a strong science base as the means for
improving the health of the American people. Severa) mechanisms are
employed to ensure the continued vigor of the biomedical research
enterprise including: grant-supported research projects, grant-supported
research centers and resources, research contract projects and intramural
research. Investigator-initiated research project grants form the

vanguard of our research effort, paving the way in the search for new

knowledge. Therefore, the highest priority has been placed on the support

of this type of award during periods of overall budgetary constraint.

The NIH experienced a perioa of rapid expansion petween 1955 and the late
1960's. However, as the growth curve began to level off NIH found that it
could support the increasing pool of excellent regular research project
graat prepusals only by shifting funds from other program mechanisms. In
1979, the NIH led a Department effort to convene over 100 representatives
of research and health organizations to address the increasingly critical
need for a comprehensive plan for health research. The resulting report
identified "stabilization of the science base® as the most important
research planning need, with investigator-initiated research project

grants (ROIs) receiving top priority.
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I should note that the NIH portfolio of ROYs is composed of two groups:
(1) new and competing grants requested to initiate or renew a particular
research activity; and, (2) noncompeting grants that had received approval
earlier through the peer review process. NIH typically approves grants
for a three year period but funds are awarded one year at a time as long
as progress has been satisfactory. Continuation of funding is deemed a
moral commitment that affords a high degree of confidence that there will
be no disruption of support during the approved project period. Because
this expenditure is fixed, the number of new and competing grants that NIH
can afford to fund is subject to all the vagaries of the annua} budgetary
process. ,
%

The concept of stabilizatior was advanced as a solution to the wide
fluctuations in support for new and competing grants which was fostering
considerable uncertainty and anxiety in the research community. The logic
behind stabilization was adopted both by Congress and the Administration
as a means of maintaining a predictable level of support in an era of
fiscal constraint. There was general agreement that the chances for an
applicant's success should depend solely on the relative merit of the
propvzal and not on the fortuitous fiscal circumstances of the year {n

which it is submitted.

The goal of a minimum of £,000 new and competing awards to be funded each
year represented a compromise between what was considered to be desirable

and what was considered realistic. The result was that the oscillations
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that occurred before the inititation of this policy were in fact dampened
and the number of new and competing grants has remained relatively

constant since 1980.

The desired result of creating a climate that encourages the entry of new
young scientists into the system has been achieved but not without cost.
One of the assumptions underlying the concept of stablilization was that
funds would be available to support about 16,000 research project grants
at 3 level sufficient to cutstrip the rate of inflation and to maintain
other program activities at their existing levels of effort. This has not
been the case. Inflation has taken its toll and the costs of conducting
research have outpaced the funds rade available for research support.
Since 1979, the proportion of the extramural budget devoted to research
project grants has risen from 44 percent to 54 percent creating serious
imbalances among other program mechanisms. Thus, the commitment to fund
5,000 new and competing grants has been honored largely at the expense of

other suppurt mechanisms.

The stabilization concept served KIH well in maintaining the vitality and
momentum of the research effort during troubled times. Today, however,

several concerns indicate the need to reassess the value of adhering to a

policy based upon an arbitrary figure. Promirent among these s a
recognized need to introduce sufficient flexibility to permit the exercise
of professional judgment in adjusting the allocation of resources to meet

competing and changing program demands.

El{llC 111

Aruitoxt provided by Eic:




IE

109

Various routes to "stretch® the research dollar have been examined and
fourd deficient in many respects. Ffor example, payments have been
negotiated downward in an effort to fund the greatest number of proposals,
but excessive pruning risks damaging the project and losing the original
investment. Therefore, NIH intends to fund all research project grants at
essentially the full amounts recosmended by peer review groups in order to

assure the most effective conduct of biomedical research.

The NIH experience with stabilization indicates that maintaining a steady
level of support for a constant number of investigator-initiated research
project grants does indeed encourage research advances as fresh new minds
enter the field of biomedical science. This approach holds valye for
other agencies whose missions involve research support. However, the
advantages of enjoying widespread support for a particular number of
awards must now be weighed in the context of new pressures arising from

ever-more intense competition for the research dollar.
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Question 7

Q:  Most studies of science and most agency budgets for science are future
oriented. They speak of future opportunities, future projects, and future
results. Retrospective discussions are limited tv anecdotal cases of
successes, while 1ittle has been done to look carefully at entire programs
and the ratio of those which lead to clinical successes and those which do
not, how ever measured. Why should not more such comprehensive
evaluations of past program be done?

A The future orientation of science studfes and uf agency budgets for
science is related to the purposes of the documents. Future orfiented
science studies are usually analyses of the state of the science and a.>2
intended to serve as guides to the research community concerning observed
areas of research peed and opportunity. Budgetary documents outline

anticipated uses of pudgeted funds.

The tendency to confine retrospective discussions in such documents to
anecdotal evidence is unfortunate, though it may not be due to the absence
of rore <omprehensive information. Often such documents require a brevity
that does not allow for the explanation of complex evaluative material.
Unfortunately also, success or failure in research suoport cannot be
described in terms of a simple ratio such as the proportion of prnjeits
that lead to clinical successes. Few research support programs are, i~
fact, aimed directly at producing specific clinfcal advances, and even
those that are must develop balanced programs. One or more aspects of
research in a program area may be ready for studies involving clinical
application while a dozen other areas require that many questions of a
very basic scientific or technical nature be answered before applications
questions can even be formulated. A balanced program must attempt to
encourage progress in many Jdirections, both basic and clinical. Focus on

a criterfon suc™ as a ratio of projects leading to clinical successes
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could lead to a harmful effort to capitalize on only obvious superficial

applications possibilities.

Advances in the basic sciences rarely lead directly to application. Often
2n advance may have significance for an entirely different application
area than was intended, and usually, it *s only the confluence of many
different basic science advances that result in a readiness to atta.k a
clinical problem. 8y definition, the time it wil) take to find a solution
- to a basic scientific unknown cannot be predicted. The critical

fundamental discovery that ultimately makes possible a clinica) advance
may precede that advance by decades, and its relevance to the clinical

question may not even be recognized unti) many years after the event.

A1l of this is not to say that more comprehensive evaluations of past
programs should not be done. rhe question is what kinds of studies are
most useful and effective. The principle of requiring evidence in the
support of claims and proposals for change is a sound one, though the
urgency for action may militate against delay. NIH has embarked on the
development of severa) databases and analytic methods that are aimed at
increasing the capacity to present sound, objective, and timely retro-
spective evidence of performance. These capabilities have now been
developed and refined to where comprehensive analyses of programs can be
perfo-med unobtrusively and within a period of time that can effectively
serve the needs of program and policy development. In another year the

timeliness of analytic capability will be sti11 further advanced as
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bibliometric data will become available in less than a year after
publication. It can therefore be said for NIH that more comprehensive

evaluations of past programs can and should be done.
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Some have observed that in the area of health in the United States
comunicable infectious diseases play a less significant role while
chronic diseases are more prevalent. If this §s the case, how should our
thrust in biomedical research be changed to reflect that shift?

Over the years, as effective therapies and preventive measures evolved for
some of the major communicable finfectious diseases, biomedical researchers
have in fact turned their attention increasingly to the more intractable
problems of chronic diseases. This process began decades ago and
continues to this day. One indication of this trend, for instance, is
seen in the fact that the budgets for the Cancer and Heart Institutes

alone constitute approximately 40 percent of the entire NIH budget.

Although a relative shift in emphasis has occurred toward more research
directed to the chronic and debilitating diseases which effect increasing
numbers of Americans, we have not lost sight of the fact that communicable
infectious diseases still profoundly effect the health of our citizens.
Infectious diseases result in approximately 27 million patient days of
acute hospital care each year. For instance, genital herpes, AIDs, and
hepatitis are a few infectious diseases of tremendous national concern

which require a commensurate investment of research resources,

In addition, many chronic diseases may have an infectious component. Ffor
instance, recent findings have established the vira) etiologies of several
chronic diseases such as subacute sclerosing panencephalitis, progressive
multifocal leukoencephalopathy, kuru, and Creutzfeldt-Jakob disease.

Also, human T-cel)l leukemia/lymphoma virus is now considered the direct
causative agent for some human cancers. The fact that such diseases are

caused by persistent viral infections suggests that other chronic diseases
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of unknown etiology in man and animals may be caused by yersistent
infection with known or as yet unrecognized viruses. It is recognized
that the full scope of persistent viral infections of medical and economic

importance to man is not known today.

When one examines the emphasis that is currently placed on chronic
diseases it is clear that an enormous portion of our resources are
appropriately devoted to this area, and I can see no compelling reasons

calling for a major realignment of current resources.
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The Task Force has had some anecdotal evidence suggesting that senjor
scientists are growing reluctant to serve as peer reviewers for grant
proposals because of the worklozd involved, or because of the detailed
personal disclosure requirements, or because of the shortage of fynds to
support a reasonable fraction of the available proposals. Do you see the
emergence of such a reluctance to serve on study panels, and if so, what
is the longer term solution?

The NIH grants peer r-view system §s oriented towsid obtaining the
consensus judgment of knowledgeable adviiors about the quality of each
proposed research activity for which support is being sought. The system
depends ypon 3 national pool of scientists for assistance and advice in
the selection of meritorious research with the highest scientific promise
and technical quality. NIH draws heavily upon the nation‘s nonfedera:
scientif.c community for the expertise needed in making these critical

Judgnents.

NIH has no higher priority than keeping the NIH peer review system strong
and highly regarded by the community it serves. The process {s frequently
studied for imperfections so that impivements can be made. NIH officials
are always eager to examine valid concerns. To this end, NiH devoted the
November 1984 meeting of the Pirector's Avisory Committee to an
exasination of questions that have been raisad regarding the growing
complexity of the grants award system. Candid exchanges at ihat meeting
did include discussion relative to reviewers: What was their puoiication
record? Were sore institutions over-represented on review panels? Were
reviewers true *peers,® able to deal effectively with grant appiications

in rapidly changing and newly developing areas of science?
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The task of finding qualified investigators who will serve on review
panels is not a trivial one. Much attention is given to the selection
process. Only investigat.rs currently productive {n research and
recognized for their achievements in a particular urea of scientific
inquiry are invited by the NIH Director to serve. Care is taken to
achieve a balance in the scientific disciplines represented on a review
panel. In addition, geographical balance is sought, and there is a

commitment to appoint qualified women, minorities, and young investigators.

Responding to concerns raised about he availability and quality of
reviewers, NIH recently examined in detafl the characteristics of study
section members over a ten year perfod. It would appéar that by most
objective criteria, the scientific competcnce and pr;%essional stature }f
cirrent and recent members of NIH peer review panels ;ave not declined ;nd
that we are, in fact, stil) able to recruit the services of the most able
scientific talent available. 1his, however, does not assure that the
beginnings of problems are not evident. Thus NIH will continue to monitor
the process and to guard against potential threats to the quality,

efficiency, and effectiveness of the peer review system.
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Question 10

Q: QOverhead or indirect cost. paid on research grants have generally peen
Justified as needed to PZy {r the costs associated with the performance
of research, but they have generally been 1imited to current operating
costs. In your view, should indirect costs be broadened to recover, as
well, the capita) costs and other non-operating costs of ths medical
schools and universities?

A Although both tt s dtrect and indirect costs of research are considored
legitimate Zxpenses incurred in the conduct of research, they are
calculated and managed separately. ofirect costs are those which can
easily be assigned to an individual project and are subject to peer review
and evaluation for relevance to that research effort. These include
personnel, equipment, supplies, etc., necessary to accomplish the activity
being funded. The indirect costs of research are those expenses that
cannot readily be traced to specific projects. Usually included under
this classification are expenditures for such items as utilities,
depreciation, maintenance, departmental, general and research
adainistration, and Vibraries. Consequently, some capital costs are in

fact allowsdle under the definition of indirect costs.

Indirect costs are fully reimbursed in accordance with a negotiated rate
based upon the allewability and research relevance of particular
expenditures. Because research costs are often difficult to distinguish
from other functions of a university, e.g., teaching, the terms under
which expenses are allocated are prescribed in OMB Circular a-21.
Circular A-21 has been revised as the result of several years of

negotiation between OMB and the academic community.
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Under the terms described in OMi A-21, capita) costs for acquisition,
operation, and maintenance of research facilities and equipment may be
assigned to the indirect cost category. How ver, one should not assume
that this allowance is sufficient to offset the effects of the demise in
1968 of the Health Research Facilities Act which was the major source of
support for the research infrastructure. As existyng equipment and
facilities deterforate and become increasingly obsolete, this approach may

place additional burdens on research dollars.

The issue of indirect costs continues to be a major cause for concern
among the research commurity and funding agencies. The problem is not
that the definition of allowable expenses s too narrow, rather, that
indirect costs consume an increasing proportion of the research dollar.
In 1966, 15 percent of the total costs of presearch grants were devoted to
indirect costs. 8y 1985, this figure had risen to 31.7 perceat with over

32 percent projected in 1986.

This problem is not unique to HIH but is common to all federal agencies.
In recognition of the cross-cutting nature of the issue, the Office of
Science and Technology Policy (OSTP) has unde-taken a study of options to
contain the growth of indirect costs associated with research awards.
Starf of the Department of Health and Human Services are providing data
and technical assistance for the 0STP project. This study is part of a

wide-ranging inquiry into the financial health of research-intensive
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universities, including the nature and extent of furding needed to help
these institutitons remain at the forefront of scientific disciplines
relevant to the national security, economic competitiveness, human health

and other indicators of the well-being of society.
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The current Administration has shifted the principal ~atfonale for
government funding of research. Instead of emphasizin the clinfcal and
technological payoff, the stress has been in the training of a new
generation of scientists as the principal benefit yielded by research
grants. In your view, how many scientists do we need in the coming
decades, and to what extent will the current levels of research funding
meet that need?

The principal rationale for NIH support of basic and clinical biomedical
research continues to be the development of new knowledge leading to
improved diagnosis, treatment, and prevention of disease. The current
Administration has not shifted the principal rationale for government

funding of biomedical research. It is true, however, that a significant

- amount of training does occur under research grants since the serving of

an "apprenticeship® {s a valuable part of the process by which research
skills are learned. This training, although extremely important, is a
secondary feature of the research grant and by no means constitutes the

primary rationale for the support of research project grants.
The NIH has developed other, more direct mechanisms to provide a
comprehensive program of research training. Some of these mechanisims

incluae:

Individual Fellowships for postdoctor~al research training in which

recipients, selected through national competition, are granted a
stipend based on their years of experience. An allowance is also
provided to the institution to offset training-related expenses.

These grants may not exceed three years without a waiver.
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Institutional Research Training Grants which may be awarded to a

domestic public, nonprofit private, or frederal 1nst1tutlgn to support

2 training program in a specific area of research.

The Medica) Scientist Training Program which provides support for a

six-year program of study leading to the simultaneous award of the

M.D. and Ph.D. degrees.

Short-Term Training to expose students in health professional schools
early in their professional studies to the opportunities inherent in
resezrch careers. These experiences are usually conducted during

off-quarter or vacations periods.

Fost Sophomore Fellowships to provide support for selected highly

qualified students in health professional schools who are willing to
interrupt their professional education for a year of professional

training.

Hinority Access to Research Careers Program which through

institutional fellowships and traineeships strengthen the faculty at

minority universities and colleges.

The National Research Service Award Act of 1974 (P.L. 93-348) (NRSA)
recognized that there is a close and reciprocal relationship between the
continued productivity of research and the availability and replenishment

of the supply of well-trained investigators. Their availability wholly
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determines the ability to conduct research. This Act mandated that a
continuous strong supply of well-trained scientists be available to carry
kg

out the research necessary to meet national health goals.

Section 472 of the PHS Act requires that-the Nation's personnel needs for
biomedical and behavioral research scientists be met through Federal
Government financial support of trainees. The Jevel of such support 1is

«ased on recommendations by the National Academy of Sciences (NAS) in

. their continuing study of future needs. This study takes into account

O

training activities that occur under research grants.

Every year each institute at NIH reviews the composition of its research
training activity by program, the number of individuals receiving research
trainirg in that program, and the level at which training is being
received, i.e., predoctoral, postdoctoral physician and postdoctoral

Ph.D. Emphasis is then placed on preparing investigators in those areas
in which it appears that future research advances will require trained

investigators,

Institute plans are reviewed by the NIH Coordinating Committee on Manpower
(CCM) and the Director, NIH. The CCM reviews plans of the various
institutes paying particular attention to the balance maintained between
support for predoctoral students, posidoctoral students and minority
training programs. 1In doing so, the CCM takes into consideration the

recormendat ions made by the National Academy of Sciep-es.
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Since 1980 the overall level of full time training positions has been
approximately 10,000. The resources devoted to NIH extramural manpower
and training activities each year represent roughly 5 percent of the total

NIH budget.

Q ;
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Question 12

Q:

O
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As you look beyond the current studies and science budgets for the next
few years, what changes or adjustments in our goals, objectives, policies
and practices do you think are needed in the decades ahead?

In seeking to develop a science policy which will serve as a strong
framework for the future development of biomedical research, I beljeve it
is essential to achieve explicit and wide-spread agreement on the need to
assure a steady and predictable amount of support for basic research which
also provides for some established incremental level of growth. It is
essential to signal clearly our intention to make vigorous Federal support
of basic biomedica) research an indispensable and continuing foundation of
our national science policy if we are to continue to attract the Nation's
brightest minds into careers in biomedical research. Such a policy fis
also necessary if we are to avoid the type of wasteful disruption of
productive research programs which results when large fluctuations are
permitted in the amounts of funds available from year to year for research

grant awards.

Additional means of increasing the stability, efficiency, and
effectiveness of the research system are being sought through efforts to
address possible shortcomings that are perceived in the current NIH
extramural awards system. It has been suggested, for instance, that one
of the factors that may be contributing to the workload of both the grant
applicant and the NIH peer review system is the excessive complexity and
sheer bulk of the research grant application and that a greatly simplified
application form would, of itself, help to reduce the workload involved in

preparing and reviewing research grant applications.
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It is also felt that the current average award period of 3 years places
first-time recipients at a distinct disadvantage in competing for
continued research grant supoort since the investigator has only about 18
montns in which to "start up" the project and accumulate research findings
before starting to write a new application. Consequently, the NIH plans

to extend the length of award for first-time recipients to 5 years. .

The means by which research support is provided to established
investigators is also under examination. These researchers have
demonstrated their expertise through outstanding research accomplishments
and are widely recognized as leaders in their fields. Yet, they must
continue to compete in the standard manner, at fréquent intervals, in
order to receive continued research support. Th;% practice §s vieJed by
many observers as a wasteful diversion of creativ; talents. Accordingly,
we olan to lengthen the awards for many such individuals to as long as 7
years and will place greater emphasis on the "track records® of these

investigators.

In addition to adopting a policy of providing adequate levels of
predictable funding for basic research, I feel we must also assure a
greater degree of flexibility for health agencies in the allocation of
these funds among the many competing research areas. It is somewhat
ironic that during a time when science is becoming increasingly
unified--as we approach studies at the cellular and molecular

level--external forces are creating pressures which tend to
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compartmentalize the allocation of research funds. While it is
understandable that the recent fiscal climate has intensified the efforts
of special interest groups within the health field to place their concerns
before the Conjress, I believe these special pleadings must be placed in
greater perspective if we are to avoid serious distortions in research

priorities.

I would like to note, that as we seek changes to strengthen and improve
the research system, we should also, perhaps, reaffirm those principles
and policies that continue to form the bedrock of progress in biomedical
research. Prominent among these is the reliance placed on the support of ,
the investigator-initiated research project grant. I believe this will
continue to be tiie major vehicle for promoting and maintaining a vigorous
base of free-ranging scientific inquiry which has proved to be so
effective in generating new knowledge. However, as recent experience has
taught us, we must constantly guard against the possibility of creating
program imbalances through preoccupation with selected program

components. To avoid these past misczkes we must, fur instance, (a)
provide funds necessary to support a relatively constant number of
trainees to assure a cadre of new scientists to meet our national research
needs; (5) maintain support for research centers which combine basic
research with clinical application; (c) continue clinical trials to

provide evidence of the safety and efficacy of new medical interventijons;

(d) maintain the NIH intramural research program which performs laboratory

and clinical research across the full spectrum of disease areas; and
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(e) strengthen biomedical communications involving the acquisition,

storage, and dissemination of information needed in biomedica) research,

health professional educatiun, and the delivery of health care.

Finally, I should add that no assessment of future goals for science

policy would be comnlete without addressing the growing need to find

appropriate ways to strengthen and upgrade the research infrastructure.

Over the past oecade, increasing concern over the deterioration of the
research environment has been widely expressed. The most prominent
concerns are for the qrowing shortages and obsolescence >f research
instrumentation and the physical deterioration of laboratories, animal

buildings and other research faciiities.

The full magnitude of the problem is not known, and the NIH has two

studies in progress to provide data to better assess both the nature and

the severity of the problem. When the results of these studies are

available, we should be in a much better position to begin to seek broader

solutions to this potentially severe impediment to future research

progress.
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GOALS AND OBJECTIVES OF NATIONAL
SCIENCE POLICY

(With Dr. Lewis M. Branscomb)

THURSDAY, APRIL 4, 1985

HousE oF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHN<,LOGY,
Task FORCE ON SCIENCE PoLicy,
Y7 shington, DC.

The task force met, pursuant to notice, at 8:35 a.m., in room
2318, Rayturn House Office Building, Hon. Don Fuqua (chairman
of the task force) presiding.

Mr. Fuqua. The task force will be in order.

This morning, in continuing our hearings on the acience policy
review, we are very pleased to have a very distinguished scientist
with us, Dr. Lewis Branscomb. He is former head of the National
Bureau of Standards, senior vice president of IBM, and most re-
cently was Chairman of the National Science Board of the National
Science Foundation. He has many other honors, well deserved, to
his credit.

Lew, I am ver[\; pleased to have you here with the very wide
background you have in science and science policy. We are very
glad to have you here.

[A biographical sketch of Dr. Branscomb follows:]

Dr. Lewis M. Branccomb, Vice President and Chief Scientist of International Busi-
ness Machines Corporation, and a member of the Corporate Management Board, is
responsible for guiding the corporation’s scientific and technical programs to ex.iure
that they meet long-term needs. He joined IMB as chief scientist in Mey 1972 and
was then elected an IBM vice &x)'esident. In March 1983 he was named a member of
the Corporation Management Board.

A research physicist, Dr. Branscomb was appointed director of the National
Bureau of Standards by the President in 1969. He joined the Bureau in 1951, served
as chief of the NBS Atomic Physics Division, and was chairman of the Joint Insti-
tute for Lahoratory Astrophysics at the University of Colorado before his appoint-
ment as director of NBS.

In 1979 Dr. Branscomb was appointed by President Carter to the National Science
Board, and in 1980, he was elected chairman. He is also a member of the President’s
National Productivity Advisory Committee and chairs its Subcommittee on Re-
search, Development and Technological Innovation.

Dr. Branscomb was graduated from Duke University summa cum laude in 1945.
He was awarded M.S. and Ph.D. degrees in p}B'sics by Havard University in 1947
and 1949, During his career, he has taught at University College, London, the Uni-
versity of Margoacnd, the University of Colorado, and Harvard where he was a
member of the Society of Fellows.

Dr. Branscomb has received the Rockefeller Public Service Award, the Samuel
Wesley Stratton Award, the Gold Medal for Exceptional Service from the United
States Department of Commerce, the Procter Prize from the Scientific Research So-
ciety of America, and the National Civil Service League Award. He holds honorary
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doctor of science d from Duke, Western Michigan, and Rochester Universities,
the Universities of Colorado and Alabama, Polytechnic Institute of New Yok,
Clarkson College of Technology, and Lycoming College, and an honorary doctorate
in humane letters from Pace University.

Among his affiliations, Dr. Branscomb has been a member of the President’s Com-
mission for the Medal of Science and the President’s Science Advisory Committee, A
member of the National Academy of i eerin%,uthe Institute of Medicine, the Na-
tional Academy of Sciences, American Philosophical Society, Royal Society of the
Arts and past president of the American Physical Society. He has served on the U.S.
Department of State’s Advisory Committee on Science and Foreign affairs, apd is a
former member of the board of directors of the American Association for the Ad-
vancement of Science.

Dr. Branscomb is & director of General Foods Corporation and Mobil Corporation,
and a trustee of the Carnegie Institute of Washington and Vanderbilt University.

Dr. and Mrs. Branscomb have two children.

Mrs. Branscomb is an attorney.

STATEMENT OF DR. LEWIS M. BRANSCOMB, VICE PRESIDENT
AND CHIEF SCIENTIST, IBM CORP., ARMONK, NY

Dr. BranscoMe. Thank you, Mr. Chairman.

I would iike to compliment you and the committee on quite an
extraordinary piece of work you have undertaken to review the Na-
tion’s science policy. It has been 40 years since a 9-year debate
began, almost a decade’s debate, in the Congress on what our sci-
e.ce policy should be. Among the protagonisis was Senator Kill-
gore of Tennessee, who took a very pragmatic view of the utility of
science, and a very distinguished scientist, Vannevar Bush, who
emphasized the importance of pure science. President Truman re-
:plved those conflicts in the establishment of the Science Founda-

ion.

The policy that we have been taking wonderful advantage of for
the past 32 years is perhaps best described in Vannevar Bush’s
book, Science—The Endless Frontier.

I think this committee has recognized that it is now 1985. The
cornerstone of U.S. science policy must still be a national commit-
ment to excellence in science and engineering, but it takes more
than explorers and homesteaders and trappers and prospectors to
build a nation. We need farmers, roadbuifc)leers, school teachers—
the infrastructure of a modern nation.

While “The Endless Frontier” is as vital and important as ever,
there is a lot to do this side of the frontier to insure that the bene-
fits of science are properly made available to our people.

For scientific and technical achievement, like entrepreneurial
skill and athletic prowess, are elements of our culture, and we
measure the vitality of our society by our attainments in those
areas, just as we measure the quality of our society by the preva-
lence of justice, equality, and caring. But scientific and technical
aghie(\irsement is more than culture; it is a means to a broad variety
of ends.

A science policy must focus on more than just strengthening sci-
ence, but on the prccesses through which a strong science benefits
current and future generations.

I believe that is why developing a consensus around a national
science policy is so difficult—for we can all agree on the impor-
tance of leadership in science. It is harder to agree on policies to
iz?pr.ove the effectiveness of the mechanisms that harvest the fruits
of science.

ERIC
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I think the difficulty in part stems from economic realities that
so much influence that process. We are all aware that the economy
historically has been very effective at converting scientific discov-
ery into innovation, and thus new jobs and higher living standards.
There arc other countries, like the United Kingdom, that have
superb science that have not been as successful. We tend to take
that linkege of science to jobs for granted, but in fact we cannot
build a healthy economy just on science and patents and the sale of
technology. We have to manufacture here in this country. Ameri-
cans have to do the work that converts those fruits of science.

Today the overpriced dollar is driving an enormous negative
trade balance which itself reflects a loss of benefits to U.S. techni-
cal leadership to people of other countries, to which manufacturing
is rapidly moving. So closing the budget deficit is a key element in
national science policy.

Fluctuations in the macroeconomic environment will always
dominate apparent technological performance of our industry.
People don't always realize that. When the economy gets very
healthy in international trade terms, suddenly our technology
looks like it is more vital. To some degree, that is in fact simply a
reflection of economic realities.

But those economic fluctuations also mask the issue of the sys-
tematic basic strengths and weaknesses in the economy and in the
technology specifically. So my point is that, while a national eci-
ence and technology policy has to be grounded on economic policy
that provides the climate in which science can serve the publi ct-
factively, one cannot dismiss the flight to offshore production of
high tech products as solely due to an overpriced dollar.

Rapidly industrializing countries like Korea and Taiwan and
Singapore are showing impressive capability at managing, absorb-
ing, and producing economic benefits from the fruits of our science.

1 think the economic environment for science policy is changing
in two other very important ways. One is that these increasingly
knowledge-intensive activities do not represent an economic sector
in *self that will bring the benefits of science to the public. Knowl-
edge-intensive activities are not an alternative to manufacturing
and_ services and agriculture. They are the means whereby all
kinds of work become more productive.

So if the knowledge base or information sector does not contrib-
ute to that productivity, and hence competitiveness, we won’t be
able to afford the investment to keep that knowledge sector
moving,

Yet, in much of our science policy discussion—and I must here
exempt Mr. Brown, who hus led the emphasis on this whole area of
information technology and policy—there is still a tendency not to
deal with the software side of the technology as though they were
an important m.instream of modern science and technology. One
reason for that is that they are not easily defined and encompassed
like physics or electrical engineering. Onre you get into the soft-
ware side of technology, you begin having to deal with managerial
and cultural and even aesthetic values that are inseparable from
the computer communications and programming skills that are
more technical.
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In this sense, we need to look hard at the social sciences, in par-
ticular the more quantitative side in social sciences, to identify
those that really are in a position to make a contribution to.this
new kind of technology and science that we have to deal with. And
to continue the old line of thought that says the social sciences are
simply an academic reflection of what goes on in society viewed
from afar is, I believe, an unfair characterization of what the social
sciences need to be doing as a aiart of the overall technical effort.

The other point I want to make is that the fact that knowledge-
intensive work is an increasingly important part of technology has
implications for the global character of the competitive arena. Our
very stresfth in science and engineering, and information science
in particular, positions us well for competition globally, but our
public attitudes toward technology transfer and the role of science
In international affairs is not always in accord either with the eco-
nomic reality of the dglobal marketplace or the government'’s cur-
rent focus on free trade.

Free trade in ideas and information must follow free trade in
goods if we are to capitalize on our natural advantages in the infor-
giation-rich, high-tech economy, because those things are insepara-

e.

Now I would like to focus for just a moment on the changing
nature of science, for it is changing not only in encompassing areas
of intellectual work that we might have thought of as social science
in the past, but the practice of science and engineering is profound-
ly changing, and this committee in fact has been central in that
recognition—that the distinction between science and engineering
is bggnéning to blur and they are becoming increasingly interde-
pendent.

Indeed, science is becoming more dependent on technolegy, just
as technology is becoming more dependent on science. But more
important, the combination of science and technology is becoming
more complex and more capital-intensive. This is putting a fot of
pressure on our scientific institutions.

Leadership increasingly depends on system and software science,
on disciplinary approaches, on sophisticated intelligent instrumen-
tation. At the same time individual creativity remains the keystone
to excellence. New ways of helping our universities learn to
manage in that environment are going to be needed.

The scientific basis for technology has teen understood to be im-
portant for a long time. We have to invest in the technology for
doing and using science. I think the new policy on engineering
worked out by the National Science Board during the last 4 years,
and the recognition of its importance by this committee, is of great
potential importance. The first grants, in fact, under that engineer-
Ing program were announced in the newspaper this momigf.

I think, however, we have a long way to go. I would call atten-
tion to the fact that the universities are ready to respond with
modernization of their engineering capabilities. One evidence of
that is that NSF received something like 2 billion dollars’ worth of
proposals for those new engineering research centers. .

Another piece of evidence is that, when IBM offered a r ompeti-
tive grant program to the universities in manufacturing systems
engineering technology, we thought we would be lucky to get 8 or
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10 good proposals; 172 universities responded. Many of them have
moved ahead in this area without, indeed, having received any sup-
port from us.

Support for the private sector’s technological competitiveness has
now emerged as a primary requirement for Federal investments in
the research base. That is new since Vannevar Bush’s day.

Yet, in spite of a remarkable increase of university-industry co-
operation, the agencies that support the great majority of universi-
ty research, anafindeed the universities themselves, have little ca-
pability to respond quickly and effectively to new areas of research
promise that arise from that cooperation.

The role of the national laboratories, perhaps with the exception
of NBS, is still undefined in relation to their economic value to our
society. Indeed, the Bureau is shrinking and changing at a time
when I believe greater reliance should be placed on it.

On the other hand, I want to be clear that I oppose the direct
Federal support of private sector commercial innovation which has
been advocated by some people under the general label “industrial
policy.” But the investment that the Government makes in univer-
sity and national laboratory research should be guided, to an ap-
propriate extent, by the potential for dranatic advances in technol-
ogy as well as by intrinsic scientific interest—technologies that can
serve aur economic roles.

T peliove the best way to achieve that is to encourage, through
tax policy and other means, the voluntary collaboration of private
industry with universities and national laboratories, with the Gov-
ernment agencies adjusting their program priorities for science
support to respond appropriately to opportunities that are identi-
fied by the academic scientists after they have had their relation-
ship with their industrial peers.

I would like to make a few remarks about information policy for
§§ience and science information policy, two important but different
ideas.

We clearly need a more sophisticated view of the Nation's intel-
lectual assets that provide for nurture, protection, and sharing in
appropriate balance—avoidinrg the extreme of self-defeating protec-
tionism but recognizing that technical leadership is the primary
value added for our economy and for our defense.

At this tims the most visible issue in that general area is the
Government’s attempt to find policies and regulations that will
slow the diffusion of important knowiedge in science and enfineer-
ing to the Communist bloc countries while basing our own defense
strategy on high-tech science leadership that can only be main-
tained by the most extensive and open scientific communications
within the United States and with our NATO allies.

Knowledge is not free. It must be husbanded, but the husbandry
may be a thoughtful policy of encouraged diffusion, reserving pro-
tection to a carefully chosen limited set of critical assets. The poli-
cies to guide that selaction process in the total national interest are
making good progress, but they are not yet established.

The most critical problem is not East-West information ex-
change, but the health of scientific cooperation and competition
with the Western industrial democracies.
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The debate over ezf)ort policies on technical in‘ormation can
breed distrust in the alliance, as Europeans may suspest that U.S.
policy is aimed as much at retaining U.S. commercial superiority
as it is at preventing potential enemies from turning our own tech-
nology to their military advantage.

Of course, Americans may, with some justification, suspect that
olicies of other countries in tariffs, industrial stardards, and regu-
atory administration are themselves tainted with protectionist mo-

tives.

This is a complicated world we now live in, and just as many
companies have to learn to manage relationships with other com-
panies simultaneously as custoraer, competitor, and supplier,
Americans will have to learn how to share our science, compete in
high-technology commerce, and share our defenses witt allied na-
tions whose governments invest directly in their national enter-
prises and will necessarily have mixed motives on matters of sci-
ence information and tecnnology transfer policy.

Scientific and technical information are increasingly critical to
both public and private decisions, especially decisions on the uses
of technology. This trend is part and parcel of an increasingly in-
formation-intensive economy and was given great emphasis by the
OECD over & decade ago.

Yet, we read only last week that OMB is planning to cut even .
further back statistical data collections of the Federal agencies.
Many of these systematic data collections must be considered as
part of the technical infrastructure that underpins our future. Sci-
ence for policy is as important as policy for science.

Public concern for quality of o portunity in the economy of tue
future, not only in international competition but in States and
communities, will accelerate as political initiative for economic ;;ro-
motion continues to shift to the States. National science policy has
meant Federal policy for four decades. It must now shift and focus
on State and private sector policy as well.

At State level the linkage of educational quality, scientific re-
search, and the growth of high-tech employment is an article of
faith now. At the Federal level responsibility for supporting excel-
lence in fundamental science, primarily through university re-
search, has been a cornerstone of U.S. science policy for decades
and is well accepted. These two strategies—State and Federal—are
not conflicted but they are not coordinated. As a result, confusion
reigns over the matter of responsibility for institutional infrastruc-
ture for science and the n to coordinate investment strategies.

This is a much more substantial and complex issue than argu-
ments about geographical distribution of research grants. The cou-
pling of Federal and State interests in scientific development takes

lace primarily through the Congress, for the tenuous relationships

tween Federal science afencies and the State houses have been
almost completely dismantled.

Some universities have been criticized for lobbying their friends
in Congress for appropriations for research facilities, b assing
ﬁgﬁﬁ review. I agree that the trend is reason for concern, primarily

use it may threaten benefits in scientific excellence that result
from vigorous but fair competition within the academic communi-
ty.
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However, it is unrealistic to believe that science and engineering
capability in local communities can be seen as the route to jobs and
a better life without engaging the political process in the develop-
ment of that capability. Thus, the decentralization from Federal to
State level of initiative for high-tech economic development makes
sense, but closer coordination of Federal investments in scientific
infrastructure with State strategies for economic development must
be sought. In fact, the linkages, as I said before, in intergovernmen-
tal coordination have become somewhat weakened in recent years,
although the Governors’ conference I think has shown great leader-
ship and brought the Federal community into its work.

have been speaking about equal opportunity for communities
and States. Equal opportunity for careers in science and engineer-
ing has always been an important element of social equity. In a
knowledge-intensive economy more than the elimination of preju-
dice is required. The quality of public instruction will increasingly
determine the meaning of equal opportunity for all citizens.

This educational dimension of science policy has evolved from
the need te train future science specialists to the opportunity for
all our young people to prepare for the careers of the future. ’

I think I woultf like just to mention two other things and then
allow the committee to direct its discussion however it would like.

First, I would like to go back to my comment about interdiscipli-
nary opportunities. Last year when this committee entertained and
heard from our newest Nobel laureates, your hearing was followed
by a seminar at the Academy in which four of our former laureates
addressed the issue: What is happening in their areas of science?
These four distinguished laureates were in the fields of organiza-
tion theory, economics, biology, and physics. They spanned the dis-
ciplines pretty well.

They told me they had not compared notes in advance on what
they would say, and yet each of the four said exactly t-: gsame
thing. Each one said the most important ideas and exciting oppor-
tunities in my field are now being seized by people who are able to
reach into many disciplines, all the way from mathematics to more
applied areas, and combine the results to fruitful purpose.

That led this small audience to a free discussion of why was it so
difficult to do interdisciplinary science when the leaders of science
all recognize that that is where the action is, where the progress is
being made. The observation emerged in that discussion that the
dizciplines are terribly important because they are the gatekeepers
of quality standards in our science without wl?;'ch science woulge be
of no value and make no progress.

So we have a balancing act to do between maintaining the stand-
ards which are done by the disciplines and yet somehow responding
with speed and with concentration of flexible resources for these
much more cross-discipline opportunities.

I think that is one of the greatest challenges facing our universi-
ties. I bave the feeling that our university funding agencies, while
they understand that dynamic intellectually, find it difficult to op-
erate their grant programs in such a fashion that they truiy re-
spond to those kinds of opportunities. Indeed, I suspect that peer
review is harder to do in those kinds of environments than it is
within the narrow disciplines. I regard that as a challenge which
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we will have to learn how to master without giving up the virtues
of peer review and the disciplines for maintaining quality stand-

Finally, I would like to come back to my brief comment about
national laboratories. They represent a very substarntial part of our
research investment, Federal research investment, and they have
an enormous capability. If you look at the scientists and engineers
who work there and the facilities they have, and, indeed, t(ﬁ%, like
corﬁorate research laboratories, do not suffer from this difficulty
with respect to interdisciplinary work to the same degree as do
most universities.

Yet, there has been an endless number of studies, I remember,
on how to make better use of this great capabilitg.r

I remember that in 1968, when I was on the President’s Science
Advisory Committee, Professor Hill of MIT was asked to do one
more study about the national laboratories. Don Hornig, the sci-
ence adviser, thought this would be a very time-consuming task.
Hill, in fact, came back in 2 weeks with his work, which was repre-
sented on a single page. He made a chart, rows and columns, in
which in the first column he listed 14 previous Federal studies on
how to make better use of our Federal laboratories, and across the
top row he listed all possible recommendations that you could
make. Then he gut a checkmark in this plot everywhere one of
those studies had made one of those recommendations. The chart
was a forest of checkmarks. He said, “Here is my study. I suggest
you get on with these recommendations.” [Laughter.]

I would suggest to you that what that proved was that it is a
much tougher problem than those 14 studies appreciated.

My own belief is that the national laboratories could serve the ‘
country much better if they were in a position to be more flexibly
managed, and that rather than trying to invent new missions for
them in these kinds of studies, we might do better to try to invent
a new organizational structure within the Government that would
permit their redeployment, or at least their partial redeployment,
in a swifter way when problems come along that need urgent at-
tention and that appropriate for them to work on.

I remit that these ideas are not totally new, because they have
been suggested in hearings in this committee before, and they are
very difficult to accomplish. But, of all of the notions that have
been put forward from time to time under the general headini:sf
department of science or science reorganization, one that
always appealed to me was something that would give a top science
executive in the Federal executive branch, whether the science ad-
viser or a minister of science or perhaps even the director of a
major agency, the freedom to deploy some fixed percentage of cer-
tain selected national laboratories, preselected national laborato-
ries, to redegloy those on urgent new tasks without having to come
first through the budget bureau and the Congress for authoriza-
tion, in order to be able to put 50 people or 100 people or 500
people on such a problem with the stricture that that program
could not continue for more than 2 years or 3 years without coming
back ‘o the Congress, the agency that is responsible for that labora-
tory, for confirmation that this was appropriate work and for its
proper budgeting and review.
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Maybe that idea is not terribly practical, but somehow it seems
strange in the world in which we know it is not appropriate to try
to redeploy our university resources to meet urgent near-term
needs. We all know the experience with the RANN Program with
NSF, which was not very successful. That is not the right role for
the universities, but we do need the ability to depluy interdiscipli-
nary, broad-ranging, advanced scientific capability against urgent
environmental needs or other questions that emerge in a more
flexible manner than we have been able to do in the past.

That idea has been inspired perhaps by the fact that it was suc-
cessfully done, at least for a period of time, in the French Govern-
ment when Pierre Aigrain was Minister of Science—sorry, when he
was head of DGRST. He had resources that he could deploy of that
character within the CNRS. I thought it an interesting idea.

Mr. Chairman, [ think I have imposed on your patience long
enough.

[The prepared statement of Dr. Branscomb follows:]
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FUQUA HEARING OUTLINL HEARING MARCH 14, 1985

Goals and Objectives of Natioral Science Policy

Introduction:

The cornerstone of U.S. science policy must be a national commitment
to excellence in science and engineering. Scientific and
technological achievement, like entrepreneurial skill and athletic
prowess, are important elements of our American culture. We measure
th* vitality of our society by our attainments in these areas, just as
we measure the quality of our society by the prevalence of justice,
equality and caring. But scientific and technological achie‘rement is
a means to a broad variety of ends. .

A national policy for science must focus on more chan strengthening
science, but on the processes through which a strong science will
benefit current and future generations of Americans. This is why
generating a consensus behind a national science policy is so
difficult. We can all agree on the importance of world leadership in
basic sclence; it 1s harder to agree on national policies to improve
the effectiveness of the mechanisms that harvest the fruits of
science.

This difficulty stems from the economic realities that so strongly
influence the value of scientific leadership to the society. We are
all aware that the US economy has, historicatly, been very efiective
at converting scientific discovery into innovations that when
commercialized create new jobs and higher living standards. Other
countries, like the U.K., have failed to benefit to the same degree
despite the impressive performance of their scientists.

Economic Environment for Science Policy

We Americans must not take this linkage of science to jobs for
granted. We cannot build a healthy economy relying orly on science,
patents and sales of technolegy. Americans must be able to
manufacture, sell and service the resulting products. For if all the
high tech production goes off-shore, the experience others gain with
the technology through manufacturing will soon erode our technical
lead. The revenue stream from production is required to finance the
technology needed for competitiveness.

Today the overpriced dollar is driving an enormous, negative trad-
balance, which itself reflects a loss of the benefits of U.S.
technical leadership to the people of other countries where
manufacturing is rapidly moving. Thus cloeing the budget deficit is a
key element in the national policy for science and technology.

Fluctuations in the macroeconomic environment will dominate the
apparent technological performance of U.S. industry. But, they will
also mask underlying systematic strengths and weaknesses. My point is
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that a national science and technology policy must be grounded on
economic policy that provides the climate within which science can
serve the public effectively. One cannot simply dismiss the flight to
off-shore production of high tech components as solely due to an
overpriced dollar. Rapidly industrializing nations like Korea, Taiwan
and Singapore are demonstrating impressive capability at absorbing
managing and producing the fruits of American scientific and advanced
development talent.

The economic environment for science policy is changing in two other
very important ways. First, we all know the statistics that show how
our modern economy is redeveloping its workflow from agriculture and
manufacturing into activities sometimes called services, and
especially into information-related activities.

A Knowledge-Based Economy

What is not well understood is that these knowledge-intensive
activities are not an alternative to manufacturing, services and
agriculture; they are the means whereby all kinds of work become more
productive. 1Irdeed, if the knowledge-based or information sector does
not contribute to productivity, and hence competitiveness in
manufacturing services and agriculture, we will not be able to afford
to continue to invest.

Yet, our science and technology policy discussion - indeed our
educational institutions - have not come to grips with these
"software" technologies, in part because they do not stand alone as a
special skill--like physics or electrical engineering. Managerial,
cultural and aesthetic values are inseparable from computer,
communications and software skills, Puyblic services, equality of
opportunity and other issues call for tradeoffs between market forces
and the public good as a guide to future development.,

A Global Competitive Arena

Flowing directly from the importance cf knowledge-1.1tensive work is
the global character of the competitive arena. The very strengthg of
the American society - and especially of our science and engineering -
positions us well for cowpetition in a global marketplace. However,
our public attitudes toward technology transfer and the role of
science in international affairs is not always in accord ~ith either
the economic reality of a global marketplace or the governments
current focus on free trade. Free trade in jdeas and information must
follow free trade in goods if we are to capitalize on our natural
advantages in the information-rich, "high tech" economy -- they are
inseparable.

This committee's review comes at a watershed time in the relationship
of American science and eugineering to the nation's future, for many
circumstances have changed since basic science policy was set in the
1950's. Let me summarize some of the key changes, and the policy
issues they raise.
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a) THE CHANGING NATURE OF SCIENCE

The practice of science and engineering is profoundly changing,
blurring the distinction between them and enormously increasing their
power for progress and for application. But this comes at the cost of
increasing complexity and capital intensity, putting great pressure on
scientific institutions. Leadership increasingly depends on systems
and goftware science, on pan-disciplinary approaches and on
sophisticated, intelligent instrumentation. At the same time
individual creativity remains the keystone to excellence. New ways of
funding equipment and creating new research activities across
traditional disciplinary boundaries are needed.

The scientific basis for technology has been understood to be
important for many years; uow we must also invest in the technology
for doing and using science. The new policy on engineering worked out
by the National Science Board during the last four years, and the
recognition of its importance by this committee are of great potential
importance. The nation's universities are eager to respond, as
indicated by the 172 universities that responded to IBM's
manufacturing systems grant competition and the $2 billion in
proposals for the NSF Engineering Research Centers. But the
administration and congress have not yet faced up to the implications
of supporting the kind of technology base our universities should be
providing.

b) TECHNOLOGICAL COMPETITIVENESS

Support for the private gector's long term technological
competitiveness emerges as the priority requirement for federal
investments in the nation's research base. On this point everyone in
the debate on industrial policy agrees. Yet, in spite of a most
remarkable increase of university-industry cooperation in many fields,
the agencies supporting the great majority of university research have
little capability to respond quickly and effectively to new areas of
research promise that arise from that cooperacion. The future role of
the national laboratories, except for NBS, is still undefined, and the
Bureau is shrinking at a time when greater reliance should be placed
upon {it.

I oppose, ao impractical, the direct federal support of private gector
commercial innovation advocated by some under the label "industrial
policy”. But the investment government should and will make in
university and national laboratory research should be guided by the
potential for dramatic advances in technology, as well as by intrinsic
scientific interest. The best way to achieve this is to encourage,
through tax nolicy and other means, the voluntary collaboration of
private industry with universities and national laboratories, with
government agencies adjusting their program priorities for science
support to respond to the opportunities identified by academic
scientists and their industrial peers.
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¢) INFCRMATION POLICY FOR SCIENCE

We must have a more sophisticated view of the Nation's intellectual
assets that provides for nurture, protection and sharing in
appropriate balance, avoiding the extreme of self-defeating
protectionism but recognizing that technical leadership is the primary
value-added for our economy and our defense. At this time the most
visible issue is the government's attempt to find policies and
regulatiors that slow the diffusion of important knowledge in science
and engineering to the communist bloc countries, while basing our own
defense strategy on high-tech science leadership that can only be
maintained by the most extensive and open scientific communications
within the U.S. and with our NATO allies.

Knowledge is not free; it must be husbanded. But the best husbandry
may be a thoughtful policy of encouraged diffusicn, reserving
protection to a carefully chosen limited get of critical assets. The
policies to guide that selection process in the total national
interest are not yet established.

The most critical problem is not East-West information exchange, but
scientific cooperation and competition within the Western industrial
democracies. The debate over export policies on technical information
can breed distrust in the alliance, as Europeans suspect that U.S.
policy is aimed as much at retaining U.S. commercial superiority .s it
is at preventing potential enemies from turning our own technology to
their military advantage.

Of course Americans may aiso suspect that other policies - in tariffs,
industrial standards and regulatory administration by our Allies are
themselves tainted with protectionist motives.

Just as many companies have learned to manage relationships with other
companies as customer, competitor and supplier simultaneously,
Americans will have to learn how to share our science, compete in
commerce, and share our defenses with allied natione whose governments
invest directly in their national enterprigses and will necessarily
have mixed motives on matters of science information and technology
transfer policy,

d) SCIENCE INFORMATION FOR POLICY

Scientific and tecnnical information are increasingly critical to both
public and private decisions, especially decisions on the uses of
technology. This trend is part and parcel of an increasingly
information-intensive economy, and was given great emphasis by the
OECD over a decade ago. Yet, we read only last week that the OMB is
planning to cut even further back the statistical data collections of
the federal agencies. Many of these systematic data collections must
be considered as part of the technical infrastructure that underpins
our future, Science for policy is as important as policy for science.
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e) COMPETITION FOR OPPORTUNITY: STATES AND COMMUNITIES

Public concern for equality of opportunity in the economy of the
future, not only in international competition but in states and
communities, will accelerate as political initiative for economic
promotion continues to shift to the states. National science policy
has meant federal policy for four decades; it must now focus on state
and private sector policy as well.

At state level the linkage of educational quality, sc’entific research
and growth of "high tech” employment is an article of faith. At the
federal level, responsibility for supporting excellence in fundamental
science, primarily through university research has been a cornerstone
of US science policy for decades and is well accepted. These two
strategies - state and federal - are not conflicted, but they are also
not coordinated. As a result confusion reigns over the matter of
responsibility for institutional infrastructuve for science, and the
need to coordinate investment strategies.

This is a much more substantial and complex issue than arguments about
geographical distribution of research grants. The coupling of federal
and state interests in scientific development tzkes place primarily
through the Congress, for the tenuous relationships between federal
science agencies at the statehouses has been almost completely
dismantled. Some universities have been criticized for lobbying their
friends in Congress for appropriations for research facilities,
bypassing peer review, I agree that the trend is reason for concern,
primarily because it threatens the benefits in scientific excellence
that result from vigorous but fair competition within the academic
community. However, it is unrealistic to believe that sciencé and
engineering capability in local communities can be seen as the route
to jobs and a better life without engaging the Solitical proctss in
thie development of that capability. Thus the decentralizatioy from
federal to state level of initiative for "high tech" economic
development makes sense. But closer coordination of federal
investments in scientific infrastructure with state strategies for
economic development must be sought. In fact, the linkages for
intergovernmental coordination have bec.me weakened in recent years.

f) COMPETITION FOR OPPORTUNITY: EDUCATION AND THE DISADVANTAGED

Equal opportunity for careers in science and engineering has always
been an importan. element of social equity. In a knowledge-intensive
econony, more than the elimination of prejudice is required. The
quality of public education will increasingly determine the meaning of
equal opportunity for all citizens. The educaticnal dimension of
science policy has evolved from the need to train future science
specialists to the opportunity for all young people to prepare for the
careers of the future.
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PROPOSITIONS FOR A NEW SCIENCE POLICY

1) A national policy is not just federal policy; the states and
private sector now have major responsibilities.

2] Excellence in gcience 1is not enough. Science policy must
encompass the processes for public benefit from science.

3] Economic environment dominates the short-term benefits from
science and technology and must be managed to percit the private
sector to sustain technological competitiveness.

4) Federal role in commercial technological competitiveness should
focus on support for the resecarch and educational base, primarily
through the colleges and universities.

5) Industry-university cooperation should be encouragefl to maximize
economic return on the federal research investment.

6] The new software gciences underlying a knowledge-based economy
must be encomnassed in science policy. They include cognitive,
behavioral and gesthetic dimensions, less easily separated from
their social/economic context than traditional "hardware" sciences.

7] Knowledge-intensive technologies are essential for
competitiveness in agll sectors: manufacturing and agriculture as
well as the "high-tech" sector. The entire technology base of the
economy must be strong, not just one favored gector.

8] America must compete in a global economy, and must have access to
world markets. Free trade in goods requires free trade in gervices,
patents and information. Information policy must be a part of
sclence policy, and must strike the balance between asset protection
and asset exploitation.

9] Research to support public and private decisions on technologies
will be increasingly important, as will the maintenance of
statistical databases on which policy-relevant research must rest.

10] Science policy must include means to increase R&D productivity.
Science information gervices are an important element of that
strategy.

11] State and local governmen s use resea~ch and education
investments to compete for economic opportunity. Pederal policy
must recognize, indeed encourage this initiative, and insure chaé\
federal research investment strategy is compatible with state goals.
States must focus their higher education strategles to match the
realistically availabie research resources.

12] Scientific progress increasingly requires integration of ideas
from many disciplines, while the disciplines serve to maintain the
quality standards of science. Our universities must be helped to
capture these interdisciplinary opportunities without sacrifice of
their stewardship of quality standards,
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13] Engineering is the vital link between science and its economic
benefits. Further, science increasingly depends on the fruits of
technology as research becomes increasingly dependant on
instrumentation and information system supporf.. Federal support for
universities must encompass a more effective balance between
manpover and facilities investments.

14) Engineering .ducation and research must strike a be:ter balanze
between research and development and design and production if the
U.S. 18 to be economically competitive.

15]) The quality of public education has always been important in
preparation of scientific careers, but now becomes the most
important element of equal opportunity for every one who will work
in a knowledge-intensive economy. Thus science pnlicy must embrace
effective education for all, not just the future technical
professionals.

16] Tne national laboratories are a great and underutilized asset.
The best way to update their missions i3 to structure a governmant
organization capable of redeploying them to priority federal R&D
needs whenever that is required.

17] Science 18 an increasingly imporr t toor of foreign policy, but
is increasingly difficult to manage ef.ectively as foreign
governments get more sopbisticated about their interests in
technology, and the U.S. has goals requiring access and negotiation
in foreign countries. U.S. policy formation processes are
iradequate for the future.
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DISCUSSION

Mr. Fuqua. Thank you very much, Lew.

You touched on the interdisciplinary and the fact that some dis-
ciplines have difficulty understanding others. The Chairman of the
National Academy of Space Science Board said recently that “we
are experts at setting priorities in any one field of science. The as-
tronomer, for example, finds it difficult to Jjudge impartially the
value of research in life sciences. The ultimate Judgment of our pri-
orities is made adequately by the present method of relying on the
complex democratic process to ma.ll:e essentially political decisions.”

I guess my question is this: How dc you resolve that issue of sci-
ence and the political issue? Many times we have in this committee
taken initiatives that were not forthcoming, say, by the Science
Foundation or by other groups that we felt was in the national
need. One was in the area of science and engineers in education.
We felt it was very important. Another was an initiative in super-
computers. Those are just two recent or.2s that cors2 to mind.

Is that the way it should work or should we wait for the scientif-
ic community to come forward in understanding that, particularl
in the Federal Government process they have to go through OMg
and there are certain restrictions, and free thought sometimes
ceases once they make a decision? That may be based on budget
decisions, not on a policy decision. How do we do that? Are we an
impediment? Can we foster good science?

Dr. BranscoMs. You certainly are not an im diment, for the
Congress, in my view, is and has been the most effective steward of
our stcientiﬁc capabilities in the past 30 years that we have in this
country.,

Let me try to answer your question by an analogy with a ques-
tion that was once asked of me and my company shortly after I
went there. I was asked, “Could you please tell the manageraent
how we ought to decide how much money to spend on R&D, and we
are interested in how 1nuch money we should spend on R as well ag
the geparate question of how muc}z we spend on D.”

My ar jwer was that, first of all, the decision on how much
money you should sper.d on development is not a global decision
that you make at 21, for development serves a ve& clear purpose.
It is to achieve a certain business o portunity. that decision
should be made by examining all tﬁese opportunities for their
value—in this case, to the company by analogy to the country-~and
whatever of tiose opportunities seem worth pursuing, then you
must do the appropriate science and engineering work to achieve
tha: end result.

My first answer t > your question is, in all the areas where we see
science or research or engineering as useful tools to achieve a goal,
then whatever element in our society has the opportunity to get on
with achieving that goal should proceed to do so.

The scientific community should be called upon to help out. If it
means to follow, because this involves something innovative, fine,
then let the need pull the science.

But I 230 said that, if we left it solely—if we could leuve it solely
to the businest process in m company or the politica! process in
the country, to determine all of that science that is needed, then
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we wouldn’t have to do anything else. It would pull so much far-
reaching thinking an1 so much good educational investment that
we would achieve our vbjectives in a very demand-pull-oriented en-
vironment.

But we, in fact, all know that won't work. In a busiress where
the business elements are pressing very hard to be competitive and
cut costs and shorten the developmert cycle, they simply cannot
take the time to invest in those long-term issues and, in any case,
they are not really equipned to make those judgments or to nur-
ture the kind of people who do forefront work in science.

Therefore, you have to take a piece of the investment and split it
off and protect it. In my company that is like 10 percent of the
total. In that piece, now you have to leave it to the judgment of the
scientists who manage it to decide what the internal distribution of
investment should be for those opportunities that are science
driven, driven by perception of scientific opportunity. Those things
need to be decided by scientists.

The anclegy in the country is that we do need agencies like NSF,
like NIH, where their job is to have the scientists pursue the intel-
lectual opportunities that over the long term will give our people
the best benefit fromn that investment. As Bob Wilson once said in
testimony for Fermilab, make the country worth defending even if
the investment doesn’t help defend the countrly.

Therefore, the answer has to be both. I would dearly wish that in
the case of NSF the Science Board truly did make the final deci-
gion on the allocation of investments across disciplines and that
that was fully delegated by OMB. I respect, however, OMB’s right
and certainly their authority to express more of their opinions and
to kave that balauce also reflect the President’s judgments about
what is important in the large, and of course those judgments need
:_o bﬁggspected and in fact reflected in the statute as appropriate
or .

But nothing, I believe, should in any way deter either commit-
tees of Congress or committees of citizens to perceive a role that
science can play usefully in our society and get on with trying to
produce the necessary results. That, to me, is what has made our
country great, and it is what makes the science budget not a fixed
pie problem, even though it is often perceived that way by the uni-
versities. It isn’t a fixed pie at all; we use a fraction of the ideas
and knowledge and imagination that is available in this country to
solve its problems. We don’t need to throw money at that commu-
nity, but we certainaliv shouldn’t refrain from using brains wherever
they can be deployed.

Mr. FuQua. One of the conclusions of Vannevar Push’s study
was that there was a proper role for the Federal Government in
basic research, but he cautioned that we not do it—that there not
be so much involvement of Government that it stymies industry
from their appropriate role in that.

How do you see that working today? Is industry picking it up
with tax credits, R&D tax credits? {s that a stimulus? It has aot
been in effect very long. I am not sure we have a good handle as to
how effective it is.

Are we putting too much Federal funds into that to the detri-
ment of industry picking up an appropriate amount?
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Dr. BranscomB. You have asked two quescions. Let me try to ad-
dress both of them.

First of all, I believe that on the issue of the Federal strategy for
investing in the fundamental science as a means to economic stim-
ulation, we really have a pretty broad consensus in the country
now that the best way to do that—there may be exceptions, but the
best way to do that—is to invest in our university research sector,
and that has two enormous strategies, which is the one that has
been an important oue in the last 30 years. It has two very impor-
tant benefits.

One is that that probably is the best way to get postgraduate sci-
ence education accomplished—by doing the science in the universi-
ties rather than in independent institutes, as would be typical in
the Soviet Union or Australia or other places. .

Second, so long as there is a healthy collaboration between in-
dustry and the universities, then the Government’s participation
with the universities permits the universities to be a healg}ll{ part-
ner with industry. In my opinion, that is going exceptionally well
today compared, say, to 10 years ago when there were great bar-
riers between universities and industry.

In fact, it is quite extraordinary. My own company, at last count,
had undertaken 1,200 independent projects with 130-something uni-
versities in this ccantry since 1982. I put that only as evidence that
the universities are receptive to this kind of collaboration.

My comments earlier were aimed at expressing a concern that
when there is an area of great interest to our economy and to in-
dustry, that the universities also seem to be very interested in,
such as computer-aided design and manufacturing and new manu-
facturing processes and ways of manufacturing, ways of managing
production, the Government finds it slow and tortuous to find ways
to deploy resources to help the universities in that _llaboration. I
would like to see that be a little more swift. I think the NSF pro-
gram that they have now embarked upon is moving in that direc-
tion. So I am optimistic about the future.

The piece of that industry-university collaboration that is not yet
functioning properly, which 1 hope the engineering investments
will realg' make a difference in, is the middle to smaller-sized com-
pany. Industry-university collaboration works very well with com-
panies that have corporate research and, therefore, have research-
ers who are very much like the university peers. They can ialk to
each other very easily.

It is harder for small companies that do only design and produc-
tion engineering and do very little scientific research, but they
need the intellectual help just as the larger companies do.

On the specific issue of tax credits, I believe that indeed that has
had a positive effect. There is, in fact, a debate on the record on
that subject between myself and Professor Mansfield at the Har-
vard Business School last year, and I know that manuscript is
available to you.

My own belief is that there may be ways to improve that pro-
gram. It certainly requires measurement and further study because
1t is relatively new. But in my own industry, the first year that
that program was really fully available to use, there was a remark-
able investment in advanced research and development in the com-

ERIC 149

IToxt Provided by ERI




148

puter industry, even by companies that were havi.g tough times
on the revenue and profit side. I believe the testimony of the indi-
v}guals in those companies that it did, indeed, have a stimulating
effect.

Mr. FuqQua. If it is not ’proprietary information, what is the R&D
budget of your company? Last I heard it was two or three times
that of the Science Foundation.

Dr. Branscoms. I do not have the exact numbers. In 1984 it was
somewhere between $3.5 and $4 billion.

Mr. FuQua. Mr. Brown.

Mr. BRowN. Dr. Branscomb, following up on this last line of
thinking about the role of the universities and the fostering of
basic research as the model, as you know, there are other models.
One which has proven to be somewhat successful is the institute
model as represent- 1 by the Max Planck Institutes in Germany. It
seems to me that w.. . we think merely in terms of institutions we
do not get at the root of the problem, which is the fostering and
encouragin7 of creative minds.

The problem we have in tying ourselves strictly to a university,
regardless of how good it is, is that it is an institution which has a
life and death. It goes through demographic changes. It gets to the
ggint where the faculty perhaps, because of one veason or another,

omes old and static and is not fostering creativity to the extent
it should.

There are, for example, more brilliant young researchers avail-
able than there are faculty positions to use them, maybe even in-
dustry positions to use them. How do we gear up to handle that?

I think we are moving in that direction with this emphasis on
university-industry cooperation. In many cases this leads to the es-
tablishment of jointly controlled research institutes allied with
both single companies or groups of companies in an industry or
even across industry lines in some cases.

It seems to me that we need to explore those problems keeping
in mind our goals of providing opportunity and incentive to foster
the creative mind.

Would you: comment on that line of thinking?

Dr. Branscoms. Indeed. The Max Planck Institutes are a model
of highly creative science institutions that do have the virtue that
theg find it relatively easy to undertake interdisciplinary work
within their fieid - science. In Germany there are Fraunhofer In-
stitutes, perhaps not quite so successful, but they attempt to do the
same thing with industry. Those are worthwhile models to exam-
ine.

My belief is that we have many examples of the interdisciplinary
research institute that is either an intimate part of the university
involving the participation of multiple departments or is attached
to the university and with varying degrees of intimacy and linkage.

The virtue of having such institutes connected closely with the
university is that they will i:elp to prevent the very kind of situa-
tion you describe that occasionally happens at a university from
having a devastating effect on the quality of education in those in-
stitutions.

For I believe the mest remarkable achievement of Ar ~rican sci-
ence policy in the last 30 years is that we accomplished an enor-
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mously important educational objective without having to go
through the pelitical process of deciding we wanted a ministry of
education that would undertake to finance all the postgraduate
educ?tion, which would never have been accepted by the American
people.

We have met the output measure of that intellectual activity;
namely, the science, drive science education at the postgraduate
level. I think it has been very successful.

What I would observe is that that institute pattern is one which
has not been established in some sense as one of the three arms of
policy, the third arm being the national laboratories. In this coun-
try the equivalent of the Max Plank Institutes in Germany is much
more nearly our national laboratories than it is the interdiscipli-
nary institute on the campus.

In that, I would include among national laboratories the NSF-
funded facilities like NCAR, and the like. Those are very important
in achieving the objective you describe.

Mr. BRowN. You stress the objective yourselif, that is, the stimu-
lating creativity and so forth. You indicated there should be more
leeway in the laboratories to purste the nonorthodox, new idea,
that there should be that opportunity included in the funding ar-
rangement in the budget, something I assume comparable to the
independent research allocation allowed defense contractors. What
are they called?

Dr. Branscome. Yes; IR&D.

Mr. BrowN. Which is used by defense contractors for what little
research they do. The labs could benefit from that. But the princi-
ple here is that vre provide opportunity, that we stimulate people
to follow the brave, new ideas. I want to continually hold up ways
to do that as the objective rather than protecting some particular
institutionai arrangements that we have at the present time.

Dr. BranscoMs. Yes. I do believe that there must be ways that
can be found in the mechanisms for funding science at the univer-
sities that give the universities positive incentives, not just the re-
moval of obstacles, toward their own ideas about rearranging their
research activities in order t » geize new opportunities.

I think that is a difficult |.-oblem in the acquisition of expensive
equipment that might be ghared by investigators supporied by
many different resources of support, and I do believe that more
flexibility available to the initiative of thc institutions, both nation-
al labs #iid universities, would be very helpful in unleashing a fair
amounc of local imagination in achieving what you describe.

These kinds of research institutes do get created by NSF and
other institutions, but they involve & great deal of discussion and
struggle before decisions are made to do them, so it is very much a
top-down kind of decision process today.

Mr. BRowN. Thank you. Mr. Lewis.

Mr. Lewis. Doctor, what in your view is the relationship between
national and international strength in science and economics?
Should the United States take a broad lead in all fields of science
such as countries like England which has had a strong science base
while behind economically, Japan with a weak science base while
ahead economically? What is our role in this area?
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Dr. Branscoums. I think, first of all, scientific excellence is a sine
3ua non for long-term competitiveness, and that is as true for
apan as it is for us. They are discovering that. As they succeed in
their catch-up objectives, much of their economic strategy in the
high-technology area has been aimed at acquiring a substantial
market share of a market that already has been brought into exist-
ence by others. As they achieve that objective and try to get out
ahead, they will not be able to do that without their own indige-
nous science and innovative capability.

But the primary answer {0 your question is that, especially for
the United States, but for any industrialized democracy, a high
level of achievement in both science and in engineering and the
disciplines that are involved in the translation of science to benefit
is the sine qua non for competition in the world today. It is certain-
ly not wage rates.

The Japanese contribution to that recognition is that they have
done an extraordinary job in production engineering. Their manu-
facturing engineers do things that in America are done by develop-
ment engineers. As a result, they do them quicker.

They are just very focused at the whole notion of production as a
very sophisticated technical cha.llenge. In our country, for too
many years in too many sectors of industry, and in too many engi-
neering schools, the notion of engineering design and ﬁinoduction as
a challenging intellectual area for research and teaching has just
not gained acceptance. As a matter of fact, the teaching of design
disappeared in school after school for years. Now that recognition
has been very substantially reversed, and the respeonse to that IBM
manufacturing systems engineering program I mer tioned earlier is
evidence of it. Indeed, we do now teach imafinative design. It can
be taught, and it is taught at MIT and Berkeley and elsewhere.

In fact, on television last night I saw the results of a competition.
The finalists came down to Berkeley and MIT. The competition for
the students was to figure out why the perpetual motion machine
worked. It was, of course, a fake perpetual motion machine. But
the kinds of skills that those students brought to bear in that com-
petition are the kinds of skills that are needed in design and not
Just scientific skills.

If we have a balanced investment ix: our national science and en-
gineering capability, then I think we will have the tools, given a
sound economic environment—and we absolutely have to have
that—those two things will make us or allow us to remain the No.
1 economic performer in the world.

Mr. LEwis. You mentioned in your presentation about universi-
ties needing research assistance by the Government. The Depart-
ment of Defense has taken a greater role in university research. Is
there any problem with the growing military presence on campuses
at this time?

Dr. Branscoms. I won’t try to comment on any sociological con-
sequence. I am not too concerned about that.

Mr. LEwis. That is a concern, but what is your view of the DOD
supporting universities?

I'r. BRanscoMB. My view is that the DCD has not only an obliga-
tion to refurbish, to reinvest in the sources of new notions that
they are depending upon as they exploit them, but that, indeed in
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their own self-iuterest, given the nature of our military strategy
today, which is very much a high-tech strategy, it is vitally impor-
tant that our militarilcommunity have the broadest base of ideas
and capabilities and skills to draw upon,

Indeed, my concern is not that there is tco much Defense Depart-
ment investment in universities, but that if you look careful y at
what the Defense Department in fact is funding under the 6.1
budget category, which has always in theafast meant fundamental
research, I think you will find a great deal of activity there that is
not the area in which the universities can best contribute. There-
fore, the Defense Department is not playing the level of role in
building our university capability that, given the priority this area
has in the country {oday, they s}‘;ould be. I believe the universities
in fact are prepared to do their appropriate role more aggressively
for our defence pu .

Mr. Levs. ThanE you, Dr. Branscomb.

Mr. Fuqua. Thank you.

Mr. Packard.

Mr. PACKARD. Dr. Branscomb, you emphasized in your statement
that it is not only a Federal policy that we should be developing,
but we should be looking at ggate and even local involvement in
that policy, particularly for the economic benefit of the State and
kicalla e,‘]it‘l?nsdl ictions. How do you perceive that best to be accom-
plished?

Our goals at the Federal level may be motivated entirely by a
different motivation than what they are defined at the State and
further down to the local levels. How can that best be done? Is it
not true that there is a tendency of each wanting to go their own
separate ways in developing their own local policies or individual
policies based upon different motivations?

Dr. BranscoMB. That tendency for the States and communities
to go in different directions is, in my opinion, a very healthy evi-
dence of an innovative, com({)etitive spirit. I am a supporter of the
notion that the States should take a leading role in the exploitation
of intellectual investments for economic benefit, because I think it
18 appropriate for the States to compete with each other in this re-
spect. Industry and science can vote with its feet on how it re-
sponds. That is the American way.

That diversity will, of course, leave much of the activity exclu-
sively to the local arena, and there is nothing wrong with that. My
concern is based on the fact that we have a national—let me take
an example, which is science education in the public schools, or
let’s say education in general in the public schools.

The Federa! Government in its leadership has clearly indicated
that that is a matter of concern to the Nation. There has been a lot
of analysis of the problem and exhortations for progress at the Fed-
eral level. The States have, many of them, undertaken quite imagi-
native activities.

It seems to me that the motivatious are all correct, but the strat-
egy for solving the problem is not yet realli' joined between State
level and Federal level, or for that ‘matter, I don’t believe there is
as broad an awareness in the private sector of the way in which
{;)he private sector can help with education as perhaps there should
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I am not sure that we should leave it exclusively to the Gover-
nors’ Conference and to other non-Federal bodies to take the initia-
tive in that respect. I think we need a genuine partnership, so that
the deployment of resources at the Federal level, whatever they
may be in whatever is the appropriate Federal role, is matched as
best it can be to the central strategy of the State and local commu-
nities, recognizing that that won't a the strategy for all.

Mr. PACRARD. I suppose that the task of this committee, then, in
setting up a national policy incorporating the local and the State
policy as well would be as a correlating or a coordinating task in
that respect at least. Do you have any suggestions on how that
could best be done?

Dr. BranscoMr [ think you are right about the role. It is an in-
teresting idea. The National Conference of Governors has worked
this problem pretty hard through a variety of mechanisms, and
they continue to focus on it.

I would think it interesting perhaps for this committee to try to
find some way of undertaking a collaborative activity with that or-
ganization, at least to be sure that you understand their views of
the Federal efforts in this area over which you have stewardship.

Mr. PACkARD. Thank you, Mr. Chairman.

Mr. Fuqua. Mr. Wirth.

Mr. WirTH. Thank you, Mr. Chairman.

Thank you very much for that great tour de force through vari-
ous issues that we have to look at.

Let me ask you a bit of a different question. You talked this
morning about international information, intergovernmental rela-
tionships, interdisciplinary studies, laboratory cooperation, really
the process of science policy which is part of what we have to do.

It seems to me the other part of what we have to do is the level
of Federal investment in this area. Historically, as I understand it,
we have tended 10 say if we invested about 3 percent of our gross
national Eroduct in research and development, that was about the
rule of thumb, and that was invested about half by the public
sector and about half by the private sector. That is generally what
we have done in the past 25 years.

With the changing nature of our economy, with a defense estab-
lishment that has a higher technological interest, with an increas-
ingly international structure in the economy, is that 3 percent still
an adequate rule of thumb? Should we, as the Federal Govern-
ment, be spending more in the area of not only science and tech-
nology, but the education of young engineers and young computer
scientists and social scientists, and so on?

Dr. Branscoms. I think we should be spending more, but I don’t
believe we can arrive at that conclusion by examining the 3-per-
cent number. In fact, I don’t think the 3-percent number came
about that way.

My real belief is that we shovld spend more only when and
where we have figured out how to do it well. That statement is a
much more important stricture when we talk about fundamental
science than it is when we talk about, let’s say, engineering educa-
tion.

In fundamental science you are really wasting the money unless
you invest it in somebody who can make a significant incremental
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contribution to the body of world knowledge that exists. There, if
we have the good fortune to have bright people with first-rate ideas
who can really move the boundaries of knowledge ahead, then, as
Mr. Brown suggested, we need to be able to create the opportunity
for those people to make that contribution.

I think today there is no question but what we have that oppor-
tunity in many disciplines to the point where we really are wasting
preté:(ilous intellectual assets, and that increased investments are dic-
ta

But I believe there is another area in which it is quite clear we
have {2 develop a companion piece to the character of the invest-
ment we have made in the past. In the past that investment has
been primarily in forefront research in the various areas of science.
We have done that in an educational context to a substantial
degree to get the educational benefits.

We have to remain the leader in that area. That means in-
creased investment. But we also have to address two other issues.
One is the whole area of the technological base for the economy.
Our economy has fundamentally changed in the past 40 years, and
the whole area of the vitality of the engineering community is, in
my opinion, of a piece with the vitality of the science community.
We have to develop those capabilities at the same time we keep the
science ahead, not at the expense of science.

As Mr. Bloch said the other day, I don't believe it is necessary to
invest as much in engineering research in the universities as we do
in science because there are other sources of engineering support,
both of a more mission-criented character in the Federal Govern-
ment and from private industry, which will preferentially support
engineering over science, probably.

Nevertheless, that is a big area and one which I think we can sit
down and describe quite accurately what the shortcomings in our
econormy are with respect to engineering skills and knowledge, and
the organization of the science information base for engineering
use.

The other area where we need an add-on increment which would
change that 3 percent is in the area of public education. Now I
have to say here, having been a part of tllm)at problem when I was
with the Science Board, that the biggest problem there is to under-
stand what kinds of investments really help and really make a dif-
ference. That is a tough problem, and it is going to take time.

But I do believe that, once the NSF and the tates and local com-
munities get iuto a groove swing on that issue, that the investment
required to make those educational reforms will be quite substan-
tial, and that tha" has to be an incremental investment as well.

But fundamentally the best way to examine the problem, in my
view, is to subtract out the military R&D investment, to look at the
residual U.S. total R&D investment as a percentage of GNP, to
compare with the principal competing nations like Japan which
don’t invest that much in R&D to support the military, and then to
examine what our infrastructure neeX: are and theirs. I think you
will see they need to make an expanded science investment; we
need to make a very substantial investment in the base technol-
ogies that help us use that science.
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Mr. WirtH. Having done that calculation you referred to, where
you subtract out what you are doing for defense and look at where
we are, it seems to me you can make the issue enormously compli-
cated or relatively simple, as we talk about science policy. We
could get ourselves deeply embroiled in a whole set of issues over
which we may or may not have any influence or we can say, “Let’s
make it simﬁ e and look at the basics that make this whole system
work,” which I think you are referring to.

Dr. BRanscoms. Yes.

Mr. WirTH. At least I would prejudge it in this way—that we
ought to be investing more in the young scientists and the capabil-
ity to train Ph.D.’s and keep young faculty at universities to devel-
op the kind of institutes that I thiuk George is talking about, that
provide the ability to do interdisciplinary study, that does universi-
ti’; instrumentation, that does university laboratory facilities, and it
then goes to the question of science literacy. We know a ot about
how to teach kids. We know a lot about that sort of thing, but we
are not doing it very well.

You can go right back to basics and say, OK, why don’t we go
back to the numbers and go back to those basic investments, and
everything else gets driven b{ those. If we are not willing to make
those investments, why go through an enormous exercise to say,
well, maybe we can do better in terms of interrelationships here or
information dissemination over there? If we are not going to make
basic investments, it doesn’t make any difference to have another
study on the wall.

Dr. Branscoms. I think we should make the basic investments.
As I said, if you compared our nondefense investments with those
of our principal competitors, I think you get a guide as to at least a
ball park figure we ought to be shooting toward.

I don’t believe, however, that it is wise or, for that matter, very
popular with the American people to try to drive the process by
starting from a gross budget number anlciythen figuring out how to
allocate that. It leads to a lot of conflict in the allocation process.

But, most importantly, we clearly need to do that increased in-
vestment in a way that internalizes the discrimination between
worthwhile investments and those that maybe are not really ready
to be managed well.

If there is a way to make the investment either in a sharing way
er a competitive way or a n.atching way or a collaborative way
with other sectors that also are making investments, mainly the
private secter and the States, then perhaps we have a device for
insuring that that _xpanded investment is really well made.

In that sense, 1 think the States’ competitiveness with each other
is a useful tool. I could well imagine an expanded program of Fed-
eral investment in that basic resource driven by what the States
also are going to do.

Mr. WirTH. I am not suggesting that you start from a 3-percent
figure and go from there. That is not the point. We tend to have
about that level now. You say is that or is that not adequate, and
you come back on top of that and look at all of the basic invest-
ments that ought to be made. Are those met by what we are doing
now or not? If the conclusion is, no, they are not being met by
what we are doing now, we ought to be doing more in terms of

156




155

these other fundamentals. If we do those other fundamentals, those
will in turn drive answers to the other questions that are being
raised and are going to be addressed by this brilliant group of hear-
inﬁ that the chairman is setting up.

oney drives a lot of us.

Dr. BRanscoms. Indeed.

Mr. WirtH. We cannot assume that that problem will go away
even with the budget constraints of 1985.

Dr. BranscoMs. Absolutely. That is why I was as careful as I
knew how to be to say the single most imxglrtant change in science
policy in this 80-year period is that the erican people now put
the economic health first, and that is what they want to see their
science investment accomplish, as well as the national security ap-
plication, and the fact that I believe we know what the investments
are, the kinds of investments that are needed in order to have that
economic benefit. Given a closure of that budget gap which is driv-
ing the dollar up to the point where we cannot eep the fruits of
our science at home, and that closure process is going to make you
folks struggle very, very hard with where you are going to get the
money to make these investments, I just don’t think—I want to
make it clear that I think we in the community, the scientific com-
munity, that believe we can deliver the benefit to the country that
more than pay for itself in economic terms, we have to show it, I
don’t think we can expect to get support without program by pro-
gram understanding of those mechanisms and properly describing
them and defending them.

But I believe that defense can be made, and it will drive an ex-
panding investment even in this budget situation.

Mr. FuQua. Mr. Volkmer.

Mr. VoLkMER. I am sorry I was not here to hear your full presen-
tation. As I listened to your answers at the end of your presenta-
tion, I would like to ask you, Doctor, perhaps I have & wrong im-
pression, but is not the industry investment in research and to a
maﬁior extent the defense investment in research goal oriented?

r. BRANscoMB. Indeed.

Mr. VoLkMeR. Being such, and as you talked to the gentleman
from Colorado, if we are driven in this research today toward
moving our economy ahead and developing technology in order to
do that, is not that goal-oriented regearch?

Dr. Branscoms. Indeed, it is. That is the same goal the compa-
nies have.

Mr. VoLKMER. What concerns me about that is, if we put our
funds into that in the Government area as well as industry doing
it, and most of DOD doing it, what happens to our basic fundamen-
tal research?

Dr. BranscoMs. First of all, the tone of your quiestion suggests to
me that you believe that I was advocating a set of investments
which were essentially defersive in character for American indus-
try.

Mr. VOLKMER. Yes.

Dr. Branscoms. That is not my image. My image is that the
United States enjoys the leadership Elosition today and it has every
opportunity to sustain that leadership ition, econcmically and
scientifically. The cornerstone of doing tnat is to maintain the lead
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in science. Indeed, even though it is true that corporate invest-
ments are goal oriented, one of our goals is to have people in the
company at the absolute forefront of basic science. That is an im-
portant tool in economic competitiveness. It is only one tool, howev-
er, and I am just trying to emphasize the need for a program that
reflects what science is in 1985 and what science is going to be like
in 1995 and the year 2000.

Science is already increasingly complex, supported with sophisti-
cated instrumentation involving the collaboration of many differ-
ent people with different backgrounds and skills working in teams.
That is not to say that the individual creative genius isn’t as im-
portant as ever; it is to eay people have had to invent ways of mobi-
lizing that kind of talent in this kind of environment.

If you want to take a pure science example of that, look at what
it takes to make a great discovery in high energy physics. Those
people are as brilliant and creative as you will ever find, but, my
goodness, look at the technology they deploy in the process.

1 simply observe there is a joining happening between what it
takes to a leader in science and the science it takes to be a
leader in engineering. The Federal investment ought to recognize
that balanced situation.

It is reflected in the increased amount of collaboration between
scientists ir industry and scientists in universities as well.

Mr. VorkMER. In the allocation, then, of dollars, it is not neces-
sary to look at the immediate payoffs of any individual scientific
research project then as a criterion.

Dr. Branscoms. That is absolutely correct, just as we do not
either in our corporate research in industry.

When I suggested that Federal agencies that support science in
universities should take into account the technological implications
of the science as well as its intrinsic intellectual interest—that is
[:(}ixe Neticnal Science Foundation’s grant policy. It is not & new
idea.

When they do that, I do not believe they should sit there and
invest the money where a parade of industry representatives comes
into Washington and tells them to invest it. I believe they should
invest it where their university clients say they want to invest it,
but I would like those university clients to have the opportunity,
increasing opportunity, to collaborate with people in industry so
they are aware of what the exciting opportunities are for their stu-
dents in industry and, therefore, can make an informed choice on
whnere the excitement lies. I think they will make that choice cor-
rectly, but in the past those university people have had—on the
one hand, they have had an opportunity for imaginative agencies
like ONR and NSF and NIH to follow the intellectual lead, but
they have also had on their plate all the time—most of their
money, in fact, came from the mission-oriented agencies who had
quite ciear goals to solve, goals in the military, goals in space, goals
in energy.

The universities, to the extent that they let applications influ-
ence their judgment on the selection of fields for research, it was
the Government's missions that influenced that judgment.

I say in the world today, where the Government’s mission de-
pends upon the health of the economy, it is important that the uni-
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versities have equal opportunity to be influenced by those economic
implications of science as well as by the military and space and
energy implications.

Mr. VoLkMER. To get back to one other area, 50 we try to use
funds as efficiently as we can in Government and so we look at al-
location of funds with private industry and hopefully more from
the States to the universities to research, how do we make a sound
judgment and how do we allocate those funds so they are not really
duplicative of what is being done elsewhere?

Dr. BRANscoms. I wouldn’t——

Mr. VOLRMER. I see that as some of the problem.

Dr. Branscoms. I think so long as the agencies that are spending
the money that you authorize are held to a high standard on oper-
ating their grant mechanisms in a fair and competitive way, using
the correct criteria for choosing who gets the grants, that is the
best defense against the problem of wasteful duplication, because if
three teams of scientists around the country are all rushing to
attack the same challenging goal, to find out if the photon has a
rest mass, for example, then there is absolutely nothing wrong
with having three. As a matter of fact, you will get there more
than three times as fast with three than you would with oue. You
will never get there with one. Competition works in intellectual life
Jjust like it does in business.

On the other hand, if you have a set of people who are proposing
to do something that, in effect, really has already been done, then
God save the taxpayers—let’s don’t spend that money.

The peer reviewers who look at that proposal who are familiar
with the field will hopefully know that this is not truly original
work and, therefore, it is inappropriate to invest in it, even though
there might have been some educaiional side benefits from doing
it

Mr. VoLkMER. Thank you, Mr. Chajrman.

Mr. Fuqua. Thank you, Mr. Volkmer.

Dr. Branscomb, we want to thank you very much for sharing
your time with us this morning. It has been very enlightening. We
appreciate your thoughts on this from the vantage point of your ex-
perience. It has been very beneficial to us, Thank you very much.

Dr. Branscoms. Thank you. Good luck on this very important
project.

Mr. FuQua. Thank you.

[Whereupon, at 9:50 a.m., the task for:e recessed, to reconvene
subject to the call of the Chair.]

[Answers to questions asked of Dr. Branscomb follow:]
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QUESTIONS AND ANSWERS FOR THE RECORD

Dr. Lewis M. Branscomb

In your view, should one of the goals of government sclence policy be fc
achleve and malntaln, as a matter of national prestige, U.S. |eadership
across the spectrum of sclence, or should we share or yleld !esdership In
some areas of science to other countries?

Yes. As | sald in my address fo the National Science Board In May,
1984, our national goal should be fo Insure that American s:lentlsts have
the opportunlity to achleve worid leadership In every Imy»:*-nt area of
sclence. This statement does allow certain flelds to he e 1ted 8s In-
sufficlently Interesting or valld to Justify federa' Inveswwent. impor-
tantly, It spesks to opportunity to compete intellwctually; 1+ does not
guarsntee success.

Since there are many very oright sclentists In aimost every county,
we cannot buy sclentific leadershilp In any case. So as an emplrical fact,
we witl flnd ourselves Mylelding" leadership to other countrlies from time
to time. But If our educational system Is strong the next generation of
students will win back the tead. The Implication of this pollicy goal Is:

(a) Our best sclentists must have access to the fecliitles and equip-
ment w1 thout which they cannot compete for the lead;

(b) our universities must have flrst rate graduate research and edu-
cation programs that cover all the important areas of sclence;

(¢) our sclentists must be encouraged to travol, to communicate ~and
1o col laborate with thelir forelgn peers, and must be able to welcome them
Into our laboratories here, In order to learn from 1o best minds abroad,
10 ask them to help In our educational programs, and indeed to welcome-the
best Into our ovn sclentific community.

Inmy view this Is a smart strategy, and not an expensive one.

One of the largest sclence facllltles ever proposed, the SSC, or Supercon-
ducting Super Colilder, Is now under serious consideration. {ts propononts
argue that 1+ will enable sclentists to penetrate further Into the ul timate
structure of matter; Its opponents argue that the cost of the SSC Is toc
high for the beneflts expected. In your view, Is the SSC a device which Is
needed not only for ressarch In physics but also to signal our continued
comltment 1o U.S. leadership In sclence; or Is I+, Ilke the U.S. SST ~ the
Supersonic Trensport - 20 years 8go, a device which Is technically feasible
but so expensive that those resources could better be used elsewhere?

The comparison with the SST Is unfortunate; that was to be a govern-
ment-subsidized commercial development, using what was aiready known (and
demonstrated in millitary alrcraft) fo meet a perceived commerclal need.
Its fault was that It was uneconomic. (1t hed only a 7% payload for
passengers, by weight, for example.)
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The SSC, on the other hand, would be a flrst-of-a~kind technlcal
achlevement, quite zpart from the information 1t might give about the na-
ture of matter and the origins of the unlverse. 1 belleve the right way o
declde about the SSC Is as fol lows:

(8) First, get the sclentists quallfied to evaluate ail ‘he alterna-
tlve sclentific spproaches to this class of questions about major faclil-
tles. Since 1 belleve the high energy physicists are preparen to see thelr
faclilties opportunities for 10 years pooled info a singla SSC project
(once everyone Is happy about how the project ls managed), there remains
the need to get the cosmologlists and astronomers on board too.

(b) 1f the unanimity so achleved permlts construction of the SSC
within costs reasonably close fo the current DOE high enei'gy physics bud-
get, by concentrating funds on this one project and spreading the expendi-
ture over the appropriate time frame, | would decide to proceed.

(c) Once the decision to proceed is made, other natiors should be
Invived to participate as fuill partners, with financlal Investments pro-
portionate to thelr level of participation. This could significantly re-
duce the total cost to the USA, and Increase the inteliectual rewards to
humani ty.

(Note, that with satelllite broac~band data 1inks, participating coun-
tries will be able to operate the accelerator directly from their home
laboratories. This will have been demonstrated by then both for Fermilab
and the NSF "supercomputer" centers,)

In summary, the World should bulld and can afford the SSC; the US
should 1ead the way, bui has no need to bear the whole cost.

In discusslons of the govermment -clence budget, much stress has been
placed on providing new funds for new Initlatives In emerging asreas of
sclentiflic promise. Why should we not expect a comparable group of areas
within each discipline which have "sesked" or been "sined out" and where
consequently some funding decreases can be made?

You should Indeed expect Investments in old aress to decilne. They
do peak out. | belleve that so long as the sclence support process Is
actlvely competitive, this squeezing out Is golng on at a great rate. The
problem 1s that 1t Is not very vislble to the Congress and other observers
from the outside.

The reason Is that old areas do not get abandoned as a whole; they
change as the old questlons get anssered, the old tools lose thelr yseful-
ness, and they evolve into new combinations of jdeas under new names. Most
impor tant, the p-ocess is evolutionary, the product of many small declsions
by Indlvidual sclentists, peer review groups, progran offlcers. There
should be no areas of knowledge declared +o be no longer iInteresting, but
the standard for what constitutes a useful research Investment should con-
stantly rise with time,
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Thus, the best safeguard for the publlc purse Is a vigorous, objec-
peer revier process. Probably the most critical requirement s that

"peers" not be narrovly defined by discipline, but should be persons of
broad and deep knorledge. Othervise, there Is danger of Islands of 1sola~
teu sclentists, pursulng ever finer points of diminishing Importance, In-
sulating one another from external sclentlific criticism by mutually suppor=
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In the last few years we have seen the merits of » mber of sclence
faclilty projects advocated on the ficor of the Congriss, and amend-
wents for such projects heve occasionally succoeded. As a resylt
there has been a vigorcus debate about the respective roles of pollti-
cal and sclentific judgeent and expertise In meking declisions about
vhen and vhere fo construct such sclence faciiiting. Have you formed
an opinion ebout how this matter should be dealt v I4h?

I testlfled on thls speciflc polnt In the lnformal hearing |ast
March.

Briefly, | belleve the scientific communlty Is justifled In their
concern, wherever a public competition for facilities resources was In
place, and Congresslional action by-passed (some would say subverted)
the falr competition process. But some have overreacted. The Con-
gress must have a major role In balancing local, state and federal
inferests In sclentitic and engineering capabllity development.

In a democrecy, politics Is not the problem, I+ Is the solution.
Scientists and unlversitles must participate In that process, which
means they mus: take the Interests of the citizenry at large into
account, when new programs of facilities development are belng sought.
But once there Is consensus In Congress on the need for a facllitles
program open tfo ccmpetition, that competition must be unsullied by
manipul atlon or preemptive strikes.

| will confess to belng perturbed by the new phencmenon of use of
professional lobbylsts by sclentific Inctitutions, even where poll+l-
cal activity Is not Insppropriate. |+ somehow seems fo Introduce a
now element which threatens to bulld barrlers rather than bridges
betreen the academic and pelltical communities.

Overhead or Indirect costs pald on research grants have generally been
Justifled as needed to pay for the costr assoclated wita the perfor-
mance of research, but they have generally been limited to current
opoerating costs. In your vier, should Indirect costs be broadened +o
recover, as well, the capl#al costs and other non-operating costs of
the universi tles?

The govermment should bo prepared to pay the actual costs of the
research It supports, but not a penny more. Although | am no expert
on this, 1 belleve that current overhead accounting does allov reason-
able rents on space, and to this extent compensates the university for
use of capltal assets.
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But | am strongly In favor of alloeing universities to capltalize
sclenti flc equipment purchases and facillties modernlzation Jnvest-
Ments, and charge reasonable depreciation rates back to all the re-
search projects that directly beneflt. This would encourage timely
equipment [nvestments, encourage equipment sharing across flelds, and
Increase injection of private capltal Into the solution of university
faclllties needs.

Some, Including some historians and scelal sclentists, have suggested
that the relation hlp between sclence and the Federal Govermment |s In
the nature of & soclal contract: The goverment provides certaln
resources for sclentists to expend In return for which they provlde
soclety with certaln beneflts. How do you view thls analysis, and has
It changed over the ~ars? .

I like thls model, for 1t conveys dimensions to the relationship
betveen sclence and government that transcend the notiun of procure-
ment of services or an entitlanent on behal f of unlversities. Only If
both parties understand that the benefl+s to our society depend on an
act of fclth on both sides, accompanied by accountabllilty, wil1 those
benefits be realized. One only has to look at the Soviet Unlon to see
the fallure of the materiallstic, authorltarlan approach,

To what extent Is government support of sclence comparable to govern-
ment support of the arts and the humanitles? Is there a "need” In our
soclety for the kind of sclence that satisfles publlc cultural demand
ard can “hls serve fo suggest tho level of funding for sclence?

0f course, sclence Is part of our culture, perhaps a too dominan*
part. There Is a proper role of government 4o express the col lectlve
desire of ine people that our culture should be preserved, devel oped
and eppreciated.

But there Is no way wo can Justlfy 50 billions In federal RED as
an Investment In cuiture, or even 6 billion for academic research.
The overwhelming majority of the fedora! Investment In science Is
Justitied by expected returas to publlc penefits of a quite specific
form:  jobs, military secirity, better health, etc. Thus, the sclen~
tific communidy cannot expect to be sutzorted at levels two orders of
magnitude above the support level for humani ties without facing up to
the pragmatics of those public expectations. That is an important
redson why acaderiic engincering needs to be glven serlous attention in
tho federal resesrch strategy.

Most studies of sclence and most agency budgets for sclonce are future
orlented. They speak of future opportunl tles, future projocts, and
future results. Retrospectlve discussions are |imlted to anecdotel
cases of successes, while |i+tle has been done to look carefully at
entire programs and the ratlo of those which lead to technologlical
successes and those which do not, however measured. Why should not
more such comprehensive evaluatlons of past programs be done?
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| an all for I+, Objective studies of past experience can only
help decislion about the future. But the work needs to be carefully
done and subject to critical evaluation. Are there adequate funds for
this kind of sclence pollcy research? | doubt |t. Dorothy Neikin, of
Cornel | University, has publIshed a number of excellent critical eval-
uvations of past government programs. Her view of thls Issue would be
very construcrive.

11 1s welt recognized that the potentiel payoff In technology or medi-
cine from an individuai research project can not be predicted. Horev-
or, we also know that broed ¢lelds, such as chemistry, yleld signifi-
cant practicsl benefits. Tc %s&t extent car and should the expecte-
tlons of such payoff be us ) determine the levels of funding for
sclence and for the Individuz disciplines? :

Economic tests should be applled to development, test and produce
tlon engineering activities. They should not be epplied *o fundamen-
tal research. We do not attempt this In Industry, where our Incentive
to measure flinancial payback Is even greater than in govermment.

However It 1s perfectly appropriate +o ask what useful results
can be expected from a line of research. Indeed, | cannot Imagine
anyone engaged In research who does not have a goal clearly In mind.

Benefits of sclence Investments can best be judged by technlcal
people whose careers are devoted to applying research for practical
purposes.

Priorities for govermment research Invesiments should be set by a
balarced combination of people of thls background and those more in-
terested In the Intrinsic mysteries of sclence.

The current Administra+ion has shifted ihe principal rationale for
government funding of research. Instead of emphasizing the technolog-
fcal payoff, the stress has been on the tralning of a new generation
of sclentists as the princlpal beneflt ylelded by research grants. In
your view, how many sclentlsts do we need In the coming decades and to
what extent wili the current levels of research funding meet that
noed?

| endorse this emphasis the question attributes to Administration
policy. But the Issuw IS not how many scientists we need, but what
skiils, imagination and values should they have? OQuslity Is more Im-
portant than quantlty. However, If our strategy Is successful, and
the economy grows on strong technicail people, we will find a need for
groving numbers of technical peopte, even at & +ime when demographlc-
ally the work force Is shrinking. This says we must do a better job
of lInsyring opportunlty for all our young pacple to participate, es-
pecially young women and minoritles. |+ puts great pressure on the
qual Ity of the pre-co!lege educational system.

Will the current levels of research meet that need? | don't

knoe, but as a gulde one should compare total U.S. non-miiltary R&D
Investments wlth those of Japan and West Germany. The ratlo of those
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investments to GNP aiready exceed the U.S. ratin., This suggests that
we do not yet know how fo use the tajent we are capabie of producing.,

Industry has alwvays provided modest amounts of funds for speciflc
research profects by unlversiiy professors. Recently, thls has re-
celved Increased attentlon and some growth of funding has taken place.
Under what clrcumstances does Industry elect to provide such support?
Should govermment policles and Incentives be changed to Influence the
types and levels of such funding?

Tha question understates what Industry is doing. IBM alone |s
funding over 365 million a year In donations fo U.S. universities. 1In
addi tion, we have initiated over 1,000 separate projects with 208 u.S.
unlversities in recent years, with a total cost of over $130 mil!llon.
Much of our donations prog~am has been devoted to structural reform of
sclence, engineering and buslness education at the post graduate
fovei.

| can't speak for all industry, but from IBM's point of view, ve
regard the strength and modernity of the U.S. university system as
criticai to our long term international competl +lveness, We are pre~
pared 3> invest considerabie sums to heip unlversities develop and
innovate,

A very Important part of our help to unlversity research is the
donation of computers and other equipment. We and other companles
have substantlaily expanded this form of philanthropic assistance to
vnlversities since the passage of the tax Incentlves for such dona-
tions. Glven the $28 shortfail in equipment In our universitlies, i+
is Important that these incentlves remaln In the tax iaw, as the Pres-
ldent has proposed In his tax reform package.

In +he fleld of englneering there has recently been a growIng emphasis
on the training of Ph.D.'s, and on government funding of research by
englneering faculty. From the polint of view of Industry, 1s there an
urmet demand for Ph.D.-level englneers as opposed to tho demand for
bacheior degree and master!'s degree-level englneers?

Yes, there Is an ummer need for Ph.D. engineers, as opposed +to
B.%. and M.S. graduates, but except for certaln shortage categorles
(cunputer and materials englneering, for exampie), the main reason Is
that new categorles of skill need o be deveioped which will create
thelr orn demand. For oxample, the magnetic recording industry is a
multti=blliion doilar Phigh tech" source of growing employment, ip-
creasingly chalienged by Japanese companies bringing to bear Increas-
ing!y sophisticated technoiogy. Untii 2 number of Uu.S. companies
recently funded expanded post graduate work In magnetic data recording
technology (at CMU and UCSD), there was no Ph.D. level curricuium In
u.S. engineering schoois on this topic. As these two programs, and
perhaps others, become productive demand for these doctoral engi neers
wili appear.
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Hovrever, the bulk of engineering demand wlll continue to be for
M.S. level. Nevertheless, Ph.D. programs wlth associated research are
necessary for the proper training of these M.S. cand’dates 8s well as
the deveiopment of new areas In englneering.

With the fluctuations In enroliment and the resuiting limli+s on
faculty hiring, should alternative Institutional mechanisms for
research be sought to supplement the universities as performers of
research, or should the number of research universitlies be contracted
or expanded?

There already are alternative instltutional mechanisms for
research; new ones do not require Invention. Flrst of all the tradi-
tion of the speciailzed recsarch Institute, located on campus and
staffed by a combination of faculty and fuli-time research staff, Is a
well founded ftraditior. Second, the national laboratorles (both
federal and FFRC) already represent a very major employer, supplement-
tng - and smetines competing with - univers!itles. Finally, there are
specialized Institutions operated by consortla of unlversitles. In
some cases national [aboratories operate very succesful Joint ventures
with universitles on thelr campuses (for example: Jolnt Institute for
Laboratory Astrophysics [NBS and Unlv. Colo.] and Smithsonlan Astro-
physical Observatory [at Harvard]).

Oual ity and coverage of Important areas of research should guide
the size of the federally funded research population. Institutional
cholce shouid be biased tavard educational envirorments, except where
scale of actlvity, appiled objJectives or spetcial facillty needs dic-
tate otherwlse.

r Ry

On the number of universitles engaged In research, | beileve - on
the basls of the quality of the research opportunities -~ we have
enough, perhaps too many. But given the reality of faculiy cut-backs
because of declining student demographics, | believe that quality Is
today support, not talent |imited.

i believe we need arother “Centars of Excellence” program to help
a geographically well distributed group of second tier Institutions
reach first tier quality in their selected areas of special st-ength.

But the primery criterion for investment shouid continue to be
excellence and need for the work. | am convinced there are enough
serlously underfunded areas of work which could make a direct and
significant contribution to U.S. technical competitiveness, that
remedying these shortfalls wculd already expand the current research
ef fort level enough to compensate {or the negative effects of demo-

graphy.
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In view of the many problems and difficultles which are facing the
universlitles, how do you vier the longer term future of the nation's
research unlversltlies?

Thelr future Is very bright, for they represent such a record of
astonlshing success In research, and such a vital asset to the nation
that | cannot imagine the American people alloving those very reai
probiems to degrade their basic capabillties.

The heart of the matter Is the concept of financing much of high-
or education in the sclences and englneering by funding long range
research In academic rather than non-academic enviromments. In many
cases, but not ail, the unlversity is a better bargain for federal
fundomental research Invesiment than the national laboratory, even
without the derivative beneflt of graduate education.

Second, indusry Is learning not oniy fo value the unlversity, buy
to use 1+ correctly and well. This wiil help motivate the |eaders of
industry to be even more vocal In their defense of American education=-
al excellence than they aiready are.

! am serlously concerned sbout the health of the private research
universities because of the rising costs to parents and students, and
the curtaiiment of federal student ald and other sources of external
assistance. But they are well led, resllilent institutlons and wil!l
continue to offer the government an Invaluable resource for contribyi-
Ing o the public wel fare.

As ycu look beyond the current studles and sclence budgets for the
next few years, what changes or adjustments In our goals &nd
object’ves do you foresee for the decades after year 20007

(a) Sclence Is changing In many ways; federal policy must change, too,
First, science Is getting more technological. Second, there Is a
grand discipiinary re-uniflcation of sclence taking place. Both these
trends will affect institutional arrangements, project selection, and
International cooperation (which must be substantially Increased).

(b) Eralneering and sclence wll} not be regarded as alternatives or
compeil ors fcr federal pollcy, but as 4wo aspects of a natlonal
s%ors to sustaln our economy and the quallty of iife. Since Amer-
lcans wili be Increasingly chalfenged by other nations that also put
thelr falth In technology and knowledge, the consensus for makling
these invesiments wili grov stronger.

(¢) The states will play an increasingly important role In research
ond educatincsal strateglies and Invesiments. The Federal Government
must become a much more Interested, willing and responsive pariner
with the states, for the present relatlonship Is I1ttHle more than
benign neglect. It wlill nut be casy, for the states conpete with each
other for economic opportunlty, seeklng advantage In "high technolo-
gy". But the overal| effoct of this competition Is very good for the
country as a whole,
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(d) Education will Indeed be recognized as a Ilfslong necesslty, and
access to on-the-jJob training wlll become a sought after beneflt.

Already, the private sector spends over $800 mllllons annually, almost
as much as the entire budge® for our K-12 schools. Much of this is
technical fraining. An Integrated national strategy for technlical
educatlonwill be & necessity for the 21st Century.
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(U.S ) Deporiment of Health ond
Human Services

(U S ) Public Health Service
National! Institutes of Health

Bureaus, Institutes, ond Divisions
{of NIH)

Nationa! Concer (nstitute
Nationc! Eye Inztitute

Nationa! Heort, Lung, ord Blocd
Institute

National Institute on Aging

National institute of Allergy ond
Infectious Diseases

National Institute of Arthratis,
Diobetes, and Digestive and Kidney
Disecses

National Institute of Child Health and

Humon Development

National Institute of Dental Research

National Institute of Environmento!
Heolth Sciences

Nationa! inshitute of Generol Medicol

Sciences

Nat.ona! Institute of Neurologicot and
Communicative Disorders and Stroke

Division of Research Resources
Fogorty International Center
Nutntion Coordinating Comnmutiee

National Librory of Medicine
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Notes on Charvs and Tables

L

All figures refer to NIH obligations for
prevention-reloted reseorch (as defined),
expressed in thousands of dollors.

In o few cases, totals moy not odd up precisely
due to rounding.

In o few cases, individuol prevention-reloted

projects (as opposed to progroms) could not be
isoloted from the BID budget.

in clmost oll coses, prevention-related figures

ore provided seporately for gront, contract,
ond intromuro! programs of the BIDs.
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FOREWORD

“Since it is infinitely easier 10 prevent physical ills than to remedy them once they
hove arrived, preventive medicine is the most important part of medicine, although
ithas been neglected for a longer time than any other part. ..""

Inthe time since these words were penned by
Johan Peter Fron k two centunies ogo, preventive
medicine has scored some remarkable tnumphs,
most notobly the sanitory reforms of the lost holf of
the 191h century ond the development of voccines
inthis century As o result, the infectious diseases
that were yesterdoy’s scourges, such os smollpox,
diphtheno, ond polio, ore no longer o threat to the
public heolth Todoy, however, preventive med:-
ane focesodifferentond more difficult challenge
toelimirate those diseasas thot ore chronic in
nature, such os cordiovosculor diseose, concer, ond
diobetes—diseoses thar swell the hist of mojor
couses of deoth 1n the United Stotes ond for which
there oppear to be no simple couses or solutions

Accordingly, prevention research has become both
more prehensive ond ¢ —with the prom-
1se of un, recedented ochievement Within the
Deportment of Heolth ond Humon Services (HHS),
disease prevention ond health promotion hove con.
tinued os mojor inimohves since 1979 Underscoring
the importonce of this “wellness” opproach to bio-
medicol research, health educotion, ond health
core services, HHS Secretory Heckler stoted thot
prevention con “offect the health ond vitohty of the
American peopie more than oll of 20th century
medicine”—ond help stem the country’s “scanng
heolth ond medicol bills 2

Definition of Prevention

The FY 1983 ond estmoted FY 1984 figures ond pro|-
ectdescriptions presented throughout this booklet
opply to reseorch projects ond progroms thot the in-
stitutes hove clossified os either “prevention re.
search” or “prevention-relevont reses+ch,” based
on the following PHS working definition

* Prevention Research: Norrowly defined, preven.
tion reseorch includes only that reseorch designed
to yield results directly opplicoble to identificorion
of nisk, ond to interventions to prevent diseose or
the progression of detectoble but osymptomotic
diseose

Pre-Intervention

— tdentficotion of risk foctors for diseose ond
risk ossessment,

— Development of methods for identsficotion of
disease controlloble in the osymptomatic
stoge;

— Refinement of methodologicol ond stonsticol
procedures for ossessing risk ond meosuring
the effects of preventive interventions

Intervention

—Development of biologic interventions 1o pre-
vent disease cccurrence or progression of
osymptomotic disease;

— Developinent of environmentol interventions
to prevent disease occurrence or progression
of osymptomonic disease;

— Development of behaviorol interventions to
prevent d:sease occurrence or progression of
osymptomotic disease;

-— Conduct of field tric!s ond demonsirotions to
ossess interventions ond to encouroge their
odoption

Some interventions moy be opplicoble to primory
preventon os well os to disease treotment (e g.,
diet and exercisa os components of rehobilitotion
for coronory hear: diseose). Reseoarch into such
interventions 1s considered prevention research.

Prevention-Relevont Research: More broadly
defined, prevention researth olso includes
research with o high probabifity of yielding
results that will ikely be opplicoble 1o diseose
prevention or health promotion Included ore
studies oimed ot elucidating the chain of cousa.
non—the etology ond mechonisins—oi ocute
and chronic diseases Such bosic research efforts
generote the fundomentol knowledge thot con.
tnbutes to the development of future preventive
interventions,

The Notional Institutes ot Health (NIH) recently
odopted these definitions to uccount more odequately
for the scope of is totol prevention progrom. Prior to FY
1983, NIH prevention dato were reported occording to
o more restricted definition of “primory prevention” —
infervention before the biologic onset of the diseose
1n question Research reloted to “sezondory preven.
tion” —ntervention when o disease con be detacted
but o step be‘ore 1t 1s symptomatic—was included
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only when it related to methods instrumental in pre-
venting degeneration into more severs disease
siates following the onset of symptoms.

The increased dollors and numbers of projects can-
not be accounted for simply in terms of “recl
growth,” due 10 the fact that o new and more en-
compassing definitiun of prevention is being
applied fo the NIH research portfolio Therefore,
the 1983-84 figures present o discontinuity when
compored with the figures for 1981-82, which were
compiled when a more restrctive dafinition was
applied. Now that a definition has been agreed to
by all the NIH institutes and other PHS reseorch
ogencies as well as by the Assisiont Secretory for
Health. we can plon to use the FY 1983.84 figuresas
a base for measuzing prevention research wrends
during the coming years

Recognuzing that praventian clecrly is the most
useful and cost-effective extonsion of knowledge in
the field of health, the NIH hos long been involved
in prevention-related research, even though these
octivities might nat olways have been termed “‘pre-
vention.” from boesic laboratory investigetions to
community demonstration programs, NIH.sponsored
rosaarch scrantists throughout the country are
searching for affective preventive measures to
reduce the death, suffering, di* ility, and finan-
crol loss associated with duseas.. and accidents.
Indeed, the NIH mission in disease prevention and
health promotion perhops can best be fromed by
the words of Dr. Lewis Thomos:

““When medicine hos really succeeded brilliantly
n technology  the costis Iikely to be very low
indeed Itis when our technologies have to be
opphed halfway along against the progress of
diseaza, or must be brought in after the fact fo
shore up the loss of destroyed hissue, that health
care becomes enormously expensive, The
deeper our undersionding of a diseass mecha-
nism, the greater are our chances of devising
direct and decisive measures to prevent disease,
©of 1o turn 1t around before 1t 13 too late, 3

Summary of Findings

A caveot 10 any summary of resuls in thi* survey
must be that there 1s now greater agreement than
ever before as 10 what constitutes prevention
research; the operative definiions have changed
considerably over the period in which the reported
data were compiled Nevertheless, certomn findings
are both striking and indicative of the growing NiH
[ Wior h aimed ot d preven.
ton. Chief omong these indicotors s the fact that
the inmal effort to moke an accurate acceunting of
NiH prevention research funding, undertaken in
1979 by this office, revecled that $352 mullion was
#pent in FY 1978 on pumary prevention reseorch
alone This third followup study, rombining fiscal
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yeors 1981, 1982, and 1983, now indicotes that the
figure hos grown to $957 million—~an increase of
172 percent over the FY 1978 total and 3% times the
rate of growth of fotal NIH research funding (49%)
during the some period.

Other significant findings of the FY 1981-1983 sur-
vey are thot:

® Prevention reseorch—through grant, contract,
and intramurol investigations—<onstituted 26.8
percent of the 1otal FY 1983 budget for all NIH
bureaus, institutes, and divisions,

Twelve of the 13 BIDs (all but the overwhelm-
ingly basic research-oriented NIGMS) reported
thot prevention research made up more than 10
percent o/ thewr total budgets for FY 1983; 10 BIDs
did so in FY 1981 and 1982,

Four institutes—NCI, NHL8I, NICHD, and NIEHS—
occounted for neorly 72 percent of total NIH pre-
vention reseorch funding in both FY 1981 and
1982: in FY 1983, these insfitutes plus NIADDK
each spant more than $100 mullion for prevention
research, accounting for 77 percent of total NIH
‘prevention research funding. For comparisor,
these four institutes accounted for an averoge of
52 percent of 1ol NIH ressorch funding in all
areas during the period.

About 31 percent af the $957 million atlocated .
for NIH prevention resaarch in FY 1983 was for

funding of projects diractly related to four DHHS

prevention priority oreas (in order): 1~ ic ogent

and rodiation control, improved nutrition, preg-

nancy and infant care, and fomily planning,

About 60 percent of total NIH prevention obliga-
tions in FY 1981 and 1982 were mode through the v
reseorch gront mechanism; thiis proportion in-

creased 10 65 percent in FY 1983,

2

These and other findings related to NIH prevention
research are summorized in this document theough
tables graphs, ana figures representing FY 1531,
1982, and 1983 octual and, where noted, FY 1984

" d budgetary obligations. The data pre-
sented herein were piled by the NIH Coordino-
tor for Disease Prevention and Health Promotion,
based on input from the prevention coordinators
and planning and budget officers of the BIDs. The
names and titles of the NIH prevention coordinators
are histed at the end of this section.

Inthe compilotion process, eachBID was requested .o
select those projects which in its view involve pre-
vention as denoted by the NIHworking definition; the
BIDs olso categorized individual projects and fundsng
levels by grants, contracts, and intramural projects
Because the intent of this accounting affort wos to
dentify prevention research activines, fuviing fig-
ures for mansgs~ant operat:ons, and construchion
we s excluded, although ir; .sme cases these
ocivihes do, n fact, relate to pravention
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Format of Report

Section | of this document presents brief narroti e
highlights of prevention 1esearch octivities undar
woy of NIH ond NIH-supported institutions Though
far from exhoustive, this sampling from oil the BIDs
ilustrotes the for-reoching progress being mede by
scientists in numerous ond diverse fields

Section i contoins tobles ond chorts showing FY
1981, 1982, and 1983 octual budgetory informotion
{ond, where noted, FY 1984 estimotes) for overoll
NIH prevention reseorch efforts For eose of refer-
ence, eoch summory graphic is presented with the
numericol toble on which it s based

Finolly, Section Ill presents NIH prevention reseorch
activities by individuol BID, in both norrotive ond
numericol form Tobles showing FY 1981, 1982, ond
1983 octuol budgetory doto {ond FY 1984 estimoted
totols) for each BID ore cotegorized by orgoniza.
tionol structure or progrom orea, these ore pre-
ceded by brief descriptions of mojor oreos of octive
ity in prevention resecrch for thot BID

In reviewing these doto, the reoder s reminded
thot merely compo: 2g prevention funding levels
omona 810s con oe misleading, Some BIDs, su-h os
NIEHS ond NICHD, hove mondotes thot ore inher-
ently prevention nriented, thus, o lorge pescentoge
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of thesr funds ore ollocoted to prevention research
Others, such os NIGMS (which olmos1 exclusively
supports inveshgator-initioted basic resecrch), do
not hove respensibility for specific disease oreos,
thus, their octivities ore by intantion less directed
ond mor? generol in noture This overwhelmingly
basic research, while vitol to our understonding of
the underlying foctors in disecse cousation ond
hence to the development of prevention meosures,
13 not included in the prevention research doto sum-
monized (n this report

John T Kolberer, Jr , Ph D
NIH Coordinotor for Diseose Prevention
ond Heolth Promotion

RobertS Gordon, MD, MH S
Speciol Assistont to the Director
for Reseorch Reloted to Disease Prevention

Jomes B Wyngoorden, M D
Director, NIH

' Fronk, J P A System of Complete Medical Police
Baltmore Johns Hophins University Press, 1974

2 Heckler, M. M Remarks of the Public Health Service
Awards Ceremony Washington, D C , May 26, 1983

? Thomos, L The Medusa and the Snail New York The
Viking Press, 1979, p 173
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I. RESEARCH HIGHLIGHTS:

Progress for Disease Prevention
at the National Institutes of Health
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One of the primary goals of the National Institutes of Health is to support research
that could ultimately lead to the prevention of disease. In working toward this long-
range objective, each bureau, instituie, and division hus actively pursuedbo  oasic
and applied research that shows promise of leading to methods of preventing or
ameliorating disease. In cerlain instances these goals include firding methods to
detect disease before it becomes manifest; in other instances th aim is to halt or
reverse further development of existing disease. New and exciting prevention re-
search findings are forthcoming from such diverse fields as biochemical epidemial-
ogy, nutrttion, social and behavioral science, enzymology, developmental embry-
ology, biochemistry, physiology, immunology, pharmacology, and many other
areas. Progress in basic science has reached the point where we now have the
knowledge 1o apply these findings at both the pre-intervention and intervention
levels, so that health practitioners and the public can take measures to reduce risk
and morbidity for acute and chronic discases as never before. The following high-
lights typify the breadt of basic and applied research conducted and supported by

NIH as it works toward its goal of preventing disease.

Biochemical Epidemiology

This exciting ond importont new crec of NCI
tasearch combines epidemiological ond chemico!
onalyticol opproaches used in the postin other re-
search oreos thot ore now being opphied 1o investi.
gate the couses of concer. Loborotory techniques
hove been developed that use biochemical meos-
ures to better chorocterize exposure to carcinogens,
to serve s indicotors duzing the course of molig-
nancy, to identify interventions that holt or reverse
this process, ond 10 Investgate machonisms of
humon corcinogenesis Exomples of studies in this
orea include

Efforts 10 evoluote the body burden of chemico!
corcinogens in studies of occupanono! ond
generol environmento! cancer risk foctors,

Sophisticoted onalyses of o, woter, ond biologic
specimens for corcinogenic ond mutogenic
substonces, in conjunchonwith specific onalyt-
cal studies,

Seorchfor evidence of vitol infection including
virol segments or oncogenes in the DNA of indi-
viduols ot high risk of concer thot may be associ-
oted with infectious ogents or heritoble stotes,

Evoluonon of oisturbonces in immune function os
they may relote to malignancies, paricularly
those of the hemotoporetic system,

Investigation of the relotionship between micro-
nutrients ond o vonety of epitheiiol concers, ond

¢ Determination of the refotionship of macronutri-
ents, including dietery fot, ond hormona!
changes to subsequent risk of breast, endo-
metriol, ond colon concers

The potentio! of biochemical epidemiology to pre-
dict concer nisk on individuol, ins.ead of ot the
populotion level, ond before the onset of clinically
evident concer provides on exciting new opportu.
nity in co ncer researgh ond prevention,

Oncogenes % :

Recent odvonces in moleculor biology, including
the development of recombinant DNA and nucleo.
nde sequencing techniques, have made it possible
1 isolote ond omplify oncogenes ond to dissect
ther fine structure Oncogenes ore dominant
genetic elements whoss expression within o norma!
¢elt leads to molignant tronsformation. Although
the first oncogenes were dumonstroted in DNA ond
RNA tumor viruses, oncogene sequerces have now
been found 10 be ¢ part of the genetic complement
of norma! vertebrotes, including humans.

Sciennsts supported by NCl heve cloned virol onco-
genas os woll os thewr norma! cellulor homotogs
ond ore currently ottempting to choracterize their
enzymatic functions ond the torgets of thesr trons.
forming gene products Efforts to determine precisely
how oncogenes ore involved 1n human concer ore
olso under way. An important recent development
tn this area hos been the detection ond direct 13olo-
hon of dominont tronsforming genes from humon
tumors, Oncogenes have been cloned from two
human blodder carcinomoa cell fines, ond resesrch-
ers have shown that o single codon change in the
normal humon oflete results in its conversion 10 o
gene wih tronsforming properties. The cell contoins
tens of thousands of cellulcr genes, ond in theory
each could be the torget of ony number of genenc
or environmentol insults whose disruption could
tead to concer or 1o other disecses
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Heart and Lung Disease

In prevention research related 1o hypertension, new
knowledge 15 being gained obout the function of
the nervous system in the requlation of normol
blood pressure ond in the pathoge nesis ond control
of essentiol hypertension; the influance of local
modulotors of vessel wall resistonce on blood pres-
sure, genenic mechanisms, including those relotod
10 salt ity ond/or saltr e, ond soci0-
log-cal ond psychalogreal foctors reloted to or in-
volved tn hypenension

In on 1mportont orea of fung reseorch, progress con-
ninues in 1dentifying the mechanisms of lung domage
that couse emphysemo, @ disease chorocterized by
the destruction of o mojor structural protein of the
lung, elastin Esentiolly, on imbalonce of two
groups of substances—the proteases, which breck
down elostin, ond the ontiproteases, which inhibit
this breakdown—is responsible for ths often fotol
disecse. Recent ressarch by NHLBI indicates thotin-
halonron of tobacco smoke elevotes proleoase; smok-
ing cessation, therefore, remains the most potent
preventive measure 09ainst emphysemo The Inst-
tute 1 continuing td sSuppPOrt inveshigations ottempling
to increcse lung protection agoinst thess protecses,
on opproach that has ollowed the maintenance of
“protective” levels of ontiprotease activily in individ-
uols with o genenc deficiency of olpha-1-antitrypsin
An oreo of speciol promise 13 the introvenous od-
ministrotion of concentroted omounts of this noturo!
ontiprotease ob d from 1 ph

P

Periodontal Diseases

There 1s growing evidonce thot different forms of
periodontol disease moy be coused ond oggrovoted
by specific bacterio. Investigntions 1o date by NIDR-
supported scientists suggest that Actinobocillus octi-
nomycetemcomitons ond Bocteroides gingivalis ore
the etiologic ogents in fozohized juvenile periodontis
ts, respectively However, no single species has
unequivocolly been shown to cause ony of the per:-
odonto!diseases The current surge snreseorchoctivi-
tes 1n this oreq should soon leod to the idennficotion
ond charocterizonon of pothogenic bocterio, ollow-
ing for more effective preventive ond rrectment
meosures

Diabetes

Although treatment with speciol diet, exercise, in.
sulin, ond other medicotions has extended ond im-
proved the lives of people with diobetes, such treot-
ment has not prevented the development of the
tissue-damoaging aspects of the disecse: heort ot
tocks, strokes, kidney foifure, gangrens, biindness,
ond domage 1o the nervous system Most of the
morbidity mortolity, ond economic cost ossociated
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with dicbetes i3 due to these degenerotive tissue
changes, but there 13 unresolved controversy as to
whether they can be prevented by sirict ond precise
control of blood glucose levels New 1echnologies
have now been developed thot permut, for the first
time, o study to assess whether strict metobalic con-
trol will prevent the serious clinical cor plicotions of
nsulin-d dent diob n hypot 2315 sup-
ported by o growing body of preliminc | evidence
NIADOK, 1n oddition 1o supporting o brood ronge of
such explorations, 13 now Int'ioting the Diobetes
Control ond Complications Trio: to explore this
potential method for preventing the devostoting
effects of insulin-dependen: dicbetes.

Vaccine Development

Since the mid-1960's, NIAID hos led the NIH effort
to develop vaccines for the control of infectious dis-
eases. Presently there ore more than 50 different
ontigens (proweins or other components of on organ-
13m that stimulote the immune response) being in-
vesngoted in NIAID’s Voccine Development Pro-
grom These ontigens represent p | voccines
for o voriety of diseases such os gonorrheo, herpes,
molario, poroinfluenrs, influenzo, hepontis, ond
meningitis Other i~ 3ttutes ond Federof ogencies
ore working on snll other voccines.

Recent events have led NIAID to implement o
progrom 1o occelerote the devsiopment of new
voccines. The emergence of new knowledgo—re-
combinant DNA and hybridomo technologies, new
findings of how the iImmune system works, ond bio-
synthetic technologies—permits new opproaches
ond opportuntties for vaccine development Use cf
these technologies promises 1o ollow the develop-
ment of vocanes severol yeors earlier than other-
wite would have been possible.

Mental Retardation and
Developmental Disabilities

NICHD 13 supporting biomedical ond behaviorol
studies to enhance knowledge of the bosic couses
of mentol retordanon, reseorch that eventuolly moy
leod to the prevention or omeliorotion of this dis-
ability One such study deals with the initiotion dur-
ing the newborn period in children with phenylke-
tonurio (FKU) of o diot that contorns o limited
omount of phenylolonine Meosures of intelfectyol
development, height, weight, ond heod circumfer-
ence have shown thot treated children with PKU, on
inborn arror of metobalism with on incidence of 1

in 14,000 burths, ocliieve scores comporoble to those
of normal children.

Birth Defects

An estimated 250,000 bobies ore born eoch yeor in
the United Stotes with mentol or physicol defects
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Accordingly, the long- werm objective of the NICHD
research progrom on birth defects 1s prevention
Prevention of birth defects i1s achieved in part by
genetic counseling ond through prenotol diognosis
A more direct opproach, however, is 1o elimmnate
the etiologicol foctors that induce the defect Such
on opproach 1s most effective if the tnnoting
ogents, os well as the mechanisms through which
they oct, ore known—a prerequisite not yet met for
651070 percent of congenitol defects. Therefore,
NICHD focuses much of its research ottention on the
genetic ond envronmentol control of developmens-
tol processas, on oreq of ICreasing progress and
promise

Eye Disorders and Diseases

Basic ond opplied research by NEI has yielded con-
sideroble progress in the prevention of vision-
reloted problems. For excple:

¢ it hos besn demonsiroted recently that oppropn-
otely himed laser treatment ss very effective in
preventing blindness from one form of oging-
reloted moculopathy.

Screntists ore inveshigating the foctors thot pro-
mote recurrence of ocuar herpes simplex infec-
hon i the hope of preventing or reducing the
incidence of this disease.

The sfficocy of oldose reduciase inhibitors in pre-
venting the formation of diobetic cotorouts in on-
mals hos been demonstroted, ond current re-
search 1s oimd of evoluoting the role of such
ogents in preventing other dicbetic comphicotions

¢ Improved raeans for the early detection of indi-
viduols w th elevated introocu! pressuty 1s being
sought fo reduce the damoge done in gloucoma

When visuol input 1s impeded early in life, there
con be o profound and permonent impact on the
development ond function of the visual centers
in the brain Studies ore under way 10 prevent
this eorly visuol loss ond to inveshgote the possi-
bility of using drugs to reverse the effects of
visuol deprivotion

National Toxicology Program

Administered by NIEHS, the Notional Toxicology
Progrom coordinates ressorch ond testing octiviies
ond providas informotion obout potentiolly toxic
chemicols Use of ths informotion by regulotory
ond research ogencies ond others may help prevent
chenrcolly induced diseoses such os some forms of
concer ond genetic domoge. The Nationol Cancer
Institute’s carcinogenesis teshing progrom, which
wos tronsterred from NC! 10 direct NIEHS monoge-
mentn 1981, 1s on integrol port of the NTP effort
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A number of nev: assay methods being developed
ond vohdated by NTP hald promise for providing
ur.proved informotion for risk estimation. These n.
clude methodologies for measunng mutogenic
octivity of chemicols 1n humon urine ond blood;
chromosomal onolyses to measure genctic damoge
n humans; rodent liver tumor models for ossessing
inthotion ond promotion mechanisms of chemicolly
induced immunotoxicity; outomated procedures for
measuring neurobehoviorol toxicity in onimals;
methods for functionol onolysis and eorly diognosis
of kidney injury, ond rodent embryo ond cell cul-
ture systems os indicotors of terotogenic potentiol

Nutrition .

NIA'S Epidemiology, D phy, ond Biometry Pro-
grom leads NIH's participation in the Nahiono! Health
ond Nutntion Exomination Survey (NHANES-1) Epi-
demiologic Followup Study of 14,400 people core-
fully exormined for medicol ond nutrntional stotus
from 1971 10 1974 This s the first time o cohort of
the Nohonal Health Survey has been traced ond re-
interviewed 10 study outcomes and idenhfy risk fac-
tors As the lorgest followup study of nutritionol out-
comes conducted in the United Stotes, NHANES-]
will provide cpecific information on characterrsics
ond conditions reloted to smoking, the use of olco-
hol, exercise, and chonges in thess behavic-al
choroctenstics over o 10-year period Blood pres-
sure ond werght vall olso be measured ond reloted
fo previous meosurements ond outcomes.

International Issues

FIC's Advonced Studies Progrom recently zonducted
o series of prevention-reloted studies In 1980, on
ol fosk force studying the opprooch token to
erodico.« smollpox determined the opphicobility of
that model 10 other infectious diseases Separote,
in-depth onolyses of three odditional diseases
(measles, poliomyelihs, ond yaws) were recom-
mended. Responding to the task force efforts, FIC
sponsored on Intemational Symposium on Measles
Immumizotion i FY 1982 10 discuss how ovoiloble
voccines con be exploited 1o overcome the world-
vade economic, log:sticol, ond ottitudinal barriers
fo immunizotton. As verious countres achieve meo-
sles cortrs wathin their own boundaries, the prob-
lemof  .ortonon of disease from countries where
progroms ore less successful, or norexistent, will
become more opparent ond increasingly trouble-
same. Thus, it 15 importont for developed countries
to provide assistonce ond knowledge to devsloping
counties ond to devise unique sirotegies 10 over-
corae disease fronsmission.

The eliminotion of measles as o universal couse of
childhood misery ond long-term disability will result
in sigrificont economec gains worldwide as health
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core costs for measles immunizotion ond long-term
core ore eliminated. For exomple, in the United
Stotes olone, 1t has been estimated that in the
18-year period from 1963 fo 1581 there were 4,840
lives saved ond 16,100 cases of mentol retordation
overted When odditional years of normal produc-
tive life ore considared, os vrell os school days
saved ond physicion oru “ospitol costs saved, it is
estimoted the net benefits of meas!es control
omount to more than $4 billion

Hansen’s Disease

Hansen’s disease (lepromotous leprosy) remoins &
mojor human health problem, offecting opprox-
motely 15 million people Scientists have been un-
oble o develop o voccine ogainst the disease
lorgely becouse they hove not had o suitcble oni-
mol mode! Following the detectio= of o spontone-
ous cose of Honsen's disease 1 o monkey (sooty
mongabey, or Cercocebus otys) ond the subsequent
successful induction of leprosy in odditional monga-
beys, the DRR-supported Delto ond Yerkes Regronal
Primote Reseorch Centers, in colloborotion with the
Armed Forces Institute of Pothology (AFIP), ore now
performing studies with this pnmote model A con-
sortium gront was recently oworded by NIAID to
suppor! this work

Because the sooty mongabey is the first nonhumon
prmote model for lepros, studies, the existence of
o breeding colony of this rare ¢ 1mote species ot the
Yerkes nmote Center, coupled with the laborotory
resources ond prcfessional expertise of the Celto
ond Yerkes Centers ond tne AFIP, will greatly
enhonce progress toword o leprosy voccine.
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Lipid Storage Diseases

in seviirol dozen inherited disorders, excestive
omounts of naturol metcbolites (such os mucopoly-
sacchorides ond lipids) ore stored, causing cell
damage ond, when the broin is involved, severe
mentol retordation. People with such disorders have
been found to be missing certoin @nzymes neces.
sary for the normol disposal of the occumuloting
moteriol In disorders such os Tay Sochs disease ond
Gaucher's disease, the lo-k of specific enzymes
leads to the occumulotion of damaging fotty sub-
stonces Using this information, NIGMS-supported
scientists hove helped develop omniocentesis pro-
cedures ond corrier detection tests that have led to
effective genetic counseling measures. Enzyme
replocement measures cre now under expernmentol
testing. Advonced techniques 1o target oppropriote
receptors in the body ore expected eventually to
enhonce, through genetic enginearing, the devel-
opment of enzyme production methods 1o prevent
nerve cell domoge ond mentol retordation ond pro-
long life in these disorders

Neurotoxicity

Epidemiologicol studies on neurotoxic ogents (leo~
codmium, monganess, ferrous metol olloys, chem-
col synthetics, ond heavy metols in coal, oil, ond
gosoline) conducted by NINCDS-supported scientists
hove revealed specific ot-risk populotrons. Clinicol
studies to delinecte eorly indicotors of subtle nerv-
ous system injury, os well os environmento! studies
to define more accurotely levels of exposure, have
enhanced efforts 1o reduce envircnmentol exposure
to these ogents ond to develop cdequote screening
progroms for people of nsk. In oddition, this arec of
prevention reseorch hos led 1o the developmoant of
technologies to produce protective devices for indi-
viduols employed in high-risk industries !

o 1a0
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iI. SUMMARY DATA:

Funding for Research in Prevention

at the National Institutes of Health
Fiscal Years 1981 = 1983 (1984 Estimated)

~




FY 1978
FY 1979
FY 1980
FY 1981
FY 1982
FY 1983
FY 1984
fest )

. h - we EEVESAR

Trends in Overall NIH Research Funding
Versus Prevention Research Funding
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BROADENED DEFINITION

{DOTTED UNES INDICATE

FUNDING UTIIZING
NEW DEFINITION)
Oversill Prevention FZM"',,,,""A,""‘ A
NIH Research Funding** Research Funding P 2 RR2D
Current Constant Current Constont " of Overoll Blomedical
Dollars Dollars Dollars Dollars NIH Funding Deflatort
$2,367,554 $2,387,554 $ 352,121 $352,121 147% 100 00%

2,781,906 2,570,127 419,476 327,542 151 108 24
2,991,684 2,533, 506,459 428,875 169 1809
3,135,479 2,409,312 542,416 416,794 17.3 13014
3,222,165 2,302,040 602,549 430,484 187 13997
3,563,899 2,435,522 957,152 654,105 28 1463
3,995,742 2,608,016 1,070,072 698,435 268 153 21

* FY 1984 overoll NIH obligotions o eslimates based on The 1984 column of President Reogon & 1984 udget FY 1984 prevention reteorch
oblganons ore eshmotes.

** NiH obligations include funds for reseorch gronts, RED conwocts, diseose conkol, inomuroi research, ond FIC dwect operotions
(conferancns fellowships, e ) excluding solories ond expenses

t Provided by the Division of Program Anolyses, Otfice of Progrom Planning ond Evaluotion, NI
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Overall NIH Research Funding* and
Preventicn Research Funding by Mechanism of Support

r $3 000 000
1083
- $2 500,000
1961 )
- $2,000 000
= $1 500 000
: = $1,000 000
,
1983
b= $500,000
OVERALL RESEARCH FUNDING
PRUVENTION RESEARCH FUNDING
CONTPACTS | INTRAMURAL
Overoll Prevention
NIH Research Funding Research Funding
Dollars _Percentoge Dollors Percontage
Grants FY 198} $2,343,849 75% $ 318,141 50%
FY 1082 2,420,088 75 364,772 &0
FY 1983 2,710,019 76 621,174 65
FY 1984 (est ) 3,090,758 77 710,433 8
Conrocts — FY 1981 375,871 12 168,227 31
FY 1982 347,632 n 148,637 25
FY 1983 345,493 10 190,064 20
FY 1984 (est ) 355,850 4 198,469 14
Intromura! — FY 1981 415,759 13 56,047 10
FY 1982 454,445 14 89,139 15
FY 1983 508 387 14 145914 15
FY 1984 (est ) 549,134 14 161,170 15
Tota! — FY 1981 $3,135,479 100% $ 542,415 100%
FY 1982 $3,222,165 100% $ 602,549 100%
FY 1983 $3,563,899 100% $ 957,152 100%
FY 1984 (est } $3.995,742 100% $1,070,072 100%

* lor0f NI obligotions excluding reseoich in rOIMNg conswuchon ond progrom Mmoncgement
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Institute (BID) Prevention Research Funding
As a Percentage of Total Research Funding
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NCi

NE!
NHLBI
NIA
NIA‘D
NIADDK
NICHD
NIiDR
NIEHS
NIGMS
NINCDS
DRR

FIC

Totol NiH

NCI

NEl
NHLBI
NIA
N!AID
NIADDK
NICHD
NIDR
NIEHS
NIGMS
NINCDS
DRR

FIC

Totol NIH
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Toto! Funds*
FY 1981 Obligotions FY 1982 Obligoti

Tota) Prevention Percentuge Totsl Pr H Per g

$ 910,449 $127,454 14 0% $ 908,456 $132,860 14.6%
109, 462 31,263 28.6 117,069 30,537 32
485,927 120,706 248 503,151 121,702 242
66,519 16,340 246 73,183 17,650 24
211,198 32,948 156 215,880 30,345 141
336,425 19,438 58 335,904 48 474 85
199,661 86,710 43 4 204,547 9+ 758 454
58,943 6,267 106 60,468 6,878 1.4
81,355 54,390 668 94,310 82,582 876
270,620 5,705 21 283,345 2,728 12
228,451 27,664 121 242,30 29,907 123
167,458 10,086 60 177,353 14,670 83
6,811 3,444 506 6,186 3,249 525

$3,135,479 $542,415 17.3% $3,222,165 $602,549 18.7%

Total Funds*
FY 1983 Obligations FY 1584 (est.) Obligations

Tote) Prevention Percentage Tota) Pr # Por g

$ 906,777 $266,528 29 4% $ 994,481 $307,894 31.0%
132,054 43,240 327 144,661 47,500 28
563,149 121,519 2146 637,681 128.000 201
84,441 43,110 511 104,17¢ 54,503 526
256,574 43,472 169 289,223 47,652 165
378,720 109,148 288 426,560 121,825 286
20, 552 100,467 436 250,353 199,200 436
67,381 17,752 263 77,732 18,995 244
151,478 138,797 N6 166,331 151,764 92
309,566 2,462 08 353,958 2,960 08
269,7¢5 37.183 138 307,786 42,417 138
26,249 28,529 138 234,697 31,572 134
7,392 4,945 669 8,103 5,490 67.8

$3,563,899 §957,1562 26 8% $3,995.742 $1,070,072 26 8%

* Includes gronts, controcts and intrarnurol
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Distribution of Total NIH Prevention Funding
by Institute (BID)
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FY 1981 FY 1982
Percentage of Percentage of |
Total Total NIH Total Total NIH
Prevention Funding Prevention Funding Preventior Funding Prevention Funding

NCH $127,454 23 5% $132,869 22.0%
NE! 31,263 58 36,537 61
NHLBI 120,706 2.2 121,702 202
NIA 16,340 30 17,650 29
N!AID 32,948 61 30,245 50

NIADOK 19,438 36 8,474 47 -
NICHD 86,710 160 94,958 158
NIDR 6,267 12 6,878 1.1
NIEHS 54,390 100 82,582 137
NIGMS 5,705 1.0 2,728 04
NINCOS 27,684 51 29,907 50
DRR 10,086 19 14,670 2.4
FIC 3,444 _ 06 3,249 0#

Toto! NIH $542,415 100 0% $602,549 100 0%

FY 1983 FY 1984 (est.)
Percentage of Percentoge of
Total Totol NIH Totol fotal NIH
Prevention Funding Prevention Funding Prevention Funding Prevention Funding

NCI $266,528 27 8% $ 307,894 28 8%
NE! 43,240 a5 47,500 44
NHLB! 121,519 127 128,000 120
NIA 43,110 45 54,803 51
NIAID 43,472 4.5 47,652 44
NIADDK 109,148 14 121,825 14
NICHD 100,467 105 109,200 102
NIDR 17,752 18 18,955 18
NIEHS 138,797 145 151,764 14.2
NIGMS 2,462 03 2,950 03
NINCDS 37,183 39 42,417 40
DRR 28,529 30 31,572 30
FIC 4,945 05 5,490 05

Totol NIH $957,152 100 0% $1,070,072 100 0%

Q 187
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NIH Prevention Research by Mechanism of Support

_')v . o . i
1981 ] j NIA
1983
T lest | NIAID
1983 .
Tem |

1981 NIDR
1983

1981 NINGDS
1983 N

1961 FiC
1983

$26,000 $40 000 $60,000 $80 000 $100 000 $120,000
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FY 1931 . FY 1982
Gronts Controcts  Intramural Total Gronts Controcts  intromurol Yotol
NCt $ 28457 $87.206 $1,791  $127,454 $ 31,724 ¢ 84,265 $16,8%0  $132,869
NE! n,227 3,977 4,059 31,263 28,376 3,238 4923 36,537
NHLBI 81,776 36,888 2,042 120,706 100,186 19,626 1,890 111,702
NIA 10,700 3,340 2,300 16,3400 12,655 3,267 1,728 17,650
NIAID 16,652 5,357 10,939 32,948 16,669 4,628 9,048 30,345
NIADDK 17,237 648 1,553 19,438 24,108 1,193 3173 28,474
NICH> 64,126 17,841 4,743 86,710 69,979 16,758 8,22 94,958
NIDR 3,770 1,527 970 6,267 4,085 hadl 2,040 6,878
NIEH> 35,420 8,624 10,346 54,30 37,443 12,238 32,901 82,582
NIGMS 5705 — — 5,705 2,728 — - 2728
NIMCDS 1771 2,819 7,134 27,664 19,082 2,633 8,192 29,907
PR 10,086 _— - 10,086 14,670 - — 14,670
FiC 3,274 — 170 3,444 3,106 —_ 143 3,249

Totat 8318141 $168,227  $56,047  $542,415  $364772  $148,637 $89,13°  $602,549

FY 1983 FY 1984 (est.)
Gronts Controcts  Intromural Totol Gronts Controcts | J Total
NCt $154374  $ 66,811 $ 45343  $266,528 190,329 $ 66,959 § 50,605 $ 307,894
NEt 34,388 4,729 4,173 43,240 37,510 5,440 4,550 47,500
NHLBI 93,771 25,764 1,984 121,519 98,90 27,000 2,100 128,000
NIA 32,454 7,163 3,493 43,120 41 89 8,459 4,835 54,803
NIAID 23,668 7,168 12,636 42,472 26 547 7,802 13,303 47,652 *
NIADDK 86,859 4,057 18,232 109,148 97.716 4,564 19,545 121,825
NICHD 73,305 18,756 8,406 100,467 79,965 20,000 9,235 109,200
NIDR 13,825 1,547 2,380 17,752 14,793 1,655 2,547 18,95
NIEHS 43,684 51,122 43,991 138,797 49,867 53,387 48,510 151,764
NIGMS 2,462 —_ — 2,462 2,950 — — 2,960
NINCDS 29,262 2,947 4,974 37,183 33,871 3,193 5,353 42,417
DRR 28,529 —_ — 28,529 31,572 — - 31,572
FIC 4,643 — 302 4,945 4,904 — 586 5,450

Totol $621,174  $190,064  $145914  $957,152  $710,433 $198,469  $161,170 $1,070,072-"

e 189

Aruitoxt provided by Eic:




188

NIH Funding for DHHS Prevention Priority Areas*

o ing Dollers in Millions
DHHS Priority Area Institutes (MDs) FY 1981 FY 1982

Toxic Agent and NCI $ 4812 $154
Rodiation Control NHLBL o] —
NICHD 38
NIEHS 797
DRR 04
FC —
Totol $ 9

Improved NCI $1

Nutritlon NEt
NHLBI
NIA
NIADDK
NICHD
NIDR
NIEHS
NINCDS
ORR
FIC

Totol

COO=00~~00=
N=0CO0 QDD WLNOO A

Pragnancy and NCI

infont Care NE!
NICHD
DRR

Fomily
Planning

Surveillunce and NCI

Control of NE!

Infectious Diseases NIA
NIAID
DRR
AC

Toto!

Imn.unizations NCE
NIA
NIAID
NIDR
DRR
FIC

Toral

Fluoridetion and NIDR
Dental Health DRR

Totol

OL OO O

High Blood Pressure NHLBI

Control NIA
DRR
FIC

Totcl

((RARAAS

\

* Token from Prevention 80 DHKS (PHS) Publicotion No 81 50187
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Oollors in Mitlions
DHHS Priority Ares Instituies (BIDs) FY 1981 FY 1902 FY 1983
Occupetional Sofety NG $ 9.2 $ 87 $ 80
ond Heslth NEI 1.0 Lo _—
NHL8! 30 22 23
DRR 02 0.1 01
Tota! $13 $ 12 $ 10
Smoking ond NG $ 41 $ 1.2 $ 48
Heolth NHLBI 30 2.0 22
NICHD 1.0 .7 19
NIEHS 1.3 1.3 -
DRR 01 0.1 0.2
fiC 02 - -
Totol $ 10 $ 6 $ 9
Sexually Transmitted NG $ 001 $ 003 $. --
Diseases NE( 07 1.0 07
NIAID 2.5 36 45
NICHD - 1.8 26
DRR 0.3 —_ -
Total $3 $ 6 $ 8
Control of Siress NHLBI $ 10 $ 18 $ 1.9
and Violent Behavior NIA 44 06 10
DRR 02 03 17
Toto! $ 6 $ 3 4
Physlcol Fitness— NHLBI $ 10 09 10
Exercise NIA 42 06 13
DRR 02 03 o7
fC 02 - -
Toto! 3 6 $ 2 $ 3
Accldent Prevention NEL $ 06 $ 1.0 $ 17
and Injury Control NHLB1 10 - -
NIA - 05 13
DRR 0.01 001 003
Total $ 2 $ 2 3
Misuse of Alcohol NCt $ — $ 002 $ 005
ﬁ‘_? ond Drugs NIA 1.1 05 04
Q' NICHD - 08 1.5
L1 DRR 02 06 07
fiC 02 —_ -
Toto! $ 2 $ 2 $ 3
SUBTOTAL FOR
1§ PRIORITY AREAS $340 $300 $413
Cross-Cutting NG $ 450 $933 $216 4
ond Other NEI 61 8.0 128
NHLBI 930 |87 97.9
NIA 50 138 364
NIAID 29 5.0 7.5
NIADDK 135 267 1080
NICHD - 188 236
NIDR 13 10 1.9
NIGMS 57 27 2.5
NINCOS 271 2.3 36
DRR 2.4 1.6 42
fiC 0.2 06 10
Totol $202 $304 $544
TOTAL $542 $603 $957
2
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ITY. Prevention Activities and
Funding by Program Area

Fiscal Years 1981 ~ 1983 (1984 Estimated)

192




National Cancer Institute (NCI)

.

.

.

.

.

Determinatian of the maieculor mechonism by
which oncagenes act ic 1ronsfarm cells

Studies an the role of humon T-cell leukemio virus
in levkemio ond other concers andpossible devel-
apment of o voccine for use in endemic areas

Enalogic studies on acquired immuncdeficiency
syndrome {AIDS) and Koposi‘s sorcoma with o
seorch for o tronsmissible ogent

Evaluation of the efficacy in high-risk groups of

hepatitis B virus voccinotion in preventing hepa-
nitis virus infection ond development of hepoto-

cellular carcinomo

Deve'opment of improved methods for predicting
carcinogenicity, mutagenicity, and terctogenicity

Development of impraved onimo! 10-mon
extropoletion techniques

Development of pracedures for the qualitanve
ond quontitative onalys:s of body fluids ond his-
sues for the presence of chemical carcinogens,
their metabolites, ond their odducts with DNA

Development of orgon ond cell culture systems,
biotogical models, and b y systems for use
1n corainogenesis studies

Development of biochemicol epidemiclogy os o
multidisciplinory inve shgation intacancer eticlogy
cambining epidemialagical and lobaratary op-
proaches far predicting cancer risk for individuals

Studies ta 1dentfy accupational couses of concer
ond educational progroms ta reduce expasure ta
accupotional hazards

Studses ta clanfy the rale of general environ.
mentol pollutants, medications, infectaus
agents, and genenc susceptibility os nisk factors
for cancer

191

.

.

.

.

.

.

.

Smaking cessation research, education, ond infor-
mation progroms, identificotion of high-risk
groups especially vulnerable to hazards of tobocco

Environmanial carcinogenesis rasearch, informo-
tion, ond education progroms

Experimentol, epdemiclogical, and multdise-
plinary research to elucidate the role of nutrnients
ond ather dietory components in causing and
inhibiting cancer

Studies of vitamuns, vitomin analogs, and ather
dietory or nondietory substonces that hove
potentiol os preventive agents

Clinico! tnals of promising chemaopreventive
agents

Studies an the rale of naturcl inhibitors in concer
prevention

Support of cancer contral reseorch units and
cancer contral science projects for defined popu-
lotion studies

Collectingand disseminating technical informo-
tion reloted to prevention

Eprdemiclogic studies ta delineate high.risk
groups ond individuals and t¢ «dentify enclogic
foctors for cancer

Studies of concer sk from low-level expasure to
1amizing or nanionizing radiohon

Studies to ossess the officacy of screening and to
evaluate detection technalogies and perform
research fo determine the methods of applying
these technalogies to defined populotians

Eviluote ond analyze exishing concer dato boses
ta obtain optimal utility and infarmation pertain-
Ing to prevénhion

24
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Grants Contracts Total
Research Areo No. Dollars No. Dollars No. Dolla.s
Division of Cancer Couse
and Prevention
Chemical ond Physical Carcinogenesis 25 $ 2,400 37 $11,928 62 $ 14,328
Smoking and Health - - 3 675 3 675
Diet and Nutrnition 28 2,723 1 200 2 2,923
Vira) Oncology 5,000 7 1,192 53 6,192
Epidemiclogy ki 5,355 64 16,917 95 22,272
Total 130 $15,478 112 $30,912 242 $46,390
Divislon of Cancer Blology
and Diagnosis .
Breast Concer Task Force 4 $ 838 [ $ 21 10 $ 1,049
Division of Cancer Treatment
Clinicol Oncology 2 162 3 387 5 540
Developmentol Theropeuncs - - — — — —
Radiction 1 _ 4 _— — 1 145
Total __3 308 _i 387 _6_ 695
Divislon of Resources, Centers, and
Community Activities
Behaviorol Medicine 7 617 1 7 8 624
Smoking and Heolth 7 761 4 588 1 1,349
Preventive Medicine 10 1,510 41 5,212 51 6,722
Educotion 20 1,870 2 1,850 49 3,720
Occupot-onal Medicine 5 1,104 3 4,963 8 6,067
National Organ Site Progrom 47 3,487 . —_ 47 3,487
Concer Centers, incloding Centers Outreoch 56 1,470 — —_ 56 1,.70
Diet ond Nutntion —_ — 2 641 2 641
Chemoprevention 1 337 -~ —_ 1 337
Total 153 11,156 80 13,261 _Zﬂ 24,417
Nationgl Toxicology Program
Carcinogenesis Testing 2 677 86 42,435 88 43,112
Total Grants & Controcts 2 $28,457 287 $87,206 579 $115,663
NCl Intramural Research
Dollars
Ressarch Areo FY 1981 FY 1982 FY 1983 FY 1984 (est.)
Notrition $ - $ — $ 250 $ 264
Chemical and Physical Corcinogenesis 7,432 10,317 14,832 16,590
Biuiogical Carcinogenesis 778 &30 19,602 21,276
Epidemiology 2,396 4,599 7,466 8,753
International Concer Reseorch Dota Bank &02 702 — -
Concer Communications 542 632 —_ —
Toto! Intramural $11,791 $1¢€,380 $42,150 $46,883
25
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NCI {continued) FY 1982
Gronts Controcts Toto!
Research Area No. Dollars No. Dollors No, Doliors
Division of Cancer Couse
ond Prevention
Chemical and Physical Corcinogenesis 0 $ 3,000 17 $ 6221 47 $ 9
Smoking ond Health - - 3 684 3 684
Die! and Nutrition 30 2,940 1 200 3 3,160
Viral Oncology 46 5,108 4 807 50 5,710
Epidemiclogy 3 5,671 46 13,379 77 19,050
Total 137 16,734 71 21,141 208 37,875
Division of Cancer Biology
and Dicgnosis ,
Breost Concer Task Force — — — — — —
Division of Cancer Treatment
Clinicol Oncolog, 3 269 5 454 8 723
Developmenial Theropeutics — — 1 125 1 125
Rodiation - —_— — — -_ —
TYotol 3 269 6 579 9 848
Division of Resources, Contors, and
Community Activities
Behavioral Medicine 18 2,630 3 205 21 2,835
Smoking and Health 4 250 2 609 ¢ 1,059
Preventive Medicine 12 2,273 27 4,120 39 6,393
Educotion 18 1,700 39 4,515 57 6,215
Occupationol Medicine 5 935 1 4,000 [} 4,935
M monol Organ Site Progrom 33 3,290 — e - 33 3,29
Concer Centers, including Centers Outreach 51 1,443 14 4 528 &5 1.9
Dietond Nutrnition - — 2 , 2 . 580
Chemoprevention [} 2,000 —_— —_ [} 2,000
Totol 147 14,721 88 14,557 235 29,278
Notional Toxicology Program
Carainogenesis Testing — — 1 47,988 1 47,983
Total Granits & Contracts 287 $ 31,724 166 $84,265 453 $115,989
NCI Prevention Obligations by Mechanism
FY 198} FY 1982 — FY 1983 _ Fri9%4 {ost.)
Mechanism No. Dollars _No. Dollars No. Dollors No. Dollars
Grants 292 $ 28,457 287 $ 31,724 1,057 $143,481 1,112 $1/5906
Controcts 287 87,206 166 84,265 218 62,115 216 61,842
Intramural + 11,791 * 16,880 * 42150 * 46,883
Manogement and
Support Costs** — - 18,782 23,263
Total 579 $127,454 453 $132,869 1,275 $264,528 1,328 $307,894

* Individuo! Projects connot be braken out by » mbers
** Become 0 reporioble p avention obligohon in FY 1983

26

O

RIC

Aruitoxt provided by Eic:




194

FY 1983
Grants Contracts Tota!
Rezearch Area No. Dollars No, Dollars No, Dollors
Division of Cancer Etiolegy*
Chemical and Physicel Corcinogenesis 354 $ 38,720 53 $12,174 407 $ 50,894
Smaoking and Health 8 1,440 4 27 12 2,267
Diet and Nutrition 37 6,895 0 0 37 6,895
Viral Oncology 308 50,364 16 3,208 324 53,572
Epidemiclogy 9 16,788 _ 47 14,046 139 30,834
Total 79 134,207 120 30,255 919 144,462
Diviston of Cancer Blology
ond Dlagnosis
Tumor Biology (8) 2,101 — — - (8) 2,100
Total (8) 2,101 — — (8) 2,101
Division of Cancer Treatment
Rodiology 49 5,919 9 2,721 58 8,640
Toto! 49 5919 9 2,72} 58 8,640
Division of Cancer Pr i
and Control**
Behcviora! Medicine (29) 3721 2) 103 (1)) 3,824
Smaking and Heolth 3) 660 (2) 286 (5) 945
Preventive Medicine ) 1,025 {39 8,251 (45) 9.276
Education (26) 2,174 (20) 5,514 (46) 7.688
Occupational Medicine ) 1,754 (U] 145 8) 1,899
Natianal Organ Site Progrom (40) 4,106 2) 150 (42) 4,256
Concer Centers, including Centers Outreach (65) 1,576 (16) 155 8) 1731
Diet ond Nutrition - — m 307 (U} 307
Chemaoprevention (21) 2,985 (4) 06 (25) 3,89
Cancer Cantral Science Progrom 3) 2,400 -— -— 3) 2,400
Concer Control Reseorch Units (1) 853 — — 1) 853
Tota! (201) 21,254 (87) 15,87 (288) 37,071
Frederick Cancer Research Fecility
Biological Carcinogeness’ —_ — () 6,437 M 6,437
Chemical and Physical Corcinogenesis — _ - (1) 6,885 () 6,885
Totol — — (2) 13,322 (2) 13,322
otol Gronts & Contracts (1,057) $143,481 (218) $62,115 (1,275) $205,596
[FY 1984 fotol Gronts & Contracts
{eshmoted)) 1.,112)  [$175,906} [216) [$61.842) [1,328)  [$237,748)
* Formerly Ihe Division of Cancer Cayse ond Prevention
** Formerly the Divition of Resowrces,Conters ond Community Activilies
- . . 7
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National Eye Institute (NEI)

.

Prevention of hereditary ond developmental
degene:ations of the retna

.

Prevention of proliferonve diobetic retinopathy

* Prevennon of retrolentol fibroplasio ond other
plolufar?nve retinopothies

.

Prevention of blindness from bronch vein
occlusion

.

tions through resecrch on immune mechomisms

.

Prevention of the toxic effects of drugs on the
eye

.

Prevention of recurrent corneal infection from
herpes simplex virus

.

Prevention of trachome

.

Prevention of humon senile cotoroct

Prevention of uvestis ond other ocular intiomma.

195

.

.

.

Prevention of diobetic cotoract

Idennficonon of nsk foctors related 1o the
development of gloucoma

Development of new drugs ond treatments
reloted to the prevention of gloucoma

Resscrch on the effests of visual deprivation
reloted to the prevention of omblyopio ond
strobismus

Prevennon ond/or control of eye disecses
reloted to nutntional deficiencies

Preventon of moculor diseases ond the.r
consequences

Prevention of visual impairment from corneal
burns ond vicers

Prevention of neorsightedness ond other refroc-
tive errore

ERIC

|
|

FY 1981
Grants Contracts intramura! Totol

Reseorct «reo No, Dollars No. Dollars No. Dollars No. Dollars
Rehnal ond
Choroxiol Disecses 84 $ 8,108 24 $3,497 17 $2,464 125 $14,069
Corneol Dis. ~es & 5754 — — 2 290 62 6,044
Catoroct ¥ 3185 — - 3 435 9 3,620
Glaucoma 5 2,048 —_ — [ 870 3 2,918
Strobismus,
Amblyopsa, ond
Visuol Processing £ 4,132 —_ — — —_ » 4,132
Other (Visuol
Acuity Impairment
Study) — - ) 480 - - ] 40

Total 254 $2,227 25 $3,977 28 $4,059 07 $31,263
pos =
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FY 1962
Gronts Contracts Intremural Totel

Reseorch Area No. Dollars No. Dollars No. Dollars No. Dollars
Retinal and
Chorowdal Diseases 1"t $10,758 24 $3,139 15 $3,077 150 $16,974
Corneal Diseases &7 6,875 — — - -— 67 6,875
Cotaroct 4% 3.933 — — 3 615 9 4,548
Gloucomo 24 2,242 — — 6 1,23 30 3,473
Strobismus,
Amblyopia, ond .
Visuo! Processing 56 4,569 — - —_ —_ 56 4,569
Other (Visual
Acuity iImpawrment
Study) — - 3 100 —_ —_ 3 100

Totol 304 $28,376 b4 $3,238 24 $4,923 355 $36,537

FY 1983
Gran’s Controcts Intromural Totol
M_ _No._ Dollars No. Dollars No. Dollars No. Dollars
Retinot and "
Chorodal Diseoses 12 $12,988 28 $4,729 2) $3,043 171 $20,760
Corneal Diseases 7 7.5 — - - - n 1.5m7
Cotorac* 58 5,479 — - 3 703 61 6,182
Gloucomo 7 3.633 — — 5 427 42 4,060
Strobismus,
Amblyopra, ond
| Visua! Processing 52 4,661 —_ — - — 52 4,601

Toral 340 $34,338 28 $4,729 2 $4,173 7 $43,290

[FY 1984 Toto!

(estinared)) [$37.510) [$5.440) ($4,550} [$47.500)

. 19y
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Smoking cessation research, educonon, ond Nutrihon research, educotion, ond demor tro-
demonstrotior. progroms, ider.ificonon of high- non progroms oimed ot lowenng cholesterol,
nsk individuals blood hpid, ond weight levels

Epidemiologic studies on asthmo in formilies Research into anphicotion of behaviorol science

to control of heort, lung, ond blood disorders

Evoluotion of antenotol steroid therapy in
neonotol respirotory distress syndrome

.

Demonstrotion of effectiveness of disease
prevention/health promotion octivities 1n certoin
Nationol High Blood Pressure Educotion Progrom settings such os the worksite

Research, informotion, ond demonstration pro- Forg:ng of colloboranve educotion ond control
groms oimed ot control of hypertension octiviies with the privote sector, particulorly
industry ond voluntory orgonizotions
¢ Prevention of deep-vein thrombosis
e Experimentol octivihes featunng nontroditionol
Educotion ond counseling progroms for sickie cell use of medio channels to inform ond educote
diseose torget oudiences

30
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i
§

Research Aree No. Ocllens No. Ocllers Ne. Oollers

Heart Dissases
Arencacleros:s 2 $ 5579 21 $14,828 < $ 2,47
Hyperiension b 10,222 14 81 109 18,355
Cersbrovoscular Dasose 1 L4 - - ] <
Coronary Heart Dnease £ 19,012 3 10,965 &5 30,001
Peripherot Voscular Drisose 1 128 - - 1 38
Asrhythmiaz 0 7ns - - 10 7ns
Heart Fedlure ond Shock 4 57 - - 4 257
Conger 0! ond Rheumatc Heort Driecse - - - —_ - -
Girculatory Asstonce 4 738 - - 4 730
Cardhomyopathees ond Inf 2 108 - - 2 108
Muthprogrom Areas 0 14,704 1 176 5 * 14,880
Total p24 51,530 » 36,126 o) 82,650

Bloed Disonses
Bleading and Clomng Drsorders 143 12,524 — -— 19 12,524
Red Blood Cell Dusorders I 7,068 - -_ 3 7,088
Swckle Coll Dxsecte 2 6,803 - -_ 2 6,803
Blood Resources 14 1,239 2 k<)l 16 1,570
Todol 256 7,654 2 kel 258 27,985

Lung Dissases
Siructure ond Funchon t 85 - - 1 86
Chwon Obstructive tung Duocser [ K66 1 24 7 090
Pednwk Puimonary Dissoses n (<) ] «7 77 1,050
Fibronc and Immonologic Dseases i 0 -_ - ) 0
Pulmonory Voscular Diseases 1 4 -— — 1 14
Mulhprogrom Arecs 1 853 — —_ 1 853
Total 21 2 2 7 431 28 3,023
Total Gronts ond Controcts 514 $81,776 68 $34,658 582 $118,604
Inromural Reseorch z $ 20
Total el $120,706

N
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NHLBI (continued)

Gronts Controcts Totol
Reseorch Area No. Dollors No., Dolars No. Dollars
Heoart Disesses
Anenoscleruss A $ 8.55% 2 S, 9 $ 18,705
Hypenenuon & 12,940 10 7126 %6 20,048
Cerobrovoxculor Dusase 1 ” - 1 ”
Cororary Heort Daecte o 19,924 H 52 48 19,976
Penpherol Vasculor Dsecse 1 258 - — 1 258
Asthynumios 7 624 10 38 7 62
Heort Faillure ond Shock & 267 - - 4 207
Congenitol ond Rheumot Heort Disoose ¥ 0 - —_ 1 0
Cuculotory Assisionce - - - - — —
Cordwomyopathees ond Infections 1 8 - — 1 8
Multiprogrom Arecs ___71 20,661 s 541 87 2188
Yool 258 63,422 _50_ 19,189 05 82,611
Blood Dhrecses
Bleeding ond Clotung Drsorders 5 13,937 — - 5 13,927
Red Blood Cell Disorders » 5,936 - - » 5,93
Sickle Coll Disoote 2 12156 - - b= 12,15
Blood Resources 7 2,348 — — 7 2,348
Totol 188 34,377 — —_ 186 34,377
Lung Diseoses
Swucture ond Function i 85 — - 1 85
Chronic Obstructive Lung Disecses 9 boad — - 9 boad
Pedratric Pulmonory Disecses 4 649 < 437 8 1,086
fibrotx ond immunologi. Diseoses - - — - — -
Puimonory Vosculor Diseases - - - - - -
Multiprogrom Arecs __1_ 854 - —_ 1 854
Tosot _1s 2,387 4 437 19 2,824
Totol Gronts ond Controcts 456 $100,186 54 $15,626 510 $119,812
Inromurol Research 26 $ 1,80
Toto! 536 $121,702
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FY 1943
Gronts Controcts Totel
Ressorch Aree No. Dollers No. Oollers No. Dollers
Heert Disoases
Artenioscieross 3 $ 888 114 $14,518 “ $ 25,306
Hypenention a 8,428 8 4,086 5 12,514
Cervbrovaxculr Decie 1 [ - - 1 &
Corori ey Heon Dnease k3 20,418 2 249 B 20,667
Perpherat Vesculkr Drieate 1 wn - - 1 wn
Arrhythenacs 5 08 u 1.3 16 251
Heon Fadure ond Shock 2 168 - - 2 168
Congeniol ond Rheumanc Keort Drsoass 1 X -— - 1 0
Carculonory Assasonce - - - - - -
Cordiomunpatines and Infachons t [14 - - 1 [o4
Mulhprogrom Areos [ 15,522 \ 3.008 78 . 18,530
Totol 188 54,469 L 25.764 7 90,233
8lood Diseeses
Bleading ond Cloming Drsorders »n 8,190 -— - »n 6,190
Red Blood Cell Dsordens 5 7,455 - - 5 7,455
S«kle Cell Drsecne 8 12,00 - - 21 1200
Blood Rerources 4 2,425 - - 4 2,425
Mulhprogrom Arecs 7 8,6%0 - - 7 8.60
Totol 162 3 603 - - 162 36,803
Lung Disensi s
Sructure ond Function 1 % - - 1 %8
Chroax Obswvuctive Lung Disecses 12 1,905 - - 12 1,905
Pediorx Pulmonory Duooses 3 353 - - 3 R
Fibratk and Immunolopk Dreases — - - — - -
Pulmonary Vosulor D sotes 2 143 - - 2 12 <
Respuotory Falduwre - - - - -— -
Multprogrom Areos — - — _ —_— -
Toro! 18 2,47 -— - 18 2,49
Tewol Gronts and Convocts 38 3.7 © $25.764 a7 $119.535
(FY 1984 Totol Geonts & Convocny
(eshmated)) {$98,900) {$27.000) {8125.900)
Inramuro! Reseorch 74 S L4
[FY 1984 Invamorol Resoorch
(esimoted)} ¢ 200
Towo! 444 $121,519
(FY 1984 Torot
{esnmoted)) ($128.000)
3
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National institute on Aging (N!A)

.

* Prospoctive ond followup studies exomining the
effects of smobing, drug ond olcoho! use. weight
ond weight chonge, exercise. ond blood pres-
sure oniliness, hospitolizotion, ond death omong
eldetly people .

* Identficotion ¢f risk foctors ossocioted with
osteopocons. hip froctures, ond folls

* Investigations of the effects of specific lifestyles,
stress, technologico! ond occupational chongs
ond other biopsychologicol behovioral, ond
societal foctons on oge-related chonges in health
ond functioning

.

.

Studres of the etology ond manogement of oge-
reloted endocnne disorders, such s noninsulin.

dependent dicbetes, to deloy onset or minimize
primory ond secondory effects

.

* investigation of the etiology. management, ond .
naturol history of age-reloted nervous system dis-
orders, such os Alzheimer’s disocse, ond the
effects of 0ging on the rervous system

.

® Invesugotion of the fundomento! bosis ond pre-
ventive ond thernpeutic effects of exercise, nutr-
ton, ond medicoton on the potnophysiologicol
correlores of oging

Studies to delay, retord. or reverse ogo reloted
deficis in toste, smell, heaning, sight, memory,
ond mobulity thot hove relevonce for oceident

prevention ond occupotionol safety ond hecith

Research to determine woys to chorocterize ond
minimiZe the odverse effects of medicouon ond
olcohol use 1n the ogad

Research to understond the bosis of oge-reloted
chonges of tha immune system ond their reto-
tonship 1o the onsat of diseases, and to develop
methods to deloy, retord, or reverse such
chonges

Stdses of the bows of skin 0ging ond meaaures
to deloy or reverse its effocts on skin structure
end function

Investigations related 1o the enology, control,
ond effects of systolic hypertension in the etderly

Studies reloted fo iote-hife heolth ond sckness
omong Hisponte ond black populotions

Investigations of disease prevention issues in the
context of Teaching Nursing Home Avords

invesngations relevont 1o geriotnic muditine such
o3 inconhinence, osteoporosis, infectious dis-
eases, ond benign prostotic hypestrophy in terms
of prevention ond treotment

| Q
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FY 1981
Gront Reseorch No. Dollors Intramurcl Resecrch No. Dollars
Blomedico! Retearch Gerontology Research
and Clinical Medicine Center
Immunology e $ 1,50 Physiology 6 $ 30
Phormocology N 775 Nevrosaiarkes z 126
Nutrition 5 50 Longitudinal Study 2 769
Neuroscience 4 1.7v3 Behavior 4 553
Endocrinoloyy 10 802 E~docrinology 2 137
Phyanlogy 16 2,290 Notritton 2 232
Totol P 7,700 Phormacology 4 163
Social and Behavioral Yotol tntromurol 2 2,300
Aging .
Socral/Peychologicol Controct Research
Aging 6 832 Epldemiology,
Cognitive Aging 9 972 Demography. and
Aging ond Sociol Structure 3 516 Blometry 6 3,340
B <hol | ) u80 - T
optyshologuolAgng - 1L 2B Gront Rasearch Totol* 95 10,700
Toto! rad 3,000 _= =
- T Totol 123 $16,340
Toto! Grants 95 $10,700
ra
* From previous olumn
A *
’
3
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NIA (continued)
FY 1982
Gront Research No. Dollars Intrarure! Research No. Dollars
Biomwniical Research Gerontology Reseaich
ond Clinical Medicine Center
Immunology 22 $ 2,020 Physiology 7 $ 474
Pharmocology 7 641 Neuroscrences 2 101
Nutrition [ 624 tongitudinal Study 2 109
Neuroscience 15 1,820 Rehovior 4 473
Endocnirology 12 1,481 €ndocrinology 2 23
Exercise Physiology 13 1,230 Nutrition 2 70
Geriotric Research 7 876 Pharmacolegy 4 225
Genatric romning 3 155 i 1
Celt Biology s &8 Toto » .65
Dermotology 3 287 Epidemiology,
Genetcs 3 72 Demogrophy, and
Totol 95 o814  Siomety o i
Totol Intramurot 33 1,728
3ehavioral Sclences
Research Contract Reseorch
Cognitive ond
Biopsychologicol FPMW-
Aging 10 1,279 Oemography. ond
Soctal/Psychologicol Blometry 9 2740
Aging 7 83 Gerontology Research
 Conmeg o , s G 2 Z
o N
nging Socrely _ = Totol Controcts n 3,267
Totol 24 2,840 - T
_ == Gront Research Total® e 12,655
Toto!} Gronts ne $12,655
Tota! 163 $17,650
* frem previous column
3%
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FY 1983
Grant Research No. Dollars Intramural Research No. Dotllars
Siomedicol Research Gerontology Research
and Clinical Megicine Center
tmmunclogy 18 $ 2,998 Physialogy V77 $ 1,608
Phormacology 9 1,063 Neurosciences 6 2,148
Nutntion 12 1,120 Behavior 9 1,848
Neuroscience 58 7,022 Endozrinclogy 1 &93
Endocrinology 23 2,553 Nutritian 1 m
Exercise Physiclogy 12 1,248 Phormacalogy 1 565
Gerioirie Resecrch 32 6,952
‘ T
Geniotnic froining 38 2,287 atol % 7.054
Desmotology 1 n Epidemiology,
Animal Models 2 4 Demography, and
Toto! 205 25,561 Siometry = 109
Tata! Intramurol a4 7,163
Bahaviora! Sciences (FY 1984 Total
Research Intromurcl (eshmated)) [38,4%9)
Cognitive and '
Biopsychalogicol
Aging 23 1,933 Con L
Social/Psychalogicol Epidemiology,
Aging 2 3,093 Demogrophy, and
Older People ina Siometry 8 3,009
Chonging Society 18 1,867
—_— Gerontology Research
Totol L 684 Center 2 281
Total Gronts 274 $32,454 Sehaviorol Sclences
Ressorch 2 170
(FY 1984 Totsl Grants
(estimated)) (841,499 Office of the
Director 1 3
Tatol Contracts 13 3,493
(FY 1984 Tota!
Cantrocts (estimated)] [$ 4,835)
Grant Research Totol* 274 32,454
Total 33 $43,110
(FY 1984 Totol
(eshmated)] [$54,803)
* From previous column
7
O



National Institute of Allergy and

Infectious Discases (NIAID)

Development of new and improved vira!
vaccines for diseases such as croup ond

pne! n infonts, infl 0, hep ond
virol diorrhea

Development of new ond improved bocteral
vocanes for diseases such as meningiis, whoop-
1ing cough, pneumanio, ond streptococcal
infectons

Development of vaccines for sexually transmitted
diseases such os gonorrheo, genital harpes, ond
chlomydiol infections

205

Control of vectars of infectious diseases by
biologicol meons

¢ Screening techniques for prevention of severe
ollergic reactions

* Mechanisms for pul of the
system to prevent ollergic and other immuno-
logic diseoses

FY 1981
Grants Controcts Intramural Total

Research Areo No. Dollars No. Dollars No. Dollars No. Dollars
Allergic

Diseases 2 $ 2,917 — $ - — $ —_ 2 $ 2,977
Bacteriol

Vaccines 53 6,009 13 1,842 8 2,177 74 10,028
Viral

Vaccines 15 1.5%0 7 3,515 13 8,004 45 13,199
Prevention of

Vector-Tronsmitted

Diseases 57 6,136 — — 5 &68 62 6,804

Tota! 145 $16,652 30 $2357 26 $10,939 20t $32,948

38
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Fy 1982
Gronts Controcts intromural Totel
Research Area No. Dollars No. Dollars No. Dollars No, Dollars
Allergic
Dissases 2 $ 3,27 - $ — 5 $ 1,725 23 $ 5,002
Bacteriol
Vootines 54 6,265 7 1,324 9 2,225 70 9,814
Viral ’
Vaccines 21 2,475 13 3,304 21 3,072 55 8,551
Pravention of
Vector-fonsmitted
Diseases 52 4,952 -_ —_ n 2,026 &3 6,978
Totat 150 $16,669 20 $4,628 46 $ 9,048 216 $30,345
Fy 1933
Grants Contracts Intramurel Totol
Research Area No. Dollars No. Dollars No. Dollars No. Dollars
Allergic
Disecses 36 $ 4,25 — $ — 5 $ 3,287 41 $ 7.543
Boctenal
Voccines 75 7,451 10 3,242 9 2,548 94 13,25}
Vircol
Vocaines 54 5,472 H 3,926 20 3,165 85 12,563
Prevention of
Vector-Transmitted
Disecses o 6,479 — _ 15 3,636 84 10,115
Tol 234 $23,648 21 $7,168 49 $12,636 04 $43,472
{FY 1984 Total
(estimoted)] [$26,547) 1$7,802] [$13.303] ($47.652)
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National institute of Arthriils,

207

Diabetes, and

Digestive and Kidney Diseases (NIADDK)

¢ Promotion of research 1n basic ond clinicol nutri-
tion 10 odvance knowledge obout the functions
ond requirements of nutrients in the body, ond
the relationship between diet ond nutrients to
health ond disease

In\ s2ngation of the value of hormonat ond
dietory minerol supplementotion 1n prevantion
of osteoporasis

* Studies oimed ot prevention of benign prostatic
hyperplosio, urolitiasis (kidney stones), ond
recurrence of urolithiosis

® Research geared toward goining sufficient
understonding of the mechanisms underiying the
cousative diseases of chronic renal foilure 1o
focilitote prevention

® Basic, chnicol, ond epidemiologicol studies of
the etiology ond pathology of orthnitis, diobetes,
musculoskeletol, skin, endocrinologic, meto-
bolic, digestive, kidney, ond hematologic dis-
eases, with emphasis on cousative, genetic, ond
environmentol foctors, stuhies 1o 1dentify mork-
ers thot choractenze individuals predisposed to
these disorders

Investigation of the role of dietory behavior, sati-
ety, ond exercise in the development of obesity
ond the effectiveness of vorious treaiments of
obesity in preventing complications of obesity

Studies of preventive aspects of obesity in relo-
tion to diobetes ond arthrins

Investigation of the effectiveness of intensive
blood glucose control In patents with insulin.
d dent diobet {litus 1n preventing or

P
reversing its complicotions

Research ond development of insulin infusion
pumps

Studies on tlie prevention of recurrences of pep-
+tic ulcers ond galistones

Rasearch to discover o means for detecting car-
ners of cyshic fibrasis ond of otner hereditory
metobolic ond blood diseases

Reseorch on new iron-cheloting ogents to help
prevent fotal iron overload in patients irected
with repeated blood transfusion for diseases such
os Cooley’s onemtwo

40
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Research Areo

Arthntis

Musculoskeletal
Disecses

Skin Diseases

Dictetes

Endocrinalogy

Metabolic Diseoses

Digestive Diseases

Nutriticn

Kidney Diseases

Hemgtology

Tatal

208

FY 1981
Gronty Controcts intromurol Total

No, Dollars ~ No, Dollars ~ No.  Dollars  No.  Dollars
2% $ 2,349 1 $ 25 2 $ 261 22 $ 2,835

5 589 ' 25 - - 6 614

1 509 - — — —_ 1 509

2 3ne 1 109 4 977 7 .4,205

3 232 — —_ - —_ 3 232

3 14} — — 2 200 5 341

9 797 1 188 1 75 u 1,060
64 5,829 3 10} —_ - 65 5,930
12 2,923 — — — — 12 2923
_o 9 _— - o 1 789
155 $17,237 5 $ 648 10 $1,553 170 $19,438
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NIADDK (continued)
FY 1982
Grants Contracts Intramural Total

Reseorch Areo No. Dollars _&_ Dollars No._ Dollars No. Dollars
Arthnns 57 $ 5,631 i $ 429 5 $1,265 63 $ 7,325
Musculoskeletol
Disecses 16 1,640 1 25 1 15 18 1,680
Skin Diseases 15 1,032 - — —_ - 15 1,032
Dicbetes 45 4,217 1 334 9 91 55 5,542
Endocrinology 8 570 - — 1 57 9 627
Metobolic Diseoses 15 1,345 — — 7 571 22 1,916
Digestive Diseases 32 2,670 1 325 2 82 35 3,077
Nutrition 24 1,583 1 80 1 107 26 1,770
Kidney Oiseases 33 3,539 —_ — — — 33 3,539
Hemotology é 1,881 = -_— r?_ 85 B 1,966

Totol 7 $24,108 5 $1,193 28 $3,173 304 $28,474
42
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Research Area

Arthrtis

Musculoskelstal
Diseases

Skin Diseases

Dinbetes

Endorrmnology

Metabalic Disecses

Digestive Diseases

Nutrition

Kidney Discases

Hematology

Total

[FY 1984 Total
{eshimoted)]

210

* Increcss aver FY 1981 ond 1982 reflects o
reporigble for prevention research

FY 1963
Gronts Controcts Inframural Totol

No. Dollars No. Dollors No. Dollars No. Dollors
n3 $14,248 3% $ 977 15 $4,101 131% $19,326
5 5,609 — —_ — —_ 5 5,699
42 4,533 1 207 - - 43 4,740

156 23,120 6% 2,002 19 3,89 181% 28,951
18 2,012 - — 10 2,635 28 4,647
3 3,513 — —_ n 3,323 42 6,836
9% 9,915 2 27 12 2,531 112 12,743

55 5,679 1 2 3 281 59 6,081
93 13,404 — - —_ - L] 13,404

41 4,736 5 453 7 1,532 53 6,721
&8 $86,859 19 $4,057 77 $18,232 794 $109,148*
(69%) [$97.716)  [19)  [$4564) 7] [$19.545) [794) [$121,825)
| of reportobl efforts, which hos resulted in on increose of funds
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National Institute of Child Hea'!th and

Human Development (NICHD)

¢ Prevennon of death ond disobility ossocioted

with high-nsk pregnancies

* Causes ond prevention of premotunity ond fow
“irthweight

® Behovioro! ontecedents ond prevention of hobits
hormiul to health in childhood

* Metobolic, genetic, nutrmonal, ond immunologic
ontecedents to disease ond disabinty

¢ Effects of smoking, over-the-counter drug use,
ond other environmentol substonces on fetol
development

Causes, prevention, ond omeliorotion of mentol
retordotion

Causes, prevention, ond omeliorotion of birth
defects

Research on new ond improved controceptives
ond on controceptive safety

Determinonts ond consequences of odolescent
childbgaring

Preventon of reproductive disorders

|
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Research Ares

Conter for
Population Research

Sociol and Betoviom}

Contracephive
Evoluaton

Reproductive
Medkine

Conroacephve
Development

Total

Conter for Reseorch
for Mothers and
Children

Mol Retardation

Behavioral
Pedaics

Nurition

Congenital

Molfermonons
Neonokl Infection
High-Rek Pregnancy
Feo! Pathology
Prematunty

Drsorders of
the Newborn

Sudden Infant Deoth
Syndrome

Totol

212

FY 1981
Gronts Controcts fntromuroi Totol

No, Dollars No, Dollare No. Dollors No, Dollars
ikl $ 9,020 . $ 2,073 - $ - 170 $12,093
— — 16 4,292 3 .8 9 4,370
x IS — — 1 26 3 3,21
~— — £2 8,254 = - £2 8,254
165 12,066 97 15,618 4 94 24 .978
26 14 682 1 ras 1 845 38 15607
10 757 - _ —_ - 10 757
106 8,50 —_ - H 1,00 11 9,643
r-) 2210 - - 2 &7 z 3,000
85 8,174 7 1,000 - —_ » .23
& 6,43 - - [ 506 3 &,745
o 4160 - - - - o 4160
52 4,40 s e 8 5 &5 5134
p 2,55 3 816 - — - 3,347
208 52,060 21 2,23 2 3,60 751 57,926
— e —— = 2 0 _ 2 9%
’m $64,126 1ns $17,841 L) $4.7483 1085 $86,710
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NICHD (continued)

Center for Raseorch

for Mothers ond

Children
Menol Retordaton 3 15,857 1 0 5 1,659 w9 17,576
Behovicral

Pedorics 12 1,53 - -_ 1 5 13 1,587
Nuriton 98 8,454 9 1,081 4 24 m 9.776
Congenio!

Malformatons 2 2,3 - - 1 k273 24 3,39
Neonow! Infection 14 904 - - —_ - 13 904
High-Rnk Prognancy 0 7.5% s 797 2 n &7 8,464
Fetol Pothology S 6,543 2 & 4 4% 5 72128
Prematueity k4 4141 - - - - k4 4,141
Drsordors of

the Newborn r 3,614 i 35 8 42 4 4Mm
Sudden Infont Deoth

Syndrome 16 2,411 2 352 — —_ 18 2,763

Tosol 816 53,435 b 2,414 25 3,979 661 59,8628

Epidemiclogy

and Blometry - - - — 23 1,01 2 1,071
Towol 757 $P 979 85 $16,758 ] $8,221 902 $94,958

46
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FY 1963
Grenh Controcts Intremurel
Reseerch Ares No, Dollors No. Dollors No. Oollers No.,
Conter for
Pepulation Peseerch
Demogrophic and

Behavioral Scrence 13 $ 0.697 13 $ 2.077 - $ - (2]
Reproductive

Medine ) 6,79 - - n 3,000 ”
Convocephve

Development - —_ 2 9.525 - - 2
Conwroceptive

Evolugtion —_ —_ 10 2,168 - - 10

Yool 19 16,687 52 13,770 n 3.00 22

Conter for Reseorch

for Mothers ond

Children
Menio} Retordation 25 16,91 6 «2 3 418 44 12,731
Behavioro!

Pedorcs 16 iz ed - - - —_ 16 72
Nowihon 100 10,212 n L9 [ 482 23 12,413
Congendo!

Molformanons 25 3022 - - 3 1,204 28 4,286
Neonotws! Infection 7 1,34 - - ) 455 23 2,000
High-Rek Pregnoncy % 7.726 7 1,304 3 24 "3 9.2u"
fetol Pothology 5,804 1 n 5 50 81 6,456
Prematunty 4014 5 645 - - “u 4,65
Dxsordens of

the Newborn 57 4,007 1 1w 8 484 & 5,320
Sudden infant Deoth

Syndeome 12 1,196 3 584 - - 15 1,780

Toto! 56,618 u 49686 A 4017 706 65621

Epldemiology
ond Blometry - -— - - 0 1,359 k ¢] 1,359

Toto! 87 $73,305 86 $18,7% 75 $8,406 98 S10047

{FY 1984 Tos!

(estmoted)] [579.965} {520,000 1$9.235) {$109.200}
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National Institute of Dental Research (NIDR)

¢ Studies of ontiploque ond ontimicrobial com- .
pounds to prevent penodortol disecses ond
cones

¢ Development ond testing of caries preventive
maosures. such 03 orthesive sealants ond fluor-
ide ogents and vehicles .

¢ Elucdation of the role of genencs ond teratogens
nc ! croniofociol o /! U

¢ Development of methods 1o diognose ecrly orot
concer lesions

Devolopment of voccines ogainst denta! cones
ond herpes simplex virus

Studwss of odhetive bonding between tooth
structure ond compontes

Development of improved methods 1o assess the
nutmtonal stotus of individuots

Investigation of foctors affecting the diffysion
ond odopnion of effective ocal disecse proven-
tion methods

11,

Develop of strotegies io i e occep-
tonce ond use of diseaws preventive methods

FY 1981
Grents Controcts Intromural Total

Reseorch Area No.* Dollars No.* Dollors No.* Dollars No.* Dollors
Dentol Caries &0 $3.120 15 $1,464 45 $ 437 120 $5.021
Periodontot
Diseotes 8 526 ! 63 14 461 18 1.050
Soft Tussve
Stomatology
ond Nuteition 1 4 - - 72 14)
Restorotive
Materiols 1 55 - - -_ - 1 55

Toto! 70 $3.770 16 $1.527 56 $ 970 142 $6.267

* Projett numbers moy eprement trochons of Procrs due 10 the NIDR multiple <oding sc.@ardx clostdoton 1ystem

43
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FY 1982
Gronts Contrects Intromucal Totol

Research Aren No.* Dollorx No.* Dollors No.* Dollars No.* Dollars
Dental Cones % $2,827 9 $ 557 45 $ 816 n3 $4,000
Periodonial
Diseczes 8 an 1 57 13 700 b7 1,228
Soft Tissue
Stomatology
ond Nutriton 8 682 - - 9 724 17 1,406
Restorgtive
Matencls 1 66 - —_ - - 1 [

Totol 76 $4,046 " $ 7 67 $2,0/0 154 $6,878

FY 1983
Groats Controcts Intramural Toto!

Research Area No.* Dollars No.* Dollors No.* Dollors No.* Dollors
Caniey ond
Restorotive
Matenals 142 $ 8,047 15 $1,516 70 $1,346 27 $10,909
Periodontol ond
Soft Tissue
Disecses 45 3,448 2 31 13 786 & 4,285
Croniofaciol
Anomoties,
Poin Control,
ond Sehaviorol
Reseorch 32 2,310 — - 5 24 37 2,558

Toto! 219 $13.825 7 $1,547 88 $2,380 324 $17,752

{FY 1984 Toro!

Lasimoted)) {$14,793) ($1.655) ($2,547) ($18.995}
* Project numbers Moy represent frochions of projects due 1o the NiIDR muttiple Lo0ing Kieatilic closnfabon iysiem
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National Institute of Environmental

Health Sciences (NIEHS)

* Coordination ond expansion of Government
toxicologic testing progroms

* Development of impraved techniques for

— predicting the mutagenic, teratogenic, ond
corcinogenic hazords of chemicals ta man

— detecting and quontifying law-level chronic
effects of polivtants, including corcinogene-
$13, mutogenes:s, terotogenesis, ond organ
toxicity

— undersionding the mechanisms of toxicity of
envir t ond occup | poltutonts
ond hazords

* Selected epidemiologicol studies such os case
contro! of moternal exposure histonies ond
effects on childhood development, reproductive
toxicology, and the presance of mutagenic
achivity 1n biological fluids

Investgaton of the mechanisms of 1oxicotion
ond biologicol effects of numerous exposures to
environmentol substances, including asbestos,
mercury, vinyl chlonde, svifuric ocd mist,
kepone, auto exhoust, pesti.des, food cddinves,
cerosols, nitroso compounds, ond occupational
chemicols

Studies of physicol factors, such os microwave
rod.otion ond noise

Fy 1981

Gronts

Controcts

Intramural Total

Reszearch Area No.

Prediction, Detection,

and Assessment of
Environmentolly

Coused Disecses

and Disorders 165 $16,594 3
Mechanisms of
Environmentol

Diseases ond

Disorders 147

Environmentol

Health Reseorch

ond Manpower
Development

Resources 14

Dollars No, Dollors No.

Dollars No.

$ 5,998 108

$ 6,828 304 $29,420

2,626

&

3,518 23 17,192

7,778

Totol 326

$ 8,624

$10,346

531

$54,390

50
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FY 1982
Gronts Contracts ' . Totol

Rescorch Area No. Dollors No. Dollars (Dollars) (Dollars)
Chaoracterization of
Eavironmentol
Heolth Hozard: »® $11,187 3 $ 76 $ 3,296 $ 14,559
B-ologicol Response
tc Environmeniol
Heolth Hozards 10 16,187 — —_— 17,174 33,361
Applied
Toxicological
Reseorch and .
Testing -— — 3 9,938 6,571 16,509
8iomatry ond
Risk Eshmation 23 2,159 10 2,224 5,860 10,253
Resource and
Manpower
Development 1 7,900 — — —_ 7,900

Total 243 $37,443 44 $12,238 $32,901 $ 82,582

FY 1983
Gronts Contracts intramurc! Total

Research Arec No. Doliars No. Dollars (Dollars) (Dolkurs)
Charocterizotion of
Environmentol
H2olth Hzords 123 $12,664 4 $ 29 $ 3817 $ 16,990
8iological Response
ta Enviranmentol
Health Hozords 140 17,067 - —_ 19,983 37.050
Apphed
Toxicologicol
Reseorch ond
Testing 14 2,083 122 49,686 12,670 64,439
8iometry ond
Risk Eshmation 6 2,220 6 1,227 7,52) 10,968
Resource ond
Manpower
Development 10 9,650 — - — 9,650

Total 293 $43,684 132 $51,122 $43,991 $138,797

{FY 1984 Totol

{estimated)) (93)  ($49.867) [123)  {$53,387) [848,510) [$151,764)

O
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disease

Phyaiclogy and

Slomedical

Engineering
Anesthesiology

Travma and
Burns

Total

(FY 1984 Tolol
(estmated))

¢ Investipahon of herediary factors thot contribute
to many maojor disecses

¢ Research into the cellular and molaculor bows of

219

National Institute of General Medical Sciences (NIGMS)

® Research to improve the safety ond efficacy of
drugs

* Prevention of death ond disobility dus to injury,
burns, shock, and trauma

Reseorch Areo

* NX WS has no controct or intromural progroms in preve thon

Grants*
FY 1981 FY 1982 1983
No. Dollars No. Dollars No. Dollars
5 $ o83 5 $ &9 4 $ 695
9 1,109 3 244 4 283
8 697 1 58 —_ —
16 2,96 n i, n 1,483
38 $5.705 20 $2,727°* 19 $2,461

(es)] [$2.960}

** Dacrecie from FY *981 due 10 1oregen (reotment-induced) diteases 0o longer beng included o3 prevenion reseorch

52
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National Institute of Neurological and Communicative
Disorders and Stroke (NINCDS)

e Prospective studies of elderly persons o dentfy
the role of prior hecrt disease, hypertension,
oge, roce, ond hfestyle os risk foctors for stroke

o Study of the role of improved blood glucose
control 1n the prevention of the neurological
complicotions of diobetes

Prevention of postiroumonic epilepsy following
severe hood injury ond prevention of spinal cord
degenerotion ofter ocute back injury

o Baosic, chinicol, ond epidemiologicol studies of
Alzheimer’s disease to explore cause, risk foc-
tors, pathogenesis, ond impact in severol U S
populotion groups

Basic, chnicol, ond epidemiologicol studies of
Huntington’s disease, multiple sclerosis, ond
omyotrophic laterol sclerosis to improve early
detection ond intervention measures

Bosic research on ocquired immune defigency
syndrome (AIDS) to delinecte etology ond the
underlying mechanisms of ottack on the immune
system

Development of o new method of measles
immunizofion especiolly useful in very young
children

Basic ond chinicol sudies of hpid siwsoge dis-
eoses such os Tay Sachs ond Gaucher’s to detect
corriers ond correct enzyme deficiencies

Research to prevent or olleviote noise-induced
heoning loss

Research on the naurobiology ond prevention of
outism

‘

Studs 1s of the physiologic mechonssms of regulo-
tion of food intoke to control obesity

Clinicol ond lob y studies of r Kty
ossocioted with exposure to heavy metols for the
development of adaquate screening fests

¢ v

¢
Development of o fissue culture test for the ropid
detection of octive genitol herpes infection 1n
pregnont women

Studies to determine whether preschool
longucge impairment s o precursor of dyslexio
ond which communiconve skills ore effective
during eorly schoc' years in preventing such
outcome

O
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NINCDS (continued)

ReveorchAren

Nourological
Disorders
Progrom

Communicative
Disorders
Progrom

Fundamental
Neurosciences
Progrom

Stroke and
Toume

Program

Office of
Biometry and
Epidemialogy
Intramurol
Reseorch
Progrom

Total

Reseorch Area

Neurological
Disorders
Progrom

Communicative
Disorders
Program

Fundamental
Neurosciences
Program

Stroke ond
¥ouma
Progrom

Office of
Biometry ond
Epidemialogy

Intro murat
Reseorch
Progrom

Toto!

221

o

I

$ 9.45

5,015

427

2,818

5

$1,497

$17,711

6,786

6,869

§7.134

252 $27,664

Intramurcl

E"l

Dollars

$13.219

5,403

$2,192 8

n

$19,082

15

Dollars

$ 6

7,792

129 $15,707

7 510

75 7.870

$8,192

261 $29,907

O
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Grants

Controcts Intromural Total
Research Area No. Dollars No. Dollars No. Dollars No. Dollars
Neurologicol
Disorders
Progrom 212 $22,494 9 $2,477 10 $ m 231 $25,082
Communicative
Disorders
Progrom 84 6,600 1 50 25 43 10 6,693
Fundamentol
Nevrosciences
Progrom [} 168 1 54 - - 7 22
Intramural
Research
Progrom —_ - 5 386 52 4,820 57 5,186
Toto! 302 $29,262 16 $2,947 87 $4,974 405 $37,183
[FY 1983 Toto!
(estimated)) {312} [$33.871) {17) [$3.193) (89) {$5,353) [418)  [$42,417)
55
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Division of Research Resources (DRR)

Pregnancy ond infant core omong odolescents,
low-income persons, and those ot nsk of genenic
diseases; genetic counseling and followup of
high-nsk neonates; developmento! disability
screening of Preschool and elementory school
childsen

Use of ‘mproved methods ond techniques, espe-
ciolly urine, blood, and ckromosomel onalyses,
for early detection and drognosis

Susceptbility of tnfechicn and vaccine efficacy
evoluation ’

Risk foctors reloted to coronary heort disease,
such as hyperlipoproteinemia, cholesterol,
hypertension, salt consumption, ond stress
studied 1n conjunchion with nutritional habits

Toxic agent surveillonce to determine the
biological effects of toxic substonces and
methodologies to identify and detect them;
studies of threshold differences to rodiotion,
drugs, ond chemicols

Cones prevention research using topical fluonde
agents, mcuth nasing, ond quonhflcohon of
fluoride update tn the enamel

Smoking cessanon strotegies in children, adoles-
cents, ond adults; sociol influence vanables and
network analysis of fnendship ties as on op-
proach ta prevention

Reliabibty of o foxic screen in drug overdog ond
behaviora approaches to promote responsible
drinking

Research to improve the nutritional stotus of
mothers, infonts, and pregnant teenagers;

effects of diet, including dretory ratios of fot,
corbohydrotes, and Proteins on health stotus

Effects of exercise and stress on various health
indicators in the eldarly

|
|

O
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FY 1983 |

DRR* Program
Animal Resources Progrom $ 1,33 $ 2,25 $ 3,007
Biotechnology Resources Progrom 746 79 173 '
Biomedical Research Support {
Progrom 1,914 1,426 4,979 . ‘
Generol Clinicol Reseorct :
Centers Progrom 4,899 9,663 18,193
Minonty Biomedicol Support
Progrom 1,196 1,047 2,177
Totol $10,086 $14,670 $26,529
{FY 1984 Totol
(estimoted)) 1$31,572)
Dollars
Research Category FY 1981 FY 1982 FY 1983
Preventive Services,
Research ond Data
Fomily Plonning $ $ w07 $ 524
Pregnonty ord Infont Care 1,807 2,237 3,019
Immunizotions 320 887 843
Sexvolly Tronsmitted Diseases 33 - 3
High Blood Pressure Control 334 1,269 1,201 d
Health Protection,
Research and Dota
Texic Agent Control 828 361 1,059
Occupational Safety ond Health 164 97 (R3]
Accadent Injury Control 1" 4 32
Fluoridotion of Water Supphies 3 40 57
Infectious Agent Control 500 640 992
Health Promotion,
Research and Dota
Smoking Cessotion 12 103 208
Alcohol ond Drug Misuse 167 636 697
Improved Nutrition 2,934 6,126 13,950
Exercise ond Fitness 207 268 661
Stress Control 163 338 963

Cross-Cutting Issues 2,436

$10,086

Totol $14,670

* Prevention funding iy cotegorized in the first chort according 10 ORR progroms,
ond in the second chort 0ccording to <ross Cuthing research cotegories

** DRR hos no reseorch controdt or t progy npr .
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Fogarty International Center (FIC)

* Cullaborative research training by established
senior biomedical Investgators who conduct
studies with foreign counterparts and by foreign
postdoctoral biomedicat sar entists who work with
distinguished U S. scientists

Through the Gorgas Memoriol Laboratory,
Panama, reseor s and research troining on the
p 3vention of tropical and other diseasesof con-
cern to the United Siates ond Centrai Americo,
particulorly viral and porasitic diseases

* Advanced studies including Fogarty Scholars-in-
Resdence, interr 1 conp s of grants
for support of scientific meetings (on such topics
as viral hep envi val gens, in-

ftuenza viruses, biology of the interferon system,

and genetics of insect disease vectors), and the
conduct of special issues studies (on such topics
os the control of poliomyelinis)

FY 1981
Gronts Intromwrol Totol

Resecrch Areo No. Dollors No. Oollars No, Dollars
Fellowships for
Colloborative
Research 47 $1,173 - $ - 47 $1,173
Advonced Studies

Scholorsan.

Residence 7 %6 -—_ - 7 36
Scientific

Moetings* 3 s N 155 190
International

I3 es —_ — 5 15 5 15
Gorgos Memorial
Institute*? 1 1,700 — —_ 1 1,700
Tota! t 8274 16 $170 t  $34u

* FIC provides pornol support, 010ng with Other BiDs, for the inte-nanonol component of conference gronts

** Core support tor the Gorgas Memoriol Loboratory {Ponoma) of the Gorgas Memorioi Inshiute 13 provided through the onnual appropriahon
to FIC

1 Becouse of the voried noture of these octivines, o 101! number would be on inoppropriate ogg egote

5
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FY 1962
Intromurot Totol
Reseorch Area No. Dollon No. Dollam No. Dollon
Fellowships for
Colloborative
Research 2% S8y - $ — 2§ 8
Advanced Studies
Schotors-n-
Rendence @ 8 — - 9 %!
Scrennfic
Meetings® 25 “w - -_ 25 149
tnternanonal
issves - - 7 143 7 143
Gorgas Memorial
Institute** i 1,602 — - | 1,607
Total t $3,106 7 $143 t $3,249
FY 1983
Gronts Intromurol Total
Retearch Area No. Dollars No. Dollers No. Dollors
Fellowships for
Colloborative
Reseorch 106 $2,250 -— $ - 106 $2,25%
Advonced Studies
Scholors in-
Revdence ] 517 - - [ s
Scientfic
Meetings® 2 157 - - 2 157
Iaternanonal
Issues - -~ 4 02 4 02
Gorgas Memoriol
Institute** 1 70 - - 1 1,710
Toto! 1 34,543 4 $302 t $4,945
[FY 1984 Totot
{estimoted)} [$4.902} (8586} [$5,490)
* FIC provides portol support ofong with other BIDs for the i e of zonf, gronts

Cure suppot for the Gorgos Memor il Loborotory (Panamo of the Gorgas Memoniol Inshitu!® is ¢ ovided through the 0 nnual oppropration
1o AC

Becouse of the vOried noture of these acivilies, o 10101 number would be G inappropriote ¢ Joregote
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