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NATIONAL SCIENCE FOUNDATION AUTHORIZATION
LEGISLATION, 1977

TUESDAY, MARCH 1, 1877

U. S. SENATE,
SupcomMITTEE ON HEALTH AND SCIENTIFIC RESEACH
or TuE Commrrree oN HumaN RESOURCES,
Washington, D.C'.

The subcommittee met, pursuant to notice, at 10:15 a.m. in room
4932 Dirksen Senate Office Building, Senator Edward M. Kennedy
(chairman of the subcommittee), presiding.

Present : Senators Kennedy, Javits, and Chafee.

Senator Kennedy, We will come to order.

I am pleased to open the hearings today on the National Science
Foundation budget request for fiscal year 1978. I will make some
brief comments and include the full text of my statement in the
record.

OPENING STATEMENT OF SENATOR KENNEDY

These hearings are being conducted by the Subcommittee on Health
and Scientific Research of the Senate Committee on Human Resources.
This subeommittee will carry out the responsibilities previously as
signed separately to the Health Subcommittee and the National
Seience Foundation Subcommittee.

I believe that this new structure will enable us to address more
comprehensively than in the past the full range of issues which affect
Federal support for scientific research. Peer review, public participa-
tion. the balance between basic and applied research and the need
for long-range planning, priority and policy setting are matters of
concern to all Federal agencies engaged in scientific research, to the
entire scientific community, and to the public which pays the bills,
and is 11};{;;!1‘{(‘:1 h.‘-‘ the results.

We intend to use this new structure as a step to bring greater co-
herence to Federal policies in these areas, particularly as those policies
affect the National Imstitutes of Health and the National Science
Foundation.

This morning we will hear testimony from officials of the National
Science Foundation.

On Thursday, we will hear from three panels of public witnesses.
And while our primary focus will be the budget of the National
Science Foundation. we want to keep in mind the relevance of many
of the issues which will arise to the full agenda of legislation which
will be coming before this subcommittee during the 95th Congress.

(1)
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The NSF request this year totals $885 million. Taking into account
carryovers from previous years, the request provides an increase of
$87.1 million over the Foundation’s program for fiscal year 1977.

The request reflects the decision of the new administration to en-
courage during fiscal year 1978 a real growth of about 3 percent in
total Federal support of basic research, an area in which there has
been a 19 percent decline, measured in constant dollars, over the last
10 years.

While it is difficult to tie specific economic and social changes direct-
ly to research investments, there is much evidence that U.S. science
has had an overwhelmingly positive impact on soclety. A recent survey
found that 75 percent of our population believes science and tech-
nology have changed life for the better.

Good arguments can be made for increased research funding be-
cause support in constant dollars declined seriously for several years
prior to 1977.

At the same time, costs rose because of inflation. There is also a
need for increased funding for science education programs and for
programs which assist the public in dealing with the scientific and
technical aspects of policy issues.

I believe the decision on whether the National Science Foundation’s
budget is adequate must be based upon what society expects of U.S.
science to strengthen America. In short, the decision must depend on
whether the budget presented will accomplish that goal.

This subcommittee will carefully examine the full range of NSF
budget proposals. We will also carefully consider the need for a multi-
year authorization for the National Science Foundation.

It is my own firm conviction that such an authorization would pro-
vide a framework for program planning that would bring increased
stability to the Foundation’s planning processes. It would permit the
National Science Foundation and the Congress to focus more attention
on areas where new programs or projects are being proposed and
are deemed to be sufliciently urgent to warrant special authoriza-
tion.

We will examine also policy issues many of which have been of con-
cern over a long period of time, and some of which have arisen in the
past year.

These include some I would like to mention briefly :

(1) Building a broad base of support for increased funding for
basic research.

I think if we are serious about insuring the public support for this
program, it is important that the public really understand the impor-
tance and the relevance of basic research to the quality of life, and its
importance to our society. I am not sure we have done all we should
have in that area of endeavor. and as one who believes strongly in the
importance of basie research, I think this is something we are going to
have to look at ;

(2) The need to improve our ability to address the ethical and value
issues associated with science and technology. This is an extremely
mmportant issue. We have attempted to try to address it in the health
area, in the protection of human subjects legislation, the importance
of consent—informed consent.
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We have seen a number of different public policy questions where
this has come up—the whole immunization program, for example,
with killed and live vaccines and the ethical implications. Another
obvious and visible one is the issue of DNA research. There are some
important questions here and they tie into our additional responsibil-
ities in the OTA area. We are very much concerned about this.

(3) The need to provide concerned citizens with understandable
informatjon on the scientific and technical aspects of policy issues:
What is really being done by the NSF to translate complex difficult
scientific issues into terms that the lay person can understand.

With all of this, we may need interpreters for the lay society. There
must be ways in which that can be done more effectively. People want
to know; they have every right to know. It is an important responsi-
bility within the scientific community that they help guide us and
advise us so that we can understand these issues more comprehensively.
Obviously this is something T would hope the National Science Board
and the NSF would give some thought to.

(4) The need to strengthen NSF international programs. There are
profound implications and opportunities in the international field, not
only in the international health field. For example, in the energy field,
where rather significant oil discoveries have taken place in Mexico.
Some believe that the full implications of those discoveries have not
been realized; and yet, as I understand it in reading through the re-
ports of the President of Mexico’s visit here, there exist technical and
technological problems that our countries could work on together.

What are we doing in this area of the international program?

I think the national implications are obyious. I represent a State
that has profound energy problems. Obviously we have serious prob-
lems at the national level. What are we doing? What restrictions are
placed upon energy development either through existing legislation.,
or reeulations that have been established. What has been considered by
the NSF in the past in this area? What has been either approved or
disapproved, and why.

(5) The need for forward-looking applied and policy research pro-
arams based on priorities which actually reflect national needs. This 1s
self-explanatory.

(6) The need to insure that researchers are monitored, not to the
point where freedom of scientific inquiry is impaired, but to the point
where we ean be assured that scarce research funds are being used
effectively and responsibly.

(7) The need for further research in science education. for an end
to the virtnal halt in innovative programs to improve the quality of
science education. I think that is extremely important.

(8) The need to provide new opportunities for young researchers
and to provide experienced researchers with access to continuing
education.

From my own experience. I have heard expressions of concern that
peer review may be a factor in this. Whether it is true or not true, Iam
not prepared to say; but we need to know if the researchers with the
hig names. that come from the big institutions. are the ones that get the
crants or find it easier to get the grants over younger researchers and




less known institutions that may have very important work to do in
terms of our national interest.

Does the peer review system established by the NSF favor those
well-known researchers, well-known institutions, as compared to
vounger researchers

[s there a problem here?

I assume within all of this that the NSF should not be a ]I;Ir-'-i\'l‘
agency. You people are concerned. obviously, about eriticism. I think
you ought to welcome some of it, beeause it shows you are doing the
job. I do not think quite frankly you are really doing your job unless
you get some of this eriticism, make changes, innovate, and create in
some of these areas.

You ought to be [J1'l'|:;ll't<t|_ You ought to be able to get support
within the scientific community. The lay community will support the
agency if you develop a good relationship by moving into areas
which are ereative and imaginative and responsive to the public’s
interest,

(9) The importance of bringing minorities and women, handicapped
persons, into careers in science.

We have gone over this issue in the past. We have set some important
steps in mofion which we are going to follow up on.

(10) The need to broaden membership of the Science Board to
include more persons active in scientific research, persons who are
nonscientists, and individuals involved in precollege science eduea
tion.

I think the Board ought to be more responsive in those areas and
that this would advance the NSF's programs and goals.

(11) Possible chanees in NSF ]!!JHI'_\' with I'l‘_{_":l['ll to support of basic
research in industrial laboratories: and

(12) The need to isure that the NSF exerts the full extent of its
leverage on the scientific community to encourage greater opportuni-
ties for minorities and women, to encourage greater participation by
seientists in publie policy debates, and to lead the way in providing
opportunities for the public to become involved in the establishment
of policies and priorities for science and technology.

[The full text of Senator Kennedy's prepared statement. follows:|
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I am pleased to open hearings today on the Netionnl Science Foumdation
budget request for fiscal year 1978.

These hearings are being conducted by the Subcomrittee on Health and
Scientific Research of the Senate Committee on Human Resources. This Sub-
comnittee will carry out the rasponsibilities previcusly assigned sapaiately
to the Health Subcamdttee and the National Science Foundetion Subccrmittee.

I believe that this new structure will enable us to adlress more
comprehensiveiy than in the past the full raage of issucs which affect
federal support for scientific research. Pesr review, public participation,
the balance between busic and applied research and the noed for long range
planning, priority snd policy setting are malters of ccncern to all federal
agencies engaged in scientific research, to the entire scientific <fommunity,
and to the public which pzys the bills, and is impacted Ly the results. We
intend to use this new structure as a step to bring greater cohoerence to
federal policies in those areas, particulary as those policics sffect the
National Institutes of Health and the National Science Foundaticn,

This morming we will hear testimony from officials of th= National
Science Foumdation. On Thursday, we will hear from thiee panels of
public witnesses. #nd while our priwary focus will be the bul of the
National Science Foundation, we want to keep in mind tie relevance of many
of the issues which will arise to the full agenda of legislaiion which
will be coming before this Subcomaitiee during the 95th Congress. The:
hearings will help us develop an authorization for the Nativnal Science
Foundation which will sustain scieptific strergth in the miJsT finlds of
science, support rcsearch directed to arcas whepe thore is a high potential
for scientific benefit or major advances in science, and improve the quality
and scope of science education.

The NSF request this year totals $885 million, Taking into accowrit
carry-overs from previous years, the request provides an increase of $87.
million over the Foundation's program for Fiscal Year 1977.

The request reflects the decision of the new Administration to encourage
during Fiscal Year 1978 a real growth of about 3 percent in total Federal
support of basic research, an area in which there has been a 19% decline
in overall federal support, measured in constant dollars, over the last
10 years.

let me emphasize in this regard that the National Science Foundation
is a major source of Federal support for basic research. The agency
accounts for 46 percent of the Federal support going to colleges
and universities for civilian basic research.

' Whether we are concerned about changing climate patterns, the impact
of fluorocarbons on the ozone layer, recombinant DNA, or protecting man from
environmental hazards, the public and the Congress properly expect the U.S.
scientific commmity to conduct research that will help the Nation deal with
these issucs. And we expect a great deal more. We want an expanded knowledge
base that will insure a steady stream of appropriate, new, and improved
technology. We want to stimulate innovation that will improve the quality
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of life and provide new employment opportun. ‘ies.

¥hile it is difficult to tie specific ecomomic and sccial charges
directly f.o research ir estments, ihere is nazn evadiaes: that U.S. science
has had an overwhzlwingly positive imact ou socicty. A recent survey
fomd that 753 of our populution bolicves scieice and tochuology havs
changed iife for the better.

Gond arpurents con be made for increased research fimding becsuce
supp in constant dellsrs declined serinusly for scveral vears prior to
1977. At the sma2 tire, costs rose becsuse of inflation. There is aiso
a'need for increased funding for science educaticn progroms aud for
programs which assist the public in dealing with the scientific and
technical aspects cf policy issues, 1 believe the decision on whether the
National Science Foundation's budget request merits Congrassicaal
support mst be based upon what society erpects of U.S. ccience to
strengthen America. In short, the decisicn mist devend on whether the
budget presented will accomplish that geal.

I am pleased to note that the NSF budget provides for a substantial
increase for earthqucke rescarch., The ochjective is to make Tesl progress
in improving the capacility to accurately predict earthe:ckes ad to
engineer earthcuoke resistant structures. e budget ciso provides for
substantial growth in research support in the neural sciences, with potential
for improving our ability to deal with brain darzge, snd there are increases
for research ai=sd at finding ways to male more effeciive uss of Tesources
and to deal with the range of envirommental issues. The NS7 1mques: also
contains much needed increases for the purchase of scientific equipment and
instrumentation.

This subcomnitiee will carefully examine the full runge of NSF
budget proposals. We will also carefully consider the need for a multi-year
authorization for the National Science Foundation. It is my own fimm conviction
that such an authc:ization would provide a fromework for progran planning
that would bring increased stability to the Foundation's piarning processes.
It would permit the National Science Foundation and the Congress to focus more
attention on areas where new programs or projects are being proposed and
ar: deemcd to be of sufficient urgency to warrant special authorization.

We will also examine policy issues many of which have been of concern
over a long period of time, and some of which have arisen in the last year.
These include:

(1) the need to build a broad base of support for increased funding
for basic research and institutional support, a base which extends
beyond the one million persons who make :p cur scientific and
technical workforce and reaches out to mon-scientists whose support
is vital if we are to continue to provide strong federal support
for science and technology:

the need to improve our ability to addre-s the ethical and value
issues essociated with science and techrology, cn area in which
there are too few well-trained perscns and which now receives

fnl_v §1.4 million dollars in a total federal KiD budget of over $26
biilion;

the need to provide citizens grouns with

assistance to prepare hich quality techuical stuliss in.a
ranner which meets stringent tests of scientific objectivity
and merit ard in a format readily understandable by the general
public;

the need to build more effective working relationships between
the Department of State and the Mational Science Foundation and
to strenthen the ability of our scientists to pursue international
resgarch issues affecting health, agriculture and nutrition -
particularly in areas where advances in scientific research can
benefit nations in the developing world;

the need to improve our applied and policy research programs

so that they reflect neseds as perceived by those who will be

using the results of the research, so that interdisciplinary projects
can be sustained over an extended period of time, and so that

the research focuses on future needs and provides early wamning

for our society of changing conditions;




e Xs

(6) the uneven mziner in which ressarch grants are monizoved by the
N.S.F. as a result of which some researchers are being so closely
directed and are so concerned about future funding that their
freedom of scientific inquiry may be impaired, and cthers so
carelessly supervised that there is little or no assurance that
scarce rescarch funds are being used effectively and responsibly;

the need for fundamental research in science education and the
virtual halt in innovative programs to improve pre-college

science education which has taken place at a time when

science achisvement levels of our students are declining end the
need for a sound understanding of science and its impact on society
is essential for the young people who will guide our nation's
future:

the lack of progress which has been made in providing
opportunities for young researchers and for continuing education
for experienced scientists and engineers particularly as

changes in federal RED priorities resuit in economic
dislocation and underemployment in the scientific and technical
workforce;

the importance of bringing more minorities, wonen and handicapped
persons into careers in science and the need for imaginative,
bold, and innovative experimental programs if we are to remedy
the present situation in which minorities comprise less than 5%
of the scientific and technical workforce, women less than 15%
and handicanped individuals are so few as to be virtually
unmeasurable.

the need for inclusion in the National Science Board of

more persons who are active in scientific research,persons who are
non-scientists,and individuals involved in pre-college science
education;

the possibility that greater participation by business and industry
in federally funded basic research programs could strengthen our
scientific and technical base, enable us to draw more effectively
on the talents of the 300,000 scientists and engineers who

work in industrial laboratories, and provide significant new
erployment cpportunities for the highly skilled workforce being
produced by our universities;

the need to ensure that the NSF uses the full extent of its

leverape cn the scientific commmity to encourage greater
opportunities for minorities and women, to encourage

participation by scientists in public policy debates, and to

lead the way in providing opportunities for the public to become
involved in the establishment of policies and priorities for science
and technology.

I look forward to hearing the testimony which will be presented during
these hearings and to discussing in greater detail with the witnesses the
issues I have outlined. I know that other members of the Subcormittee
share many of my concerns and have other matters as well that they would
like to raise. The witnesses may have other items they wish to add to the
agenda. By the close of the formal hearings on Thursday I believe we will
be in an excellent position to examine the full range of proposals and
report to the Senate on our findings and recormendations.
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Senator Kennepy. 1 look forward to the testimony which will be
pesented. I know other members of the committee share many of my
eoncerns. We have new members, some new in the Senate and some new
in the direct oversight of NSF, and they have other matters that they
would like to raise.

The witnesses may have other items they wish to add to the agenda.

By the close of the he arings on Thursday, T believe we will be in
an excellent position to examine the full range of proposals and to
report to the Senate on onr findings and recommendations.

Dr. Atkinson, we will start with you.

STATEMENT OF DR. RICHARD C. ATKINSON, ACTING DIRECTOR,
NATIONAL SCIENCE FOUNDATION, ACCOMPANIED BY DR. NOR-
MAN HACKERMAN, PRESIDENT, RICE UNIVERSITY, AND CHAIR-
MAN, NATIONAL SCIENCE BOARD; DR. WILLIAM A, NIERENBERG,
DIRECTOR, SCRIPPS INSTITUTION OF OCEANOGRAPHY, AND VICE
CHANCELLOR FOR MARINE SCIENCES, UNIVERSITY OF CALIFOR-
NIA, NATIONAL SCIENCE BOARD; DR. EDWARD C. CREUTZ, ACT-
ING DEPUTY DIRECTOR FOR NSF AND ASSISTANT DIRECTOR FOR
MATHEMATICAL AND PHYSICAL SCIENCE AND ENGINEERING,
NSF; DR. ELOISE E. CLARK, ASSISTANT DIRECTOR FOR BIOLOGI-
CAL, BEHAVIORAL, AND SOCIAL SCIENCES, NSF; DR. ALFRED J.
EGGERS, ASSISTANT DIRECTOR FOR RESEARCH APPLICATIONS,
NSF; DR. JACK T. SANDERSON, DIRECTOR, OFFICE OF PLANNING
AND RESOURCES MANAGEMENT, NSF; ELDON D. TAYLOR, ASSIST-
ANT DIRECTOR FOR ADMINISTRATION, NSF; AND DR. EDWARD
P. TODD, ACTING ASSISTANT DIRECTOR FOR ASTRONOMICAL,
ATMOSPHERIC, EARTH, AND OCEAN SCIENCES, NSF

Dr. Arkinson. Senator Kennedy, there are two members of the
National Science Board here.

To my left is Dr. Hackerman, president of Rice University and
Chairman of the National Science Board.

To his left is Dr. William A. Nierenberg, director. Scripps Institu-
tion of Oceanography, and also vice chancellor for marine sciences
at the University of California.

[ The biographical sketches of Dr, Atkinson, Dr. Hackerman, and
Dr. Nierenberg follow :]
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Dr. William A. Nierenberg is Director of Scripps Institution of Oceanography
and Vice Chancellor for Marine Sciences of the University of California, San Diego.
He has been associated with the University of California since 1950.

Primarily known for his work in low-energy nuclear physics as Professor of
Physics at Berkeley and at the University's Lawrence Radiation Laboratory,
Berkeley-Livermore, he has established himself as a leading expert in
underwater research and warfare,

He served in Paris as Assistant Secretary General of NATO for S
Affairs 1960-62, and at the same time was Professeur Associe”at the University of
Paris.

On the national level he has served on varjous panels of the President’
Science Advisory Committee, and has been consultant to the Navy, National
Agency, Nationa)l Research Council's Mine Defense Advisory Committee, Institute

Defense Analyses, and Department of Defense. He has just been appointed senior

consultant to the newly formed White House Office of Science and Technolo Policy.

51t

He was born in New York City in 1919. He attended the University of Paris
1937-38, returning home to receive his B.S. degree from the City College of New
York in 1939. He received his Master's degree in 1942 and Ph.D. degree in 1947 in
physics from Columbia, From 1942 to 1945 he was a section leader on the Manhattan
Project.

He has directed productive research in the field of atomic beam measurements
of electronic and nuclear properties of radioactive atoms, and has authored or
co-authored more than 100 publications in this field.

Among his current affiliations, he is a member of the Space Applications Board,
National Academy of Engineering, National Science Board; Past Chairman (1971-75)
and member of NACOA; member of Marine Science Sub-Committee of the Advisory Com-

mittee on Law of the Sea; Mdviser-at-large to the Department of State.
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He is a member of the National Academy of Sciences, Amerfcan Philosoph

Society and the American Academy of Arts and Sciences.

by

In 1958 he was selected as the first E. 0. Lawrence Memorial Lecturer by

the National Academy of Sciences. He was recipient of the Golden Dolphin Award

He

of the Association Artistico Letteraria Internazionale ) of Florence.
was awarded the meda) of "Officier de 1'Ordre du } te" from the Governmer

of France. In 1975 he was a recipient of the Compass Award of the Marine

Technology Society.
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N. Hackerman and R. A. Powers, |. Phys. Chem,, 57, 139 (1953),
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A. C. Makrides and N. Hackerman, Ind. Eng. Chem., 46, 523 (1954),
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Dr. Arxinson. I am pleased this morning to present an overview of
the authorization request of the National Science Foundation for fiscal
year 1978. We proposed a total program of $885 million, an increase of
$87.1 million and 10.9 percent more than the program of the current
year.

The new program reflects a decision to press for a real growth, after
offsetting inflation, of about 3 percent in total Federal support of
basic scientific and engineering research. This continues the effort
begun last. year to increase U.S. support for basic research.

This increase is proposed for several reasons. Let me mention four:

First, there has been a continuing rise in the cost of research during
a period in which the real dollar investment in basic research has de-
clined. The precise impact of inflation on the cost of research is a matter
of some debate, but there is general agreement that the impact has been
substantial ;

Second, there is increasing obsolescence of research instruments and
equipment ;

Third. there are unusually promising research opportunities in areas
such as computer sciences, plant sciences, and chemical processing
where scientific breakthroughs could have profound effects on our
economy : and

Fourth, advances in biology, engineering, and the Earth sciences
are opening new avenues of investigation that are expected to lead to
improvements in the agriculture and health and also to reduce risks
from earthquakes.

Senator Kex~evy. This subcommittee has been interested in earth-
quake research for a long time. The Congress has repeatedly recom-
mended a commitment to ihcreased funding in earthquake research,

My colleague on this committee, Senator Cranston, has been partic-
ularly interested in this area of research. We have faced some opposi-
tion in the past.

Where are we on that ? So I can give Senator Cranston a good report.

[ Laughter. ]

Dr. Arinson. I think the plan for the earthquake science is a every
excellent one. It has been carefully coordinated with other agencies.
The National Science Foundation, along with the U.S. Geological
Survey will be the key players in this game,

A scientific committee out of the Office of Science and Technology
Policy reviewed the situation. They came up with three levels of ex-
penditure and the level that we are talking about is an intermediate
level that in the judgment of the seientific community is the right effort
to be made at this point in time.

Senator Kexxepy. Fine.

Proceed.

Dr. Arkinson. Let me emphasize, Mr. Chairman. that basic scien-
tific research is a critical. but often unrecognized, form of economic
investment. It is estimated that more than one-third of the growth in
national income durine the postwar period flowed from advances in
knowledge. particularly in the sciences and the new technologies to
which they gave rise.

I would like to turn now to a fuller discussion in the Foundation’s
program for fiscal year 1978.
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11} »1:_:1{1i|1;__1 our program, we have sought to continue our efforts in
all significant areas of inquiry.

We have also sought to focus additional resources upon areas which
could yield important and fundamental new knowledge and to meet
some of those concerns and opportunities which I have mentioned.

MATHEMATICAL AND PHYBICAL SCIENCES AND ENGINEERING

We are requesting $249.2 million for mathematical and physical
sciences and engineering—an increase of $25.3 million in order to
pursue a broad range of opportunities.

In elementary particle physics, we plan to start conversion of the
Cornell electron synchrotron into an electron-positron colliding beam
device and also to continue substantial support of user groups at other
accelerator facilities,

We intend to increase funding of sophisticated new instrumen-
tation, especially lasers, for experiments in chemistry and to support
design studies for the construction of a heavy ion facility.

We plan initiatives in our mathematics and computer science pro-
grams aimed at using computers more efficiently and improving the
problem-solving power of computer software.

There are increases for upgrading and expanding the synchrotron
radiation facilities at Standard University and the University of
Wisconsin.

In engineering and materials research, we plan to emphasize such
areas as communications in the optical wave lengths, catalytic proc-
esses, superconducting devices, and the synthesis of erystals and com-
posite material with unique propertics.

ASTRONOMICAL, ATMOSPIHERIC, EARTH AND OCEAN SCIENCES

We are requesting $213.4 million for the astronomical, atmospherie,
Earth and ocean sciences. an increase of $24.6 million above the cur-
rent year’s level.

In astronomy, we are asking increased support for the development
of extremely sensitive optical and submillimeter detectors that are
superior to the photographic plate traditionally used in astronomy. We
also are requesting funding for the support of research projects that
will use these facilities.

Increases are proposed in the atmospheric sciences for climate
modeling , long-range forecasting, and studies of atmospheric chemis-
try which include work relevant to man’s impact on the protective
ozone i:l_\'{‘]' (If t IH‘ strat l’)ﬁ]'l}l(’!"l‘.

Senator Kexneoy. Of course, yon are obviously very much aware of
the enormous concern of the i.u}nliv with regard to the severe weather
this past winter, and the effect that it has had on the country, on the
health and well-being of the people, let alone on the energy situation.

Is there anything you can tell us about our scientific and technical
capabilities in predicting climate patterns?

What kind of work do you do in that area?

Dr. Arinsox. There is a lot to say there. Senator Kennedy. The
Foundation has had a rather remarkable history in this area.




About 3 years ago we set up a new program in climate dynamics. We
saw some significant opportunities in that program, along with a new
program that we set up this year in atmospheric chemistry. There are
indications that the scientific community is aware of pending problems
and anticipating these problems with appropriate efforts.

Senator Kexxepy. Is it a technological problem, or do we lack the
basic knowledge we need to make important breakthroughs? Are we
not giving sufficient time and support to the research? Or what is the
state of the art, so to speak ? How difficult will it be to get some impor-
tant breakthroughs?

Dr. Arginsox. I am not an expert here, but I think it is a mixed
problem. On the one hand, the necessary theory is still being developed.
On the other hand, the necessary data observations that would feed
into some of these models has not been available in the past. It is now
becoming available. There is a mix between data and theory here that is
just beginning to jell. It provides significant promise for the future.

Dr. Todd or Dr. Nierenberg may want to comment further.

Dr. Toop. I think, Senator, the progress in the understanding of
climate is quite good, but naturally what is happening at the present
time is that progress is being made in understanding the causes of the
very large changes. For example, major glacial periods ended about
18,000 years ago. As a result of work both in the atmosphere and in
the oceans area we are reaching the stage where we have a good under-
standing of the causes of those major glacial periods.

When you look at a smaller variation, such as the so-called Little
Ice Age of the 17th century. where the Nation experienced a series of
quite cold winters, progress is being made, but not quite with the same
degree of certainty as to what the causes might be of those. Naturally,
then, the smaller the change from normal behavior, the more difficult
it is to discern the canses.

I think with respect to this past winter, it really was not a record-
breaker, but it was a bit on the cool side compared to the average for
the past century. There are some indications that we can expect in the
next century or so a somewhat higher frequeney of cold winters; but
again in terms of past climate changes, it is a rather gentle change: and
it is therefore harder to absolutely identify the causes.

Dr. Arkixsox. In the Earth sciences we are placing greater em-
phasis upon work for understanding earthquake mechanisms and for
developing the detailed knowledee required for models to predict the
time and place of major Earth movements.

We are secking inereased sunport of oceanographice field studies,
including more detailed analysis of the cores obtained from the deep
sea drilling project, and also additional ship and submersible time
needed for the conduct of marine studies. NSF provides about 70 per-
cent of the support necessary to maintain and operate the 32 research
vessels in the academic fleet.

Funds are also requested to continue on schedule the construction
of the very large array. VLA, for radio astronomy.

Senator Kexxeny. We had two NSF research vessels assisting in
assessing the damage caused by the Argo Merchant oil spill off our
coast in New England.

Can someone on the panel tell us a little bit about the work that was
done and is being done in attempting to evaluate the long-range im-
pacts that the spill would have?
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Dr. Arkinson. One of those vessels was from Woods Hole, and the
other was from the University of Rhode Island. Both are part of the
academic fleet.

Dr. Todd is familiar with that story.

Dr. Topp. The Woods Hole Institution, as you perhaps know, has
been looking into the ecological effects of o1l spills for quite some years.
With respect to the Argo Merchant disaster, we were lucky in that it
occurred at a time when one of the Woods Hole ships was at home as
was the new University of Rhode Island ship. which this committee
was instrumental in authorizing. These were the ships used to take out
some of the Federal teams inspecting the site and to permit scientists
to make initial baseline measurements of the spill and its behavior in
the days immediately following the spill when the storm winds were
blowing it to sea.

Contrary to some of the spills closer to shore, where the petroleum
settled rather quickly to the bottom and is still detectable in the
marshes, a good deal of this spill stayed on the surface and blew rather
rapidly toward the Gulf Stream.

The committee might be interested to know that the new ship at the
University of Rhode Island had just recently been dedicated and was
at that time undergoing initial tests. It was not yet fully involved in
the research program, so the opportunity to use it on the Argo Mer-
chant oil spill worked in well with its initial shakedown cruise.

Senator Kex~xepy., What are you finding? Do you want to send us
a note on that?

Dr. Toop. Perhaps I could amplify that for the record; but the
initial findings were that even though it was a period of very intense
storms, the oil that was spilled stayed on the surface more completely
than had been expected. Therefore, it was moved by the winds. I think
we do not yet know the extent to which the oil impacted the bottom
in that fish area.

Senator Kexxepy. But they are reviewing that, as I understand it ?

Dr. Toop. That is correct, sir; it is being followed elosely and moni-
tored every few days.

Senator Kexxepy. A number of pieces of legislation on tanker
safety and oil spills have been introduced. I have one and a number of
my colleagues, Senator Magnuson and others, have also introduced
bills. They deal with the design of tankers, the training of personnel,
navigation, and equipment. They provide for monitoring the entry
of ships into American waters. There is a provision in most of the bills
for research in this whole area.

What do you know about where we are on that? Is there anything
vou can tell us? Are you working in that area? We are going to be
faced, obviously, with a continuing need for imported oil products. We
get the equivalent of one Arge Merchant landing in Massachusetts
every day. We are going to be, whether we like it or not for a continu-
ing period of time. importing this oil and we are going to be faced for
the foreseeable future with this kind of problem.

Can you tell us a little bit about the nature of the scientific informa-
tion in that area of science and technology ? Maybe you want to submit
something to us later on this.

Dr. Arxixson. We would like to submit something for the record. T
can say we do not have anything at the moment in the RANN diree-
torate.

[ The material referred to follows: |
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Microbiological Effects of Petroleum Accumulalion on Beaches; Rita R. Coluell; University of Maryland,
* - College Park, Maryland 20742; $92,000 for 12 months beginning March 15, 1976,

‘This project is part of a broader AENYV-sponsored
study designed to evaluate the effects of oil whic h
has spilled on different beach types.

The purpose of this study is to evaluate the en-
vironmental effects of spilled oil on microorgan-
jsms of beaches. This is important and timely
rescarch because microorganisms play a vital role
in the life cycle of higher animals and plants; and
because their destruction can result in plant loss
which, in turn, reduces the stability of beaches. In
addition, microorganisms contribute significantly
in degrading spilled oil, thus providing a natural
means of clean-up after a spill.

The research plan involves the collection of sedi-
ment and water samples and (1) measuring the
effect of oil on microorganism populations; (2)
evaluating effecis of oil on cil-degrading bocteria
by maonitoring bacteria doring degradation of a
control oil: and (3) assessing the potential for bac-
teria to degrade oil by inoculating ofl samples with
organisms and analyzing organic oxtracts as 2
function of time. These factors will be evaluated for
their relevance to different types of beaches in the
spill area, resulting in the information necessary to
rate or rank beaches on the basis of beach type in
terms of potential {or damage to microorganisms
and potential for degradation of the spilled oil.

Physica-Chemical Reactions of Melals in Petroleum With Beacl Sediment; Joseph H. Rule; Department of

Geolog
ning June 1, 1976.

This research project is closely related to two other
NSF-funded studies which were prompted by the
large oil spill that occurred in August 1974 in the
Straits of Magellan. In that spill, nearly 18 million
gallons of crude oil was lost, and about 80% of that
oil as washed up on to the beaches. Subsequent
studies show that much of the oil is still there.

The emphasis of this project is on studying the
physical-chemical interaction between oil and
beach sediment, particularly on the partitioning of
heavy metals between oil and sediment. The dis-
tribution of 6il in terms of sediment type will also
be studied.

This research is desirable for two reasons; 1) the
presence of metals plays a vital role in the produc-
tivity of oil-degrading bacteria; and 2) heavy metals
may have a profound effect on nutrients in soil

al Sciences, University of Tennessee, Knoxville, Tennessee 37916; $56,300 for 15 months begin-

which would affect plant growth and subsequent
beach stability. An end product of the research is to
define biological and physico-chemical effects of oil
in terms of beach type so that results can be applied
to similar beach types in other areas. For this*
reason, study of the Chilean beaches is especially
valuable because of the similarity of the Chilean
beaches to New England and southern Alaskan
beaches—areas of the United States likely to ex-
perience a considerable increase in petroleum ac-
tivity in the not-loo-distant future.

The goals of this research will be accomplished
by studying samples in one small area of the Straits
which serves as a microcosm of the entire region.
This area, the Punta Anegada, comprises a number
of different types of beach sediment, all of which
have been heavily inundated by oil.

Computer Model for Oil Spill Movement in Delaware Bay; Robert B. Biggs; College of Marine Studies,
University of Delaware, Newark, Delaware 19711; $186,600 for 12 months beginning April 1, 1976.

This is a continuance of an 18-month project
originally funded by NSF in FY 1974. The Lower
Delaware Bay is the site of an extensive transfer of
crude oil from large tankers to small vessels. Fre-
quently, small spills occur, and the potential for a
massive spill is always present. The objective of this
study is to develop a computer model which pre-
dicts the 2-dimensional movement of an oil spill in
Delaware Bay in terms of locations and time. The
computer model will predict oil movement in rela-
tion to current and wind conditions, bottom
topography, size of spill, and viscosity of oil. This
capability allows for the efficient placing of equip-
ment during a «lean-up operation. In addition, the

madel will show where a spill is likely to migrate
during a given season of the year, thus indicating
where, along the shoreline, clean-up cquipment
should be stored for the most advantageous use.

The goals for the remaining year of the study are
to: (1) incorporate into the model sévere wind con-
ditions and the behavior of frontals; (2) complete
water-oil emulsification studies; and (3) complete
remote sensing studies for the purpose of tracking
the spills and validating the study. In addition,
different ways of handling incoming oil shipments
in the Lower Delaware Bay will also be evaluated.
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Dr. Arginson. On the other hand, there are a number of leads, par-
ticularly related to recombinant DNA work that are very promising
with regard to oil spills. '

Dr. Clark may want to expand on that. There are some basic ve-
search thrusts that are under way now that are quite promising.

Do you want to describe the R. & D. recombinant work ?

Dr. Crark. These findings are related to the recombinant DNA
technology work; but, instead, the investigators have used a series of
natural plasmids and natural mutants of the bacterial pseudomonad
strain to construct organisms that are capable of disgesting the hydro-
carbons of oil and converting them into protein. The impact that these
organisms might have on environmental situations remains to be as-
certained ; but the findings offer very promising leads in terms of
providing a natural way of controlling the impact of an oil spill.

Senator Kexnxepy. Dr. Nierenberg, would you like to make any
comments?

Dr. N1erExBERG. One general one.

We know a fair amount, particularly from work at Woods Hole.
There is a group there that has worked on this problem for many
years, long before it became popular. There is also one at the Univer-
sity of California, Berkeley at Bodega Bay. We really know a good
deal about some aspects of this problem.

The difficulty, sir, is that when we use the words “oil tanker spills”
we are really talking about something very variable. There are many
different fractions that are carried by ships, some of them very vola-
tile, that disappearing very rapidly; I can say to the extent we are
discussing it, with very little effect on the environment.

Others are very heavy, residual fractions that go through chemical
reactions with which I am not totally familiar.

My colleague, Dr. Hackerman, on the right could explain the chem-
ical details. These have long-term residual effects that we are deeply
concerned about. In simple language, an oil spill, on the average, is
a temporary tragedy for the locality.

Generally speaking, the locality will recover in time. T say “gener-
ally.” T can invent a situation where the local damage will be more
permanent. What we are concerned about, however, is some of the
very long-term effects right now of oil spills. That is why the question
about residuals comes up so importantly as an example. Here, as in
many other problems of social importance, we are in a good half-way
but not totally satisfactory position as to needed knowledge.

Dr. Hackerman. May I interrupt to point out that what Dr. Clark
has just told you is a fine example of research done in one area and ap-
plied elsewhere without any prior understanding that that would be
the case.

The fact that these mutants may indeed digest the hydrocarbon-
protein is very important. But it had nothing to do with petroleum to
begin with.

Senator Kex~epy. OK.

BIOLOGICAL, BEHAVIORAL AND SOCIAL SCIENCES
Dr. Argixson. For the biological, behavioral and social sciences,

we seek $144.8 million, an inerease of $18.2 million over the current
vear’s funding.
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We are stressing fundamental studies in the plant sciences, espee-
ially the processes of photosynthesis and nitrogen fixation. Better
understanding of these processes could lead to significant advances in
agriculture. In the behavioral area, we want to take advantage of
recent advances in instrumentation to deepen our understanding of
how nerve impulses are transmitted, how nerve networks are organized
in the brain, and how these networks control learning and other
higher order cognitive processes. We also want to understand more
about the regulatory interactions of organisms in natural ecosystems.

Senator Kexyepy. You have, as T understand it, some $800,000 set
aside for efforts to improve DN A rescarch facilities; is that correct?

Dr. Arrinson. That is correct.

Senator Kexxepy. That is a matter of enormous importance and
public concern.

Is that enough in that area ? What did you request ?

Dr. Arkixson. I have the figure here.

It is closer to $800,000 in the 1978 budget. A key aspect of our NSF
budget for 1978 is instrumentation and improvement of facilities; and
so it is double that figure. In 1978 we plan to support conversion of
approximately 20 laboratories that would be involved in what is
called moderate-risk research and some 40 laboratories which would
be involved in what is called low-hazard risk.

Senator Ken~epy. You basically use that to give advice to various
institutions, do you?

Dr. ArkinsoNn. Those funds will be actually made available for con-
struction and renovation purposes.

Senator Kexnepy. Is it not technical assistance? You are not ac-
tually improv mvthv facility, are you?

Dr. Arkinson. No. We will be providing the funds for construction
of the facility or the modification of a fac ||1t_\'.

Senator Kexneoy. How are you going to do it? How far can
$800,000 go in terms of those various facilities?

Dr. Arkinson. Dr. Clark is the expert here.

Dr. Crarg. If 1 could clarify, we first of all do not expect to pro-
vide funds for any of the laboratories that are in the so-called high-
risk category, so that the bulk of our funds will go toward improving
existing laboratories to bring them in line with current standards as
specified in NITH guidelines.

It turns out that for many laboratories to bring them into line for
the so-called P-2 level of containment, which is the minimum risk
level, many of the conversions can be done for something on the order
of $10,000. It is just a matter of adding appropriate i-.lfl"t\ cabinets
or some particular filtering device or some other special feature.

For converting or equipping a P-3 lab, that might take on the order
of $100,000 to $200,000. We would v\]w:t to fund some of these facili-
ties; but we also know that the National Institutes of Health has a
significantly larger investment, so that they will be sharing the costs
of this improvement of facilities.

Senator Kexnepy. We want to welcome Senator Chafee, who is a
member of our commitee.

We were talking very constructively and favorably about the Rhode
[sland situation where we had the NSF research vessels based. We
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were discussing the work they did after the Argo Merchant ol spill
off the New England coast.

Senator CHAFEE. The mere mention of that brought me right up
here in a hurry.

Senator KexNepy. Very good.

What actually did you request; can you tell us what you requested
from OMB in this area ?

Dr. Crarg. In recombinant DNA research ¢

Senator KeNNepy, Yes. There was not any specific request; it was
part of the total, wasit?

Dr. Crark. We indicated to them, because of the new opportunities
available with recombinant DNA research and because of the need to
make sure that labs that were carrying out this research were doing
so under proper conditions, that provisions were included in our ini-
tial planning; and our planning level request was essentially granted.

I shall have to check details for the record, since we also submitted
a higher level request that included additional opportunities beyond
the planning level. This was not granted. Perhaps Dr. Sanderson
would have the information.

[ The information referred to follows:]

The base budget request to OMB for containment facilities for biohazardous
research projects are likely to include amounts for recombinant DNA research
met by the base budget included $7.3 million for additional instrumentation,
11_lunt sCiences, and membrane research but did not identify specifically those por-
tions for recominant DNA research or containment faecilities. $1.6 million of the
$7.3 million additional requested was provided in the President’s budget pri-
marily for instrumentation. Some of these additional instrumentation and
research projects are likely to include amounts for recombinant DNA research
and containment facilities,

Senator Kexxepy. How much do you have now for help and assist-
ance to existing laboratories for this kind of research?

Dr. Crarg. Our program act ivity in genetics is requesting $9,100,000
for fiscal 1978.

You should understand that in areas like biophysics and biochem-
istry and also developmental biology, in which the combined funding
is about $40 million, that fractions of those programs support recom-
binant DNA research. Qur current funding in the area: We have some
46 projects among several program areas that involve these techni-
ques, and total funding invested so far is about $2.4 million, which is
in those projects. That is invested over a 114-year period.

Senator Kexnepy. Proceed.

Dr. Arkinson. In the social sciences, we propose to initiate several
large data resource efforts, including a major project to analyze data
gathered—but not tabulated—in the 1940 and 1950 censuses.

From this analysis, we can gain a more detailed understanding of
U.S. population dynamics since 1940 and trends in social indicators
such as income distribution.

RESEARCH APPLIED TO NATION AL NEEDS

For research applied to national needs. we are requesting $78 mil-
lion, an inerease of $10.4 million. Nearly all of this increase is for
earthquake engineering and policy studies dealing with the social




and economic consequences of earthquakes and earthquake warning
systems.

This is a part of a larger Federal effort in (‘IIHI‘H]!III\(‘ research
developed jointly by NSF and the U.S. Geological Survey.

The expanded RANN effort in this area totals $ $20 million com-
pared with $8.2 million in fiscal year 1977. It gives emphasis to
the siting and structural design of |1lIl|lllll;_‘f§-—]ll=llllii]’!_ﬂ' the rein-
forcement of existing structures—to minimize damage and casualties
from earthquakes.

We also propose to increase support for research on renewable
resources such as forest and agricultural wastes. These wastes may
serve as nonconventional sonrces of food protein as well as sources
of chemicals and other usable products.

Senator KENNepy. Some books have been written recently about
small-scale technology in communities, to help smaller units to make
important contributions in a wide range of different areas of public
concern,

I am interested in what RANN does in terms of these smaller
technologies? What possibilities exist for NSF to make a contribu-
tion in this area?

Dr. Arkinson. You know the background of the effort, in terms of
a little book called “Small Is Beauntiful.” The general title that now
seems to apply, is “Appropriate Technologies.” The National Science
Foundation, both in the RANN directorate and elsewhere, has h('on
very interested in developments of this sort.

We are sponsoring a major conference on appropriate tec Imnlmru":
to be held next year by the American Academy of Arts and Sciences.
Many of our projects are oriented toward exploring opportunities in
this direction, and the Foundation now has under consideration a
number of projects relating to this general effort.

I think it is an area that the Foundation is very well aware of and
quite interested in.

Senator Kenxepy. Do you now have or have you in the past. made
any grants to any of these groups?

Dr. Arcinson. Yes; we have. T would be prepared to supply some
of that for the record.

Senator Ken~Nepy. Can you give us a note on this, about what you
are doing currently and what the different topic areas are? Perhaps
you could give us a little bit about some of those that have been turned
down as well. T would be interested in some of the ones that have
been turned down and in knowing why.

Dr. Atkixson. There is going to be a definitional problem here
of just what we mean by “appropriate technologies” and how we
formulate that note, but we will try to do the best we can.

Senator KenNepy. Fine.

[ The information referred to follows:]




Senator Kennedy

Question:

Response:

(Regarding Appropriate Technology):

Can you give us a note on this, about what you are doing
currently on it in terms of support; what the different
kinds of topic areas are? Perhaps you could give us a
little bit about some of those that have been turned down
as well. I would be interested in some of the ones that
are turned down and the reasons perhaps for that.

The term appropriate technology has come to mean technology
that is developed to most effectively use the mix of human
and physical resources at the site of application. The con-
cept reflects a growing concern in the society about environ-
mental degradation, resource shortages, unemployment, and
increasing u1b.n124t10n that can be attributed to the use

of large-scale production technologies that have been harm-
ful to the environment, wasteful of resources, and capital
intensive.

NSF's program of Research Applied to National Needs (RANN)

has been supporting several projects over the last few years
that are concentrating on issues of waste recycling, substi-
tutes for petrochemicals in agriculture, conversion of waste

to feedstuffs, recycling of waste heat, solar energy, and
controlled environment agriculture. These projects are closely
related to concerns for preservation of the environment, reduc-
tion of waste, and wise use of scarce resources that are jissues
of concern to appropriate technologist Several but not all
of the projects are focused on small-scale application for

use by small farmers. A listing of current RANN appropriate
technology projects is attached.

In an effort to explore how RANN might further support the
application of science and technology to more appropriate
solutions to our resource and environmental problems, RANN
supported a survey of appropriate technologists in the field,
to which more than three hundred groups and individuals respond-
ed. We were interested to know about the scope of their activ-
ities, tL; Ic 1] and technical problems they face in moving

01153‘10n. and their recommendations for Federal

port of appropriate tP(nanugy That report is
completed a i1t be used as a basis for a workshop which will
bring ?_9:“'" appropriate technologists from the universities
and the field to explore how RANN might expand its role of
bringing science and technology to bear on appropriate solu-
tions to our resource and environmental problems.

Many of the ongoing appropriate technology projects are being
carried out by investigators in research institutions. However,
there is a community of 'pprupria;e technologists who are field
inventors on an individual basis or within small businesses.
RANN is currently investigating options for bringing scientific
and techn assistance to these investors in ways that are not
a disincentive to their inventiveness.




9L/v0/8

jor)zt +)
9L/0E/6

9L/61/S
cL/sL/8

‘oLIeds

O _\r‘___ 1t)
9L/0E/6

(aLlh1s +)
94/80/9

00s* Ly

00L°69%

00L*L

00E‘62L

000°00L

008°L62

00L°EB

005" St

. sjuapuaany 2124oay pue J9A0d9Y 03 m_uavmmmu Lewpuy
40 juswabeuey J0j wWaISAS B U} 3BAH ISEM SO UOLIRZELIIN

ainj|noenby U} S3UR|d JOMO4 WOJS JRTH BISEM JO UOLIRZLLIAN

$3n3spang uja30dg YBIH
B 03U} 93SBM A43|NO4 JO UOLSJIDAUOD |RLGOIDIW PALL043U0)

3128 L40) By} U} SWAYSAS
Bujddosy pue Spoylay UOEIONPOULd BALIRUISILY 3O s} sA|ruy

UOJ3 L3Ny LBwiuy pue uewny J0j 3bedoj WwOJy ujI04d
JO UCPIRZL|}3N 4O S3SSB044 JO UOLIRN|RAZ PUR JuBWIAOJAU]

uo L3anpodd
{e4n3 | not4by Jo SWa3sSAS SA}IRUJSYLY JO A3[1qRJBULNA AbBJau3

aef|y uasJg-an|g
sn035£204930H Bupx}4-usbod3 N YI M UOL3ONPOId 4BZL| 13494

Apni1s A403ea0(dx3 uy-sa3e3s peajun Byj up saibojou
-ysa) pa|eds A|ajetsdosddy J0 @3p}pawdajul 4o suoj3ea | ddy

2v096bLbL AN3
£y)sdaajun a3eas uobaug
RwsJaaog Adaeq

Quro)  vS8sL9L AN3

Auedwo) seg pue
514323813 301AJAS 2} |qng
pJ4ENY ‘Y SO|.4RD

189509, H3Y
A31543ALuUn | [BU40)
J3[NYs ' L9RYILN

92L815L VIS
£31S4aALUN Bnpung
111 ‘Bujdseg °3 0330

LYBLOELSL ¥3Y
‘PRl ‘ULSUOISEM JO AR
uasuabaop

Chy 4‘aumqmm.;_\h Y
A LS48ALUR L
Jau

m_w +2) R0B019L ¥3V
Mg “JLLeD 4O ALup
plemsQ [ WeL{LiM

0SE1L
o:Huammccmquu u,wﬂ

b1323 *3/cap !

u
[
v

9L
4633
{003°

unowy
pAeMy

a3t

S12300¥d «ADOTONHIIL 3LVIYd0¥ddY. NNVY LNIYHND

dagquny pdemy
UOLINg LIsu] fuity
Jojebrisaaul (ediouldd




sL/ez/ol

§L/61/9

94/82/S

9L/0E/6

615°S0L° 1§

616" 2

005° 60€

005" 88

ooo‘ez §

Wi0L

Juawdo |anag

sasanosay ABJaul Je|o§ |v}J43SaJu3) O Juawssassy Abojouysal

ABoouyoa) @4n3napaby JusWUOJ AU PBL|0JJUO]) JO JUBWSSISSY

J23BMaISEM 4O JuBWIeaJ]

woly Sabpnis [enpisay 40 UOLIEILIIX033Q puUe UOLjeULWe]
-u023aQ “u0l3eZL| QR3S UL SP3IPUQEIJBAU] |1OS JO UOLIRZLLLIN

Buj 009 pue Bupjesy J4e|0S UO SIULRAJSUO) JayJey @bebILOW

L¥SZL20EL SH3
Ul *BLIILT 0 4ny3dy
Z11M0y4ag ‘g ueop

EL621SL S¥3

uoiie

-Jodaoy Abo|ouydal pue
YOoueasay [euoLIeULBIU]
J0|Ke| °g 240p0ay]

G22L194 AN3
asnaeafs=-ANNS
ujajsuajdey Aoy

LYOSEBLSL ¥dY

*ouy ‘uolje

~juawa |dwy Butuueld
uegan pue [euolbay
JRBH ‘W SBLLRY)

ajeq
pdeMy

junoiy
paemy

LIkl

Jdaquny plemy
uoL3ng LIsul/uty
JojebLisanu] ediouldg




31
.8, ANTARCTIC PROGRAM

Dr. Arkinson. We are requesting $47.5 million for the U.S. Ant-
arctie I}I{}"'I’Illll. an increase of $2.2 million. NSF is responsible for
all U.S. research conducted in the Antarctic, as well as support activi-
ties such as ships. aireraft, helicopters, and the research stations them-
selves,

The proposed increase includes about $1 million for research and
$1.2 million for operations. The increase for operations support 1s
about 3 percent and reflects a determined effort to hold down these
COSEs.

Senator Kexnepy. The Navy used to pay for that, did they not !

Dr. Arkinson. The Navy provides much of our support, but it is
provided through funds from the National Science Foundation.

Senator Kexxepy. How has that changed in recent vears? Has
there not been more of a shift of that financial burden onto NSF?

Dr. Arkinson. Dr. Todd, would you deseribe the situation here?

Dr. Topp. You are correct, Senator Kennedy. There was a major
examination of the program a few years ago. In the context of that
examination, it was decided that it was appropriate to identify all
of the costs associated with the .S, program in Antarctica and to
budget for them through the National Science Foundation budget.

At that time, the Department of Defense went through a careful
exercise to identify all of their costs and similarly the Department of
Transportation for Coast Guard costs, Those are now in the National
Science Foundation budget and I believe this is the second year in
which 100 percent of the identifiable costs are in our program.

Senator Kexsepy. So what does that amount to in dollars and
cents? What does it mean when you assume those costs, approximately ?

Dr. Toop. The NSF budget request is approximately $40 million
higher than it otherwise \\{:!I]ti have been.

Senator Kexyeny. All right.

SCIENCE EDUCATION

Dr. Arkinson. The Foundation is mandated by Congress to
strengthen seience education programs at all levels. For this purpose.
we are requesting $75.7 million.

We have restructured our science education programs and initiated
several new efforts to carry out recommendations of the Congress,

We are proposing an increase of $3.5 million for comprehensive
assistance to undergraduate secience education, CAUSE, a program
designed to help the approximately 2,300 2- and 4-year nonresearch-
oriented colleges and universities.

The program would provide 3-vear grants of up to $2.500 per grant.
The grants go to departments and institutions ;nln[n»-mir vnmpm}u'n-
sive, clearly focused, and long lasting improvements in science educa-
tion.

For about 750 institutions offering advanced degrees in the sciences,
we now support a companion program. research initiation and sup-
port, RTAS, designed to meet the training needs of voung scientists.
There is also a program of small grants to individual fac ull\ members
to improve the quality of specific conrse offerings,
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The faculty improvement program now includes the precollege
teacher development program established at the direction of the
Congress,

These workshops and seminars provide opportunities for both
elementary and secondary schoolteachers to strengthen and update
their science backgrounds and improve their instructional skills.

The program will provide instruction for approximately 5.000
precollege teachers. We also plan te increase the number of science
faculty professional development awards to undergraduate faculty in
2-and 4- year colleges and universities.

The Foundation is also sponsoring a variety of programs to
strengthen science education for women, minorities, and the handi-
capped who are underrepresented among holders of advanced scien-
tific degrees.

The science and society program continues its new Science for
Citizens effort, which is just getting started, and has significant
potential and usefulness.

Present Science for Citizens activities are experimental and in-
vestigatory. It is important. therefore, to take time to learn from
the work now in progress.

By the end of this fiscal vear, the first round of awards in the
public service science residency and internship programs will have
been completed and some nwards for forums. conferences. and work-
shops made.

We will a'so have an opportunity to benefit from studies completed
and underway, as well as the deliberations and advice of our Science
for Citizens Advisory Committee,

An evaluative state ement to t he Clongress on the program’s activities
up to October 31. 1977, will have been prepared .mll delivered. Thus at
present. we are proposing only a small inerease in funds for fiscal
vear 1978

SCIENTIFIC, TECHNOLOGICAL AND INTERNATIONAL AFFAIRS

We are requesting $22.6 million for scientific, technological and in
ternational affairs, an increase of $2 million over the present year,

This program provides support for international cooperative scien-
tific activities which serve both the needs of 17.S. scientists and this
Nation's foreign policy objectives. The activity fosters information
exchange among scientists. enoineers and other users of scientifie
information.

It also supports the collection and analysis of data needed for
seience planning and policy formulation by NSF J!lt] other Federal
agencies. Slightly more than half of the proposed increase of $2 mil-
lion will support a governmentwide effort to lay plans for the United
Nations Conference on Science and Tee h]m]:u_' for Development to
be held in 1979.

In a certain sense. NSF is plaving the broker’s role for many Fed-
eral agencies in planning for this U.N. conference.

PROGRAM DEVELOPMENT AND MANAGEMENT

We are requesting $47.8 million for program development and man-
agement, an increase of $2 million for fiseal vear 1978,
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The request provides for a stafling level of 1.325 imril]nrh inelud-
ing 25 new positions.

It also provides for the increases necessary to maintain about the
same le \l] of central support services as in 1¢ 'u The costs associated
with these support services are, for the most part, not under the control
of the Foundation. since they include such items as office rent: al costs,
audit programs and other services provided by government agenc 1es
like CSA—on a reimbursable basis.

The 25 additional positions proposed in the fiscal year 1978 budget
are needed to manage the new or expanded NSF programs. Some of
these positions are earmarked for more extensive oversight and evalu-
ation of NSF programs and for studies of major policy issues facing
American science.

We are proposing $6 million for the speci al foreign currency ap-
propriation, to be used inl the translation of scientific materials and
for cooperative research efforts in countries that fall into this category.

Mr. Chairman, inclosing, I want to emphasize once again the impor-
tance of research to all parts of our society. Whether we are discussing
education. health, the management of our economy, or the energy
erisis, our ability to cope effectively depends upon a vigorous program
of basic research.

Mr. Chairman, this concludes my statement.

We will be happy to answer questions that you or other members of
the subcommittee may have foru

[ The NSF fiscal vear budget in brief follows:|
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ABOUT THE NATIONAL SCIENCE FOURDA]L

NSF is an independent

The Foundation was establish HSs at L y of Priesider "raiklin 1.
Roosevelt's desire for a science agenc ould it peacetime
economy and that would enhance U.S ific streng!) President
Roosevelt instructed Dr, Vannevar Bush, Direclor ne (Mlice of Scientifie
Research and Development, to find a way for the Nation t nefil in peacelime
from the wartime experience of Dr. Bush's office ]
strenglh for reasons of national health, prosperit

Dr. Bush's report, Science. the Endless Frontier, led it of the
National Science Foundation in 1950 [NSF Acl of 1950 5 INIE N wis to
strengthen 11.S. science through supporl of basic research and science education
programs, In 1968, the NSF Act was ainended to give the agency additional
authority 1o support gpplied research on selected national prob

NSF accomplishes its mission through grants and contracts, primarily with
colleges and universities. It has no in-house laboratory facilities. About 2,000
colleges, universities, and other institutions, bath public and private, participate in
NSF programs. In excess of 30.000 scienlists, engineers, and science educators in all
parts of the United Stales review proposals submitted lo NSF for support

NSF, by law, consists of the Director (and staff) ond the National Science
Board. The National Science Hoard is the NSF pulicymsking body end has 25
members, including the Direclor as an ex officio member. The Director and Board
members are appointed by the President and confirmed by the Senate for 6-year
lerms. The term of the Board members are staggered so thal the terms of one-third
of the members expire every 2 years

The present Chairman of the National Science Board is Dr. Norman Hackerman
President of Rice University. The Acting NSF Director is Dr, Richard C. Atkinson.

The National Science Board submils annual reports to the Congress through the
President on the status and health of science and its various disciplines. The latest
reports are Science at the Bicentenniol—A Report from the Research Community
|April 1976) and Science Indicotors—14974 :_[ll'el'n'.}u':' 1975)

The Foundation has about 1,300 employees. The Director, Deputy Director, and
four Assistant Directors are appointed by the President and confirmed by the
Senale, Three Assistan! Direclors are ,“.;.-|>rnin!|u| by the Director. More than 30
percent ol the NSF staff are experts in the various fields of science, engineering,
and science education. About 4 percenl ol the stall are “rotators” rom academis

seieniilic

and other non-governmental institutions who work Tor the Foundation for 1 or 2

vears and then return 1o their home institutions. They hel rovide a conlinuous
influx  of up-to-date information and fresh viewpoints on the npeeds and

oppertunities Tor research ond science education
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National Science Foundation

Washington, D.C. 20550

FY 1978

Budget in Brief

to the
Congress

FY 1978 BUDGET REQUEST .. $885,000,000
* INCREASE OVER FY 1977 LEVEL $87,063,294

* BASIC RESEARCH UP $76.3 MILLION,
12.4 PERCENT, TO $688.1 MILLION

* $108.9 MILLION INCREASE IN NEW
OBLIGATIONAL AUTHORITY
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NATIONAL SCIENCE FOUNDATION
Total Dollar Summary

FY 1976 - FY 1978

[Obligations in Millions ol Dollars)

New Obligational Aulhority 715.3 £168.1 $802.0
* Administration Delerrals, Carryover
and Adjusiments 5. 1.3

Tatal 724.4 S166.8
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OVERVIEW, BASIC ASSUMPTIONS, AND MAJOR GOALS
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Program Balance and Questions Driving Research and Science Education

From ils inception, the Foundation has sougl
strength through the support of scientific research
conducted primarily al the Nation's colleges and universities. R
carried oul in academic i>':~r'.ll'l h laboratories advance scientific undes
al the same lime, provide important lraining n;lpmlun-'h s Tor voung pea
are seeking careers in science. Consequently, the bulk of NSF support has been a
continues to be focused on fundamental research, which offers this dual benefit
the same time, the Foundation has dev loped the capacity for identifyving imj
nalional problems which  science and technology can help resolve. Researe
directed at selected problems is also a part of the Foundation's support effort
As ol now, there is no “best” formula for determining the appropriate level or
mix ol Federal support for research, such as a percentage of the total Federal
budg i percentage of the gross national produet, or seme other such “"vardstick”
The NSF budget request and the balance among programs are based on a con
of analyses and subjective judgments aboul science support Irends, the
the economy, the extent to which science is being called upon te help
certain domestic and international problems, potential breakthroughs in sci
knowledge, the ability of the Nation's universities and colleges an other research
organizations lo conduct advanced scientific research, and other pertinent factars
The Foundation’s FY 1978 program is the result of continuine ¢ planning
forts that involve all NSF program managers and the National Seience Board. The
priorities reflected in the budget are based on analyses of range of inpuls
including guidance from the Administration; reports and speci AT s from
the Congress; analyses and reports of the National Academy of ¢ es, Lhe

National Academy of Engineering. professional societ and I
studies: current and projected science manpower needs | sxpertise of NSF

advisory groups and :.nuwlr..n’n and the National Science Board

The balance among the Foundation's program aclivities is also influenced by
Ii]r'llll;'-nuhlll e of various research and science ',|..'-n|-q 1estions being addresss
1il‘l'[}]i"|r|||||'-;.i|\ thal the answers to these questions will provide benefits to
public over the long term. Much of the basic researc ported consists of pro
which have the potential to significantly increase scie ic knowledge, but no cle
applicalion to the problems of the Nation. In addition to basic research and scienc
education, a portion of tl oundation’s program is devoted Lo ipplied res |
in these areas guestions are (i geted or slet roblems where new

"I.!ic.ll . 4 ( 3 ] ne i T D\ f"l | : noiogies |'.-

mation needed to help sol vironmental, resource. and produ
problems: or lead to more efficient and ctive delivery systems. [or
S5ervices

Some ri uestions | addressed in the differ
science 1calion and the ipiications ol the swers 1o

advand
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Biological, Behavioral, and Social Sciences—(5144.8 million)
. Provides new instrumentation needed for adva

Science Education ($75.7 million)

.







Special Foreign Currency—($6.0 million)
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A CROSS CUT OF THE PROPOSED FY 1578 INCREASES

EMPHASIS ON RESEARCH ($81.62 million increase)

Fundamental Laws, Processes. and Phenomena ($20.44 miillion increase)




Instrumentation. Facilities and Research Resources—(527.98 m

Environmen! and Resources—($30.65 million increase)




Technology Relaled Research—($2.55 million increase)

EMPHASIS ON SCIENCE EDUCATION ($1.40 million increase)




EMPHASIS ON SCIENCE POLICY, SCIENCE INFORMATION,
INTERNATIONAL, AND RELATED ACTIVITIES—(52.00 million increase)

"—($2.00 million increase)
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PROGRAM ACTIVITY SUMMARIES

MATHEMATICAL AND PHYSICAL
SCIENCES AND ENGINEERING

FY 1978 Program Total .... R Cuu.... $249.200,000

Mathematical Sciences £17,256,8300 $20,900.000 $19,900,000 $21.800,000 $1,900,000
Computer Research 13.215.579 15,800,000 15,500,000 17,000,000 1,500,000
Physics 45,171 408 55,450,000 54,139,718 59,400,000 5260202
Chemistry 34,650,083 42,350,000 40,200,000 44 300,000 4,100,000
Engineering 35,848,250 44 650,000 42,600,000 46.100,000 3,500,000
Materials Research 46,122.827 54,100,000 51,550,000 60,600,000 9,050,000

Total $192,265,047 $233,250.000 $223.889.718 $249,200,000 $25 310282

Program Activity Goals and Description

The woal of the Mathematical and Physical Sciences and Engineering (MPE)
Activily is to promole the progress of science in mathematics, compuler research,

physics, chemistry. engineering, and materials research through

e suppor! of the highest quality researc h projects and scientific instrumenta-
lion so that the Nation can continue and strengthen its leadership in these
fields.

New knowledge in the [ie covered by MPE has both intrinsic interest and the

sotential for wide applicability to problems in the “real world.”
PI \ i

Explanation of FY 1978 Increases and Decreases

The requested incr » of $25.3 million in the MPE Activily is 11.3 percent
above the FY 1877 current plan of $223.9 million Within the total of $249.2 million
requested for FY 1978, all subactivities will receive additional funds w hich will be
greater than the increase necessary 1o merelv offset the increased eost of doing
research. In Chemistry, increased research emphasis is expected in catalysis, laser
chemistry. chemical computations, synthesis. and reaclion mel hanisms. In
Engineering, a special etlorl ill be made to increase the availability of modern
research instrumentation at Engineering st hools. In Mathematics, increased

emphasis will be placed on resear h in finite sroups, nonlinear wave phenomena
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ASTRONOMICAL, ATMOSPHERIC, EARTH,
AND OCEAN SCIENCES ACTIVITY

FY 1978 Program Total ....... Rt e cev.... $213,400,000

Astronomical Sciences $48,634.694 $54 675.000 $52.300,000 $58,000,000 35,700,000
Atmospheric Sciences 44 527 599 51,375,000 49,550,000 55,900,000 6.350,000
Earth Sciences 27 .120.680 32,175,000 29,000,000 34,800 000 5,800,000
Ocean Sciences 47,081,625 56,475,000 53,250,000 58,900,000 5.650,000
Arctic Research Program 3621548 5,000,000 4,700,000 5,800,000 1,100,000

Total $170.986.146 §$199.700,000 $188.800.000 $213.400,000 $24,600,000

Program Activity Goals and Description

basit
phvsical

elemer
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research fa i ected al examining the physical princ GOV g the
universe including the structure of the planets and their ato heres, the solar

he Milky Way, and remote galaxies
Atmospheric Sciences: Support is provided for basit research projects and for
the National Center for Atmospheric Research, lo facilitate our understanding ol

the behavior of » garth's almosphere

Earth Sciences: The programs under Earth Sciences are designed
our basic knowledge of the solid earth, including its oce floor. This is pursued
through Earth Science Project Support and the Ocean Sedimen! Coring Program

Ocean Sciences: The activilies supported are geared lo Improving Man’s
understanding of the nature of the ocean, and its influence on Man's activities and
of Man's impact on the marine environment. This is accomplished through
Oceanography Project Support, the International Decade of Ocean Exploration, and
support for oceanographic facilities essent to the research efforts

Arclic Research Program: Research is pursued in two categories Environ-
mental and Resource-Related. Among the studies underwav are those on the
dynamics of sea ice deep ice core drilling in Creenland. the arctic tundra. and the
resources of the Bering Sea Shell.

Explanation of FY 1978 Increases and Decreases

The total estimated program for FY 1978 1s $213.400,000, or $24,600.000 above
the Current Plan for FY 1977 ol $188.800.000
An increase of $5,700,000 in Astronomical Sciences will provide lor increased

research, improvemenls in insirumentation radio spectrum studies, procurement ol

waveguide for the Very Large Array [V LA). a new ionospheric healing lar ility at
the National Astronomy and lonosphere Center. and small increases for several ol
the National Research Centers lo covel increased instrumentation and rising
administrative costs,

The $6.350,000 increase in Atmospheric Sciences will be used for: expansion ol
research in atmospheric chemislry continued support of the International
Magnetlospheric Sludy acceleration of planning and research lor the Monsoon
Experiment and research under the Climate Dynamics Program. For the Natianal

26
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Sea Drilling Project; major [lield
INORPAX], the POLYMODE project, and
the Geochemical ean Sections Study (GE 2CS ) inct d sturdies of proce
continental shell; and for ads | ship
the previousiy mentioned ld work plus rehabilitation and

tation and of older ships in the oceanographic fleet

100,000 increase in the Arctic Research Program will provide supponrt

studies of air-sea-ice interaction and the mechanica
pl'[l_[.-"'ri' 5 O] ¥ 3 ] 1CE | researa .l] 114 I Arcilc man

ecosysiems and per rost; and the second vear o

study

U.S. ANTARCTIC PROGRAM
FY 1978 Program Total eh s B ok - $47.475,000

U.S. Antarclic Resesrch
Program §4,308.496 $5,100,000 o 56,475,000 $925.000
Operations Support Program 26,276,796 39,900,000 39,775,000 41,000,000 1,225,000
LC-130 Aircra® Procuremen! 18,000 000" =l g ~4)- i
Tola $48 585292 $45,000,000 1 7.A475.000 52,150,000
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BIOLOGICAL, BEHAVIORAL, AND
SOCIAL SCIENCES

FY 1978 PROGRAM TOTAL $144,800,000

Physiciogy, Cellular &

Molecular Biology
Behavioral & Neursl Sciences
Environmental Blology
Social Sciences

Tatal

$43,693.8%
18,669,189
26,838,481
*18.813,848

5109035414

§54,200,000
24,400,000
32,550,000
21,500,000

$51,100,000
23,800,000
30,550,000
21,400,000

$126,650,000

$58,900,000
28,300,000
33,600,000
24,000,000

$144 800,000

$7 800,000
4,700,000
3.050,000
“2.400,000

$18,150,000

$132,650,000

Man-l teA Pre

Program Activity Goals and Description

The goal of the Biological, Behavioral, and Soecial Sciences [BBS] activity
advance understanding and insure the continued scientific
by support of research which

15 1

strength of the Nati

®  augments knowledge of fundamental life
man

Nnrocesse
I cCesses

member ol

lactors perlaining
and as a X
organization and developmen! of human societies anid
communities;

as an individual sociely, anc 1e

other

develops and maintains research data se

resources, complex

dvanced meth

tor further research, both fundamental and applied

The Biological, Behavioral
subactivities: Physiol

analyses, innovative techniques, and

subdivided
: Behavioral
Sciences. The

and Social Sciences are
. Cellular and Molecular Biology

H:ll:ll_!_‘. .

into
Sciences: Environmen and
supported by these subactivities contr
sireng

[undamenta
to the NSF

ie research on natural and social phenon

s significantly
en the Nalion's scientif
phenomena range [ro

components of life, such as biomolecules, to

the complex

social sciences. New

posstbii L r ap ! 1 oph Tar n 18 Ihe gualily g

life,
i

greater oppor tor eco 1 sacial

utilization of resources are e bhene

Explanation of FY 1978 Increases and Decreases

I reques! {or Biological, Bel

Hion {14.3 percent




of $126.65 million. This increase will provic of conducting

research and for new research opportunilies in i i Basic research
relaled tp human development v, food, energy. ¥ . inflation, and

are

employ

Molecular Biol | al. cellular and
plant sciences. 0 | | synthesis, nitrogen
|::Il.-:|||| {|| ‘l. | ;! 3 5 anf int |!"-J'III||"‘II o5 €55
r s and dilferentiation ell culture capabilities
biohazardous research; a methodologies and new
the sensitivily ol mea ent in molecular hio
($58.900.000 ; an increase of $7,800,000 over FY 1

Behavior: and ral Sciences—Supporl for studies ol key aspects ol
tem. and the sensary systems; rese irch on

behavior. including the nervous system

coenitive development and language acquisition ir children: anthropological
more emphasis on social

of $4.700,000 over the FY

research, including more accurate dating te hnology: ar
psychelogy in real life settin

1977 level)

Research on adaptation of plants to particular

nvironmental Biology
imong healthy

onments, especially genetic var hility lispase resislanc
populations i [reshwater ecosyslems a | roecasysiems, with special
allention to ||l|u_‘.g'.| livity, species com position and nutrienl 1 veling. ($33.600,000
an increase of $3.050,000 over FY 1877

Social Stiences—Theoretical er rical studies pertaining to inflation, natural

resources, unemployment and world trade: the development ol ma hine readabls
data resources in sociology and politit al sci - and comparison and validation of

000.000, an increase of $2.600,000 over FY 1977)

economelric models
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SCIENCE EDUCATION

FY 1978 Program Total : Ry L $75,700,000

Sclence Manpower Improvement $24 BE2IT £24.700,000 $30,260,000 3 £ -480.000
Science Education Resources

Improvement 24,324 332 24,200,000 28,370,000 32,600,000 4 230 000
Sclerice Educalion Development

and Research 10,932,128 11,700,000 11,250,000 8.200,000 3,050,000
Science and Society 2,342,083 3.400.000 4,320,000 5.200.000 380,000

Total §62 480,680 §65.000,000 §74,300,000 $75.700.000 $1.400,000

New Obligational Aulhority 552 454 804 $55.000,000 $55,000,000 $75,700,000 $16,700,000
FY 1975 Carryovers 313,064 —0— . —0 -0-
FY 1975 Deterrals 8.2 T12 i o -0 —0—=
FY 1976 and Transition Qunris

Carryovers —0-— —0— 5,300.000 0— -5,300.000
Fe2L™s Delerraly ~0 10,000,000 10,000,000 0- -10,000.000
Science Education Program Activity

Tatal S62 450,680 $65.,000,000 $74.300,000 §75,700,000 £1,400,000

Program Activity Goals and Descriplion

and directed to:

supporl programs lo strengthen

levels " (PL .B1-5

on supports
{ these subact
Science Eidu
are
Science Munpower Improveneni—To identi

e manntenant 0l high slantdar




67

students and professionals in the sciences and to stimulate more participation in

the sciences by minorilies, women, and the handicapped

Science Education Resources Improvement—To streng then and
gquality of science inst i and research training in schools,

universities and provide incentives for the use ol validated knowl

effective mnstruclional strategies in science education

Science Education Development and Research—To
how scientific concepts, processes and skills are lea

development of means by which the gt

v, relevance
|||II| ASSES 1IN SCiEnce Can |'-|' l”]iH‘l'\'l"!.

Science and Sociely—To bring about greater understanding of science and
technology as it affects contemporary life including the social and ethical
implications of an increasingly tec hnology-dependent society

The science education program elements within each subactivity have bulpuls
or products which cor ~“.;||-|1||. to stated objectives. These are: (1] a flow ol highly
qualified scientilic personnel who possess relevant scope and skills for employment
in the public and private sectors; (2] improved capabilities of schools
institutions of higher education lor research training and education in the s
(3] knowledge, structional technologies, methods, and mater ials to Increas
performance and productivity of the science education syslem; and |

snciely

understanding and information aboul the role ol science an

Explanation of FY 1978 Increases and Decreases

S75.700,000

The Science Education Program Aclivity eshimale for FY 1978 is
1977 level, after

This represents an increase of $1,400,000 or 1.9 percenl over the FY 1

accounting for delerr: and carryovers lror ior years

Several lactors have affected the ali nl of programs in the FY 197 plan
Specific shilts in priorities can be seen in the change in funding pattern over the FY
1976 1o FY 1978 period. These priorily shifts are primarily in response lo Iwo
influences, The lirst the Congressionally mandated sel of ac tivities for

improving: (1] the quality ol instruction n schools and colleges in science: (2

opportunities for entry inlo science carcers ol disadvantag
the ability of the public to respond to issues bearing on t
science and society. Since FY 1976 seven new prog

authorized to implement these concerns. They are
1. Comprehensive Assistance 1o lndergraduate Science Educati
Research Initiation and Support;
Minority Centers for Graduate Education;

Seminars and workshops for Pre-College Teacher Developr
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}:I\;:.:Il-ﬁnr: of Minorities and Women program (o include the ;l:'li'ﬁli.<|lf‘.
handicapped;

Research in Scient
Science [or Citizens

Ethics and in Science and Technole

rScientisls I E ieers programs have be

A lurther fact Y 1 program priorilies heen 1
Science Bo wilh the exisling role of women and mi
Nalion's sci lic manpowel k. For e in M: 1976, the National Scie
Board p d a-res on- re sting th srams and alternative approaches ;
the I, uler si-haccalaureale levels b ||"‘.>:|'|.‘-|!
involyi e mino ; mis in the sludy ol science.
These new emphases, combined with the Foundation's review and restruct
Science Educalion Deve 1 antd Research subae ity, resulied
s and a subsequent re ation ol
FESDUTCEs as the s ity descriptions which follow. Briefly, these

subachivi

Seience Manpowaer woment, A decrease ol S660.000, aor 2 percent, lo a

al ol $29.7 milli A expanded program for minorities, women, and the

physically handi hasized as well as an expanded program
] hool sl v ducational backgrounds have not beer commen-
their native iy forts to make more effective ulilization of

l"'hi-.||u loral scientists in meeting science-related national needs are also stressed
I'he Undergraduate Research Participation program has been reduced, and the
Tunds are allocated to other support mes hanisms for undergraduate education. The

ted and resources ri Hocaled

National Needs Traineeship program has been termin:
to the National Needs Postdoctoral Fellowship program

Resources Improvement. An increase ol $4.23 mil

percent a total ol $32.6 million. The new Minority Graduate Centers program

elemen wslablished in FY 1977, is located in this subactivity, as are Comprehen
sive Assistant 10 Undergraduale Science Educ n (CAUSE) and Research
Initiation and Support ([RIAS) which were es ished in FY 1976. Growth in the
CAUSE program accounts [or moest of the ase in FY 1978 program. Ther

also  an in the newly structured Inlorma n  Disseminalion
Undergrad nstructional Impro rams. The Pre-Service
Edut n im will be te 5 il A menlt, since such
are eligible fao yimprehensive Assist ]
Scient sducation | ram he Local Course Tmprove
Research in Science |
pment aclivities are decre
for o total FY
1

more factual information aboul needs
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and trends to provide a firm § wandation

completion of several |

il':llllli‘.ila pr
Innovation i
identified

lemenls antl

RESEARCH APPLIED TO
NATIONAL NEEDS

FY 1978 Program Total $78,000,000

Summary of Obligations by Suba

$1.500,000
9,600,000
23,000,000 400,000

$15,201 436 $10,000.000 £10.000,000
26,981,970 245 300 24,900.000
24,107 868 24.400.000 23,400,000

Resources
Environment
Productivily
intergovernmental Science &
RAD Incentives
Exploratory Research &
Technology Assessmen! 1.399.65% 30,000 1,400,000 2,000,000 600,000

4,335,764 4 600,000 7.900.000 7.000,000 900,000

Tolal $64.900.C $67.600.000 LTA 000,000 £10.400.000

Program Activity Goals and Description

| 1o Nalio

contribul
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RANN is organized around five problem areas: Hesour
Productivity, Intergovernmental Science and Research and Devel
and Exploratory Rescarch and Technology Assessment

The objective of the Resources subactivily of RANN is 1o develon
and new technologies which can lead to more effective utilization of renew
nonrenewable resources in the mal interest. The objective of the Eny
subactivily is to enhance the Nation's apability 1o mitigate environmenta
whether natural or man-caused. The ohjective of the Pre
help improve the total factor productivity of the publis
enonimny

Considerable [lexibility exists in supporling resear
three interrelated

The abjectives e Exploratory Hesea el Teel

subactivity are to provide betler |||1|!<'r'-l'.:n|!:!1-t of the long-ra

mental, and economic consequences ol new lechnology applications and 1
and analyze emerging national problems which might be avoided or |
applications of the appropriate science and technology. In a sense. thi
provides an "open window™ 1o the scientific community to explore innovilive ideas
that might form the basis of new problem-focused programs within RANN
The Intergovernmental cience. and RED  Incentivis
encourage the effective integration of science and technnls
programs of State and local governments. The seconid nbie
incentives which the Federal Governmenl may properly use
mnvestmenl Lhe privale sector where new lechnology is neoded
interest. Particular aftention is given 1o small husiness
industries
Each of these subactivities focuses on problem areas impo
being and strength of the Nation. Each is also highly complex and interreli inil
this creates both an opportunily and a reg wnt Tor the multidisciplingan
problem-oriented research which is characteristic of RANN. For these reasons. Hhe
RANN program follows a best performer policy, utilizi as appropriale; the hesi
scientific and technical skills in universities, national labor amd iy
The problems selected for attention by RANN share several characlerislivs

accordan with the following leria: [1) thev hawv 1t national

signilicance: (2] the payoff of research is expected 1o significantly excood the costs

ol research on the problem; (3] the leverage of science and technolosy on the
problems is substantial; (4) the efforts are timely and scientificallv ready: (5]
academic, industrial, and Federal capability exists to mount a successiul research
program; |6] there is a need for Federal action in that the pequired reseiarch on 1he
problems would not likely be generated by normal market forces: and NSF is in
a unique position to serve the objectives of the Government in that the problems
addressed by RANN either overlap the boundaries of several mis i

between the boundaries of the charters of mission agencies, o1

range needs of one or more agencies
Problem areas receive attention by RANN only after they v been ex
extensively by leaders in the scientific and the user comn ies. RANN




supported hundreds of conferences and workshops, involving tens of thousands ol

experls from industry, labor, governmenl and universities, to assure thal majo
ging problems and the highesi potential payoll in exploiling scienlilic
ological opportunities lor resolvine the problems are identified. RANN

cations Policy  Advisory Committee (composed ol oulstanding

ersilies, indu v. labor. State and local government, o the

advises o :Mﬂm‘mmm;pmvt:-Mr\uﬂlmww.h

Research areas of particular importance (o Shale samd loca

povernment have been identified theough suc h mechanisms as the RANN-suppuoris

| v Technology Svstem. and State problem wdentilicatinn
studies. Special conferences and workshops in ving libor and imduos hoth
large and witll, have been led 1o abtain puls from these seclors on the RANNMN
Progriam Il ol 5 its play a key role in planning the RANN program
Problem areas appearing in U FY 1978 requesl  have all underaons
examination by these processes
Lipon Immemm}hN”;mﬂmw:ﬂwwaM!Mw:mmeuumw”
RANN, a detailed program plan is leveloped identifv the resources
fimine of research activities needed to assure thal the res rch will proceed
elfective manner to achieve the specilied objectives. Program plans are based on thi
best judements available concerning the slate ol the science; the capacily ol the
fmmmh!nnmmVHWPWHLMMI%Wmm!wvaa'-- esiment
hieving the objectives. Milestones are built into I s so that
il the achievemen! ol objeclives can he tracked T i . program
il |

the research has been brough I whuere il

SO communily including other ||l||'alil agencies and

Explanation of FY 1978 Increases and Decreases

Ihe total amount requested for the RANN Program in FY 1978 is $78.000.000,
uaHHLUMHmJﬂmU%hrL|muﬂphmHMHﬁ$Wmemmhnl\|Um'|MH”'W ¥
is reguired b 31| imelv and cost-effective attainment ol gstablished objeclives

Resources is in i I by $1.500,000, from $10.000,000 1o a new level

S11.500,000 rease wil permil essenlial acceleration ol - research

renewi ticularly in the areas ol wMLmumHmmilmdx
biomass utilizalio his research ts aimed al enhancing the Nation's al
|r|'..||I:|.d' Toogd Tror wnconventional sources on an economit ally « aompetil
and At oblaining e effective use of 1 ively plentiful renewable resources
nchemicals dant 181 -||r|".]'u':|;.|: purposes

The incre of $9.600.000 from 524,900,000 to 534,500,000 in Environmenl
permits new and expande research on e meineering and on ulilizalion o
r.l:’.hl;u.a!-l' ng research resulls, » nocrease in this area s hased
findings a recent report 1o the President entitled, Earthy [
Hazard - Mi tion. Research on such cross-hazard issues as posl-disastel
and inleg disaster warning systems will also be acceleraled to permi

achievemen essential objectives
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Science,
Partially

o permil

100,000

Congress,

study

SCIENTIFIC, TECHNOLOGICAL AND
INTERNATIONAL AFFAIRS

FY 1978 Program Total $22,600,000

Summary of Obligations by Subactivity

International Cooperative Scientilic
Activities
e Information Activities

200.000

& Planning

Total 22.000.000 £20.600, 22, 000 $2.000.000
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(1) National R&D fundine palterns, the relationship between Federal and
private sector R&D, and the national scientific, engineering and technical
manpower systems with special emphasis on supply and utilization:
The innovative processes in the private sector, the relationship belween
Federal policies and technological innovation, the socioeconomic elfects o
technological innovation. and the role of science and technolooy

international relations;

[3) The planning, evaluation and analvsis of NSF actlivities

Explanation of FY 1978 Increases and Decreases

NSF has received advice and requests from the Executive Offices ol the
President, the Congress, other Federal agencies (especially the Department ol Stale)
as well as nongovernmental organizations. The requested increases [or FY 1978 are
responsive to these needs and priorities which require a higher level ol investment
if STIA is to meet its international commitments and its obligations to supply
objective dala, informalion and analyses that can improve the policy Tormulition
and decision processes with regard to science and tec hnology.

Of the total increase of $2.0 million requested for STIA. it is proposed thal 1he
International Cooperative Scientific Activities be increased by $1.8 million, un
indication of the growing importance of such activities 1o both 1.8, science and
toreign policy. A large fraction of this increase is requested for a majo
nonrecurring international activity—%1.1 million will permil the Foundation 1o fund
government-wide preparations fer the UN. Conference on Science and Technology
planned for 1979 or 1980. $400,000 will supporl the announced dues increases anil
related administrative costs for U.S, participation in nongovernmental international
scientific organizations. The remaining $300,000 for international progra

requested to support initiation costs for three or four new bilateral S&T agreement s to
be executed during FY 1977, and to offset higher costs for scientific exching
programs. The existing bilateral programs remain level-funded

The $200,000 increase for Science Assessment, Policy and Planning requested
tor FY 1978 will be used to continue and upgrade the regular, periodic surveys
necessary (o maintain the national R&D data base; to provide for special analyses
and evaluations aimed at increasing the utility of the data base: and 1o conduet
special analytical studies of issues currently of greatest concern 1o Fed
policymakers. No increase is planned for Science Information Activities until the
results of the comprehensive review of this subactivity are available. The details
justifying these increases and descriptions of the specific purposes for which they
will be used are contained in the special sections, "Explanation of lnereases and
Decreases” in the subactivity sections of the budget.




PROGRAM DEVELOPMENT AND MANAGEMENT

FY 1978 Program Total ........c.ccovmsorsrrescarnannssosascncancns $47,825,000

Summary of Obligations by Subaclivity

Mathemalical and Physical Sclences
and Enginecring
Astronomical, Atmospheric, Earth
and Ocean Sclences 39578673 4,186,500 4,376,000 4,490,000 114.000
Biclogical, Behavioral and
Social Sciences 1,550,649 2,718,000 3,155,000 3,466,000 311,000
Science Education Programs 3,276,330 2,888,000 2,978,000 3,203,000 225,000
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operation, supporl, managemen! and direction ol all NSF programs and activities
previously described, and includes necessary funds to develop, manage, and
coordinate these program aclivities. 1t includes salaries and operalional expenses ol
NSF stalfl and all expenses of the National Science Board
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tion. which realigned the organizational structure lo carry oul currenl prog
responsibilities more effectively and to provide a more efficient and [lexible
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inthatives
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an Administration Directorate together with five staff offices reporting lo the
Director. The six program directorates are direc tly concerned with the operation
and management of one or more major discrete segments of the Foundation's overall
science programs. Basic research is strongly represented at Foundation top
management level by three assistant directors, each representing related groups ol
scientific disciplines. Major applied research activities are identiflied and grouped
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Senator Kex~epy. Thank you very much, Mr. Atkinson.

Some of these matters you touched on are especially interesting but
I thought I would hold some of the questions until you finished your
commonts

Let me ask you now about what effort has been made to include non-
scientists and precollege science educators in the next list of Board
nominees which will be submitted to the President ?

Has there been any effort in those areas?

Dr. Hackerman. We have looked at a variety of lists. T would like
to ask Dr. Nierenberg, who chairs our ad hoc committee on NSF staff
andNSB nominees, for Board members and others, to respond.

Dr. Nierexserc. We looked very seriously at this question. Mr.
Chairman, and consulted very w 1(1{-1\ I presume we are talking about
members of the Board ; is that right ?

Senator KEnNEpy. Yes,

Dr. Nierensere. Eight vacancies will occur in May 1978. However,
we have decided to start quite early, partly in response to this partic-
ular viewpoint.

Our list does contain names of persons we have defined as public
members. We have been rather careful about this, Mr. Chairman. 1
say “we.” I am talking about current members of the Board, past m{'m—
bers of the Board. and others whom we have consulted ver v widely.
Board members, we are not simply an advisory committee. We ahn
have serious executive responsibilities in precisely many of the
questions that you outlined, all of them with very :lnport.mt prsntm
and budgetary implications. This requires a high degree of expertise.
sensitivity, and talent between very different dise riplines.

One of the results is that. while we welcome additions to the Board
in the sense of public members, I think we possibly defined them more
narrowly at the moment. We define them as permanent, public indiv 1(1
uals who have had considerable experience in government matters
and public matters. but are not specifically tec chnical or sc mnt]h(
people. These are tlw kinds of names we are consideri ing.

We also are reviewing the entire statute regulating our choice of
members and our own histor ically perceived basis for members to try
to formulate this new policy, in line with our other requirements—
geographical, disciplinary, administrative, and so on—realizing in the
end we are limited by the number 24 to cover all of these great varieties.

Senator Kex~eny. There is nothing that vou said that T differ with.
But T will say I do not see how the pmnr that T am making runs con-
trary to w hat vou have suggested.

Of our 24 Board members now, how many do vou have precollege
science educators? Do you have any ?

Dr. Hackermax. No.

Senator Kex~epy. I think this is an area, as we have seen over a pe-

riod of time, which I think is extremely important. This is particularly
true when you are talking about interesting young people in science
and science education, particularly getting women and other minority
grouns involved. It is an area which needs to be represented. I mﬂt
know. in terms of mv own State. that there are some really outstanding
precollege science edncators that have been sources of enormous inspi-
ration to individuals in going into these areas.
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The 1950 National Science Foundation Act also calls for people in
public affairs toserve in the Board. It seems to me that there are knowl-
edgeable people available. We have some on our OTA panels. We
include on those panels people who have public affairs interest and
they, in many instances, have been the most active and interested panel
members.

It seems to me that those are things that ought to be considered. 1
am mindful of the enormous responsibility that the Board has in look-
ing over the budget of approximately $900 million. I suppose you
could ask whether people who are busy as the Board members are
and who have the responsibilities that many of them have can be
effective. Even with the staff support that they may serve on a part-
time basis.

The Board members are enormously busy. They deal with very
complex issues. But this should not include public members or those
that are involved in the precollege science serving on the Board. 1
think that is an issue which is an important one and which we ought
to give consideration to.

Do you have any ideas on that?

Dr. Arxinson. Senator Kennedy, let me augment that remark by
sayving that the Foundation, as you well know, and with good advice
from your office has set up an advisory council of 24 members, not
in any sense to replace the National Science Board but to supplement
its deliberations, particularly on a longer term basis.

Five members of that Council are nonscientists, including three
strongly identified with public affairs. In addition, nine other Couneil
members, while having a science background, currently are active in
careers that encompass the arts, the humanities, or other nonscience
activity as well.

The Council will have its first meeting this spring. I might tell
vou that we invited 24 individuals to join the Council. All 24 of our
first choices accepted invitations.

Senator Kex~xepy. I think it wounld be worth while for nonscientists
to serve on the Board itself, with all the preeminence that
it has. How does the Board function and relate to its responsibility?
I't meets just 2 days a month-—what is the attendance record of that
Board ?

Dr. Hackeryan. Generally, 21 out of 25 at the very least.

Senator Ken~yepy. That is excellent,

Dr. Hackeryman. It is quite good.

Dr. Nierennerc. I would like to respond to the first two points.

Senator Kexxepy. You do better than congressional committees
on attendance.

Dr. NigrexnserG. Mr. Chairman, from the viewpoint of everyone
with whom I have discussed the matter, precollege science educators
would be, in our view, completely appropriate as Board members
and would be found on our list.

The second one is really in agreement with what T was trying to
say.

You were suggesting some precision in public affairs, public rep-
resentatives, the sort of people involved with the Office of Technology
Assessment. I would agree also. Normally T would not want to men-
tion names, but I would say someone as distinguished as Emilio Dad-




dario would be considered eminently qualified as a public rep-
resentative,

I am talking about “we” on the basis of the consultation we have
made.

The third point is about busy Board members. In consideration
of any appointment to committees of this type. you are always caught
in the dilemma that the people vou want are always the busiest. The
question is, how do you compromise available time versus quality being
sought.

Dr. Hackerman. This Board is busy, Senator; but they do work
very hard.

Senator KexNepy. We are very interested in the ethics provisions
which were included in your authorization last year.

In the fiscal year 1978 budget what funds are provided to train per-
sons with special skills needed to carry out studies on ethical and
alue implications in technologv. Can you talk about that for a
moment, what provision exists in the 1978 budget on that?

Dr. Arginso~. It is a small dollar amount.

Senator KEx~NEpy. About $500.0007

Dr. Arxixsox. I will turn to Dr. Averch and let him comment on
that.

Dr. Averca. The total request is $1.4 million. Some of those funds
are clearly for training of individuals who might want to work in the
field. I do not think that is our entire budget. because some of the
proposals that we get in other programs deal with ethical and value
questions, and for training undergraduates or, on occasion, graduates
in these issues.

So our total program budget would be somewhat larger than the
$1.4 million.

Senator Kex~epy. I am particularly interested in that.

Could you give me a note on that; what you are doing, what you
plan to do on that ?

Dr. Averch. Yes.

Senator Kex~py. That wonld be fine.

[ The information referred to follows:|
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Senator Kexnepy. In the Science for Citizens program there have
been concerns that funding for citizens groups expect cause delay in
Government decisionmaking, I am mindful of the Boasberg Report
done for NSF on the impact of funding for citizens groups. Mr.
Boasberg found that there is no evidence of delay resulting from citi-
zen activity in the environmental area, even after 6 years of various
law suits.

I am wondering whether you agree now that this argument against
direct funding ought to be put to rest.

Dr. Avercr. Senator Kennedy, I think we should put the question
to the direct test and take a look at and evaluate public service science
residencies and internships. There has been a good deal of debate, as
you know: not so much about public understanding of science projects
but about funding so-called intervenors,

We are not proposing this year to experiment with direct interven-
tion, but with essentially public understanding kinds of questions
called for in the legislation. We are prepared to go ahead ; and in fact
the National Board has approved the program guidelines for this year.
We should be seeing proposals soon. Then T think we will be able to
put the question to rest once and for all.

Senator Kex~epy. That is encouraging.

You obviously do not provide direct funding to any groups. You
provide technical information, forums for interested groups?

Dr. Avercn. That is correct.

There has been some concern, though. that intervenors or advocacy
groups could use that information, could perhaps get access to it more
rapidly than the public and could conceivably bias the proceedings.

We are suggesting that in whatever projects we do fund, either
conferences and workshops or residencies, that information from those
projects be disseminated as widely and as rapidly as possible.

Senator Kexnepy. In the international programs which T mentioned
very briefly in my opening comments, would you like to comment on
what is being done whether in health or nutrition or food production.

Isthere anything you want to say on this?

Dr. ATkinson. Senator Kennedy. there is a long story here. T would
like to introduce into the record some 20 items that we have called out
as notable suceesses in our international program.

( The information referred to follows:)




International Cooperative Programs: _Some Recent Achievements

Polish and U.S. scienti have designed a novel instrument to measure
the contact angle, between liquid and solid surfaces ore accurately
and reliably than by earlier methods. This measur L is funda-
mental to many industrial processes. (SFC RRA)

The control of obesity, a major world-wide health hazard, is now better
understood owing to the discovery by U.5. and Australian scientists that
a metabolic hormone, norepinephrine, is released by the nervous system
when food is eaten. (U.S.-Australia)

Photorespiration, a light dependent process in plants that interferes
with photosynthesis and productivity, is now known to occur in marine
plants as well as land plants. This finding by U.5. and Australian
scientists is significant to mankind because of the major role of marine

P
plants in the world energy balance. (U.5.-Australia

When humans and other mammals are born, their lungs must instantly adapt
to an air-breathing habit. Using concepts from Italy with experimental
methods refined in the United States, scientists of both countries have
discovered that proteins contribute to lung stability during these
fragile moments. (U.S.-Italy)

The International Institute of Applied Systems Analysis, for which NSF
pays the U.5. membership dues, is located near Vienna, Austria, A

iposium held in Warsaw, Poland, in . 1976, led to definition of a
omman international fr rk for st ts of 12 countries in the
field of computer-based economic planning. (International O .)

Because USDA had access to Russian literature under the NSF-coordinated
SFC science Information Program, Bell Laboratories was provided with a
highly efficient new design of a "sea plow" for trenching transoceanic
cable. (SFCSI)
U.S. and Kenyan botanists collaborated in Nairobi on a study of the e
drought-resistant characteristics of six ~jeties of finger mi
and three luzal vegetables. This information is urgently needed to
increase tropical agricultural productivity. (SEED)
An important and pressing set of socio-economic and political problems
~ Southwest is related to | migrations within Mexico and
For the first time sufficient data
en collected to enable syst tic predictions useful to
in both countries. The existence of a formal, intergove
nt was necessary to release the data. (U.5.-Mexica)

A U.S. university could not have started research with its new cyclotron
facility without Australian instrumentation and data processing.
(U.S.-Australia)
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Plants belonging to the buttercup family appear to contain a wealth of
antibacterial substances new to science. (U.S.-Japan)

A Soviet scientist visited a U.S. scientist who was working in a field
far removed from his main interests. In comparing notes, they guickly
and unexpectedly found that they could devise a radically new way to
determine the nucleotide sequence in DNA. (ISS)

Using temperatures close to absolute zero (minus 459 deg. F.) U.S.
and Brazilian scientists have slowed down the motion of molecules
in order better to understand their behavior at surfaces. In
studies of the adsorption of helium molecules at graphite surfaces,
the low temperatures also kept the surfaces extremely clean for
longer periods. The joint project of Stevens Institute of Tech-
nology, New Jersey, and the Federal University of Rio de Janeiro
has produced basic data regarding surface structure and energy
changes, needed by other experimenters in basic science. The

data are also useful to engineers who design such solid state
elements as transistors and solar energy devices. (U.S.-Brazil)

It is no accident that all the crystals in the sugar bowl are
the same size. The control of crystal size (for marketability
or usefulness in chemical processing) of pure substances was
investigated by U.S. and Australian scientists by means of
computer models. They devised a process for continuous (rather
than batch) production of uniform sugar crystals that is a major
theoretical advance widely applicable in the chemical industry.
(U.S.-Australia)

A new concept of the reaction of chlorine gas with metallic silver
surfaces has resulted from the collaboration of U.S. and Italian
materials scientists. Scientists of SUNY/Stony Brook were experienced
in studies of the structure of clean metal surfaces; those at the
University of Florence had studied chemical reaction mechanisms of
metals with gases. As a by-product, they developed new theory
applicable to low-energy electron diffraction, a powerful method

for the study of metal surfaces. (U.S.-Italy)

'

A major oceanic current, not wind, is responsible for marine upwelling
in the Southwest Pacific Ocean. The current, the Kurushio, flows

from The Philippines past Taiwan to Japan. As it changes course,

it causes the upwelling of deep, nutrient-laden water to the surface,
with profound consequences for fishery resources and other marine life.
This important ecological link to the Kurushio was discovered by U.S.
and Taiwanese scientists. (U.S.-ROC)

A fragment of the complex molecule that regulates calcium levels

in the body has been totally synthesized for the first time as

the result of a 6-week visit of a young scientist to Australia. The
unusual ‘success of the visit was attributed to careful planning and
shared skills. (International Travel Support)
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Compilation into tables of experimental data about the positron,
a kind of short-lived atomic particle, is expected to lead to
better understanding of chemical processes, the conduction of
electricity by metals, and other basic properties of matter.

The data represent 33 years of effort by atowic physicists all
over the world. The tables were jointly compiled by physicists
from the United States and India. (SFC RRA)

For two years, U.S. information scientists had tried to solve a

general problem dealing with the transmission of digital infor-

mation over communication channels that have "memory," but which

are also affected by interference. They were saved several

additional years of research effort by attending a recent U.S.-U.S.5.R.
conference in the Soviet Union. Soviet experts shared their own

concepts which were then used by the U.S. group to solve the

problem. The Soviet techniques are now in general use by the

U.S. group. This significant contribution to information theory

may lead to development of improved communication systems. (0.S:i<U:5.5:R.)

The understanding and exploitation of geothermal energy have
recently become important subjects because of .the world-wide energy
crisis. Scientists of the Universities of Hawaii and Pisa, Italy,
have recently discovered better ways to measure heat and pressure

in subterranean molten rock (magma) formations. They have also
developed a new seismograph for recording tremors generated by magma
chambers. (U.S.-Italy)

A manual to help persons who must identify rusts and other diseases
of such plants as coffee, beans, and tropical cereals is being pro-
duced by a Cornell University scientist in cooperation with colleagues
in Brazil. The project has collected 500 samples for study and has
described 3 genera and 10 species new to science. For the first time
a rust that affects palm trees has been identified. Such findings
become important as increasing use is made of tropical lands for
cultivating crops. (SEED)
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Dr. Arinson. I might turn to Dr. Nierenberg to comment further

Dr. Nierexsere. Mr, Chairman, the principal comment I could make
is that we agree completely with your point 4; it is stated very well
and suceinetly. T will spoil my comment by continuing and saying a
little more. That is, it is a very important growing area. My opinion
as a member of the Board is that we have reasonably good working
relationships with the Department of State at the working level which
is very important. I think the problem that persists is more with our
own Board, I must say that has not until very recently been sufficiently
involved with these matters.

The Board is and has been for a year and a half taking a much
deeper interest in these problems; partly, and let us say, because of
budgetry implications which are growing.

I am particularly struck by your choice of very important matters,
those that affect health, agriculture. and nutrition, and then your
mention of energy in your opening statement. Those, of course, are
very important. We are particularly well equipped to help the Depart-
ment of State and other agencies in the substantive parts of the
programs.

These are the ones that I call, for lack of a better definition, rather
political in nature.

There is another class, which is very agonizing right now,. that is,
having to do with freedom of research in the mid-oceans. That, of
course, is related to the Law of the Sea negotiations. We have worked
very closely with the Department of State in this area, too. It is an un-
happy situation, as you well know.

There are other very important problems that are characterized
with some naivete as nonpolitical that are coming more and more into
international operations; for instance, global pollution problems such
as those relating to the ozone layer. 1 did mention freedom for research
in oceans and other related problems such as the weather problems and
the climate problems. Climate is a global problem.

There is the Antarctic program and related programs. Again, the
Foundation is in a peculiarly good position to be the substantive organ,
so to speak, of the U.S. Government, working with the State Depart-
ment and other agencies in these areas.

Above all, we must never forget the value of sceintific exchange
programs in dealing with people and hoping to develop human
understanding.

I would like to quote Prof. 1. I. Rabi, who has been working in in-
ternational programs for many years: that seience is one of the most
valuable bridges between people, and hence performs a valuable fune-
tion in this regard.

To summarize, Mr. Chairman, we as a Board have been becoming
more and more aware of the importance of these problems and work-
ing very hard to do exactly what you say.

Senator Kexxepy. T have a number of other areas, before vielding
to Senator Chafee.

The problem that T have seen in the past—I do not know whether
you care to comment on it or not—is that in too many instances, the
NSF has had international programs and projects jammed down its
throat. We suddenly wake up in the morning and find out that X
President has agreed with the President of ¥ country in an area of
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scientific research without any consultation with you. Priorities seem
to be established by other agencies rather than your own.

I quite frankly feel that NSF and the Board members are the best
equipped to make those judgments. These matters ought to come
through the initiation of the Board and the NSF staff rather than
the other way around. We need to be sure that the State Department
understands that and calls on you.

To the extent that we can be supportive in that area and work with
you and remedy that situation, we will welcome the opportunity to
do so.

Dr. Arkinson. There is a great deal of interest in this matter. The
Foundation has been in active contact with the State Department,
with the Office of Science and Technology Policy, and the Federal
Council will take up as a primary item on its agenda the issue of the
coordination of our international science programs.

Senator Kexxeny. I want to have an opportunity later to talk about
our young scientists and engineers and continuing education programs,
and what is being done for minorities and women.

I will yield now to Senator Chafee.

Senator Cuaree. I have some questions here which Senator Griffin
had prepared for Dr. Creutz, and perhaps if you could give a rather
brief answer to some specific questions, oddly enough dealing with
Michigan, and if you will be good enough to submit these for the rec-
ord, I think it will be very helpful.

Dr. Crevrz. We will be pleased to do so, Senator.

[ The response to Senator Griffin’s questions follow :]
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Responses to Senator Griffin's Questions:

Question:

1. Are you familiar with the efforts being made by the University of
Michigan to obtain funds from NSF to assist in building a Naval
Architecture and Marine Engineering Center?

Answer:

1. Professor Ogilvie visited the Foundation on February 7 and discussed
his ideas with me. Several of the Foundation senior staff were
present as were the Acting Division Director of Engineering along
with relevant program staff. The meeting was informative.

Question:

2. Do you believe that there is a national need for the kind of
facilities proposed in the Feasibility Study submitted by
Dr. Francis Ogilvie for research, development and education
in support of the Marine industry and of Marine-related
government agencies?

Answer:

2. During our meeting of February 7, Professor Ogilvie provided
the Foundation with a detailed report concerning the question of need
as well as the major features of such a center together with a sugges-
tion for a management plan. The Foundation is presently digesting
the contents of this report.

Question:

3. Do you believe that if such facilities were to be built that a
synergistic approach -- combining research, development, and
education programs —— would be most desireable?

Answer:

3. The Foundati is considering a feasibility proposal from Professor
Ogilvie relating to the question of a Naval Architecture and Marine
Engineering Center. The final results of such a study could provide
a clue as to the relative merits of a synergistic appro: Vs,
some other approach.

Question:

4. Do you consider the University's proposed plans as generally sound
in formulation and/or estimated costs?




Aanswer:

4. We have not yet made an evaluation which would permit us to answer
this question.

Question:

5. The University of Michigan is going to contribute a $2.5 million
building to the proposed Marine Center. Do you feel that the
remainder of this project's cost should be supported by
Federal funds?

Answer:

The possibility of support by industry users of the facility should
also be explored along with the exploration of possible federal
support.

Question:

6. Would 1} sponsorship of the Marine Center help ensure that the
Center would serve ch Federal agencies as the Co
Navy, ritime Administration and Corps of Enginee
as the Marine Industry?

Answer

6. The F rion's sion is to s C arch in science
and e eering whereas the other agencies > roles distinctly
different rom NSF, It not clear what effect NSF spc

would have on other agencies.
Question:

7. What is your opinion of the University of Michigan a:
for the Center?

Answer:

7. University of Michigan 1} a well establis N: Architecture
rineering pr am with a most competent and active
t would be safe to a > that their interest in
in the future; however, any detailed

emature.
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Senator Cuaree. I must say I was impressed by the way NSF
works and the way you were able to give out your grants, and there
seems to be so little—both public and professional criticism of what
you do. There are very few agencies that seem to survive without a
good deal of eriticism.

I don’t know, but there don’t seem to be many disgruntled univer-
sities who don’t get their share, who don’t come back and attack you for
favoritism.

So I am impressed. Maybe you do spread it around generally
enough so that everybody gets something, although I'm sure that’s
not part of your modus operandi. Some 2,000 do get in on it, do they,
the share?

Dr. Arkinson. The real success, Senator, of our program, is that
we rely heavily on the scientific community to make these decisions.
We have each year more than 30,000 scientists contributing without
any payment to the peer review process. It is that peer review process
and their evaluations that are the basis for our decisionmaking,

It’s a very public matter, As soon as a grant is made, the scientific
community knows that the grant has been made, so there is a public
monitoring of it. In that sense it’s a very open—and I think very ef-
fective—process,

Senator Cuaree. Well, certainly. I didn’t mean to be facetious, be-
cause I think it is extraordinary. T have had some connection with a
university, and when they lose out they never ery “foul,” but every-
body seems to be satisfied that it’s been a fair shake, and the way you do
it is extraordinary.

So I would like to congratulate you on that.

Dr. Arkinson. Senator, I'm going to inject yet another remark.
I have had reason to look carefully at Brown University in the last
year; in part because my dauchter is a student there. Brown Univer-
sity has done remarkably well in the NSF grant competition. If one
compares the number of Ph.).’s in the sciences with the number of
grant dollars received, Brown University is about fourth in the country
in terms of funding per science Ph.D. That’s a testimonial to its high
quality facility which seems to be very competitive in seeking research
support.

Senator Cuaree. Well, that merely reinforces what T thought of
your good judgment.

But T would like to say this. Maybe Senator Kennedy, in his
question dealing with the foreign grants—I’m not sure whether it
was Dr. Nierenberg—but word was mentioned of nutrition, and T
just am extremely interested in keeping people healthy as well as
curing them when they’re ill, and T just think the more this country
can spend of its energy and effort and talent toward this whole area
of preventive medicine is a tremendously valued investment.

And as I look over your areas, I know obviously health is—and that’s
very basic research, and percentagewise, I suppose, not a very large
part of your endeavors, is it, the way I look at it ?

Dr. Arxinson. Biological sciences count for about $100 million of
our budget. Basic research both in human biology and plant biology
is a very important component of the Foundation’s activities.

In the reorganization of the Foundation, a special Directorate was
formed to represent hiological areas. The fact that we have one of our
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Assistant Directors responsible for that area—Dr. Clark—on my right
here, is an indication of the importance the Board and the Founda-
tion place on the importance of a strong program in basic research in
the biological sciences at the National Science Foundation.

Senator Cuaree. Well, I just wanted to indicate that that is an area
that T am, really, as one member of this subcommittee, at any rate,
very interested in—the role, the whole effort to keep our people healthy,
and I know it involves a good deal of self-discipline on the individual’s
part, and it is something that cannot be dictated from on high, and
that research won’t necessarily produce the answer.

I think probably we now know many of the answers, but people
won't respect them. However, 1 think that the more attention we can
draw, perhaps through research, to the eating habits of our people,
what they can do to keep themselves fit, is an excellent investment.

Thank you very much, Mr. Chairman.

Senator Kexyepy. I want to join Senator Chafee in his comments.
There is a great promise in biological research and our committee is
going to be looking into the biomedical research being done at NITH.
For instance, we know there has been movement and shift in some of
the diseases which affect the developing world. The work that can be
done in the National Institutes of Health can be very, very profound in
terms of the international health implications.

And AID has a component in international health, which used to
be absolutely superb, and over the period of recent years, it’s had
less priority due to budget restrictions.

But if you visit the Cholera Center in Dacca, you see the work that
that has done in saving lives, and the contribution that has made in
that part of the world. For “chicken feed” in dollars, a lot of good
has been done for humanity. The interests of the United States have
been served as well. It’s really enormously impressive.

And there are opportunities like this across the landscape. You
find what many of these developing countries have done in delivering
health care, and the emphasis that they have placed on preventive
health care. It is extraordinary, in many many instances.

There are great contrasts in delivery of health care, for example,
in North and South Vietnam—enormous contrasts. In many instances,
the techniques for the delivery in many third world countries, in
reaching remote areas, distant populations, is very sophisticated.

There are important implications in terms of health, in terms of
the finest goals of our own society. What we can learn about it, is
profound. It’s an area that we on this committee are very much in-
terested in. We welcome, obviously, Senator Chafee's deep interest
in this. It moves on a little bit beyond vour direct responsibility, but,
it’s one that I think we're underlining and that we hope will be a
matter of interest and concern to the Board.

Dr. ArgixsoN. Senator Kennedy. vour statement that it's a two-
way street, needs to be emphasized. My experience in the year and a
half that I've been at the Foundation is that the United States has
gained a great deal from these programs, and in turn I think we've
done a very important service.

Senator Kexxeoy. If you look at how the budget of the World
Health Organization has been structured in recent times, you see a very
major redirection into these disease researeh in third world coun-
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tries. We have enormous opportunities and there are profound im-
plications for the people of the world as well as for our national
interests and influence.

In another area, could we talk about the oversight of grant recip-
lents. Cases have come up recently in the policy research program
of situations where grant recipients were given so little guidance that
NSF lost control of some of their activities.

In some of the basic research areas, I'm told. oversight is so rigorous,
and funds are so scarce that scientists feel severely constrained.

Now, what can be done to even out this situation and insure monitor-
ing of researchers and assurance that scarce research funds are used
effectively.

Dr. Arkinsox. That’s a complicated question, Senator Kennedy,
and I'd like to add some remarks for the record.

We are in a situation where, with the shortage of funds. we are
turning down a higher percentage of grants than ever: these are
proposals that often are of high quality.

'I’Hu- issue of the peer review process and oversight is one that has
been under careful analysis by the Foundation, and by the National
Science Board. We have made a number of changes in our procedures
and policies that have been widely reviewed by the scientific commu-
nity and generally accepted as important steps forward.

We have not completed that process. There are still some additional
factors to be considered, but the Board’s views are that within the
next 3 to G months, we will pretty well have satisfied our concerns in
this area. ;

On the other I'and, the whole area of policy research is somewhat
special. There is no question that granting policies that cover other
types of research also apply in the policy research area, but it is an
area that is going to require special attention. I think it's fair to say
that the primary item now on the National Science Board agenda is
to review our whole program of policy research and try to determine
whether our policies and procedures are adequate,

Senator Kexnepy. Well, up to date you have only awarded, as I
understand, some $200,000 in policy research out of your $4 million
budget for policy research; is that right ?

And now we are halfway through the fiscal year. The question, I
suppose, is whether you can award the other $3.8 million in the next
6 months effectively, or whether some of that ought to be carried on
over.

Dr. Arginson. I think the answer is “Yes,” we can. Policy research
is really in three separate directorates of the Foundation: in STIA :
policy research very much oriented at science issues: in the RANN
Directorate, a broad range of policy research concerning national
needs; and in a certain sense, in the Social Science Division of the
BBS Directorate, where there are some additional efforts.

But I think your remarks are primarily targeted at our program
called Policy Research and Analysis in the STIA Directorate.

Senator Kex~epy. That’s right.

Dr. Arkixson. I think it’s fair to say that we don’t anticipate prob-
lems in expending our funds in that directorate.

Senator Kex~epy. I'm sure you can expend them.

Dr. Argixsox. Dr. Granger?
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Dr. Grancer. I just had one comment, that the level of grant com-
mitment activity in policy research and analysis in the STIA Direc-
torate is pretty much on our commitment plan established at the
beginning of the year.

We deliberately set out to hold down the grants in the early part
of the fiscal year with the expectation that the Office of Science and
Technology would come on line and begin to want specific studies, in
particular areas, and that these would be funded in the latter part of
the fiscal year.

Senator Kexnepy. Next let’s discuss the young scientists and engi-
neers, and what the NSF has done to provide opportunities for young
scientists and engineers to compete for research grants, to obtain
fellowships.

I mentioned this rather briefly in my opening comments, but I
wonder if you can tell us a little bit about what you're doing, what
programs are provided in the pending budget to assist the young
scientists ?

Dr. Arkixson. Senator Kennedy, I'm going to turn to Dr. Averch
to comment on this. I do think there’s an issue raised that’s a ver;
broad issue. There are specific things that NSF can do now. But what’s
equally important is planning for the longer range future.

As you well know, there is going to be something like a 20-percent
reduction in the number of university-age students in the next 15
years. There is going to have to be a significant decrease in faculty
if universities are to continue to operate in the mode that they are
currently operating in.

What we have is a situation where, over the next 15 years, we have
velatively few expected retirements at the universities, a severe drop
in the enrollments, and if something is not done, there are going to be
very few openings for young scientists.

The Foundation has a number of studies underway, trying to antic-
ipate the problem and anticipate longer term solutions. By that I
mean solutions that would open up positions at universities to younger
s+jientists and would guarantee a steadier flow of young scientists into
the university community. I assure you that that 1s a primary concern
for us.

I think, though, what you're speaking to now is a_view of our par-
tieular programs, and let me turn to Dr. Averch on that.

Dr. Avercn. Senator Kennedy, I will just comment on a few of
the programs in the Directorate for Science Education for young
scientists.

You will notice that we have increased the postdoctoral fellowship
program from $1.1 million to $2.3 million. That should essentially
(double the number of postdoctorals. T think that is quite important
in maintaining young scientists and research assistants, and we're
going to need them.

The research initiation and support program, which is an institu-
tional program, is budgeted at $4.5 million. At last count there were
about 1,600 young scientists being supported in that program. As Dr.
Atkinson noted, many of the opportunities for young scientists will
lic in industry rather than the academic sector, so we are prepared to
fund new eurriculum materials, and to assist the revision of graduate
programs.
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So 1 would estimate roughly there are $7 to $8 million total for
young scientists.

Dr. Hackermax. Senator Kennedy, I would like to interject, if you
do not mind.

At the next regional forum the National Science Board will hold
on April 12, the board made the determination that. aside from getting
the views of regional concern, we would ask the public members who
appeared at those forums about three things that eoncern us.

One of them is the support of young scientists. I have no idea what
kind of response we will get, if any, but the question is uppermost in
our minds, constantly.

Senator Kexnepy. Could you give us a note after you have your
nceting, as to what recommendations they make?

Dr. HackermaN. Surely ; certainly can.

Senator Kennepy. I think that might be helpful to us, because we
are very interested and we want to work with you. Every one of us
who talks to the deans of our universities hears the same story, and
it’s a question of how we can best deal with it.

et me also ask what, if anything, we should be doing in relation-
ship with industry, to continue to provide opportunities for scientists
and engineers for careers in science and research.

It’s a very complex and involved issue, but I think you know what
the problem is, and we are hearing what the problem is, and we
would like to work with you and find out how best to deal with it.

One of the other areas that I've had a long interest in relates to con-
tinuing eduecation opportunities for scientists and researchers. You
know very well that the scientist is trained in one particular aspect
of science and after 10 or 15 years, the knowledge base can change
dramatically.

I have nephews up at Harvard—in the humanities—and they’re
taking the same courses I took 20-odd years ago, and from some of
the same professors.

Dr. Hackermaxn. The tests are different.

Senator Kennepy. They sometimes say the answers are different
today. The questions are the same, but the answers are different.

But obviously, it is (hﬁ'v:‘vnt in the area of science and technology.
We saw between 5 and 7 years ago, in our region of the country,
where—uwith reductions in defense and space-related research dev elop-
ment—numbers of scientists and researchers who were put out of
work. If they had been able to upgrade their skills with continuing
education, their opportunities for employment would obviously have
been increased with a multiplier effect in creating additional jobs for
others in the society.

We asked you to do a $200.000 study last year, leading to a substan-
tial program in continuing education this year.

Can you tell us what’s happended to that study ? Why isn’t that pro-
gram included in the budget

Dr. Averca. Well, Senator Kennedy, $500,000 was authorized, but
we did not require that much. We are submitting today an interim
report on continning education. and proposing that we go on and con-
duct some more studies with what was authorized.

I think you are quite correct, though, that the estimates on the “half-
life™ as we eall it, of our stock of scientic knowledge, has been falling.
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One estimate says that the knowledge of the class of 1935 in chemical
engineering w as obsolete in 20 years. \uw it’s obsolete in 5 years. So the
class of 1970 may now bvnim)lvlu There isn't any doubt that both in the
academic sector, and possibly in the industrial sector, there is a major
problem, what we mught call professional obsolesc ence.

And I would argue that industry perhaps had been more sensitive to
that question than the academic sector. We just have to look hard at
professional redevelopment and career redirection.

So we discuss some options for the academic section in our March
1 report.

Professional ub‘-,uk"-n ence in the industrial sector is also quite im-
portant, and last years’ interviews with industrial leaders that the Na-
tional Science Board conducted for its report suggest that we want
to look a lot harder at the obsolescence question in Illlill‘-;(l\' The con-
sensus of the literature and of the public input that we tmt is that on
that question, we really need to do a lot more research.

Industry does L,pvn(i a lot of money on continuing education, on-
the-job-training, and it was suggested that we try to nn(.ln(rie organi-

zational factors and the person: al fac tors, and just see where ‘the Feder-
al Government might appropriately take action.

There is another aspect of the question, though, and that relates to
continuing education and unemployment. This is a different kind of
(question.

Unemployment rates among scientists and engineers, as you know,
go up and down with the business c yele. There 1s a question whether
or not, in the absence of sufficient demand for the products of the
“knowledge sector,” if I can eall it that, that kind of continuing edu-
cation program will do much good.

So one solution is to have adequate monetary and fiscal policies so
that we maintain aggregate demand. Occasionally, you get into a so-
called structural problem, where the skills that our scientists have just
do not match needs, and that’s where you want to look at continuing
education and at other alternatives.

[ think, again, our report suggests that it's an area we want to look
hard at. There are two phenomena to which T would like to eall your
attention.

One is that many of the programs that we had in the 1970's perhaps
were not designed to well and did not work too well. The direct pro-
grams for putting aerospace workers back on the job did not work as
well as the information and counseling programs for aerospace work-
ers, so we are trying in our studies to strike some balance of what does
not work and what the costs are.

The other point in continuing education is that many of those who
need it least nuse it most. That is, you get the very young, very able,
very active, taking part in a continuing education program. Other
countries have had the same kind of problems.

In Germany and France, where they're very active on that front,
it has been the young and capable workers and scientists who have
taken part in that.

So as a net result, we are proposing very active programs in the
academic sector, and we are proposing to go on and use some of our
moneys for somewhat more rigorous and deeper studies on the in-
dustrial side.
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Senator Ken~eny. Well, I would hope you would move on this. This
is a real problem. We passed S. 32 in the Senate about 1971, with all its
imperfections, to try and deal with this problem. Continuing education
for scientists and engineers is still needed and it is still a problem.

Even with the unemployment rate for scientists down, to about 1
percent—it’s still considerably higher—about 400 percent higher—
for women than it is for men. We thought last year when we had the
study, that you would at least come np with a program that might
be examined, s‘udied, and evaluated to reach some of the problems
that you mentioned.

And now we've seen it slip. effectively for another year.

Dr. Avercu. Well, we haven’t slipped, Senator Kennedy. I think
the net result of all the public meetings we have had, and our own
analysis, suggest that we do need to conduct some experiments between
the universities and industries in joint ventures in continuing ed-
ucation. Those have been suggested. and we are proposing to go ahead
this year with these kinds of experiments.

Senator Kexxeoy., Well, you're going to go ahead this year on some
of them; is that right? Up to how much?

Dr. Avercn. Well, we have $1.2 million total allocated in fiscal year
1977.

Senator KexNepy. And that is not just for studies?

Dr. Avercu. The $1.2 million is for development of experimental
curriculums. In our new guidelines for this program we have singled
out continuing education as an area of experimentation. perhaps with
industry.

I think it’s true that the academic sector these days is just paying
a lot more atten'ion to the continuing education mission, and that it
will require some assistance in designing programs and in making con-
tact with industry. We are proposing—not just studies this year, but
actlve programs,

Senator Kexxepy. Well, we will follow that closely with you: it’s
been an important matter of concern.

Now, I understand that the Science Board is concerned that the
million dollars authorized for minority graduate centers is not ade-
quate to meet the extent of the need. and yet there are no additional
funds for the program in the pending budget. The Board’s own 5-year
plan provides virtually no increase for the future.

Now, how do we reconcile that with what the Board has stated
about the importance of dealing with that public policy issue and
your budget request ?

Dr. Hackeryan. Well, one thing we're doing is—if you'll let me
tell you about the second of the items that the Board is asking the
views of the public on—views on women and minorities——

Senator Kexxepy. I was going to come to that.

Dr. Hackeryax. The ques‘ions of how best to do this and whether
you can induce this kind of ac‘ivity effectively have really not been
settled.

_ We know that money alone cannot do it: you must get interest and
involve viable individuals in it. The problem is that we want more
than we know how to do at this time.

So we are asking for outside advice, and we are also, among our-
selves, trying to find better ways to get involved with it.
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Senator KEx~yepy. Well, what have been some of the suggest ions that
have been made to you from various kinds of women's groups and
others that you have perhaps discounted or felt were not effective?

Have you received suggestions to date? Tell us what they have been.
Have you met with these groups?

Dr. Hackermax. No: we have not.

Senator KexxEpy. Well, who are you getting your advice from,
then?

Dr. Hackerman. We have an internal committee.

Senator Kexxepy. Made up of who? How many women on that?

Dr. I ackermAN. Members of the Board.

Senator Kexyeny. How many women on that?

Dr. HackermaN. The Chairman is a woman, and there are three
additional members of the Board.

Dr. Averch. Senator Kennedy, I might add that T myself am pleased
to have increased the number of women on the Advisory C'ommittee
for Science Education to where they are close to half the representa-
tion. They do discuss the programs for women.

Also, as you know, these days it is a standing procedure for any
program in education to publish draft guidelines and get very wide
comment. so the three activities we have for this year have been, in a
sense, endorsed by the public and by women in the public.

As you have pointed out, the reentry opportunities for women who
get out of the scientific labor force for a while are formidable. To
overcome this barrier we are funding career counseling on campuses
and this year, for the first time, visiting women scientists to go into
the high schools, bring their graduate students with them, and to talk
about the opportunities they have and about the difficulties they
encounter.

I think we are, again, looking for innovative and effective experi-
ments. both in our research guidelines and in our development guide-
lines. This is an area where we want work done.

Senator KexxEpY, We're going to follow this very closely, because
we have a number of suggestions and recommendations that have been
made to me by various women’s groups—about the importance of
reaching ont to women while they are in high school and in the imme-
diate postcollege period. The suggestions that are made seem very
cood. T would hope that as we follow and oversee this issue, you will
make contact with various kinds of scientific groups, women’s groups,
and others. We need to know what effort has been made, both in the
areas of minorities and women. We need to find out what their recom-
mendations were, which were considered positively and which were
rejocted. and the reasons why these were rejected.

T don’t think anyone is suggesting that this is an easy problem to
solve. But unless we are really going to come to grips with it, we are
not going to see much progress made.

Dr. Argixsox. Senator Kennedy, you have hit upon a whole series
of issues that fall within the Science Education Directorate—women
and minorities, the handicapped in science, science for citizens, public
understanding, and the like. I assure you that these issues are getting
attention at all levels of the Foundation, including the National
Science Board.




102

I can say that in the planning for the 1979 budget, the Science Edu-
cation Directorate has received a great deal of attention. We are talk-
ing there about a very substantial increase in the Science Education
Directorate to deal with some of the issues that you have raised this
morning.

Senator Kexneoy. Well, that will be. T think. very well received.
It certainly will be by myself and I think by other Members, too.

Let me also put in'a word about this curriculum development pro-
gram, I think we can mention it, now that the bombs have gone off.
I am concerned that it has been effectively brought to a virtual halt.

Would you venture any kind of comment as to where it might go in
the future and what steps might be taken to try and bring the cur-
riculum program back ?

Dr. Atrinson. Senator Kennedy, again this is a complicated ques-
tion, but let me add a few remarks.

In the 1960’s, when the National Science Foundation was requested
to develop a science curriculum, if targeted that curriculum at out-
standing students who could be drawn into the sciences, There is no
question that the Foundation has had a brilliant record in this regard.

When one looks at the drop in test grades for students across this
country, there is a small core of students where test scores have con-
sistently gone up. It is this small group of students who are being
drawn into science, and in that sense the National Science Foundation
has done a very good job,

But there has been a very negative consequence to all this, and the
negative consequence, in my judgment, is that science eurriculums. as
they have evolved, have become too tough for the high school level.
There are too many students at the high school level who have talent,
who have interest. But the curriculums have been oriented to the NSF
view of things—namely, of very, very difficult curriculum, with a
science-education group which is very organized for teaching it. The
end result has been that although we have provided fantastic educa-
tion for those few students who can take advantage of it, there are
many other students who are being ignored. In my judgment, this is
one of the important areas of consideration : the development of sci-
ence curriculums that will hit more of a middle ground that is, those
students who fall, say between the 40 and 80 percentile, I think there
is no end of students who have been cut out from further work in sci-
ence at the college level because they were not quite motivated enough,
or the course being taught in their high school—the caleulus, or
physics, or whatever—was at too high a level.

My own judgment is that there exists an urgent national need to
improve science eurriculums in the high schools, science curriculums
aimed more at that middle segment of students. T think that is an
important effort for the country to turn to. I believe the National
Science Foundation would have a very special role in that effort.

So my response to your question is that T do not think we have
finished our job in science curriculum : there is a more important job to
he done in the next 10-year period than has been done in the last
15 vears.

Senator Kenxeny. T would hope you would continue in that. There
is a lot of reevaluation going on. and review, and the rest. but 1 wonld
that you would move ahead in this area.
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I think it is just terribly important. I think it will reach some of our
other issues, in terms of interesting people in the creativity of science
and in careers in science.

I think what we are seeing is that an awful lot of young people are
confused about where they may be in terms of their fl.lhltv. and future

careers. If they miss one of those science courses at an czuly time, they
never can get back into it, to catch up and to rethink career choices.

And if there isa matter, I think, that continues their interest through
school, it may be a science-related course that is interesting and stimu-
lating. I think there are excellent opportunities to attract young
people into careers in science and bringing them on into discussions.
I think it is very, very possible.

So I would hope that you would stay after this issue and see what can
be done. I think 1t's terribly important.

Excused me. Dr. Averch?

Dr. Avercu. Senator Kennedy, I would just note that we have
every intention of staying in precollege curriculum development. We
are coming back up from the $1.4 million this year to about $2.4 million
for the precollege curriculum in 1978.

We are doing that in a new fashion and following the recommenda-
tions made by the Congress

Senator Kenxepy. What had it been running? What was it
running?

Dr. Avercu. The amount for precollege curriculum development has
been as high as $13 million.

Senator Kex~epy. Just a couple of final areas.

One of them concerns the 300,000 scientists and engineers working in
industrial laboratories. These industrial laboratories are providing
important opportunities for an increasing number of graduates from
our universities.

Industrial laboratories have a unique capability in the area of tech-
nology transfer; the panel which advised the NSF in this area recom-
mt'ndml that NSF allow researchers in industry to compete on an equal
basis with other researchers for research funds.

(Can you tell us why that recommendation was not included in the
final report? What has been the reaction within the Foundation? It
obviously raises some tough questions. We are mindful of what it
would mean.

For example, in the health area, you know, the private research is
small but very important in terms of what it means in the eventual
spinoff to drug companies and all the rest.

We are going to get into that issue. There is a great deal more that 1
have to know about it.

What is your reaction ?

Dr. HACKERMAN. As a nonoperating member, I have always been
nnder the impression that basic research proposals submifted by scien-
tists in industry should be given the same attention as those that come
from other institutions. A decision would be made primarily on the
basis of the quality of proposals, the individual who proposed to do it,
and the facilities he has.

The difficulties are those that you have already mentioned : namely.
the problems as they affect the business. Nonetheless. this is a matter
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of concern, and you may not be surprised to learn that our third area of
interest at the next NSB Regional Forum will be alternate sources
producing basic research,

We think we have an answer, but we want to find out whether there
are other possibilities that we have to consider.

Senator Kexnepy. Well, as I understand, the present NSF policy
states that it is only in exceptional cases that unsolicited proposals for
basic research will be considered from industrial organizations.

Dr, Hackeryman. I have taken that to mean that, if the proposal is
satisfactory, the exceptional problems are those which relate to the
fact that it is in the business-industrial laboratory.

That is my own view of it. I would be glad to hear whether that is
right or wrong; but I personally do not think it has to be exceptional
in terms of the quality of the proposal.

Senator KexNepy. No; it should meet the same criteria applied to
proposals from academic researchers. What percentage of basic re-
search funded by NSF goes to research done in industrial laboratories?

Dr. Hackerman. It's very small. T will check on it for you.

[The information referred to follows:]

About three tenths of one percent or $2 million of the £589.3 million budget for
the Foundation’s three principal Basic Research Directorates: Mathematieal and
Physical Sciences, and Engineering, Biological, Behavioral, and Social Sciences ;
and Astronomical, Atmospherie, Earth, and Ocean Sciences ; goes to researchers
in industrial firms. Additionally, portions of a number of RANN research projects
involve basic research studies. About 134 percent of the RANN program or $1.2
wnillion is considered to be basic research which is conducted by private firms, The
total basic research conducted by industry under NSF support in the major Basic
Research Directorates and RANN programs totals $3.2 million. This represents
approxmately five tenths of one percent of the $667.3 million budgeted for the
three Basic Research Directorates and RANN program in FY 1978,

Dr. Arxinsox. Senator Kennedy, though, I want to comment on this
report, which you are well aware of, on the relationships with industry.
The NSF industry report is really just a first step in the Foundation’s
full review of relationships between universities, industries, and the
Foundation, in support of both basic research and applied research.

There are a number of recommendations in that report that the
Board has approved, that are really going to have far-reaching conse-
quences—the possibilities of joint proposals from scientists at uni-
versities and industry for joint effort and the like.

I think that we need time to judge the future. There are lots of dif-
ferent trends at work; the problems our universities are having, the
whole issue of young scientists—there are so many trends at work that
it’s important to move with speed, but also with knowledge in this
area, and I think many of the recommendations here are really quite
farsighted and are going to be important developments.

The whole issue of whether we should try to open up our whole basic
research effort to wide involvement on the part of industry is a real one.
I think the Board has not favored this and has not because it’s gotten
strong advice from all segments of the scientific community—both the
industrial segment and the university segoment—that that would be an
unwise decision at this point in time.

But we are not fixed in that view. It may well be that in 3 or 4
years from now, attitudes might change significantly.
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Senator Kexyepy. Well, that’s something we need to give some
thought to. I can understand that the academic side of the community
wants to keep what they’ve got.

The question is our responsibility in terms of the country’s in-
terests, which are obviously yours, too. There is a very clear trend
of some of the youngest and brightest scientists and engineers going
into industry. It is true in my part of the country, and I'm sure it
is in other parts of the country. I am as sensitive as anyone about
giveaways to private industry and what that would mean, and all of
the implications.

I don’t minimize the complexities of the problems. But if we wait
until the academic-scientific community comes around to the point
and says, “All right, some work over there in the industrial sector is
going to be OK,” we are going to wait more than 3 or 4 years.

Dr. Hackeraax. That is really not quite the case. Industrial scien-
tists are involved in our review systems, for example, and the fact
is that industrial scientists are not very interested in getting these
very basic research programs into their laboratories.

The reason is very clear. It has nothing to do with patents or any-
thing else. It has to do with a very large time commitment. The systems
that you need and the kind of research you are talking about span
years. Not many industrial laboratories are willing to put their peo-
ple aside for long periods of time so they can pursue one of these
things.

Because of that, they are very apt to turn down the request of the
searcher, to send the proposal outside for consideration.

I am involved with industrial research laboratories, and I know
what that leads to.

Senator Kennepy. Well, T understand that the large companies
and corporations, might not be very interested, and I understand that
the smaller ones may not have the necessary capacity.

But we have a lot of medium-sized firms up our way. who are
definitely interested. I'm reminded by staff that we’ll have some testi-
mony on this, which I'll value, and we can expect to learn a good deal
more on Thursday.

Dr. Nierensere. I agree with Dr. Hackerman very much.

In fact, I think that he has identified an important problem. In
business, management restricts the freedom of operation of its research.

Even so I never have seen any real difference in attitude between in-
dustrial and academic people who are interested in basic research.
They are essentially the same people, in the same mold, and the prob-
lems are more as Dr. Hackerman outlines than anything else.

Senator KExNNEDY. Well, we will bring these up on Thursday and
have a good session on it.

We want to welcome Senator Javits, who's a very interested and
active member of our committee.

We've had a good session here, Senator Javits. We have covered
anumber of different areas; we talked about science education, about
young scientists and engineers, about continuing education for scien-
tists and engineers, about minorities and the programs for women,
about the oversight of grant recipients.

The international programs have been talked about, the makeup
of the Board itself. some of the ethical programs that are being
developed now.
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We also got into applied research programs.

We have had good responses, 1 think. to these questions, and T think
this was a good meeting.

We have welcomed having Senator Chafee here. Is there anything
that you would like to bring up?

Senator Javirs. Thank you, Mr. Chairman. We had a long executive
committee meeting in the Foreign Relations Committee this morn-
ing.

Thank you, ladies and gentlemen, very much.

Senator Kenyepy. Senator Pell, who is also a member of the sub-
committee, has some questions. I will submit those and if you will
respond, we will make them a part of the record.

[The response to Senator Pell’s questions follows:]




April 4, 1977

Honorable Claiborne Pell
United States Senate
Washington, D. C. 20510

Dear Senator Pell:

I apologize for the delay in answering your questions on Oceanographic
Research Facilities and Support and NSF funded coal research. The pro-
gram responses to your guestions are attached.

The Foundation's long range program plans provide. for ship construction
and for equipment and instrumentation needed to conduct an effective
and efficient oceanographic research activity.

Good progress has been made in upgrading the academic research fleet
since 1970. But there are continuing high priority requi

oceanographic research ships, instrumentation, and eguij E Based

on preliminary findings in a current s udy being done by e University
National Lahoratory Systems (UNOLS), coastal research vessels and ice
strengthened research ships suitable for polar work are among the high-
est priority needs over the next several years.

Foundation is considering plans for the construct ion of a coastal
earch ve 1 and an ice strengthened ship in FY 1979 and
ship construction and replacement alternatives are being examined
for the early 1980's.
Please be & red that we are making every effort to provide modern
research sh and instruments for the nation's oc »graphic research

effort. Today, there are only five ships operating in the fleet that
are outdated and we hope to correct this situation by the early 1980's.

I know you appreciate the fast pace of technological improvements in
the oce: aphic research area and the need for careful planning in
making c¢ ments for ships and other facilities that carry with them
a long-term support obligation. I believe the Foundation's
FY 1978 budget request for oceanographic facilities and e uipment ad-
dresses the most urgent reguirements anc provides for a con i
effective program of oceanographic research.




The guestion on coal rese i vith an NSP project being condu
by Boston College entitled "The Penns ania Coal-Bearing Strata of
the Narr: sett Basin". N¢ pPlans to continue funding this
Project beyond the current commitme Should the project continue
beyond that point, funds would probably be sought from the Ene
search and Development Administration. The Foundation will a
Boston Colle and the regional supporting agencies in pPreparing for
the transfer of funding responsibility

reciate your continuing interest in the Foundation's pro-

m and your efforts in insuring that the United States has a strong

program of oceanographic research. I trust that the encl d informa-
tion will prove helpful.

Acting Director /

Attachments:
1) Responses to Questions
2) List of Academic Fleet




Question 1:

Answer:

Please provide a status report on the Foundation's study
of oceanographic research vessel construction needs.

Is the study completed? If not, when will the study

be completed? What long range plan exists for meeting
national needs for oceanographic vessels?

The Foundation's Office for Oceanographic Facilities
and support continuously monitors the condition of the
academic fleet and maintains updated target plans for
needed upgrading and replacement. This fleet assess-—
ment is done in coordination with the Navy--the other
principal source of support for construction and opera-
tion of the academic fleet.

UNOLS provides a major source of community input to

this continuous planning process, and it is this organi-
zation which has under preparation a specific long-range
study of scientific requirements for vessel construc-
tion. The preliminary report from that study emphasizes
the critical need for both replacement and additional
new construction of coastal vessels ranging in size

from 85 ft. to 150 ft. The report also targets the

need for an arctic research vessel. As a follow-on

to this study,, UNOLS initiated and NSF funded six
conceptual design efforts during FY 1976 for coastal
ships and ice-strengthened vessels for use in polar
areas. These studies are nearing completion and will

be evaluated within the next few months.

Construction of ships in these categories is addressed
in the Foundation's long-range plans, as is the possi-
bility of further construction of medium-sized ships
of the Columbus Iselin or Oceanus type. Ship acquisi-
tion for the academic fleet is not, however, carried
out exclusively by the Foundation. Of the ten new ves-
sels added to the UNOLS fleet during the 1970's, four
were acquired entirely from State and private sources,
two were built by the Navy, and four were funded by
the Foundation. Long range planning for the fleet as
a whole is, accordingly, an activity for the larger
marine research community.

NSF pursues its role in this process with the academic
institutions via UNOLS; and with other Federal agencies,
through the NSF-Navy coordinating panels and the various
other interagency bodies concerned with the use and
development of the academic fleet.




ity add-
1struction in
directed
ip

The base

operat
perati

prioritie

sustain research
ships (see gues-

new construc-

ernal 1 prepared
1 opportunity 3] -- e included

at the opportunity lev r all
recent years and through the ou s (tc 1983)
of our current & I 5

truction
he NSF budget

are translated

will continue to

proce

into C




of an oct [ > research
or investment of * funds.
ortant that the vessels be used
- (a) 1s lack of ydern equip-
ment on existi psearch vessels a problem in achiev-
ing maximum use of s research platforms? (b) Have
adequate funds been rec ted to meet the priority equip-
ment needs for the mo fficient use of research ves-
sels? (c) What is the ratio of equipment funds re-
quested by ship operators to funds available and granted?
(d) Would additional equipment funds, beyond those re-
»sted, produce a substantial increase in the produc-
tivity of the research vessels?

(a) & (b) Providing adequate modern research instru-
ments for shipboard operations is a continuing problem
and one that is recognized by t Foundation's FY 1978
budget. An amount of $1.3 million is included in the
Oceanographic Facilities and Support budget for instru-
mentation and equipment. This is about 30 percent more
than the amount included for this purpose in the FY 1977
program. The amount for shipboard instrumentation is
sufficient to permit effective operations.

The basic priority for achieving a high level of utiliza-
tion of search vessels is the maintenance of the ships
in safe i efficient operating condition. Thus each
year a substantial portion of our oceanographic eguip-
ment funds must be invested in such basic requirements
as generators, hull and structural improvements, winches,
cranes, auxiliary machinery, anti-pollution systems,

and communication systems. There is also a growing
demand for new and more highly sophisticated shipboard
systems directly related to the conduct of research

at sea.

(¢) For the past five ars (FY 1973-1977),
of equipment funds re ted by ship operators
granted has been, on an average, 3.l.

(d) The rate of upgrading equi nt could,
be accelerated. However, in z of instrur
tion the state of the art changes so rapidly that it

is not feasible to keep pace with every ad

made. In those areas that do not change rapi
provements are being made on a year-by-year -
present funding levels, and those items that are not
critical are postponed until the following ar. In-
creases for instrumentation would probably increase
productivity on some research.




Question 4:

Answer:

112

As you know, the Senate Subcommittee on Health and Sci-
entific Research is considering a two-year authoriza-
tion of appropriations for the Foundation. Do you fore-
see any substantial changes in Oceanographic project
support, International Decade of Ocean Exploration,

or Oceanographic Facilities and Support that would re-
quire adjustments in the authorization level for those
activities for Fiscal Year 1979 from the requested
levels for Fiscal Year 19787

As noted in the answer to question 2 above, the Foun-
dation requested additional ship construction funds

as a high priority add-on in its FY 1978 budget request
to OMB. Priorities for FY 1979 are currently being
considered by the NSF Director and the National Science
Board. No substantial changes in FY 1979 are included
in the planning level figures being considered. How-
ever, add-ons above the Planning figures have been
proposed that could substantially increase each category
mentioned in this question. It is, therefore, not
possible to determine as yet whether or not unusually
large increases will be requested for FY 1979.




Question 5:

The National Sc = Foundation has
» funding of basic exploration of coal re
heastern New England. What are the prospe
continued NSF funding of this effort?

The project referred to is "The Penr lvania Coal-Bear-
ing Strata of the Narragansett Basin® initially sup-
ported for $226,800 in February 1976. The National
Science Foundation's grantee in the project is Boston
College, whose Weston Observatory manages the geological
research and drilling operations. NSF funds are used

in support of the research, while Massachusetts Science
and Technology Foundation and other public and private
institutions in New England have supported the explora-
tion drilling required to define the resource.

The Boston College grant was one of the last new starts
by NSF in its energy resource programs. Since the re-
search in this vital project should establish more fully
the extent of the coal resource before transfer to a
mission agency can be effected, NSF has awarded $109,300
for an additional six months of research support.

We are unable to support the coal resource project in
the Narragansett Basin beyond the total current commit-
ment of $336,100. However, our Resources program staff
will actively assist Boston College and the regional
supporting agencies in preparing for transfer of fund-
ing responsibility to appropriate Federal mission agen-
cies.

For your information, we are attaching a copy of an
interim report describing the progress of this project
during its first eleven months.
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Senator Javirs. Mr. Chairman, my staff suggests that we raise the
question of multiyear authorizations, which he tells me has not come
up.

I don’t know if we can do anything about it, but with such a fine
galaxy of witnesses, it may be that an opinion on that would be useful.

Senator Kex~eny. Very good.

Dr. Saxpersox. Mr. Chairman, Senator Javits, we have discussed
the possibility of multiyear authorizations for several years, inform-
ally, as you are aware.

The Foundation feels that there would be considerable benefit to be
gained from the continuity of multiyear authorization funds. Science
15 a long-term activity, and the abilify to plan further ahead would be
beneficial,

There are a couple of areas of concern which we do have; one is that
science is also a very dynamic area, as has been noted several times
during the hearings this morning. One would worry that the authoriz-
ation not have too long a period, otherwise one might begin to be
restricted by them.

The other is, frankly, the Seience Foundation, we believe, benefits
from the exposure to the Congress and the opportunity to explore
ideas and to benefit from the suggestions that come up.

If multiyear authorizations are to be found, T think it would be
very beneficial to find some alternate means to replace this exchange
of ideas.

Senator Javirs. Well, my own opinion would be that multiyear
authorizations are desirable in the interest of science and the interest
of the Foundation. We can certainly find the means for giving you
exposure to the legislative oversight ; there’s no problem about that.

50 I think what I would like to hear is your best judgment of the
idea, divorced from the public relations aspects, and it would have to
be so materially superior to the annual authorization as to give us,
should we vote for it, a very strong case.

Dr. Saxperson. I think a case can be made in the area of the con-
tinuity, particularly for our basic research programs where there is
an advantage to be able to plan several years ahead.

What T would like to do is to provide you with more materials for
the record, if I might.

[ The materials referred to follows:]
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THO-YEAR AUTHORIZATI FOR THE NATIONAL SCIENCE FOUNDATION

zations are as follows:

Foundation

;855 the eff
1jes as well as the
the needs of the Nation's
i wcurrently, the
would have
ogqrams and funding

staff would be provided with greater opportuni-
planning activities and to prepare
papers r the ( s staff
Nation's short i

ience and eng

ional lead time would be available for the Foundation's
staff to consult with local and ent officials
across the country on their specific entific and technolo-
gical needs.
over multiple-year authorizations usually centers on the problem of
Congressional i ‘teraction. Some feel that, und I iple-year authori-

Conaressional leaders might not have the opportunity to interact

Foundation staff. This concern, however, C 1d be
on matters of intere to the Congress on issues

Adequate f1 bility for program adjustments can be provided in a multi-year
authorizati snclusion in the authorization Act of specific reprogramming
authority and of authority for NSF to seek s jal authorization for urgent
riority require ts that could not be foreseen when the original

authorization request was tted and ich cannot await approval in the
next regular autho
The Foundation of a multiple
authorization.
Senator Jacob

from

On March 18 7 the N 5 -e Board adopted the following resolution:
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17 may 976

Honorable Jacob K. Javits
Unfted States Scnate
Hashington, D.C. 20510

Dear Senator Javits:

Thank you for your letter of March 12, 1976 in which you expressed
support for increased funding of basic science; the proposcd Antarctic
Program budget; and concern about the decrease in NSF funds for science
education. You also requested my views on the education trend and on
the suggestion that two-year authorfzation of the Foundation's programs
replace the present annual reauthorization.

Tha decrease in funding of direct science education programs, both in
dollars and as a percent of the total Foundation budget, reflects three
Judgments: (1) that many of tha objectives of tha original programs
have been met; ?2} that some programs were larga, but not clearly
effective; and (3) that an effectivs way to carry out science education
is through participation in research programs.

The first judgment derives from data showing that we now have and will
have an excess supply of scientists through 1285, Consaquently, the
need for larga-scale Fellowship and Trafneeship proarams cannot be
demonstrated, although some Fellowship programs have been maintained by
the Foundation to maintain the quality of the scientific anpower pool.
Fellowships 1n 1953 were $46.1 mil1fon and are $15.1 million in our

FY 1977 request.

The second judgment applies primarily to retraining elementary and
secondary school science teachers. While the retraini g programns--tha
teacher institutza-~ware demonstrably popular with teachers, there was
very 1ittle evidance that they had an incremental fmpact on student
performance. Some oxperiments and demoastrations to establish studant
effects may be warranted, but 1t is difficult to demonstrats that the
1968 level for institutes--$34 mi11ion--could or should be spent e
year. We will be conducting a needs assessment on alternat

improving pre-college science instruction, including teacher
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H. Guyford Stever
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Dr. Hackermax. Senator Javits, T would like also to interject here
that the National Science Board has not discussed this matter in a
formal way ; and, therefore, I cannot report on it today.

But I would be very surprised if they would not be interested in
multiyear authorization. We will take up this subject at our meeting
on March 17-18.

Senator Javirs. We could conceivably deal with a multiyear author-
ization and an annual appropriation, or it may be possible to seek to
do better on given funetions; for example, in the education field, we
appropriate enough money in a given year so that if there is a “drag”
at the end—Congress is late, or something, preplanning can take place
by the educational agencies, and they have the resources with which
to meet other requirements of preplanning.

And for practical purposes, we appropriate a year in advance of
expenditure ; that’s really what it comes down to.

There are techniques which can be used, if there is a case. But I
must, in all fairness to you, say in advance, there would have to be a
strong case, or my colleagues are not going to be persuaded otherwise,

But I do say this: science is a field in which if there were a request
for multiyear authorization, so that there could be a planned program
for more than 1 year, it seems to me that members would look at that,
with the previous position, to say : well, it is science, and it is long-term
science, and in this case we have to look at it with an open mind because
it may be justified.

Dr. Saxpersox. Senator Javits, we appreciate your remarks, and we
would like to work with you and your staff on this matter, We will
be taking it up in the next couple of weeks.

Senator Javirs. Thank you Mr, Chairman.

Senator Kex~eoy. Thank you, very much.

Senator Chafee?

Senator Craree. I wanted to ask a quick question.

Are you able to keep your top people? Or did that pay raise come
at a satisfactory time, in a satisfactory amount ?

Dr. Arrinsox. Senator, we are in a complicated stage in the history
of the Foundation. Many of the senior positions are either vacant or
filled by “acting” appointments. We hope to get some closure on these
matters in the next month. The pay raise is going to make quite a dif-
ference in our ability to recruit talent to the Foundation.

But there is a very unique aspect of the Foundation that cannot be
underestimated, and that is the fact that we depend very heavily on
what we call rotators. These are scientists who leave their university
or their laboratory to serve as program officers at the Foundation for
1 or2 years. These people come with the clear view of returning to their
university or laboratory, and are not driven primarily by monetary
considerations, but more by a service to their science.

So yes, the pay raise is going to be very helpful at the upper levels,
but I do want to emphasize the notion of rotators.

Dr. SanpersoN. Senator Chafee, in further response to that ques-
tion, I think this committee has been aware over the past several
months or year, that we have had some difficulties in our relations with
the Civil Service Commission, which we are working with our con-
gressional committees and with the Commission to resolve.
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That might have a potential for some fairly serious impacts on our
recruiting, to keep some of our top management people, but we are
working, trying to keep the Senate committee and the other commit-
tees informed on this activity.

Senator Craree. 1 don’t want to get into too much detail, but—the
Civil Service Commission, what kind of a problem are you talking
about ?

Dr. Saxperson. At the time the National Science Foundation was
established. in 1950, it was given broad authority in its act to recruit
technical and professional personnel—based on the Director’s deter-
mination of need within policies established by the Board, outside of
the normal civil service competitive system. This enabled NSF to
seek the best talent anywhere in the country and bring it in to the
Foundation. rather than using the formal civil service process and
the grade classifications established by the ( ‘omiission.

We have used that excepted authority for about 25 years, now, in &
fairly consistent manner. In the last approximately 3 or 4 years, the
Civil Service Commission has begun to challenge our authority for
its use in certain positions within the Foundation.

We are currently trying to resolve this difficulty. Particularly in
reviewing certain professional positions at NSF—in defining the use
of the words “technical” and “professional.”—it is the determination
by the Board that that has to include some of the top managers in the
Foundation, as well as the scientists who are actually hands-on pro-
gram officers.

A scientific and a professional management capability is required
to run a science organization that is somewhat unique.

I will be pleased to provide for the record a copy of the most recent
correspondance which summarizes the issues in dispute.
[ The material referred to follows 1]
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1. We have reviewed carefully the information and the documents
that were submitted in comnection with our October 12 meeting, including
the so-called "Mitchell Report” you provided and your letter of October
15 setting forth the facts that NSF believes demonstrates a consistent
use of its excepted authority throughout its history.

2. We have reviewed our March 1973 evaluation report, staff papers,
memoranda of law from our General Counsel, and the correspondence and
exchanges of information that have taken place between our TWo agencies
over the past 3 years.

3. We have obtained and analyzed additional information requested
from and provided by your staff: (a) excerpts from the minutes of NSF
Board meetings relating to the policies that have been adopted regarding
the Director's use of his authority; (b) records of all personnel appoint-
ment actions taken under this authority from 1960 to 1974 to determine
when, where, and how the authority has been used; and (c) pertinent
excerpts from several House Appropriation Subcommittee hearings--those
cited in your October 15 letter and all others since 1952.

4. We have contacted appropriate gversight committee staffs on
the Hill for information and clarification of issues relating to the

matter at hand.

¥hile this effort has required a great deal of time and expense on the
part of the staffs of both of our agencies, and is the principal reason
for our being unable to meet the 30 day target we were aiming at Ior
final resolution of this matter, we felt it was necessary to have the
relevent facts and legal i{ssues fully and completely presented to the
Comnission before we reviewed the May 8, 1974 decisions we made in this

matter.

Second, here is what we have concluded as to the matters at issue, and why:

1. NSF's basic personnel authorities are in title 5 — the basic
competitive civil service authoricy for most agencies. -The special
excepted authority given to NSF by the NSF Act of 1950, as amended, to
appoint "technical and professional" personnel was intended to be used
as an exception, when the normal title 5 personnel authorities are not
appropriate or sufficient.

2. The law did not intend that NST should use its excepted authority
for administrative and support positions. Although the legislative
history of the NSF Act {tself is silent on this subject, it has been
referred to in appropriation hearings. In the 1952 House Appropriation
Subcommittee hearings when the Subcommittee Chairman, Mr. Albert Thomas,
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questioned the propriety of using the authority for the General Counsel
position he said: "The intention of the law was for scientists." Again,
during hearings in 1961, Mr. Thomas expressed his concern on this matter,
and warned: ", . . . use your authority wisely, and do not bring the
roof down on your heads." The terms "technical and professicual" iu
section 14(a) of the Act referred primarily to technical and professional
positions in engineering and recognized sclences that are a part of the
direct line programs of the Foundation, as established by the original
Act and subsequent amendments, and do not include the types of adminis-
trative and support positions for which the authority has been used in
more recent years.

3. NSF has also used its statutory excepted appointing authority
to violate title 5, U.S. Code and to subvert merit principles by: (a)
appointing individuals who were not qualified or eligible for proper
appointment to comparable competitive civil service positions, and (b)
providing salary increases to current NSF personnel by "promoting"
them from competitive civil service positions to excepted positions.

4. The policy that was developed by NSF and CSC staff, approved by
the National Science Board at its 167th meeting on October 17-18, 1974,
and publicized in NSF Staff Memorandum O/D 74-49, dated October 22, 1974,
is a proper and legal interpretation of Section 1l4(a) of the NSF Act of
1950, as amended. That policy set forth criteria for the use of NSF's
excepted authority that assure compliance both with the NSF Act and with
title 5 personnel requirements and, at the same time, enable the Director
of NSF to obtain the technical and professional personnel necessary to
carry out the responsibilities of the Foundation. As approved by the
Board in October 1974, the policy and criteria were as follows:

"1. Appointments to positions in the NSF will normally be
made in accordance with the provisions of title 5, U.S.
Code, and applicable CSC laws and regulations except as
provided in (2) below.

2. The excepted Authority to appoint technical and professional
personnel necessary for the discharge of the Foundation's
responsibilities will be used only in the following circumstances.

(a) Appointments of personnel to top management positions.
These positions include Assistant Directors, Deputy
Assistant Directors, and persons holding equivalent
positions. All such appointments shall be subject
«to the approval of the Director.
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Appointments Lo positions which clearly tequire
specialized abilities based on scientific or
engineering training and/or experience. All such
appointments must be approved by the Director or
the Deputy Director.

Appointments of professional staff to the
National Science Board (limited by law to a
total of five).

(d) Appointments in special circumstances with
concurrence of the CSC.

The policy proy s for using the excepted authority for filling pesitions
which clearly require specialized scientific or engineering training and/er
experience and in filling certain top level executive positions. is was
done to assure stability and consistency in the terms and conditions ot
employment among the very top levels of manage nt in the Foundation. Ine
policy also recognizes what the Commission has contended all along that
administrative and support positions below these levels and Attaraey
positions are appropriately filled and compensated through the Foundation's
basic appointing authority found in title 5, U.S. Code.

Accordingly, the Commissioners and I have decided, on the basis of a full
review and analysis of the issues involved, that the following actions
must be taken forthwith by NSF to bring this entire matter to a proper
and legal conclusiom:

1. 1f NSF desires to submit any further clarifying informati
on the 8 key positions in response to Our classification advisorie
August 13, 1976 (the B positions are listed in Attachment 1), such
marion must be submitted no later than .15 days from your receipt of thi

letter. We shall take any information submitted into account and issue
certificates for those positions at GS-15 and below and recc !
Commission that formal classification actiom be taken.on the

that are determined upon staff review to warrant supergrades.

2. Current and properly certified position descriptions and classi-
fication evaluation statements must be submitted within 15 days for the 11
positions listed in Attachment 2. The Cormission will issue certificates
for the proper classification of these positions as soon as possible
thereafter. 1f NSF wishes to submit any comments on these positions, in
response to the classification advisories we furnished to you on August 20,
1975, we will consider them fully.
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3. Current and properly classified position descriptions and
classification evaluation statements must be submitted within 15 days from
your receipt of this letter for the 4 positions listed in Attachment 3.

These four positions were among the 34 positions brought into the competitive
service by formal Commission action on May 8, 1974, bur &5% Las not yet
submitted the information required for a proper CSC review of these positions
The Commission staff will audit the positions, as necessary, and will advise
NSF as to their proper classification.

also issue certificates for the proper classification of these positions,

in due course.

4. The 5 Attorney positions listed in Attachment 4 must be converted
from the NSF excepted authority to Schedule A, the excepted authority used
for appointing individuals to attorney positions throughout the executive
branch of government. Before such conversion takes place however, proper
classification of these positions must be verified. Accordingly, current
and properly certified position descriptions and classification evaluation
statements must be submitted within 15 days from your receipt of this
letter. The Commission will audit, as necessary, and will advise NSF as to
the proper classification of these positions., Thereafter, as necessary,
will issue certificates for the proper classification of these positions.

For the record, it should be noted that, although the fifteen day time
periods allowed for carrying out the foregoing action may seem unreasonable,
‘ from the information available to our staff this appears not to be the

case. We understand. that most of the staff work required for completion

of the above actions has already been completed or is quite advanced.
Therefore, meeting these deadlines should not put an unreasonable burden

on your agency. Lf such is not the case, however, with any parcicular
action called for above, the Commission will grant a reasonable extension
upon a timely showing by NSF that circumstances warrant it.

Since the first time this issue was taken up by the Commission we

have been concerned about the possible adverse impact on individuals

of the corrective action that would be required, as well as about the
impact on NSF as a whole. The fact that NKSF has improperly used its
excepted authority and that positive action must be taken to bring the
agency back into legal compliance is, of course, a paramount consideration.
From the outset, however, we have been mindful of the need to do everything
reasonably possible to prevent adverse impact. It was for this reason

the Commissioners and I acted as we did, on May 8, 1974, to bring the

34 improperly excepted positions into the competitive service in such

a way that any affected employees would be entitled to salary retention
indefinitely. The same provision has now been made for amy other individual
vhose positions are to be downgraded and brought into the competitive
service as a result of the further corrective actions required by this
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letter. Eligible employees may be recommended for conversion to career
or career-conditional employment under section 315.701 of our regulations.
Any recommendation for conversion must be submitted to the Commission no
later than 90 days from the date of thi= letter, however, for such benefit:
to obtain. We recognize the "psychological" impact that these downgradin
actions may have on affected individuals, but there is little we or you
can do to ephance people's feelings about having their positions properly
classified at a lower grade. Nonetheless, it should be recognized that

we have dealt as effectively as the law allows with the economic issue

of saved pay; no one affected by these corrective actions will lose

even one dollar of current salary.

This Commission shares fully the concern of NSF management that the
Foundation continue effectively, and that correcting improper personnel
practices be done im a way that permits the organization to function

as well as possible in carrying out its mandated programs. We have held
that concemn in view from the outset and in all of our efforts to date;
and we will continue to work with your staff toward that end as we
bring this matter to its proper conclusion.

1 have provided a copy of this letter to Senator Kennedy and Representativ
Teague, in view of their expressed interest in these matters.

By Direction of the Commission.
,-Silscerely yours,
O\ S R (VTR R AR ¥

Robert E. Hampton|
Chairman
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Director, Division of Grants and Contracts
Deputy Director, Division of Grants and_Contracts
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and Contrac
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Deputy Director, Division of Persannel and
Management
Special Assistant
Director, Division of Information Systems
Director, Division of Financial and Administrative
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Special Assistant
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Special Assistant
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Head, Evaluation Staff
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in letters of September 17 and September 20 that your interpretation is
erroneous and that the National Science Roard's 1976 resolution “approp-
riately reflects the meaning of the statute and the underlying Congressional
intent." This resolution, not mentioned in your letter, is the current
policy under which I am operating and allows for excepted appointments

to positions requiring "specialized scientific, engineerina, legal, or
managerial training and/or experience.

In any event, strong legislative history indeed would be r quired to support
a construction of the plain words “"technical and professional personnel” so
unnatural and as contrary to twenty-plus years of practice as that

which your letter espouses. It strains the lanouage past an obvious
breaking point, for example, to assert that lawyers are not profes ionals,
or that experts in such complex fields as grant and contract adminis-
tration or financial management are not professionals.

Moreover, the gossamer distinction proposed to be drawn between "the
very top levels of management", conceded by your staff to be professional
administrators, and "administrative and support positions" at the next
levals, asserted not to be, ignores what it means to be a professional.,
It is advanced education or training in specialized skills that mark

a professional, not organizational level. To be sure, professionals are
normally concentrated at higher levels of management. But no principled
approach can justify conceding the obvious professional status of NSF's
Assistant Director for Administration, an expert in accounting and
financial management, while denying the professional status of its
Jirector of Financial and Adninistrative Mar ant, an expert in
precisely the same fields.

NSF's use of its excepted authori appoint legal and mar
professionals goes back to t arliest days of its existe

Among the first six excepted appointments under the NSF A were the
Foundation's first lawyer and its first professional admi

Civil Service Commission, which had unsuccessfully opp ] the ¢ >
appointment authority in Congress, not only acquiesced in NSF's adminis-
tration of the authority for more than two decades, but i

in the development of the system in the early 1960's.

growth in NSF's program responsibilities and bur et,

Excepted appointments of technical and professional staff grew correspondingly.
We see nothing unusual in the consequent n : d predic increase

in the absolute numbers of excepted appoin 5 T f 0 in your letter.
Classified appointments grew as well, a e bhals e twee 155 i fied=-
service and excepted appointments has re

By the same token, as the staff structure of NSF deepene

size, the organizational levels at which technical

sonnel served and were hired under the g 2
correspondingly. So did the organizational levels at which n professional
classified employees served. Again, that seems predictable and r ral.
And again, in any event, it seems to us plain that a person's professional
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By exclusively applying the CSC standards in classifying
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Senator Cuaree. Thank you. And thank you, Mr. Chairman.

Senator Kennepy. The subcommittee will stand in recess until 9:30
on Thursday morning.

[ Whereupon, at 12:20 p.m., the subcommittee was recessed to 9:30
a.m. on Thursday, March 3, 1977.]




NATIONAL SCIENCE FOUNDATION AUTHORIZATION
LEGISLATION, 1977

THURSDAY, MARCH 3, 1977

T.S. SENATE,
SurcoarTee oN HeALTH AND SCIENTIFIC RESEARCH
or tar Coayrrree oN HumanN RESOURCES,
Washington, D.C.

The subcommittee met, pursuant to notice, at 9:43 a.m., in room
4232, Dirksen Senate Office Building, Senator Edward M. Kennedy
(chairman of the subcommittee) presiding.

Present : Senators Kennedy and Schweiker.

Senator Kexxeny. We will come to order.

Today we are holding our second day of hearings on the National
Science Foundation budget request for fiscal year 1978.

On Tuesday, we heard from officials of the NSF. Today we will hear
from witnesses from the academic, industrial and public sectors on
their recommendations with regard to the pending budget.

Also with us later this morning will be Dr. Alexander Rich of MIT,
who is a member of the National Science Board and who will convey
to the Board the comments of the witnesses this morning.

On Tuesday a number of issues of particular concern arose which
we would like to discuss today with our outside witnesses. They
include :

The importance of increased funding for basic research and for
the purchase of scientific instrumentation and equipment.

The need for more opportunities for young researchers to obtain
research grants and fellowships.

The need to provide opportunities for minorities, women and the
handicapped in science.

The need for innovative science education programs to improve the
(plnli(yilfgerPGT]vg:‘svivruw-vthlrntinlL

The need to increase the participation of 2- and 4-year colleges in
NSF programs.

Opportunities which may exist to increase the participation of
industry in NSF-funded basic research programs and the costs and
benefits of industrial involvement in federally funded basic research.

The need to provide citizen groups with direct funding so they
can prepare high quality scientific and technical studies—studies
which can meet stringent tests of scientific objectivity and merit
and which arve presented in a format readily understandable by the
general publie.

T expect that our witnesses today will be able to give us some good
suggestions on how we can address these problems. We will welcome

(145)
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their recommendations on how our subcommittee can help the NSF
provide assistance that will be responsive.

I also want to take a moment this morning to express my personal
concern over the action taken yesterday by the House Subcommittee
on Science, Research and Technology in'its markup of the NSF author-
ization. That subcommittee yesterday cut the NSF budget request for
basic and applied research by $43 million.

In other action, the subcommittee voted to cut off all funding for
the Science for Citizens Program and to eut funding for continuing
education from $1.2 million to $600,000.

The bill will be voted on by the full House Committee on Science
and Technology next Wednesday. T would urge all of you—who sup-
port a continuing Federal commitment to scientific research, and who
believe that citizen participation is the key to building wide public
support for that research—to make every effort to make your views
known to the House Science and Technology Committee during the
next few days.

Our first panel this morning consists of represenatives of the aca-
demic community. Many of the groups they represent, particularly
the American Association of State Colleges and Universities, played
a very important role in the effort to insure that the NSF remained
under the jurisdiction of our committee—a committee which has a
long record of commitment to education and the needs of the academic
community.

The panel this morning consists of Wesley W. Posvar, chancellor,
University of Pittshurgh, Pittsburgh, Pa.; T. R. Williams, professor
of chemistry, College of Wooster, Wooster, Ohio; Lillie K. Singleton,
institute associate, Institute of Higher Education Research and Serv-
ices, University of Alabama: and William Jackson, professor of chem-
istry, Howard University, Washington, D.C.

Before we ask Dr. Posvar to begin, I will ask Senator Schweiker
for any opening comments,

Senator Scnwerker. Thank vou, Mr. Chairman.

I would just like to present to the committee one of my constituents
who was just mentioned a moment ago, the chancellor of the Univer-
sity of Pittsburgh, Dr. Posvar.

This is the 10th year Dr. Posvar has been chancellor of the Univer-
sity of Pittsburgh. He has five earned academic degrees: one from
West Point; two from Oxford where he was a Rhodes Scholar; and
two from Harvard University: a MPA and a Ph. D. in political
science. Dr. Posvar is a trustee of the Carnegie Endowment for In-
ternational Peace, and the Rand Corp. He is a member of the Council
on Foreign Relations and the International Institute for Strategic
Studies. He is also a past president of the Pennsylvania Association
of Colleges and Universities,

I think he has a very unique backeround academically and, no
doubt, that is why the University of Pittsburgh has risen to new
heights under his leadership.

I have known him for a number of years and admire and respect
his leadership.

I am delighted to have Dr. Posvar here with us today.

Senator Kex~epy. Proceed.
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STATEMENT OF WESLEY W. POSVAR, CHANCELLOR, UNIVERSITY
OF PITTSBURGH, PITTSBURGH, PA., ON BEHALF OF THE ASSO-
CIATION OF AMERICAN UNIVERSITIES, AMERICAN COUNCIL
ON EDUCATION, AND NATIONAL ASSOCIATION OF STATE UNI-
VERSITIES AND LAND GRANT COLLEGES; ACCOMPANIED BY
T. R. WILLIAMS, PROFESSOR OF CHEMISTRY, COLLEGE OF
WOOSTER, WOOSTER, 0HIO, ON BEHALF OF GREAT LAKES COL-
LEGES ASSOCIATION, ASSOCIATED COLLEGES OF THE MIDWEST,
AMERICAN ASSOCIATION OF STATE COLLEGES AND UNIVERSI-
TIES, AND NATIONAL ASSOCIATION OF INDEPENDENT COLLEGES
AND UNIVERSITIES; LILLIE K. SINGLETON, INSTITUTE ASSOCI-
ATE, INSTITUTE OF HIGHER EDUCATION RESEARCH AND SERV-
ICES, UNIVERSITY OF ALABAMA, ON BEHALF OF THE AMERICAN
ASSOCIATION OF JUNIOR COLLEGES; AND WILLIAM JACKSON,
PROFESSOR OF CHEMISTRY, HOWARD UNIVERSITY, WASHING-
TON, D.C., ON BEHALF OF THE NATIONAL ORGANIZATION FOR
THE PROFESSIONAL ADVANCEMENT OF BLACK CHEMISTS AND
CHEMICAL ENGINEERS, A PANEL

Dr. Posvak. Gentlemen. T have an awesome constituency. I am
speaking in behalf of the Association of American Universities, the
National Association of State Universities and Land Grant Colleges,
and the American Council on Education.

While T will enunciate broad principles and ideas that 1 am sure
represent the views of most of the members, obviously one rm'.‘qnn

cannot speak for all the other individuals who are members of those
organizations. I shall do my best.

First of all. T would like to say that we are all very gratified at
the increases that the last administration and the new administration
support for the National Science Foundation budget; and we hope,
indeed, as Senator Kennedy indicated, that we will preserve this
budget against cuts made in the House and that we will be able to
move ahead.

We have been through some very difficult times in higher educa-
tion in our defense of technology and research. As we all know, in
the past period of 10 years or so, we have been subject to a lot of ques-
tioning, criticism, and T think some of this has been constructive.
Some has been very good for us. because we have begun to learn that
we have to explain ourselves and our needs better, and higher educa-
tion and research are indeed part of the national interest, and not
just the self-interest of scholars.

T think some of the points made by Senator Kennedy about citizen
testing objectivity of benefits of research are highly relevant to
that comment. As we all know, because of the criticism of past years,
in constant dollars the Nation’s basic research investment has dropped
20 percent, along with the NSF budget.

This new budget and last year’s represented a slight turn upward,
a slight reversal, but the new budget presented involves only a
3-percent net increase in true dollars for basic research.

We urge this as an absolute minimum.
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Mr. Chairman, I would mention that I am giving an oral presenta-
tion, and there will be a text, an amplified text furnished within the
near future, elaborating upon these points. T am going to stress
education——

Senator Kexxepy. Doctor, before you leave that, you made a com-
ment about funding for basic research.

What do you think a cut of the magnitude of $33 million. given
the decline in support in constant dollars over the last 10 years. With-
out getting info the details, because it just happened yesterday. what
would this mean given the needs which you understand exist and
their importance to our national interest?

Would you like to make a comment on that?

Dr. Posvar. Well, T think it is both very distressing and very
mysterions because basic research has a tremendous multiplier effect
as funded by the Federal Government on universities; a multiplier
effect on all R. & D. in industry and on industrial growth and all of
technology, and, in turn, on all of our progress.

The distressing thing about the $33 million is that it is the money
at the margin. Because of the commitments and overhead of existing
programs, the items that will be cut in that $33 million will be the
new programs, will be the new ideas that are coming on line this
year. The young investigators and their proposals will be wiped out.

It is the worst possible way for this country to save $33 million
that T can imagine,

Senator Kennedy. Then it is not that this money cannot be ex-
pended wisely. There are a few programs perhaps that, at the
urging of the public, we have tried to resolve by throwing money
at them. We have seen some of that in law enforcement assistance.
We have spent enormous amounts over the period of the last 8 or 9
vears, and we have not accomplished very much.

There may be other examples. As T understand what you are say-
ing, it is that the needs are there and the potential for constructive
research is there. You believe that there is meritorious work to be done,
in both the industrial and academic sectors.

Dr. Posvar. Absolutely.

I would put this in a completely different class of public investment
than, say, directing dollars at social problems.

Obviously, you cannot do a cost-benefit analysis of a given basic
research program in. let us say, cell biology. Most of such programs
probably will not pay off—one will. Out of those discoveries that
will come along in future years will be the breakthroughs in life
sciences, physical sciences. production of new energy, and so on.

So, short-term cost-benefit analysis will not work.

In the long term. research is the strongest cost-benefit argument
that you ean possibly imagine because it is the only way to progress
in the long-term future of this country.

I will stress, as I said. education, and I will also say something
about the problem of administration within universities, the need
for flexible funds, and the difficulty of the present so-called project
system of research support.

Let me skim over some background.

We have been through the great debate about applications, and T
think this was just alluded to by Senator Kennedy. How do we justify
research ?
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Well. NSF has accommodated with the program of research applied
to national needs. We endorse this program. We think it is a good
complement to pure basic research, and within this budget, you will
see some very good programs of application : eart hquake engineering,
weather modification, research for nonconvention food sources.

I think these do have a complementary relationship to basic
research.

But the fundamental case remains. The main case, I think, was
stated very well in a document issued by OMB in January of this
year, and we would like to support this. The points are essentital:

Basic research is important to economic growth in the solution of
national problems.

Another point, normal economic incentives will not in themselves
produce an adequate volume of basic research.

Another point, the lag between discovery and application is so long
and unpredictable that only Government in our society can feasibly
provide the necessary support. In other words, the horizons of in-
dustry are inherently too short to make this kind of investment.

And. of course. the Federal agencies do need and do benefit from
basic research in order to do their missions.

T think that we can go further, as I did a moment ago, and say that
basic research is the key multiplier to economic development and; in
turn. to the development of our whole society, the future of our society,
and the NSF budget and how it relates to higher education and re-
coarch. T think. is the central part—it is a very, very small part, but
it is the central part of this kind of national investment.

Let me give some examples, just looking at my own university. We
have over $3 million of NSF funding at Pittsburgh. I looked over the
list of our programs last night. There is a wide range of programs,
very exciting programs, many of which T do not begin to understand,
but these are the ones that make the difference in cell biology, in studies
of atomic particles, nuclear structures, upper atmosphere research,
RNA svnthesis. Also in applied sociology, study of library manage-
ment. study of philosophy of science, and even—speaking of quality
in human progress—we have an archeological dig near Pittsburgh
which has been determined to be the oldest site of continuous human
use in the Western Hemisphere, going back about 20,000 years. It is
a very important historical discovery. This is being excavated with
NSF funds. Tt is a very, very modest program, $60,000 a year.

It represents an important, a very important development in the
archeology and anthropology of the United States. It could not
done—that program simply could not be done—without the NSF.

Senator Scuwrerser. How much of that is NSF money ?

Dr. Posvar. About $60,000 last year, and $50,000 this year; plus
45.000 or $10,000 here and there from foundations and individuals
who have kicked in.

Senator ScrwEIKER. Very interesting program,

Dr. Posvar. Yes. Exciting place to visit, too. Ttis really fascinating.

Senator Kex~epy. Where isit?

Dr. Posvar. Tt is at Avella, Pa.. a small mining town. It is called the
Meadoweroft Rock Shelter, an outeropping of rock which was used
for a hunting and camping site going back beyond what they orig-
inally thought was the time man crossed the Bering Strait.
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They have had to change their perception of that.

Senator Scuweiker. They are back to how many thousands of years
agof

Dr. Posvar. Nearly 20,000,

Just a couple of high points in the budget.

Instrumentation: The program speaks for itself. We at the univer-
sities are concerned that the Nation’s technological competence for in-
strumentation has been badly eroded. It is obsolescent, and a tremen-
dous catchup effort is needed. Funds required for this are in the budget.

Science education: One favorable development in the House was an
increase, although we deplore the cut in basic sciences. They did in-
crease the education budget, and most importantly, they added an
inerement for education of minorities in science, We enthusiastically
endorse that change.

The basic problem in education for science is one of maintaining
quality, and maintaining a flow of supply in the future. We went
through the market swing whereby we met a short supply. high de-
mand, by training lots of seientists in the 1950’s and 1960’s, and we are
in a state of flux at the present time.

There is a very serious danger of the pendulum swinging back, and
the marketplace virtually eliminating the flow of voung scientists. The
comprehensive assistance for undergraduate science education
(CAUSE) program, and the undergraduate instruction improvement
program can benefit small colleges, smaller institutions, There is $5
million proposed for this, which we strongly support.

At the graduate level, the graduate fellowships program is vital.
Those were held to 500 some years ago, have not increased since. Those
should be increased, we think, to a thousand. Every one of those is a
tremendous public investment. We think, as other educators have said,
that those should be expanded to the humanities and arts as well.

At the next level, postdoctoral fellowships, we think that program
is dangerously underfunded in this budget at $2.3 million. We suggest
$5 million, and an increase of postdoctorates from 100 to about 250,

Then, at the junior faculty level we urge the advancement of what
is called in the budget the research initiation and support program
(RIAS). This is a way of helping junior scientists in laboratories, in
universities and colleges, to fund their new programs in flexible ways.

There is $4 million in the budget for this. We would suggest at least
$10 million.

Again we are not talking about producing an oversupply of scien-
tists. We are talking about a small supply of high quality scientists
getting into the pipeline and being the leaders of technology and
science in the next generation of America.

If we let the market itself function, that supply could be snuffed
out or at least drastically curtailed.

This problem has also been encountered in Western Europe, par-
ticularly in Germany. They are doing the kind of things we are
recommending.

I would like to mention finally the university as a base for science.

We worry about the practice of the Federal Government in recent
years to consider that the Federal Government is merely a client,
should not pay the full costs of federally supported research, and
should thus make universities divert funds from educational functions
and other service functions for research.
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When we are underfunded in overhead and forced to contribute
hard money to research, we can quickly reach the point where we can-
not accept the funds for research. We just simply cannot find the
money to do it.

This policy is becoming a deterrent, a massive preventive of basic
research, if you will. It would be far better to spread whatever dollars
we have to full support for basie research whereever it is done.

In this connection one of our difficulties is the project system, which
is fine in itself. This means projects are proposed and funded by the
Federal Government on their own merits, but within a given univer-
sity there may be 100 of these projeets, and they are funded in an un-
related way.

We lack flexibility. We lack funds to take up slack when there is
underfunding, or when the program is cut off, to keep the investigator
going, to put groups of people together for research.

There needs to be some element of institutional funding for institu-
tional flexibility, and a way to orchestrate individual projects and
programs.

There was an Institutional Tmprovement of Science Program. It
was terminated in 1975, and we need something like that again in the
future.

Let me just conclude, gentlemen. by saying as I indicated before, I
think that basic research and with it higher education at all levels are
the key to the economic and technological progress of this country.
Only that progress can bring increased productivity and increased
prosperity, and in turn only that can bring what we all talk so much
about: improved quality of life and expanded will-being for all the
people in this country.

There is no other way to get there from here than to invest in our
future. We are literally concerned in this subject with the welfare of
Americans over the coming decades and in the next century.

Thank you.

Senator Kexxepy. We will come back to additional questions. But as
T understand it, you are going to present to us item by item priorities?

Dr. Posvar. Yes.

Senator Kexxepy. One thing T think you ought to address before we
move on, and that is a point made by the Appropriations Committee
and others that a significant amount of these grants goes to overhead
and not as much as one would think goes actually to research. I think
you ought to address that issue. Can you put the issue of overhead and
administration costs into perspective,

That is an argument we get. I would like to hear what the best
answer is.

Dr. Posvar. There is a short-term limited point of view which says
that indirect overhead—that is, the kind of expenses that universities
have to have to be a research institution, libraries, computer centers,
laboratory maintenance and so on—that that should not be funded by
the Federal Government because a given grant for a given year or
two can feasibly be supported without compensating for that. But in
the meanwhile. the universities are eating themselves up. the re-
sources get used up. and if that became a policy, we could no longer
support the libraries and computer centers and the laboratories—and
the basic research would quickly disappear.
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We should not, although we have from time tntlmr-. and I regret it,
taken money from ('t|11|"1tinn and from public service to subsidize basic
research. In the tight days of the present and the future, we can no
longer do that. To deny universities indirect overhead or direct over-
llmll 18 literally to ask them to transfer funds—to transfer hard money
funds from education to basic research. We cannot do that mor: ally, and
we cannot do it logically. So if research is to continue in the long term,
the whole cost has to be borne by supporting agencies, and T think that
means ultimately the public of the United States through the Federal
(Government.,

[ The prepared statement of Dr. Posvar follows:]
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Mr. Chairman and members of the Committee:

My name is Wesley W. Posvar and | am Chancellor of the University of
Pittsburgh. My testimony is on behalf of the Association of American Universities, the
National Association of State Universities and Land-Grant Colleges, and the American
Council on Education. The member institutions of these organizations perform
practically all of the academic research and related graduate training in the country,
as well as most of the undergraduate education. While neither these associations nor [
as an individual can speak for all of their members, I can present to you certain broad
conclusions about the budget of the National Science Foundation that I am sure
virtually all members would support.

We are gratified indeed that both the outgoing administration and the new
administration have seen {it to recornmend important increases in the budget for the
National Science Foundation, and we hope that this committee will recommend
authorization of at least the amounts proposed. In recent years government support of
basic research has declined at least twenty percent in real terms, suggesting a
misunderstanding about the true value of facilitating scientific and technological
research. The recommended net increase of about eleven percent in the NSF budget
for FY 78 reduces to about three percent in constant dollars, but even so it is an actual
increase and represents an important reversal of the past downward trend.

I am especially alarmed by the possibility of the House of Representatives’
making large cuts in the basic research portion of this budget. Any reductions would
be deeply harmful. They would affect that margin which can give innovation and
quality to our scientific investigation, especially the new programs, and thus they
would slow down forward movement in the nation's research as a whole.

The urgent need to reverse the downward trend in funding of basic research in
the Federal budget suggests a need for all of us in higher education to better explain
our research programs and their value to society. | would stress that basic research

performed in institutions of higher education is the best possible investment this

country could make in its future. We must get across to Congress and the public the




point that in this area the interest of higher education is in itself vital to the national
interest and that its basic research is eminently worthy of public financial support.
Within the context of general strong support for the NSF budget, which I shall
spell out, T shall also stress two areas of pervasive concern. One is the need to provide
stronger financial support for small-scale scientific research, or programs that are in

smaller institutions, as well as for expanded science education in the undergraduate

level. We are pleased with proposals to expand funding in these areas, and in

particular those that would expand opportunities for minority persons.

The second concern is a lack of government appreciation and support of the
whole system of basic research at the university. We especially deplore any proposed
Federal policy of not reimbursing full direct and indirect audited overhead costs. This
means that part of the cost of research has to be offset by reductions in established
educational and service programs. The only possible long-term consequence of such a
policy is to discourage basic research or even preclude it. Another aspect of our
concern is the Federal stress on the "project” system of research support, whereby
many individual projects are funded, often in erratic and uncoordinated ways, while the
institution itself is not allowed the opportunity to relate projects to one another and to

sustain them as part of a long-term coherent institutional effort.

Research Related to National Needs

In recent times there has been serious debate about whether the National
Science Foundation and other government agencies should emphasize support of
research programs more directly and immediately related to identifiable national
problems. We believe that the National Science Foundation has worked out a generally
suitable blend of support for basic research and research which is directed toward
stated objectives. In the latter category, important programs receiving support
include those in earthquake engineering, weather modification, and the identification
and development of nonconventional food sources. We accept the fact that there is a
complementary relationship between basic research and problem-oriented research,

and we endorse the concept of relating these as now done by the NSF.




Expansion of Basic Research Support

The changed attitude of the Office of Management and Budget towards the
role of the Federal government in aiding basic research is made clear in this important

statement: "The Federal government has a key responsibility in assuring an adequate

level of National support for basic research.,” ( Issues '78, Office of Management and

Budget, January 17, 1977)

In our view, the reasons cited for this position by OMB are directly on target:

- Basic research is important to economic growth and the solution of
important national problems.

- Normal economic incentives will not produce an adequate volume of basic
research.

- The lag between discovery and application is so long and unpredictable that
only government can supply the necessary support.

- Mission oriented Federal agencies need the products of basic research to
carry out their tasks well.

One of the major defects in national science policy has been vacillation in
attitudes towards the responsibility of the Federal government for basic research. It
would be helpful if this Committee would see fit to reiterate the policy position stated
by OMB. The Nation would be strengthened if these principles were to become a
continuing base for the specific actions of the Executive and Legislative branches with
respect not only to the NSF basic research budget but also to the basic research
budgets of all major Federal agencies.

In considering the amount of the increase requested by the President for basic
research in the NSF budget, we suggest that the Committee bear in mind a central
fact mentioned earlier—that we are just emerging from a period of years during which
there were cuts in the total basic research program of the nation, measured in

constant dollars,
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Again, 1 acknowledge that some responsibility for this falls upon educators
and scientists themselves, for not adequately explaining themselves, their aspirations,
and their needs as essential contributors to national progress. [ stress that basic

research is the cutting edge of progress; higher education, in comparison with industry,

performs a small but highly creative and objective role, and those programs supported

by the NSF are the driving element in the best of our basic research.

As I look across the array of programs supported by the NSF in my own
university, I see item after item, many of which I do not have the technical knowledge
to explain, but which 1 know are bringing important, original contributions to human
knowledge. Among these are studies in cell biology, collision of atomic particles,
jonization of the upper atmosphere, nuclear structure and reactions, RNA synthesis,
and many others in the fields of chemistry, biochemistry, physics, crystallography,
astronomy, and so on. NSF funds this year at my institution also support an important
study on how libraries may be used more efficiently, and studies in applied sociology,
the philosophy of science (such as irrationality in empirical scientific investigations),
and even archaeology--at Meadowcroft, near Pittsburgh, we are excavating a rock
shelter that is the oldest site continually used by humans yet discovered in the western
hemisphere, about twenty thousand years old. It has revised basic theories of when
man crossed the Bering Strait and migrated eastward. This project, so important to
our knowledge of the earliest Americans, would not have developed and cannot go on

without NSF support.

Instrumentation

1 especially call your attention to the substantial increases proposed for
instrumentation. One third of the total $87 million increase proposed in the NSF
budget, or $28 million, is for instruments. In our view, this proposed increase is badly
needed. During the 60's the laboratories of the nation were splendidly instrumented,
and this had much to do with our then increasing preeminence in science. The view

developed, however, that since the laboratories were fully equipped, the scale of




support could drop. Between 1966 and 1976, ‘the proportion of NSF project grant funds
allocated for permanent equipment dropped from about Il to about 5 percent. Since
funds for equipment from other sources dropped at the same time, the quality of
instrumentation in university laboratories has declined sharply, and the installation of
large facilities required to work on the frontiers of many branches of science has
lagged. Even our best-equipped laboratories have become subject to "creeping
obsolescence."

All recent studies of the health of science in this country have reported that
the deterioration of instrumentation is a major threat to the continuing productivity of
basic research. This is a major conclusion of the recent report of the National Science

Board, Science at the Bicentennial—A Report from the Science Community. Quite

independently, a recent study of the health and future of academic science conducted
by Professor Bruce Smith and Professor Joseph Karlesky under the auspices of the
Association of American Universities showed clearly that deterioration of scientific
equipment is of enormous concern to the scientists of the nation. This study, which
was, financed by the National Science Foundation, will appear in book form in April,

We strongly urge the Committee to authorize the funds to permit the

upgrading of instrumentation, as provided for in the President's budget.

Science Education

The Administration had originally proposed a very modest increase in the

budget for science education, and we are encouraged by the possibility that this
funding level may be increased, especially in the area of education for minority
students and opportunities for minority scientists. We are also very much in favor of
the proposed $5 million increase for undergraduate education in the program called
Comprehensive Assistance to Undergraduate Science Education (CAUSE) and in the
Undergraduate Instruction Improvement Program.

Looking beyond these programs, we are deeply concerned about the future
supply of scientists and engineers to keep this nation on the advance in science and

technology.
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For almost three decades following 1940, we became accustomed to demands
for highly trained scientists and engineers that far outstripped the supply of such
people. Then the situation changed dramatically, and for a few years there appeared
to be a surplus in scientists and engineers. If we continue to follow such up and down
market indicators, we shall be unable to maintain an increasing and steady supply of
highly qualified scientists and engineers for our long-term future.

We therefore strongly support a comprehensive program of fostering such a
supply. We feel this can be done through supporting and expanding three programs, at
three levels, that are already in place.

At the first level, we have the graduate fellowship program, which has been
held for years at an annual level of five hundred. We favor an increase to one
thousand, which is still modest in terms of the whole nation. This kind of fellowship
should also be expanded to other fields, and we specifically support the recommenda-
tions of the National Board on Graduate Education that there be one thousand
fellowships per year in the arts and humanities as well as one thousand in science and
technology.

The second element--post-doctoral fellowships—is also in place. In concept,
such post-doctoral support will help ensure that a small number of the most competent
recent Ph.D.s remain in academic science under conditions best designed to ensure
their intellectual growth. Further, we believe that post-doctoral fellows, like those
selected for graduate fellowships, should receive awards directly and work where they
find the most stimulating opportunities. Post-doctoral research opportunities are
provided under many Federally supported research grants and contracts, but it is highly
desirable that these positions be supplemented by the freedom of choice that is

available under a fellowship program. There are, of course, advantages to tying some

post-doctoral positions to established research programs and teams, so we believe

support of post-doctoral work under research grants and contracts should continue. We

feel, however, that at the proposed level of $2.3 million, the existing post-doctoral
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fellowship program is underfunded. An increase to $5 million, which we support, would
provide for approximately 250 fellowships per year as contrasted with the current level
of approximately 100.

At the third level is the new (1975) Research Initiation and Support Program
(RIAS). The purpose of this program is to increase research opportunities for younger
scientists by awarding them grants for exploratory research, equipment, and related
needs. In the first year of funding, awards approximating $¢ million were made to 19
colleges and universities, while there were 26l applications totaling $59 million. An

expansion of RIAS would enable it to serve more effectively as a component of an

integrated program. We therefore recommend that funding be increased to $10 million.

In a few years it may be necessary to support salaries for some younger faculty
members to attract the best of the current crop of students to academic careers of
research and teaching. The RIAS program could be modified to provide such support.

While this proposed three part approach may not provide the optimum
formula, we suggest that for the time being it supplies an explicit unifying rationale
for the post-baccalaureate support programs of NSF. These programs recognize the
need to sustain a limited number of teaching and research openings for a rigorously
selected group of younger scientists and engineers who can provide leadership into the
next generation.

It is worthy of note that this problem of sustaining a flow of younger faculty
into the advanced educational system has been recognized in Western Europe also. The

IS FRePosinG

government of West Germany Wuswtwtewsd what is called the Heisenberg program,
which would carry a limited number of highly selected students through graduate work,
a post-doctoral period, and into junior faculty positions. Under the Heisenberg
program, the government would deliberately augment university budgets to provide

salaries for younger scientist-teachers.
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As a special aspect of the NSF education program, we fully support efforts to
increase the participation of minority persons in science and engineering careers. We
are aware of the complexities which accompany this objective, and feel it is important
to consult widely, especially with knowledgeable and experienced members of minority

groups, before committing funds to specific programs.

Sustaining the System of Basic Research in the University

It is a fact not often enough recognized that the American economic system,
in an approach that is unique in the world, has supported much of its basic research
through the Federal government. Further, much of the most open and creative basic
research is in laboratories within or related to universities. This has been a key to our
technological advancement in this century, and in particular in the last several
decades. i

An important feature of the Federal-university relationship is that over the
long run, the capacity of universities to do what they are particularly good at--basic
research--depends upon their overall strength and their flexibility. As costs rise and as
university income becomes more and more linked to mere survival, we also lose the
capacity to finance exploratory ventures, to support the early research efforts of
young investigators, and to cushion research efforts from the disrupting effects of
short-term financing.

Moreover, a dangerous doctrine has been advanced--that the Federal
government has no responsibility to keep the university research base healthy and
flexible, the assumption being that universities are merely entities which the
university can contract with to produce research it wants.

This feeling is harmful to both the universities and the nation. When the

Federal government does not pay the full costs of Federally supported research,

including direct and indirect overhead, universities must divert funds from educational

and public service functions to cover the research costs not met by the government.
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This is possible only in the short run; in the long run, if permitted, it would discourage
such university basic research and eventually eliminate it.

There is a serious weakness in the method of support for academic science, in
that it is essentially a "project" system. This means that grant applications are judged
in national competition and awards are made on the advice of peers for the most
promising proposals from individuals. This system has cert&in merits and has led to
excellent work but also has one glaring defect: each project is considered in isolation,
not as part of a coordinated whole. A large university has hundreds of these projects.
It is difficult to insure that the combined effects of all of them are taken into account.

Universities need resources to cushion research programs against the random
effects of project terminations and changes in expenditure rules. Moreover,
investigators must be nurtured as they develop, skilled technicians must be kept at
work (to maintain their skills) regardless of fluctuations in budget, and facilities must
be built and supported for varieties of research projects. Exploitation of new ideas and
radical shifts in lines of investigation may require that funds be provided much more
quickly than possible under the project system.

For many years the National Science Foundation provided institutional grants
for related purposes under the Institutional Improvement of Science Program (1Isp),
but this program was terminated in 1975. (The Office of Management and Budget has

repeatedly advocated that similar grants made by the National Institutes of Health be

abolished, but the authorizing and appropriating committees have repeatedly rein-

stated the grants.) We feel that the abolition of the NSF Institutional Improvement for
Science Program reflects an incorrect government view on research support in
institutions of higher education. We must continue to undertake to persuade both
Congress and the Executive Branch of the wisdom of reinstituting the kind of grant
that would meet the need for flexible research funds. The amount of money required
for such flexibility would be very small in relation to the total research support effort

involved, and would be the best of public investments.




Conclusion

Mr. Chairman, 1 would like to conclude and summarize by making these
simple observations:

Support of basic scientific and technological research and development is the
main investment that can contribute to the economic progress and prosperity of our
society. In that effort, the kind of research that occurs in the environment of higher
education is of small scale but central.

Only this kind of progress in our research programs can bring the much

needed Increase in productivity and prosperity in this nation. Science, as well as

higher education in general, must provide the increased understanding and control of

our environment which can foster the improved quality of life and well-being to which
we all aspire and which will make feasible the achievement of our highest social goals.
The welfare of Americans in the coming decades and in the next century is
inherently involved in the issues we discuss here today. We therefore insist that the
National Science Foundation, and its support of higher education and basic research,
are a vital national investment,
Thank you for giving me the opportunity to express my views before you

today, on behalf of all those whom I represent.
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Senator Kexxepy. We will continue along and come back on this.
Dr. Williams,

Dr. WiLLiams. I thank you for giving me the opportunity to talk on
the bahalf of the NSF fiscal budget for 1978.

I am a professor of chemistry at the College of Wooster in Ohio, and
I am speaking for the 25 independent colleges and universities in the
Great Lakes Colleges Association and the Associated Colleges of the
Midwest, and 324 member colleges of the American Association of
State Colleges and Universities and the 631 members of the new and
growing National Association of Independent Colleges and Uni-
versities,

Now obviously I cannot speak completely for all of them, but I will
try to reflect their views.

I have a prepared text, and when you want to stop me at some point,
please feel free to do so.

I believe that the undergraduate institutions I speak for have a sig-
nificance often overlooked in NSF priorities. Even in numbers some
smaller schools hold their own in production of science majors. While
the majority of scientists graduate from the larger universities, in
terms of percentages and absolute numbers some large univer-
sities have not produced science majors commensurate with their
enrollments,

I have a table of information here which looks at baccalaureate de-
grees in chemistry from four Ohio schools: Ohio State University,
Ohio University, Oberlin College and College of Wooster.

If you look at 1976, you see that Ohio State had 9 chemistry majors;
Ohio University had 18; Oberlin College, 24; and College of Wooster
had 24. This came from the American Chemical Society Annual Re-
port, and we must be careful not to extrapolate the figures, but the
point I want to make here is that one must realize that some under-
graduate institutions have been a high supplier of scientists in the past.

Now let’s look at science education and science research budget re-
quests. The National Science Foundation budget request for fiscal
1978 makes a clear distinction between what the agency sees as the
need for support to science education and the need for support to re-
search. The budget asks for $688.1 million for basic research and only
$75.7 million for science education. This is unfortunate since research
and education go hand in hand.

At the undergraduate level, the emphasis on science is on course work
and to a lesser extent on research. At the graduate level this proportion
is reversed. Even pure scientific research depends on well-educated
scientists. Funds for science education must be significantly greater
than the 10 percent of research expenditures NSF has requested for
fiscal 1978. We recommend a target ratio of one-third. We support Dr.
Posvar’s statement and agree that neither education nor research
should be funded at the expense of the other.

NSF’s long-term record of promoting excellent undergraduate
education is outstanding. By allotting small grants to undergraduate
colleges for instructional equipment and summer research programs
especially, NSF has been able to plant the seeds of research in those
institutions. Students in many colleges are now able to use sophisti-
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cated equipment as a part of their early training in a way that was not
possible 20 years ago.

To my knowledge, NSF has been the only source of funds for such
wide basic training in the undergraduate sciences in this country. This
NSF role in improving undergraduate education is responsible in the
main for the high quality of science education in our Nation today.

We are concerned that certain bills before Congress would put sci-
ence education programs under different control. The proposed trans-
for of the science edueation programs out of NSF to a new department
would fragment the total science effort and, we believe, might well
reduce the quality of that effort. The present structure of NSF pro-
vides the necessary framework for the continuum of science. Both
science education and scientific research are implicit to the total.

We believe that the present imbalance between support for research
and education is improper. This should not be interpreted to mean that
we are critical of the quantity of funds flowing to research. We com-
mend this use of resources, providing some balance with science
education is restored.

However, we would suggest serious consideration of an earmarking
of funds within the basic research budget to support “little science.”
Perhaps the most exciting research is by definition big. It requires
teams of researchers, masses of costly equipment and huge quantities
of dollars. Big science can be accommodated only at Government re-
search centers, in industry or on large university campuses.

Senator Kexxepy. Are you talking about new technology or basic
research ?

Dr. Wirriams. In the big grants the way we do it today is with a
team of five or six people or more for molecular biology, for instance.
The big synthetic things may require 12 post doctoral people, and
the equipment is very expensive.

There is another side of science in basic research. One or two re-
searchers working as a small team can make a contribution also. in
our opinion. We want to fund those people enough so that we get
movement of ideas not only from big research programs, but also from
smaller research programs.

Senator Sciuwerker. How much of that is going on now? In other
words, is your point that not enough of it is going on now, or have
the small teams not really been given a chance!

Dr. Wirriams. I guess my point is that when the budget erunch
comes, we give fewer and fewer dollars to small or little research,
and this means that it is hard to get started, fresh out of school.
Most of the individuals do not want big equipment, and they just
do not get funded.

I think we get a reduction in the number of people doing competent
work because the funds are not available. There is some but not nearly
as much as there should be in my opinion.

Senator Scrwerker. Is this because of the size involved here and/
or the needed expensive equipment to do that research?

Dr. Wirtiams. I do not think it is a matter of size. There are a
variety of different ways to do research. We do research in our small
college, and T think it is not to be compared in size with big research
groups, but I think we need just a Iittle bit of money to get that
going.
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So I think in NSF’s budget crunch they support bigger programs
rather than the small ones—something has to give, and I think by
and large we are the groups that have been giving.

Does that answer your question ?

It is easy for equally important, if less dramatie, “little science”
to be downplayed or even ignored. T have seen examples where a
small team comes along with some fairly sophisticated ideas. They
have to be more creative in many of the cases.

Senator KeNNEDY. Are you suggesting there is sort of inherent
bias in terms of peer review in NSF against small science or unknown
or younger science researchers? That has been suggested.

Dr. Witiams. T will say the people who do the reviewing in many
cases turn out to be people from big science. We would recommend
more and more people from little science, those in non-Ph. 1. degree
granting programs, be a part of the review process.

I think it is important to get a full scope of representation in these
efforts,

Senator Kexxepy. In other words, the peer review process itself
does not have representation of the little science you were talking
about ?

Dr. Witriams. Especially at the basic research level.

Senator Kexxepy. T suppose it reaches another point, too. It is a
good deal safer to give grants to a major university with well known
people. The people at NSF are not going to get themselves in much
trouble if they stamp OK on those grants. But if they found small
science, the younger or less known people, and the thing does not pan
out they may be more subject to criticism. Are there not some in-

herent pressures in that respect of the peer review process?
Dr. WirLiams. Things have changed dramatically. About 10 years
ago many of the bright minds sort of moved around a very closed

- =
circle, a very closed circle. They would move from one big school
to another.

This is no longer the case. People who are very competent, in fact,
one of my very best former students, who probably holds the record
for publication at Harvard, now is at a smaller school. and is quite
a productive individual.

We want to fund those people, and in other words, increase the
broad base of support. It may not be as safe, risk-free, but T think
it is important to do this.

I think one of the things we have to realize is that there are differ-
ent prices or cost requirements for different research programs. In
physics we obviously need quite a bit of complex equipment. In social
sciences, we need smaller amounts of money.

What we need to do is look at partienlar disciplines and develop
some guidelines or formulas as to what we allot for small grants. We
should lay aside some moneys for small research in all areas.

We might consider, say, solid state physics, and we ask for maybe
20 percent of the money to go into grants of roughly $35.000 or less.

Now in social sciences, yon find it is a little bit cheaper to do
research, and we might up that margin to a larger percentage so that
we can fund broader base of people.

NSF has been very good with big instrumentation work. It has
really done a tremendous job. But there should be some attempt to
eventually remove the present floor on equipment.




The point I am trying to make is that they tend to support the
purchase of costly, big equipment and not the purchase of smaller
equipment.

We would suggest you in Congress set aside some funds for equip-
ment for little science research projects. Let us say we would like to
have no less than 15 percent of the total instrumentation budget set
aside for grants of, let us say, $25,000 or less, and can really get started
quite well in a little science program.

I would like to turn next to the whole problem of NSF science edu-
cation. My experience with NSF grants has been related to instruc-
tional scientific equipment program (ISEP) grants, comprehensive
assistance to undergraduate science education (CAUSE) and its pred-
ecessor, the college science improvement program (COSIP), and a
17-vear involvement with the undergraduate research participation
(URP) program—all science education programs.

The URP program has sparked the research of Wooster’s chemis-
try department. Our Wooster 10-week summer program is one in
which the student is financially supported and the ?ll(‘llh\\' member
gives his time and energy to introduce the undergraduate to seientific
research. While the goal of this program is not publication, in our
department at least one research paper is publ ished every year as a
result of the U'RP program.

In fact T checked the records after T wrote this and probably two
or three papers a year are published by the students. In my view,
we must really work to support the URP program. I think the cut-
bhacks wonld be disastrous.

I would like to speak of the value of this program quite apart from
producing scientists, I think nothing. nothing explains science better
than having to go into the lab and do something. It takes it out of the
realm of the texthook kind of thing.

[ think it is important to have a hands-on approach to research and
URP provides this.

The fact that 746 proposals were submitted this year, and probably
there will be only 181 erants, suggests that other scientists agree with
us in this area. We hope that we can increase the role of URP fund-
ing to $5 million in the budget.

I think it is imperative to do this.

We note that the new minority centers for graduate education pre-
clude all but Ph. D. granting institutions. We feel we could broaden
and attraet more students if the master’s programs were algo included.

Wo have included here a table which summarizes certain NSF edu-
cation programs and budget requests. As you see, alongside that is
our snggested funding, We do not have to go over this, but if you
want to ask me about any of those, T will be happy to comment
further.

Thank vou for allowing me to come and talk hefore you. I hope
the support of NSF education programs, which has been outstanding
by this subcommittee, will continue.

Senator Kexyepy. Very helpful testimony. We will look over these
fieures and study them and probably be back in touch with you on
this.

[The prepared statement of Dr. Williams follows:]
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Senator Ken~epy. Ms. Singleton, we're happy to have you here.

Ms. SiNaLeETON. Mr. Chairman, I want to thank you for the oppor-
tunity to speak at this time. You have before you a copy nf‘thc
prepared text from which I will speak. I would like to highlight
a few of the points that are made in that text. b 3

My name is Lillie King Singleton. Currently I serve as institute
assoeiate in the University of Alabama’s Institute of Higher Educa-
tion Research and Services while working toward my doctorate in
higher education administration. I am here to present the views of
the American Association of Community and Junior Colleges and
its member institutions on science education in the 2-year colleges.
You may wonder how such a connect ion develops. I would like to take
a moment to elaborate on that.

From 1967 to 1975 I served as chairperson of the Division of Natural
Sciences and for part of that time also as director of Federal pro-
grams at Lawson State Community College in Birmingham, Ala.
Part of my work at the university involves providing services to the
State’s junior colleges and I hope to be of continned service to Ala-
bama’s 2-year colleges when my doctoral work is completed this
spring.

I have had considerable experience with NSF science education
programs, including the old college science education programs and
summer institutes for science students and teachers. I have been a mem-
ber of the National Science Teachers Association since 1958, and have
held several leadership positions in this organization. In 1970-71 1
served as president of the Alabama Association of Junior College
Science Teachers.

The community and junior colleges and technical institutes on
whose behalf T speak are a major force in higher edu ation today.
Unfortunately, to date their role has not been recognized adequately
in science edncation awards made by the National Science Founda-
tion.

In his recent testimony before this subcommittee, science educa-
tion division director Dr. Harvey Averch spoke of his directorate’s
plans for fiscal 1978. These are designed “to strike a reasonable
balance between our responsibility to provide the educational base for
our research systems and the need to be responsive to new audiences
who have broader, more generalized requirements for science educa-
tion.”

Implied here, I believe, is a response to the concerns that AACIC
has been expressing over the years. I hope my statement today can be
viewed as a constructive set of suggestions to help NSF reach this
goal.

I will make three major recommendations:

First. that for a period of several years, until it has time to have
impact, a set-aside for 2-year colleges of 30 percent of program funds
should be provided for those programs which support science educa-
tion at the undergraduate level. Currently these programs include
comprehensive assistance to undergraduate science education
(CAUSE). local course improvement program (LOCIP), and in-
structional scientific equipment program (ISEP). If program names
are changed or programs are merged, as NSF currently plans, the
principle of the set-aside would remain the same.
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Second. the Science Education Development and Research Division
should be given funds to undertake a needs assessment of science
education in 2-year colleges.

Senator Kexnepy. As I understand it. that has not been done!?

Ms. SineLETON. To my knowledge, it has not been done.

Senator Kenyepy. The point is there are other people working
in science at these junior colleges. Doing a real review and evaluation
of these programs, and how they can be strengthened and supported
would be extremely useful as I understand it.

Ms. SixeLeToN. Exactly, Senator.

Senator Kexyeny. I do not know why it has not been done. Do you
know why?

Ms. Sixereron. No, I have no idea. But 1 would again place em-
phasis on my view. and that of AACJC. that it is indeed something
that should be done.,

When we look at science programs and, in fact, total programs at
junior colleges compared to those of 4-year colleges and universities,
we can note significant differences in such areas as the clientele being
served, institutional philosophies, educational delivery systems, and
in teaching methods used. These and other differences do need to be
taken into consideration by NSF as it designs programs and guide-
lines that address needs that are peculiar to 2-year colleges. So we
do feel that the needs assessment study should be done with all haste.

The third recommendation is to correct what appears to be a gen-
eral inequity in the peer review process. NSF should make sure that
a majority of reviewers of proposals from 2-year colleges are them-
selves 2-year college people. This is the only way we can have true
peers doing the reviewing.

I would emphasize again the fact that 2-year colleges are a major
force in American higher education. They currently enroll over 4
million students in degree programs. This is about 33 percent of the
total undergraduate population in the Nation, and nearly 55 percent
of entering freshmen.

Community and junior colleges and technical institutes ave the
point of first access to postsecondary education of many of the groups
that NSF—and Congress—is anxious to serve and draw into scientific
careers. Included here are blacks, Mexican Americans, American Indi-
ans, women, older students, and low-income persons of all types. By
neglecting the needs of the 2-year colleges in seience education, the
needs of these people are also being neglected.

Women are attending college in dramatically inereasing numbers.
According to Census Bureau figures, the total undergraduate enroll-
ment of women inereased by 45 percent from 1970 to 1975. The 2-vear
college is attracting an impressive share of these women. Recently
published fall 1976 enrollment figures show this. From 1974 to 1976
the number of full-time female students in all institutions increased
by 11.3 percent, but in 2-year institutions the increase was 22.4 per-
cent. An almost parallel increase was evidenced for part-time female
students. Also. 56 percent of first- and second-year undergraduate
students with family incomes under $10,000 attend 2-year colleges.

The support which 2-vear colleges receive from NSF is nowhere
near a level appropriate to their impact on the education of students
in seiences.
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For example, RULE (now LOCIP), designed to give teaching
faculties the chance to do innovative work in their courses, awarded 6
percent of its grants (4 percent of its funds) to 2-year colleges in
tiscal 1976. !

In ISEP, 5.2 percent of the grants (3.4 percent of funds) were made
to 2-year colleges.

CAUSE, comprehensive undergraduate program assistance, had a
set-aside for 2-year colleges in fiscal 1976. And note the difference—28.5
percent of the grants for 22.9 percent of the funds, were made to 2-year
colleges. In fiscal 1977 the set-aside was dropped, though Congress
directed that the CAUSE emphasis should be on 9-year and 4-year
undergraduate institutions. We do not yet know what the story will be
for CAUSE awards this year. However, if the portion awarded to
9-year colleges is down significantly, we will feel that an injustice has
been done to our colleges and to their students.

I would like to take a look at the NSF budget for a moment. The
appropriation for 1977 (including the defaults and carryovers) was
$797.9 million. As we know, much of this budget funds research, most
of which is carried in university and 4-year colleges. And while not for
education as such, it does provide research experience for faculty and
students and for the general strength of these institutions.

The 1977 budget for science education is $74.3 million—note that
this is less than 10 percent of the total NSF budget.

Another area to which T feel T must speak, and on which I beg your
attention, is my concern that NSF has a high track record for rejecting
9-year college proposals. One consequence of this reject ion pattern is
that 2-year colleges are discouraged from submitting NISF proposals.
After all. there has to be some chance for success before it seems wort h
the effort and the cost expended in developing a proposal. The result
is that NSF receives relatively low “proposal pressure” in most pro-
grams from 2-year colleges. Ironically, this situat ion gives a rationale
for the lower level of awards to 2-year colleges. T would hope that the
subcommittee would see fit to recommend NSF funds that would allow
some relief in this area.

Let me close by summarizing the recommendations T have made or to
which T have made inferences during this testimony.

First, that a 30 percent set-aside is needed for 2-year colleges in those
programs that support undergraduate science education. Currently
these are CAUSE, LOCIP,and ISEP.

Second, for 2-year colleges, the concept of “peer” appropriate for
proposal review must begin with true peers, those involved in that
educational setting. A majority of 2-year college proposal reviewers
should be 2-year college people.

Third. NSF should be provided with additional funds to undertake
a needs assessment of science education at the 2-year college. This will
provide the factual and conceptual basis for the development of NSF
seience education programs and program requirements better meeting
9-year college needs.

Fourth, among such programs should be one which funds seience
and engineering technology courses in which 2-vear colleges are
heavily involved.

Fifih. and finally. NSF should engage in positive outreach to 2-year
colleges and other undergraduate institutions which provide science
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education to a significant proportion of American students. We rec-
ognize and appreciate the work that the NSF science education staff
is already doing in providing technical assistance to this clientele.
However, one clear problem is that the staff apparently cannot afford
the travel which would permit more of such activity. A larger travel
budget, particularly directed toward informing and encouraging
broader participation in NSF programs, would help.

An approach which might be helpful is that adopted by the National
Endowment for the Humanities. This is the “consultant grant,” low
cost and available to a high percentage of applicants. T he ¢ grant pays
for the services of a um\-ult'mt who is an expert in the fie Id who will
help the applicant analyze and improve the course under consideration.

Mr. Chairman, before T close. T want to say to you that Dr. David
Matthews, president of the University of Alabama, whom I am certain
you remember, asked me to bring you his warm and personal greetings.

I want to thank the chairman and the subcommittee for .1“0“1!1"'
me the opportunity to bring these recommendations to you. Naturally,
I hope that you will adopt them.

Senator Kexxeny. I think you have some very interesting ideas.
You reminded us about the mlpmfmuv of the role of the junior col-
leges in science and science education, of the contributions that they
can make. I think your suggestions are very interesting and will be
very helpful to us.

Senator Schweiker.

Senator Scuwerker. In your statement. you eited the figures under
the CAUSE program. T note the difference 28.8 percent—this is on
page 6 of your testimony— 28.8 percent of the grants for 22.9 percent
of the funds were made to 2-year colleges. Then you say in fiscal 1977
the set-aside \\‘l‘- dropped, Congress directed that CAUSE emphasis
should be on 2- and 4-year llnnhtlrr‘lriu(ltv institutions.

Now, since getting this testimony together, do you have any indica-
tion at all as to what is h appening in that category ? Is it still too early
to assess whether the funding has decreased or not ?

Ms. Sixaretox. I do not have any idea at all at this point in time.
Those awards have not been made yet so we ¢ cannot tell how the junior
colleges may fare with the current year’s program awards. But as
soon as that information is available, we will be happy to get it to
you.

Senator Scuwerker. Very key point. T think you raise a good issue.

Ms. SixgLeToN. Thank you. )

[ The prepared statement of Ms. Singleton follows:]
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Mr. Chairman, my name is Lillie King Singleton. Currently I serve
as Institute Associate in the University of Alabama's Institute for
Higher Education Research and Services while working toward my doctorate
in higher education administration. I am here to present the views of
the American Association of Community and Junior Colleges and its member
institutions on science education in the two-year colleges.

From 1967 to 1975 I served as Chairperson of the Division of Natural
Sciences and for part of that time also as Institutional Grantsperson at
Lawson State Junior College in Birmingham, Alabama., Part of my work at the

University involves providing services to the state's junior colleges and

I hope to be of continued service to Alabama's two-year colleges when m
¥

doctoral work is completed this spring. I have also had considerable
experience with NSF science education programs, including the old College
Science Education Programs and summer institutes for science students and
teachers. I have been a member of the National Science Teachers Association
since 1958, and have held several leadership positions. In 1970-71 I

served as President of the Alabama Association of Junior College Science

Teachers.

The community and junior colleges and technical institutes on whose
behalf I speak today are a major force in higher education today. Unfor-
tunately, to date their role has not been adequately recognized in sclence

education awards made by the National Science Foundation.

In his recent testimony before this Subcommittee, Scilence Education

Division Director, Dr. Harvey Averch spoke of his Directorate's plans for




fiscal 1978. These are designed "to strike a reasonable balance between
our responsibility to provide the educational base for our research sys-
tems and the need to be responsive to new audiences who have broader,
more generalized requirements for science education.” Implied here, I
believe, is a response to the concerns that AACJC has been expressing
over the years. I hope my statement today can be viewed as a construc-

tive set of suggestions to help NSF reach this goal.

I will make three major recommendations:

First, that for a period of several years, until it has time to have
impact, a setaside for two-year colleges of 30X of program funds should be
provided for those programs which support science education at the under-
graduate level. Currently these programs include Comprehensive Assistance
to Undergraduate Science Education (CAUSE), Local Course Improvement Pro-
gram (LOCIP), and Instructional Scientific Equipment Program (ISEP). If
program names are changed or programs are merged, as NSF currently plans,

the principle would remain the same.

Second, the Science Education Development and Research Division should

be given funda to undertake a needs assessment of science education in two-
year colleges. This needs assessment could ultimately lead to a restruc-
turing of NSF science education programs so that they better meet the needs
of this type of institution. For example, we would hope for a reinstate-
ment of a program supporting sclence and engineering technologies which

would address a very important aspect of the two-year college role in




science education.
Third, to correct what appears to be a general inequity in the peer
review process, NSF should make sure that a majority of reviewers of

proposals from two-year colleges are themselves two-year college people.

Numerical and sociological impact of two-year colleges. I earlier

asserted that two-year colleges are a major force in American higher edu-
cation. They currently enroll over four million students in degree pro-
grams. In percentages, this is about 33X of the total undergraduate
population in the nation, and nearly 55X of entering freshmen.

Community and junior colleges and technical institutes are the point
of first access to postsecondary education of many of the groups that NSF —-
and Congress — 1s anxious to serve and draw into scientific careers. In-
cluded here are Blacks, Mexican-Americans, American Indians, women, older

students and low income persons of all types. By neglecting the needs of

the two-year colleges in science education, the needs of these people are

also being neglected. Two year college enrollments are 161 minority and

102 black. Of blacks enrolled in undergraduate studies, 287 attend two-
year colleses.l

Women are attending college in dramatically increasing numbers. Accord-
ing to Census Bureau figures, the total undergraduate enrollment of women
increased by 45% from 1970 to 1975. Much of this increase is attributed

to the number of older women attending college -- the increase in atten-

dance for women from 25 to 34 years of age increased by more than 100 per

1. Office of Civil Rights data.
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cent during these years. The two-year college is attracting an impressive
share of these women. Recently published fall 1976 enrollment figures
show this. From 1974 to 1976 the number of full time female students in
all institutions increased by 11.3 per cent, but in two-year institutions

the increase was 22.4 per cent. Over the same years the number of part

time female students in all institutions increased by 16.8 per cent, but
¢

in two year institutions the increase was 22.5 per cent.

A number of two-year colleges enroll sufficient numbers of minority
students (over 50%) to qualify and participate in the MISIP (Minority
Institution Science Improvement Program) program. However, most minority
atudents must be reached through other institutions, and scilence education
support to two-year colleges is an important means of assisting these
students.

56% of first and second year undergraduate students with family
incomes under $10,000 attend two-year colleges, while 46X of such students

2
from families in the $10,000-14,999 do so.

What is the two-year college role in science education? Actually we

can point to three roles.
1) Two-year college students in baccalaureate degree programs.
Many students who will get B.S. or B.A. degrees begin their work at a

two-year college. About 41% of our current students are in transfer

1. See Chronicle of Higher Education, February 7, 1977, February 22, 197,

2. Bureau of the Census Data: School Enrollment. Current Populat fon
Reporta: October 1975.
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programs. A study of the two-year college freshmen class of 1968 re-
vealed that 52% had transferred by 1972. Considering the numbers involved,
this is a lot of students. Currently about 1,600,000 students are en-
rolled in transfer programs, many in the scientific disciplines.

2) Two-year college engineering technology occupational programs.
These sclence programs train students to work with scientists and engineers
and in technological occupations that require scientific competencies.
About 3B% of the two~year college students are enrolled in occupational
programs and of these, half are in science and engineering related programs —
at least 750,000 students.

3) Two-year college contribution to science literacy. This comes
about in many ways: courses taken by students in non-scientific curricula
as well as the colleges' active adult education and community service pro-
grams. As community based institutions they have great ability to reach

out to people for courses and public programs on science-related subjects.

The support which two-year colleges receive from NSF is nowhere near

Consider the total NSF budget for a moment. The program level (appro-
priated funds plus deferrals and carryovers) for fiscal 1977 is $797.9
million. As we know, much of this budget funds research, most of which is
carried on in universities and four-year colleges, and while not for educa-
tion as such it provides research experience for faculty and students and
general strength to these institutions. The 1977 budget for science educa-

tion 1s $74.3 million -- lesas than 10% of the total NSF budget.
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I wish I could tell you exactly the portion of this 10% which goes to
two-year colleges. Even of those programs which are directed toward under-

graduate education the portion i{s small. The Nationmal Council for Resource

Development, an adjunct council of AACJC, has analyzed some of NSF's awards

in the science education resources improvement and manpower programs for
fiscal 1976. (See the next page).

Thus, RULE (now LOCIP), designed to give teaching faculties the chance
to do innovative work in their courses, gave 6X of ite grants (4% of funds)
to two-year colleges in fiscal 1976.

In ISEP, for equipment for undergraduate science courses, 5.2% of the
grante (3.4% of funds) were made to two-year colleges.

CAUSE, comprehensive undergraduate program assistance, had a setaside
for two-year colleges in fiscal 1976. And note the difference — 28.8% of
the grants for 22.9% of the funds, were made to two-year colleges! In
fiscal 1977 the setaside was dropped, though Congress directed that the
CAUSE emphasis should be on two-year and four-year undergraduate institu-
tions. We do not yet know what the story will be for CAUSE awards this
year. However, if the portion awvarded to two-year colleges is dowm signifi-
cantly we will feel that an injustice has been done to our colleges and to

their students.

In pointing to these problems I do not wish to point an accusing finger
at the NSF staff, Indeed, many have been exceedingly cooperative, have will-
ingly appeared at meetings and provided information about NSF programs.

We very much appreciate the cooperation of Dr. Harvey Averch and his stai. .
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NATIONAL COUNCIL FOR RESOURCE DEVELOPMENT

Categorical Funding Task Force

FY 1976 Information

AGENCY

National Science Foundation

Dollan Dallars oblained by Total Number of Comm

Program Name Expended Community Colleges College Rec. Awards Total Number of Awards

1. Comprehensive
Assistance to
Undergraduate .
Education (CAUSE) 10,000,000 2,290,000

Undergraduate
Ingtructiona)
Sclentific Equip-
nent

Restructuring
Unde rgraduate
Learning Environ-
ment Program (RULE

Student Origin-
ated Studies
Secondary School
Student Sclence
Training

Woren in Sclence

*122 Proposals submitted - a 30% decline from 1975.
**RULE Program has changed to Local Course Improvement - 11 proposals submitted.
***Community Colleges not eligible in 1975; however, they will be eligible in
1976.
#4++Cabrillo College, California.

e
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However, it would appear that there are certain "gyatemic" problems

which need to be corrected. I will note some of them here:

1. Lack of understanding of the unique function, programs and teach-

ing methodology at the two-year college. Until this year no staff members

at NSF have had experience at these colleges. As a result, programs and
guidelines have been developed which may effectively meet the needs of
science programs at other types of institutions but do not necessarily

mesh with two-year college needs.

We recommend that Congress provide funds and require NSF to undertake

a thorough needs analysis of science education programs at community and
junior colleges. Following this, programs can be developed or revised
which are better suited to two-year college needs. This should attract
more an better proposals since the potential for success and real benefit
to the two-year college science teaching function would be greater.

Secondly, we recommend that NSF establish a program similar to the
now—discarded sclence and engineering technology program —— a program
which will recognize the unique role of the two-year college in the produc-
tion of technological persommel who work with scientists and engineers or
in occupations requiring a base of scientific competence. This type of
program, developed in conmsultation with two-year college people involved
in this type of education, would serve important needs while making a sub-
stantial contribution to our technological economy.

2. Peer Review. NSF should take extreme care to assure that a majority

of the reviewers of two-year college proposals for ALL programs be two-year

college people. Only these readeras will have an adequate understanddng of

the function and context of the two-year college. Thus the proposals would
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be judged by people who truly are "peers" of the applicants.

Two-year colleges may suffer in the reviewing process from an elitist
attitude toward their faculty and their programs. For example, it is true
that fewer two-year college faculty hold the Ph.D. than do faculty at four
year colleges and universities (although many hold degrees in science
teaching). Since their function is teaching freshmen and sophomore courses,
and not research, it can be asrgued that their ability to teach is what
should count. Faculty from elite universities may not share this value
and in effect may be blased against two-year colleges, Again, we have
noted that about half of two-year college students are in occupational
programs of which about half are engineering and science-related. Although
many of these program credits are ultimately transferrable toward a bacca-
laureate degree, university-based reviewers may erroneously view them as
not "scientific" and not deserving of NSF support.

Reviewers who come from two-year colleges would understand these fac-
tors and judge the proposals from the point of view of thelr quality. In-
appropriate reveiwers lacking two-year college experience can misjudge
proposals because of their lack of knowledge of the different institutiomal
settings.

One consequence of a fairly consistent rejection pattern is that two-
year colleges are discouraged from submitting NSF proposals -- after all,

there has to be some chance of success before it seems worth the effort and

cost. The result is that NSF receives relatively low "proposal pressure"

in most programs from the two-year colleges, and ironically this situation

gives a rationale for the low level of awards to two-year colleges.
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Interestingly, in the CAUSE program, where NSF is required to fund
two-year colleges (or was in fiscal 1976) the pattern is different. For
CAUSE, 60 per cent of the reviewers of two-year college proposals are
from those colleges. In 1976, 19.2% of all CAUSE reviewers were from
two-year colleges. Overall in the Science Education Resources Improve-
ment section, however, this pattern does not apply. The list of reviewers
of SERI programs contains 828 names of which we were able to identify
44 of these names as being from two-year colleges —— slightly over five
per cent. For 1976 proposals, 7.2% of ISEP reviewers, and 8.62 of LOCIP
reveiwers, were from two-year colleges. In the Science Education Develop=-
ment and Research Division only 2.4% of the reviewers were from two-year

colleges. None of these figures, of course, tells us how reveiwers were

allocated among specific proposals, but the figures do show that the pool

of two-year college reveiwers is small.

3. Program guidelines or requirements specifically or indirectly

exclude two-year colleges. Some examples:

a. The fiscal 1977 guidelines for the Pre College Teacher

Development in Science Program specifically exclude two-year

colleges. With their expertise in teaching, it could be assumed
that two-year colleges have something to offer high school teachers
who grapple with the same problem. In almost no cases are community
colleges a part of local school districts. They operate quite
independently, yet are community based and in some commumities are
the only accessible institution of higher education. To exclude the

two-year colleges from eligibility deprives many pre-college teachers




192

of a convenlent and local source of developing a productive
relationship with college science faculey.

b. The guidelines for the Women in Science program do not ex-
clude two-year colleges (one grant was awarded) but they ignore
the important possibility of attracting women into scientific careers
at or through the technological/occupational levels. For some women ,
and perhaps especially those from "disadvantaged" backgrounds, the
interim step may be less frightening and therefore more attractive.
Many then would see the possibility of taking the next step, while
others would have accomplished entry into the non-traditional sclence-

related occupations.

Recommendation: An immediate step to correct some of these problems
would be to direct NSF to open its eligibility requirements whenever ap-

propriate to allow two-year colleges to compete for NSF funds.

In closing, let me summarize the recommendations T have made during

this testimony.

1. A 30% setaside 1s needed for two-year colleges in those programs
supporting undergraduate science education. Currently these are CAUSE,
LOCIP and ISEP.

2. For two-year colleges, the concept of "peer" appropriate for
proposal review must begin with true peers, those involved in that educa-
tional setting. A majority of two-year college proposal reviewers should

be two-year college people.
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3. NSF should be pzovided'ui:h additional funds to undertake a needs

assessment of sclence education at the two-year college. This will pro-
vide the factual and conceptual basis for the development of NSF science
education programs and program requirements better meeting two-year college
needs.

4. Among such programs should be one which funds science and engineering
technology courses in which two-year colleges are heavily involved.

5. Finally, NSF should engage in positive outreach to two-year colleges
and other undergraduate institutions which provide science education to a
significant porportion of American students. We recognize and appreciate
the work the NSF science education staff is already doing in providing
technical assistance to this clientele. Ome clear problem is that the
staff apparently cannot afford the travel which would permit more such ac-
tivity. A larger travel budget, particularly directed toward informing
and encouraging broader participation in NSF programs, would help.

An approach which might be helpful is that adopted by the National
Endowment for the Humanities. This is the "consultant grant," low cost
and available to a high percentage of applicants. The grant pays for
the services of a consultant who is an expert in the field who will help

the applicant analyze and improve the course under consideratiom.

My thanks to the Chalrman and members of the Subcommittee for their
attention to these recommendations. Naturally, I hope they will be

adopted.
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Senator Kexxepy. Dr. Jackson.

Dr. Jacksox. Thank you, Mr. Chairman, and thank you, Senator
Schweiker,

I have prepared testimony that I would like entered into the
record.

Senator Kexxepy. We will make all the prepared testimony part
of the record at the conelusion of your testimony.

Dr. Jacksox. T will not read from my prepared testimony. I will
only make a few short comments, and then be prepared to answer any
questions you might have about my testimony or about my comments.

I first want to address the problem of minorities in science. but
this will not be the only thing I will address today.

I am concerned that NSF does not understand the urgency of this
particular problem. It has been a little bit disheartening to me that
NSF has not been able to pursue with vigorousness and imagination
a program that was set up to address a large number of the problems
of minority education.

We have heard today from junior college people. When we prepared
our testimony last year, we were well aware of the fact that a large
number of minority students are going to school in junior colleges.
We would have hoped that the National Science Foundation would
have coupled the minority centers programs with some of the efforts
of the junior colleges to try to improve the science eduncation of those
schools,

At this time I would also like to take the opportunity to suggest
that the name of the minority graduate centers be changed to some-
thing that would be more appropriate to its overall purpose, such as
resources centers for science and engineering. The reason for doing
that is that even though we put in a substantial component of graduate
research, we also put in substantial components of undergraduate
education, elementary and secondary education and community
education. '

What we get as a response from the National Science Foundation
is not an enthusiastic acceptance but a go-slow approach. In fact the
National Science Foundation’s Assistant Director for Science Educa-
tion in his testimony before the House suggested that in his fiseal
year 1979 testimony before that body he will have a cost-benefit
analysis of all the various programs. This is very strange to me when
he has no program to do a cost-benefit analysis of.

He is using economic jargon and a pseudoscientific approach to
address the question of minority participation in science or engineer-
ing. I suggest that if he really wants to understand some of the prob-
lems of minorities, he should pick up and read a copy of the National
Board of Graduate Education’s report. that came out in June of 1976.
on minority group participation in graduate education or the Sloan
report that came out in 1974 on minorities in engineering.

It is clear when resource centers for science and engineering were
first. proposed, it was a_three-pronged approach to the problems of
minorities in science and engineering. It was to attack the problem at
the graduate level, at the undergraduate level. and at the elementary
and secondary level.

It was not a single-pronged approach. The effort was to try to in-
crease over the long term the whole base of minorities going into
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science. I think you have heard a lot of this before, so T will not
continue in this view.

As recommendations, we do not think the resource centers for
science and engineering should be funded at the expense of the other
minority programs in the science educational directory. We do think
that the centers program needs to be increased for fiscal year 1978 from
$1 million which is in the authorization request of the House to a total
of $7 million.

The reason is, that this would allow two centers to be funded in
fiscal year 1978 on a startup program at $3 million each, and it would
leave the Foundation with $1 million to continue their studies.

Now, if no moneys are available for the startup of two centers in
fiscal year 1978, it means that you will be to the fiscal year 1979
before any centers may be started. By that time the whole impetus that
this program could have had in the minority community will be lost.

We think the graduate traineeship programs should be increased
from £1 to $2 million. We believe that high school programs should
be inereased, because it is clear that the minority centers cannot impact
every high school in this country, and there should be money available
for particular high schools.

We also feel that the MISIP program which has been a valuable
program for 4-year schools with large numbers of minorities in them,
should be inereased to $6 million instead of being cut by $70,000 as
requested by the previous administration.

Now it would be foolish of me, extremely foolish of me, to sit up
here before you or before anybody really and talk about increasing
number of minorities in science and engineering if we are going to
cut back the opportunities for science and engineering across the coun-
try. A very pragmatic point of view, and pragmatic in the sense that
the health of the science and engineering communities depends to a
large extent on the $700-and-some million that National Science Foun-
dation expends in universities, and it would be very foolish of me to
say, increase the number of minorities in science and engineering if
we do not have a viable scientific and research establishment. It is
further unpatriotic of me to talk about decreasing the National Sei-
ence Foundation’s overall budget when I know that some of the major
problems in this country are technological problems that will need
technological solutions.

This brings up a point that the National Science Foundation’s
education directorate and some of the seicntists in the community
as a whole have missed about the importance of educating the com-
munity to the problems of science and how technology can impact
their lives. and how a rational approach to some of these problems
is good for them.

Until the community as a whole understands this, we will always
have difficulty in trying to get substantial funding for scientific
research that some people feel is just the frivolous waste by some
academicians on some particular campus doing things that are not
very important.

In fact, I remember when I was a graduate student in 1961, that
there was a Professor Rowland who was chairman of the department
of chemistry at the University of California at Irvine. He was study-
ing fluorocarbons. At that time nobody knew that fluorocarbons might
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be a particular problem. It just happened to be an interesting chem-
1cal system that you could study. It now turns out that it may be one
of our major pollution problems.

From those studies started some 20 years ago, we began to under-
stand what the impact of putting in a supposedly safe chemical like
a fluorocarbon into the atmosphere might do to the overall atmos-
phere. Whatever the outcome of that particular question, the whole
point about scientific research, it gives useful data that has many pos-
sible applications,

To give a further example, I was at Bell Labs yesterday, and they
have a computer simulation program to model the atmospheric interac-
tions in New Jersey and New York. It takes 125 coupled differential
equations to parameterize this particular problem. In those differen-
tial equations, you have a lot of parameters that have to be indi-
vidually measured in the laboratory.

So the problems of our society are complex and they will not be
solved by taking childish approaches to these problems. It is impera-
tive that the scientific research establishment that has been allowed to
decay over the last 8 years be funded at a level that will allow a modest
growth if we are going to have the talent and skill to solve our
problems.

Thank you, Mr. Chairman.

Senator Kexxeny. Let me ask about these resource centers. As you
quite properly pointed out, there should not be an expansion of the
resource centers at the expense of other efforts at NSF for minorities,
I think that the resource centers obviously would be an outreach pro-
gram in terms of minorities and others than might not be exposed to
science and a career in science.

I think there are many groups in our society that have not really
been sensitized and made aware of—these opportunities may very well
have some very substantial qualities to contribute in the whole area of
science and research. What we are really talking about here, at least as
far as I'm concerned, is that there may be poor whites down in Appala-
chia, for example, that have very little understanding of the oppor-
tunities in science and science education. They have abilities and
interests and should be exposed to the prospects in science and educa-
tion. I understand from what you are suggesting here that youn see
these resource centers as a way to reach out into the community, to
expose the possibilities for careers in science, to individuals who for
one reason or another, whether they are poor whites or blacks or for
whatever kind of reason, have not had the opportunity to be exposed
to it.

From these centers we can awaken some opportunities for careers in
science that otherwise might be denied.

Dr. Jacksoy. That is correct. The point is that when we were look-
ing at this problem last year, we looked at what had happened over the
past, say. 5 or 6 years. Everybody knew that there had been a problem
in underrepresentation of minorities in science and engineering. What
we need to do is increase the base and flow into established institutions.
It would be a wav of reaching out into the community and identifying
and working with people in the community to get more participation
in science.

[ The prepared statement of Dr. Jackson follows:]
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Mr. Chairman and members of the committee, my name is
William M. Jackson and I am a member of the Board of Direc-
tors of the N nal Organization of Black Chemist and Chemi-
cal Engineers. On behalf of all of our members I would like
to thank you Zor the opportunity to testify before you today
on the FY-78 Acthorization Bill of the National Science
Foundation.

We support the proposed budget of the National Science
Foundation but feel that additional funds should be supplied
for the minority programs at the Foundation. I would like to
spend part of the rest of my time discussing some of these
programs and then finish my testimony by discussing our
organizations support for the FY-78 budgetary emphasis of the
Foundation.

The National Science Foundation has requested $8,000,000
for FY-78 for 211 of the minority programs located in the
Science Education Directorate. This represents a 3% increase
over the FY-78 budgetary request and is graphic evidence that
the Foundation has not sensed the urgency of the underrepresen-
tation of minorites in the scientific and engineering fields
in this cou=iry. The proposed increase does not take care of

lation over the past year, let along provide
icant expansion of the Foundation's effort

The foundation persist in it's slow and cau-

to this problem. In fact the Assistant Direc-

has cz1led for another "Full-Scale Analysis of the various




Value Systems concerning Minority Science Educa-
surpose of this analysis is to develop "syste-
riia-ce for the Benefits and Cost of alternatives
in the last three years two full scale reports
pages have appeared that deal with the problem
Participation in Science and Engineering. One is
the Sloan Zeport on "Minorities in Engineering" and the other
is the National Board of Graduate Education's report on
"Minority Group Participation in Graduate Education®”. Both
of these reports deal with "Belief's and Values" but both
reports go further than this and make specific recommendation.
I would scggest that the Assistant Director can dispense with
his analysis and read these reports. Furthermore, it is
difficulty to see how he is going to do a "Cost-Benefit
Analysis®™ when none of the program have really been funded
at any aporeciable level.

The F¥-78 budget ask for a $200,000 increase in the

Minority Centers for Graduate Education which is clearly in-

anticipated program. I would like to take
~tunity to change the name of the program to "RE-
FOR SCIENCE AND ENGINEERING". This will remove
nat has been attached to the Minority and will
the program is not designed to set up isolated
minority students at majority or minority schools.
v 23, 1977 Statement of Dr. Harvey Averich before

ittee on Science, Research, and Technology of the
resentatives.




w22 have finished undergraduate institutions
raditional sources of Graduate Science
students would be identified and encouraged
to enter the cracduate school at one of the Resource Centers.
At these Centers the overall graduate program would have been
designed to assure that all students have the proper prepara-
tion for the rigorous graduate courses. Since each of these
centers will have substantial numbers of minority students
and faculty, no student would feel that he or she had been
singled out in an effort to make them feel inferior. It
would break cown the seige mentality that small numbers of
minority students often feel when there are only a few of
them at an institution. The seige mentality is a human re-
action of individuals in an environment where he is identifiable

different. =Recent studies show that white elementary and

secondary L develop the same pathology that black stu-

dents cdeveloz w! they are in the minority in an academic

Center will have as one of it's principle
=sthening of the background of the science col-
are attending regional community colleges

make their transition to graduate schools

was recommendation number 10 of the Sloan

Center will set up programs that will allow




advance courses at the Center. They will en-
the college faculty in their efforts to at-
They will participate in joint research
support for community college faculty to do
the Center. In summary they will be a re-
source Lt schools.
No prograx will have a long term impact on this problem

unless that e the flow of well prepared

high school students to college. Each Resource Center will set

up joint programs with the junior and senior high schools in

the region. These programs can and should include tutorial
programs, counselling programs, early age recruitment programs,
etc. The program should also contain a community education
program that will educate parents and teachers to the opportuni-
ties that are available to scientist and engineers.
cience and Engineering Centers is a compre-
he problem of minority participation in
sering. We would l1ike to recommend that it
a lavel of $7,000,000 in FY-78. This would per-
z2-ion to support two Centers at an initial funding

It would also allow the Foundation to

+hat the Resource Centers for Science and
-~ not attack all of the problems around the country.
that the high school and College Student pro-

We further feel that this pro-
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gram should make an aggressive effort to identify the various
Programs around the country that are successful and model their
program after these programs.

The Minoriiy Instiution Graduate Traineeship Program should
be expanded to 52,000,000. In addition to supplying funds for
minority s== at predominately minority Institutions the

guidelines should be flexible enough to see that deserving
students are not lost in their last two years of graduate studies
for financial reason. I must inject caution here though since
we feel that no school should be allowed to use these trainee-
snips as an alternative method of funding minority students.

In the FY-78 budget the MISIP Program was actually cut $70,000.
We feel that this program should be expanded to $6,000,000, This

allows for a modest growth that will account for the rate of in-

flation over the past three years.

the Education Directorate be increased by $9,000,000 to $17,000,000.
This is a modest total compared to the total budgetary request.
It would mean that the total Education Directorate budget would
have risen by 12%, which is about the increase accorded the rest
of the Foundation.
Mr. Chairzan as a practicing scientist and a representative
iZic organization I am also obliged to support the

ional Science Foundation Budget reguest. It

and engineers if these fields become stagnant

and decay. 3:tt this is not the only reason I support the




is in the proposed FY-78 budget. It is clear
that over the : eight years the research plants at a substantial
number of :+--ions has been allowed to decay. This is an
intolerable sitzation when some of the major questions facing our
society require technical solutions. The fields of energy, environ-
ment, health care, etc. all will require new technical solutions
if our way of life is to survive these solutions will come from
our educational institution through the ingenious application of
the available techniques and knowledge. As the question become

more difficult, the approach generally becomes more sophisticated

requiring new equipment. I know in my own field the finest experi-

ment require the use of lasers as detectors that pernits us to
probe the guantum states of molecules. As one of the pioneers of
the technigue it is impossible to get good results without good
equipment.

we support a $9,000,000 dollar increase in the
science education budget but hope that this will not be at the

expense of the rest of the Foundation.
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Senator KexNepy. Let me ask the panel—and we have to move
along here—but I am interested in this and I would like to hear from
each of you: Why do you think that there has not been a stronger sense
with Congress or the American people generally about the importance
of science education and the need for increased support ? Why is that ?
It seems to me to be such a basic and fundamental issue. and so obvi-
ous in terms of importance to our society. I am wondering why there
is not a broader base of support, why people are not pounding our
doors down on it. I would be interested in what you might be able
to tell us.

We have four distingnished professionals here who feel very deeply
about it. I would like to know how we can get a greater sense of publie
support.

Dr. Posvar. I think, first of all, it is an extremely complex subject.
I think the basic argument in terms of technological progress has not
been sold to the American public. I think in part there is antagonism
built in in our society toward the idea of corporate act ivity, including
that which is related to research. But I think some of the fault lies
with higher education and investigators themselves.

There has been a tendency among the public and the Congress
and legislators in Pennsylvania and elsewhere, to perceive educators
as persons who want public funding and who also want independence
and autonomy and who do not want to answer difficult questions about
priorities and who have been unwilling or unable to explain the
complexities of their activities to the public and sell them to the
publie.

I think that we have a strong duty in higher education to tell our
story in terms of the national interest which we think is our common
interest.

Dr. WinLiams. T think there are a lot of people who at an early
age view science as being hard.

We used to say at our small college we have to get out in the
streets and talk to the people about science. If we get out and get
involved and work with science education at a variety of different
levels, T think we can get a greater public awareness.

The other day I went to a second grade class and talked to a group
of second graders about environmental problems. It was an exciting
thing, and T was worn out because they asked so many questions.
If we in the sciences, can continue to go out and get in\'ol'\-m'{. I think
we can build a group of people who are really imbued with the under-
standing of science at its deepest roots.

Senator Kenxeny. Ms. Singleton.

Ms. SixgLeToN. T would like to read briefly, in answer to your
question, from a statement of Dr. Averch in his presentation before
the subcommittee.

It says: “I believe that the NSF, OMB and the Congress are ap-
proaching agreement on the value of issues, although debate certainly
will continue about appropriate levels of resources. In fiscal year 1978
it would be fair to say that our mission is two-fold: To improve the
science education system through support to institutions and individ-
uals,” yes, but here is the catch: “To foster science literacy.”

I think the answer to your question probably lies more in our giving
additional attention to making the general citizenry aware of the
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impact of science and the interrelations of science to daily life that
they probably do not see very easily nor vary readily. Science and
technology seem to have gone too far over the heads of the masses
of the people. The people must know what is going on! Here, I
think the junior colleges are in a position to be of tremendous help
to the country. Because they are community based institutions, the
junior colleges can reach out and touch the people at the grass
roots level. It is to this kind of concern—the implications of science
and technology to daily living and decisionmaking—that we need
to give much additional attention. I think Dr. Averch, OMB, and the
Congress would agree with me in this assessment.

Senator Kexxepy. Dr, Jackson.

Dr. Jacksox. I think to a large extent, as a scientist, I'm going to
say to a large extent, it is a problem of seientists in general. Scientists
love to do research. They get involved in their own little bailiwicks,
and they do not want to talk to other people. If they stay in the lab
and work 80 hours a week and publish 8 or 10 papers a year, their col-
leagues will like them and say they are great scientists.

You can say all you want, but unless the scientists can communicate
to the people the enthusiasm that they feel about doing science and
why it is important, then T do not think that you can ever really
have a firm base in education to evaluate the public. Because, really,
one of the most intellectually stimulating periods in the history of
mankind oceurred between 1900 and 1930 in the revolution of physies.
It was a period of time when scientists were uncovering new facts
with no theories to understand them. They literally pulled them-
selves—people say how tough science is, but what really happened
was, that all of the complicated mathematics of quantum mechanics
was developed by people who did not know anything about math-
ematics but had to go find out to explain their data.

I do not think this has even been communicated to people of what
it is all about. Scientists are really out there trying to understand
nature at all levels, complicated interactions that occurs when a car
exhaust fumes go into the air. Molecules absorb light, you have dust
particles, that molecules react on forming new and sometimes dan-
gerous compounds. Basically all those molecules are running around
out there hitting each other and reacting and forming things that
may or may not be desirable.

There are any number of ways to communicate to people if you
take the time and try to do it.

Qenator Kexxepy. I want to thank you all very much for your
presence here and for your testimony. This information will be very
valuable and very helpful to us.

Dr. Jackson. Thank you.

Senator Kex~yepy. Our next panel will discuss the National Seience
Foundation and the Industrial Community.

James E. Barger, chief scientists, Bolt, Beranek & Newman, Ine.,
Cambridge, Mass.; E. J. Johnson, G.T.E. Laboratories, Inc., Walt-
ham. Mass. : and Arthur S. Iberall, president, General Technical Serv-
ices, Inc., Upper Darby, Pa.

T welcome my friends from Massachusetts.

We will include all of the statements in the record. I do not know
if you have had a chance to review the testimony of Tuesday’s hear-
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ings. I do not know whether I can remember it exactly—there are
members of the National Science Foundation here so they can help
me on it—but basically the NSF testified that there was not really
much interest in basic research in the industrial community.

STATEMENT OF JAMES E. BARGER, CHIEF SCIENTIST, BOLT,
BERNANEK & NEWMAN, INC., CAMBRIDGE, MASS.; ACCOM-
PANIED BY E. J. JOHNSON, G.T.E. LABORATORIES, INC., WAL-
THAM, MASS.; AND ARTHUR S. IBERALL, PRESIDENT, GENERAL
TECHNICAL SERVICES, INC., UPPER DARBY, PA, A PANEL

Mr. Iserarn. For the record, notice that there were three laughs
when you sad that, Mr. Chairman.

Senator Kexyevy. I think that is a fair reaction to what was said.

Let us have your testimony, and I will come back to it.

Mr. Barger. Let me first summarize what I'm going to say in a
few words.

NSF is about the only Government agency now responsible for
fostering basic science, now that DOD has become mission oriented.
NSF, as well as all of us, are also becoming aware of the problem
that we call technology transfer.

My point is going to be that industry. in particular, a segment of
industry that I will emphasize, has a very good record at this, and
I'm going to give a few firsthand examples.

My basic recommendation is simply that NSF be required to allow
industry to compete with all other mstitutions on an absolutely equal
basis, scientific merit being the criteria.

If T can expand just briefly on these points. First, this special branch
of industry that T am describing—it does not have a trade association,
it does not even have a name—was given special attention in the recent
NSF report “Roles of NSF with Industry,” that was issued in Decem-
ber by NSF. In that report this group that I am going to speak of was
called the Route 128 Palo Alto Enterprises.

I find thisalliteration useful because I am on Route 128,

I would like to coin a different phrase and call this the “research
and development services industry.”

Senator Kexxepy. I like that better too. Everybody shouldn’t
think it was just something for Route 128 and Palo Alto.

Mr. Bareer. There is a good deal in between. T am quite certain.

Now, the distinguishing characteristic of these research and devel-
opment services industries is that they were founded and they are
staffed today by basic-research trained scientists. The main thing they
are seeking is to get away from the basic research orientation exclu-
sively, and to add to this a mix of mission-oriented or problem-
oriented research. They are also characterized by the desire to see a
public demonstration of the ideas that stem from their basic
research.

I would like to give three first hand examples of this public dem-
onstration of the fruits of basic research, which have contributed to
the founding of three industries, now major ones, in this country.

I am not suggesting that this organization. Bolt, Beranek & New-
man, Inc., founded these industries all by itself. But it played a role




207
by demonstrating the features of these new industries as they now
exist, more are emerging. 1 ;

The first example has to do with noise control. This 1s environ-

mentally, socially, and economically an important industry now. In
about 1948, the Department of Defense reduced funding of the acous-
tics laboratory at MIT, and those people, seeking basic research sup-
port, formed a little company and solicited research support from that
base.
I will not talk about the details of the intervening 25 years, but
these people have now more Fellows of the Acoustical Society of
America than any other institution. They have w ritten more books on
acoustics than any other. They have done more basic and applied re-
search on noise control than has been done at any other single insti-
tution that T can think of.

This was the first company that in fact offered as a product, and
[ use that word advisedly here, research in acoustics.

Now the second new industry that I want to describe is time shar-
ing computers. The company received a basic research contract back
in 1957 to study how computers can be used by many people at once.
In 1962 these same scientists gave the first public demonstration of a
time-sharing computer network.

Senator Kexxepy. Of what?

Mr. Barcer. Of a time-sharing computer net work. Time sharing is
the sort of business where a company Oowns a large computer, or a
university has a large computer centrally located, and there are tele-
type units or other terminals spread all over, potentially, the world.

Different people use the device, the computer, simultaneously.

This is a large service industry now.

The first public demonstration of this was in 1962.

The third example is the network digital communications business.
The DOD was looking for a way to interact and share the use of the
larger computers at the various important DOD-funded research
institutions scattered all over the country. They funded a basic re-
search project at BBN. This research resulted, in about 1972, in the
establishment of what is known as the ARPA network. This is a net-
work of computers that is operating—in fact BBN still operates the
control center for the ARPA network. 1t connects also to computers
overseas by satellite links, and throughout the country.

Three years ago, BBN obtained from the FCC a common carrier
license to use the national telephone network to provide for com-
mercial packet-switched communications. This is a way of making
much more efficient use of the lines than is current practice.

At the present time the FCC has granted two other companies
similar licenses, and there is every reason to believe at this time that
the digital communication network, using this technology, is going to
become a multimillion-dollar industry.

Now my recommendations, based on my view of the role of in-
dustry and NSF, are five.

First. remove the special criteria that are presently placed on un-
solicited proposals for basic research from industry. In fact, the NSF-
industry task force, made up of 13 senior NSF staff members, made
exactly the same recommendation, but it was reversed by the National
Science Board. §
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The final report on NSF-industry relations said there was some
disagreement on this issue. I recommend that you help resolve this
disagreement.

My second recommendation is to allow a fee on contracts for basic
research. I have firsthand knowledge of a contract negotiation in which
NSF is seeking to obtain basie research, but at the same time are
seeking to avoid paying a fee. Fee for an R. & D. services company in-
cludes the cost of capital. Tf that is not recovered, as we do in the fee,
then we cannot provide for the cost of payment of salaries before
payment by the client.

Senator Kenxepy. Does it include overhead too?

Mr. Bareer. Overhead is included in the allowable cost, but the
cost of capital is not an allowable overhead item. T would recommend
it be allowed.

Also, I recommend that the NSF seek to have more industrial mem-
bers review research proposals. At the present time, according to
NSF figures, only about 3 to 5 percent of the reviewers are from in-
dustrial organizations.

I believe that constitutes a bias which T would like to see reversed.

The next recommendation deals with cost sharing. This is a con-
cept in Government procurement practice which is often engaged in
by NSF. This concept is not appropriate for the R. & D. services
industry.

Our only source of income is the cost and fees for doing research.
We do not have anybody else’s money to share with the cost of our
research.

The last recommendation has to do with manufacturing industries
as well as the research and development services industry. I will not
belabor this. Tt is deseribed in the NSF-industry relations report, and
it is for NSF to take a lead in reducing some, or removing some disin-
centives for basic research that is funded by manufacturing indus-
tries with their own money.

They have the money, but there are disincentives for them to use
it for basic research.

I coneur in that recommendation made in the NSF-industry rela-
tions report. :

Thank you.

[The prepared statement of Dr. Barger follows:]
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SUMMARY

A. Background
Fundamental sc Ific ret ~h is too often divided into
separate activi rch and problem-oriente
sgearch. This view 1 “Jected in the policy of the
Foundation and by the principal findings of" an
on research in industry [1]. This report elaborates
on the dichotomy by s , t NSF will fund "basic research,
which is carried out largely in acade nle settings." Problem-
oriented (or mission-oriented) basic research, according to the
report, is t s funded by industry and by mi ssilon-oriented
agencies — not by NSF. The report reaffirms the present policy
of NSF toward funding research in industry. -In other words,
the current NSF bias against support of basie research in in-

dustry will continue.

I believe that this NSF policy of Severel) estricting funds

™

-ie research 1n industry is harmful. It hurts our

nunity and that community's ability to support the strong

and political positio of the United States. Cost-effec-

ve scientific innovation needs the features of both university
industrial laboratory environments. I wlll cite, later in
my testimony, Tirsthand experlences of my own company — Bolt
Beranek and Ne sn Inc. — as examples of industry's abllity to
achleve the goals NSF is directed to encourage for the entire
selentifie community.
you to un stand that there are scl-
;en of them intimately involved in the

share my opposition to the NSF bias.

[ 1 "A Report on Research 1in Industry: Roles of the Government

and the Nation 5 . Foundation", National Science Founda-

, December 2




The Preliminary Report of the NSF-Industry Task Force recommended

that NSF "... Allow researchers in industry to compete on an

equal basis with other researchers for basic research funds" [2].

This Task Force was composed of 13 senior staff members of NSF.

Who are these "researchers in industry"? The organizations
that comprise "industry" are very diverse. There is one class
of industry, however, that I shall emphasize in my testimony
the research and development services industry, of which my
Company is a part. This class of industry 1s given special
attention in the 1972 Report of the NSF-Industry Relations
Committee, where the class is described as "Route 128 - Palo Alto
endeavors" [3]. The needs and potentials of R&D services in-
dustries, on the one hand, and manufacturing industrie on the

other, are very different.

Most RED services corporations were founded and are staffed
by sclientists trained to perform basic research. These sclentists
leave their universities to establish an intellectual environ-
ment that is as conduclve to effectlive b iec research as the one
they left. In addition, they seek to replace the old principal
objective — to teach — with a new principal objective — to create
a wide market for their research and its derivative products and
services. In doing so0, t} achleve a mix of baslec research and
problem-oriented basic re ¢h. Moreover, basic research ideas
conducted within the REID services industry often are developed
into applications of new sclientific knowledge that are demon-

strated as a new product or service. Completion of this

[2] Reference 1, Attachment A, pg. 8

[3] Reference 1, Attachment A, Appendix
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scientific community to solve critical societal problems, regard-
less of whether nbers of that community are universities or in
industry

ently, William D. McElroy (past NSF Director; retiring
President and Chairman, Board of Directors, American Association
for the Advancement of Sclence; ellor, University of
California, San Diego) cc "We must .disabuse ourselves
from those historical constraints which prescribe an overly
strict dichotomy between the so-called basle and applied
sciences. We must learn to me lize and manage large operations
to grapple with problem-focused, rather than discipline-focused
issues" [5].

The essentlal feature of R&D services companies is the inter-

disciplinary nature of thelr or izatlon. Those who founded them

as .problem-foc »d organizations and who staff them today are
scient s trained to do basic research. These men and women left
their universities so that they could perform in a problem-focused
rather than in a discipline-focused environment. In this new
environment, they hope to develop the fruits of baslc research to
the point where economically attractive products and services

can be demonstrated. They seek to bridge the gap between basle
research and application to national needs — the so-called
"Technol transfer." John L. Allen*, has said that the desire
to increase technology transfer within the United States was one
of the factors underlying the recent Department of Defense move

to increase basie research funding in industry at the expense of
in-house funding [8]. The previous policy to increase in-house

expense of industry funding has proved nonbeneficlial to

»arch and Engineering.
and Problem-Oriented Research:
Retiring President's Lecture, 23 Feb. 1977.
R&D In Favor Of Industry,”
pg. T8.
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technology transfer. "To get high technology into industry
rapldly, one just about has to develop the technology there in

the first place," he stated.

POD is not the only agency that has found that industr
effectively develop high technology products from basie research
results also obtained by the same company. The Goldman report
on NSF-Industry Relations [?] describes the R&D services organiza~
tions in these words: "This group has been, in the past, far
more than proportionately productive of innovations."™ The report
goes on to observe that many of the reported incidents of entre-
preneurshlp originated at universities; i.e., the first incildent
of basic research for these companies was often supported by NSF.
I am suggesting that scientists who qualified for NSF support
while at a university should not be prevented from competing for

NSF support once they move to a company.

Recent employment statistics for PhD-trained sclentists
show that, increasingly, they are leaving universities for
industrial organizations. Whether this mobility 1s caused by an
increased desire to find a problem-oriented research environment
or whether it is forced by economics is immaterial. The result
is the same, DMore basic research-trained sclentists are moving
into the industrial environment, and our national strategy
for sclentific advancement should recognize and fund the best

ideas of these men and women.

[?7] Reference 1, Attachment A, Appendix 2, pg. 15.
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I11. CURRENT NSF POLICY IS BIASED AGAINST INDUSTRY PARTICIPATION

IN BASIC RESEARCH

The pre: -0 support baslc research in in-
dustry directly when apaéc fal eriter can be met. These special
eriteria, which currently must be met by unsolicited proposals
for support of basic research by industrial organizations, follow:
(1) The project must be of special concern from a 2
national point of view and show promise of solving

an Important scientific problem;
resources must be available in industry for
work, or

(3) The proposed project must be outstandingly meritorious.

I have asked several NSF aff members what this means. One
replied that industry proposals must be 10 times better than

Another said, "Just forget 1t;

competing university proposals.

1t's almost impossible to meet the speclal criteria."”

My Company's experilence substantiates these replies. Over

the past 10 years, we have been encouraged by NSF staff members

to prepare seven different unsolicited research proposals. One

such proposal and two renewals of it have passed the special

eriteria, but none of the other six resulted in support. We

never received an explanation for the unfavorable decislons.

It is clear that special eriteria have resulted in negligible

support y NSF for industry. The NSF funding obligations to

1 ndy organlzations during the last few years have been

about $4 million per year for basic research and about $18

million per year for These obligations

represent only about 0.5% and 2.3j .spectively, of the total

.4

NSF oblig: ons.




An examination of the reviewers :cted to
proposals shows that only about 2.5% of reviewers
dustrial organizations. In' 1975, : en di ine isory

panels in 1975 included only 5 indus repr : res out

of a total of BU, or about 6%. Mor » NSF figures show that

only 15% of the formal NSF Adv 3 are affiliated wit!
dustrial organizations.

NSF decisions to fund re ch programs are significantly

based on proposed cost-sharing. This policy discrimi es severely

against R&D services companies these companies have no
sources of income other than funding fo kD services. Since
R&D services are the raison d'étre for RiD services con

there are no large profits from products that ca:

sources of cost-sharing funds.

IV. R&D SERVICES INDUSTRY: A PROVEN GROUP OF EFFECTIVE RESEARCH
INNOVATORS

There is great diversity among industrial or zations.
The R&D services industry is a group of organizations that
recognized to be unusually innovative. My company,
and Newman Inc. (BBN),is one example of the RiD services
In this section, I shall give e examples of how
support for basic research
publiec demonstration of the
three different world-wide
to deseribe the features of

I believe st be sought by

You will see that the three
EBN contributed so much are quite
abilities to develop new ideas

bring them to commercial fr And, by doing




helped to create new industries which lead to new jobs and

national growth. Companles like ours are flexible and adaptable,
moving with speed and skill into areas of technology because of
our concentration of scilentists with diverse disciplinary back-

grounds, working in a problem—oriented environment .

My first example is the role BEN played 9F establishille
the socially and economically important environmental nolse con- =
trol industry. The company started research in noise control in
1949, at a time when only three universities had ldentifiable
training programs in sound and vibration control. There was no
national program in noise control. We performed the earliest
research on community and individual response to noise, develop-
ing the measure of noisiness still used internationallyh4ay- ﬁsﬂ.
demonstrated to the country that alrcraft nolse can be A
by developing a series of aireraft noise-reduction techniques

for early commercial jet airliners.

BBN has expanded continually on these early noise reduction
demonstrations. Our employees wrote the original textbooks des-
eribing the science and technology of noise control. Hundreds
of research papers have been written and incorporated into text-
books by other BBN authors. We have written nolise control
ordinances and regulations and developed noise control technology
for almost every industry. The fundamental physics of nolse
generation and transmission is an on-golng study at BBN. Ex-BBN
employees teach noise control in universities, hold important
governmental positlions 1in nolise regulation and research, and work
for industries that manufacture noilse control materials. The
national professional society for noise control engineers was
founded jointly by our employees and people from a few other
companies. Today, there is a noise control industry, and to
serve it, there are now over 35 universities with identifiable

training programs in sound and vibration control.
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My second example 1s the role BBN played in the development

of the time-share computer industry. BN sclent submitted

e
an unsolicited proposal and received T 1 *arch

in the development of a technique for haring a computer
that could be used by several people ¢ 1ieously. BBN de-
veloped the idea so rapidly that in 19 presented the first
publiec demonstration of the time-sharing principle. Numerous
computer companies, spurred by this development, socon developed
their own commercial versions of time-shared computer service.
Time-sharing computer services are now a major international

industry.

My third example is BBN's role in the de opment of the
emerging computer network communications ind ry. In 1968,
DARPA*® was seeking an organization to de op. a2 network out of
the assemblage of computers that were being ope 1 by the
major DOD-supported research institutions (r tly universities).
DARPA sought economies of computer resources and increased
communication between the different institutions BEN won the
competition for research funds th p -switching"
concept.

The ARPA network was first nonstrated in 1969. Now, in
1977, 1t consists of over 100 computers and several unication
satellite connections to ships at sea and other continents

BBN st1l11 operates the network !

many of the system developr

¥ Defense Advanced Research Projects Age
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Senator Kexyepy. Dr. Johnson ?

Dr. Jouxsox. OK. I'm sorry to see that Senator Schweiker has left
the room, because I did want to make a contribution to the football
controversy.

Living in New England, of course, I root for Boston College, but
being a graduate of Penn State, my heart lies with the Nittany Lions,
[ Laughter. ] s ;

The second point I'd like to make, is that I'd like to make it clear
that I appear before this subcommittee as an individual, representing
myself and my colleague, Alex Lempicki. In no way do we represent
G.T.E. Laboratories, the General Telephone Corp., or its management,
although, of course, we are employed as scientists at the G.T.E. Labora-
tories. We speak only as a pair of concerned working scientists who
have witnessed and have been fighting the battle against declining
basic research activity in this country, and the effect on its economy.

I was very depressed to hear the comments on the cuts voted in the
House, particularly having appeared before that committee. This
news is.devastating and I think it is shortsighted in view of the serious
economic stresses that exist. NSIF’s role needs expanded, not con-
tracted. It needs expanded.

All one has to do is to look at the pages of the Physical Review Let-
ters—the principal journal of American Physies. What do you find ?
You find papers whose authors are Japanese, whose authors are Ger-
man, and even Russian. You see the same thing in the Journal of Ap-
plied Physics. In one of our big current research fields, that of optical
communication in Applied Physics, you'll find most of the authors
are Japanese.

There currently exists an extensive store of scientific talent in this
country that could be contributing to the scientific strength of the
country in a manner consistent with the stated goals of the National
Science Foundation. Yet, these people are being completely ignored in
the funding policies of the Foundation. There are many well-seasoned
creative scientists, who are essentially in holding patterns, and these
people could be contributing to the country’s economy. .

Basic research is important and does benefit society. Basic research
foeds innovation. innovation creates jobs to support the economy. It
is mandatory that something be done about this situation. .

Now. under the severe economic conditions that have existed in re-
cent times, basic research has suffered extensively because it is long
term and often it is not obvious where the impact of benefit to society
will oceur and even when the impact does oceur, it is often very diffi-
cult to trace the origins to a single piece of research. _

Where once the Defense Department and industrial corporations,
extensively funded basic research, they have turned to immediate prob-
lems, as so many institutions have done, and have cut back extensively,
on support for long-term basic research. 3

Further. the science departments in universities have stopped grow-
ing, and young scientists, for the most part, now must turn to industry
for jobs, A

I ;m\'v detailed my arguments for an expanded m!o for ‘.\.""-}F in fund-
ing basic research in industry, in my written m:}tm'mj ‘snhrmttm'! to the
committee, and in individual conversations with NSF personnel, in
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written comments to the preliminary NSF Task Force Committee,
and in testimony before the House Subcommittee responsible for NSF.

These arguments were presented in terms of the need to fund the best
basic research wherever it can be found, the need to stimulate indus-
trial innovation, the need to maintain the viability and job creating
capacity of American indust ry,and the need to utilize in basic research
more of the young scientists who are being—are now being ignored by
universities, after they graduate. '

A good case for what I Propose is contained in the NSF task force
report. Still, NSF and, particularly, the National Science Board re-
mains timid and reluctant to assume this new expanded role.

Mr. Doan, representing the National Science Board in House testi-
mony, testified in essence, “Rasic
shape”—but that isn’t quite consist
from the previous panel :

research in universities is in cood
ent with some of what we've heard

Basic research in industrial labhs is in poor shape (to continue with what he
sid). The way to improve things is to arrange some kind of tax break for in
dustry so that they can fund more research in universities and set up channels so
that the results can be funneled back to indust ry.

(Gentlemen, this is not the answer.

We would recommend legislation mandatin
in NSF poliey toward indust rial laboratories :

l. Earmarking some small portion of NSF budget for support of
basie science in industry.

2. Removal of special qualifying criteria on proposals from indust ry.
Within the budgetary constraints, the proposals should be in direct
competition with university proposals,

3. Formulation of rules whieh would result in lowering cost to NSF
on research in industry, such as cost-sharing., .

4. Largely, to implement the first three. increased participation of
industrial researchers in the peer review of proposals.

Under these recommendations, NSF should begin to fund basic re-
search in industrial laboratories,

I'd like to add a postseript to that—actually, if NSF really wanted
to fund basic research in indust ry, they would really have no trouble
doing so under current regulations. If they are going to do it, it ap-
pears from all that has transpired in the committee hearings, they need
specific directions from the committee.

I would like the opportunity, and perhaps vou would prefer later,
to comment on the comment that industry really is not interested. I'll
postpone that if you prefer. -

Senator Kexxeoy. What Dr. Hackerman said on Tuesday was that
industrial scientists are not terribly interested in basie research be-
canse of the long-time commitment necessa ry to earry out this kind of
research.

Dr. Jorxson. Substitute—well. it was Your—— 4

Senator Kexxeny. Why don’t we hear from all of you and then I'l]
let you comment.

Dr. Jon~son, Sure. _

[The prepared statement of Dr. Johnson follows:]

g the following changes
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Recommendations

First we would like to make it clear that we appear before this subcommittee
as individuals. In no way do we represent GTE Laboratories or its management although

we are employed by GTE Laboratories. We speak only as a pair of concerned work

scientists who have witnessed and have been fighting the battle against declining basi
research activity in this country.
We would recommend legislation mandating the following changes in NSF Policy
toward Industrial Research Laboratories:
s rmarking some small portion of NSF budget for support of basic science
in industry.
Removal of special qualifying criteria on proposals from industry. Within
the budgetary constraint, the proposals should be in direct competition with
university proposals.
Formulation of rules which would result in lowering cost to NSF on research
in industry — such as cost sharing.
Increased participation of Industrial Researchers in the peer review of
proposals.
Under these recommendations, NSF should begin to fund basic research in industrial

laboratories. The reasons for supporting this change can be stated concisely:

@ It would be good for science

The best people, the best [ : and the best ideas should be funded

wherever they can be found,
NSF could provide long-term stability in basic research.
Relief could be provided to a generation of scientists who have been

accepled by unive ies to do basic research as graduate studenis and

post-doctoral students but have been largely turned away by the

universities thereafter,

L] It would be good for the country

If basic research is to be of benefit to society, it must eveniually impact
industry where new jobs and new proi re created. Therefore, ba

parch cannot be isolated in an academic ivory tower,
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It would stimulate long-term research in industry providing continued

vitality in the economy
It could help reverse the current downward trend in indus 1l innovation

It could help restore our competive edge with other nations wt

effectively funding basie research in industry,
would be good for universities

Overlapping interests could provide channels whereby academic researchers
ping I

could learn of areas of timely research.
would be good for

NSF can become a true National Science Foundation rather than a

parochial club eatering to a limited number of academic re chers.

Our position, as we have stated it, needs certain definitions, clarifications, and
supporting arguments. Certaln myths about basle research and about the National
Science Foundation have to be removed. These we address in detail in the in text.
Relevant material can also be found in a recent report to the Senate Subcommittee on
NSF, entitled, "A Report on Research in Industry; Roles of the Government and the

National Science Founda " hereaflter referred to as the NSF Report.




II. Background

a. Public Funding of Research in Industry

el & Wit

Let us first define what we mean by basic research. In a most general sense,
any activity caused by curiosity about the Universe and conducted by scientific methods
qualifies as basic research. Yet, to anyone even vaguely familiar with modemn science,
there appear qualitative differences between research problems. Some are definitely
more basic than others.

Great extremes exist within the spectrum of work variously referred to as basic
research, research and development, and development. The scientific approach and
the tools used are quite similar. Howeves, there are great implications regarding funding

as one moves [rom cne end of the spectrum to the other

At one extreme, one has wmigsion oriented research' involving applied research
or device development that can be anticipated to produce an immediate benefit to the
organization performing the work (such as a new product) or fill 2 specific need recognized
by the Government. In these cases, the funding should be proyided either by the

organization or by the Government agency charged with the mission.

At the other extreme is "basic reses arch' on concepts, new phenomena, and
feasibility of ideas. Direct application to technology is vague and uncertain. Such
work cannot be expected to produce immediate benefits but 1s essential to long-range
technological progress. Pay-off from this type of activity results from an assimilation
of similar research by many institutions, including {ndustrial laboratories. It is
essential that such resear ¢h thrive upon free exchange of information in the scientific

and technical communities.

1t is our fundament al conten ntion lh.lt the ent scenario where rvsonrr'h s to

b;.» tnmluotv:! excl 1LL“1\( at unhvral{[m‘ \\hilc I.nrlurlr\ is to ]1rn\"|(1|: nnl

wm'k is an artificial dichotomy, inevitably lending to a gen r":l dec line nl‘ overall
N g i diboasame. M. plbon S .

technoh,m-'\] :rmn\ tmn and progress In our upimnn, tho t'rf((lb ol’thca(- policies are
s it el ettt

already n1r 1!\ apparent.

Historically, the leading industr {al laboratories have played a major role in
maintaning the quality of American Science and have provided the natural channels for
maintaining technical leadership: This is a very American phenomenon which has served
the country very well. The benefits of "basic research’ are widely dispersed; and,

therefore, there s a strong case for federal or public funding, even though an {ndustrial

corporation is involved.
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b. Benefit of Basic Research to Society

We firmly belicve that seience in general and basie research in particular does
benefit society as a whole. However, this benefit to the nation's economy and welfare
is often lofigs term and difficult to anticipate while the work is planned and carried out.
Many of the decision makers in defense neies, in corporate organizations, in congress,
and even many working scientists faced with exigencies tend to sacrifice long-term
goals and relegate basic research to academic scientists. Basic research is important
to the country and those who are best equipped in background and faciliies should be

encouraged (not just allowed) to do it.

It follows that there should be a national agency whose responsibilit - is to overs
the health of science in the country regardless of institutional affiliation, providing
guldance and funding. It seems obvious to us that this agency should be the National
Science Foundation, s it seems strange to us that NSTF does not appear to aspire to
this role. For years it has approached the question of funding basic research in industry
rather timidly. If NSF really believes in science, it is now time to approach the problem
more aggressively. Lack of funds would appear to be a lame excuse. If a case for an
expanded role for NSF is built, the funds will follow; but it is long overdue for some
institution in this country to act as chief spokesman for basic science. The re-establish-
ment of the Office of Scientific Advisor to the President is a most welcome sign, but this,

in our view, in no way relicves NSF from the leading role it should play.

To revitalize basic research in this country researchers in industry should be
encouraged to compete for funds. Many industrial lIaboratories have facilities and
personnel that cannot be duplicated elsewhere. Industrial corporations are a national
resource important to the present and future economy of the country. Corporate
officials, particularly under present economic conditions are too involved with immediate
problems to devote a large amount of thinking about basic research. They should receive
added short-term inducements to spend more time looking at long-term goals.

There exists a volatility in government support of science which has deplorable
consequences for both science and individuals. By broadening role as sponsor of

research (wherever il can be done), NSF can greatly enhance its role ns the hil

element. The history of the last few years could have been avoided had there been more
control planning and less capriciousness. If NSYF is to continue to do nothing but support
only universities, it will, of necessity, act as a destabilizing [actor, What is the point
of producing excellent young scientists if there are no jobs for them? Some fraction of

this population has to stay in science because this is what they do best and love most.

4




Not all of them can be reabsorbed by universities. Of those that go to industry, some
fraction should be given the opportunity to do further scientific work. We think NSF
should welcome and actively see responsibility for its own product.

wald not by de elegate the resp ibility for supporting research in
industry to . ‘The tics £ are is much more co ive to an expanded
role of the civilian sector at this time. T g n such change of po
m, the role of

only be
NSE » ol fir i L in bt t will predic Iy follow. Rightly

OT WI' v, NSF has ofle 1 ness and attitndes. This

hurts NSF in the politics

will enhance its stature :

stween universities s
m of inc rial labs is watory.

ieve as much as would a

cooperation of all s
principle, ical exchanges between universities and
labs is a good idea; but if it {s to be effective, a much more & le employment climate

lished, Academic ¢ n s have a ition of atieals; but under

present economic conditions, few inc ial scientists would want to s it they can

be spared from their job for a year. ° is is not a realistic suggestion. Closer inter-
action bety y academic and industrial scientists 1d be achieved if some individuals
from each sector work on similar basic research p oblems, attend the same scientific

meetings, and have o ping day-to-day intere:
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I Should the Status Quo be Maintained?

A reading of the NSF Report, conversations with NSF personnel and members of
academic institutions has made us, we believe, thoroughly familiar with the main argu-
ments against any drastic changes in NSF policy.

These arguments are all implicitly contained in the report to the Senate Sub-
commiliee on the National Science Fondation. We wish to repeat them here in capsule

form for the purpose of further discussion.

1. NSF is already supporting industrial research through @) special programs

and (b} manpower output of academic institutions. It is questionable whether this sup-

port should extend any further.

Assertions {a) and (b) are true although their interpretation is subject to argument.
Foremost among the special programs is the brand new Faculty Development Program.
Recently a time period of two months (which included Christmas holiday) was given to
apply. During this time, a faculty member had to find an industrial laboratory willing

to accept him, develop a program of research, write a proposal and obtain a release

from his institution. Having witnessed at first hand the herculean efforts of one individual
to provide all of the documentation by the due date, we are skeptical of the attractiveness
of this program. In any case, industry is only a secondary beneficiary since the program
is directed at the development of the faculty member. Nevertheless, programs of this
sort are valuable and constitute an admission that there is opportunity for doing first class

basic research in industry.

According to data provided by NSF, 4.3 million dollars has been allocated to
basie research in industry in 1976, This represents about 1/2 percent of the budget. We
have no idea how this money is spent, what exactly it supports and what eriteria were
used to classify the supported programs as basic research. An inspection of the 1975
NSF listing of Awards and Grants (in the area of Physical Science) has failed to convinee

us that there are any industrial grants which could be classified as basic research.

Referring to assertion (b) it is true that industry depends for its technological
manpower upon trained graduates from universities. We think however that it 1 Spu-
rious and self-serving argument to claim that this constitutes an NSF support of industry,
It can be argued just as persuasively that it is the industry which supports the academie
institutions by providing a job market and, therefore, the graduate student manpower to
perform the research in universities, In addition, industry pays taxes from which NSF
budget derives,
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It is our contention that NSF pays little attention to the fate of graduates once

they leave the University and to the existence of jobs for which they were trained. Since

the universities are not hiring and there is little opportunity to conduct research in in-

dustry, these graduates must feel exploited. By denying them the opportunity to obtain
grants for further research, NSF is contributing 1o the waste of talent and skill which it
prides itself of creating in the first place. We consider the use of this argument rather
eynical,

2. One cannot allow a dilution of funds in support of universities.

It is absolutely true that any substantial dilution of support for academic institu-
tions would be against national interest. We are far from suggesting anything which could
be interpreted as a withdrawal of support frum universities in favor of industry. To

clarify our position we suggest that:

First - an attempt should be made by NSF to increase its budget specifically for this

purpose.

Second - a very small fraction of the overall budget (probably no more than 5 percent)
should be used for this purpose.
Third - in cases where the industrial proposal is clearly superior to someé university
proposals is a valid reason for funding the former in lieu of the latter if the
jective is support of best Seience. Support of inferior projects cannot in every case be
redeemed by educational or didactic values. The exclusion of the individual best per-
former, just because he is affiliated with an industrial laboratory appears to us to be
against the original mission of NSF.
Fourth - it is, we think, a myth that NSF will be deluged by very high quality proposals
from industry. Most industrial labs have pre sing needs ¢ may not be able to spare
personnel for doing basic work even when it is partially supported. Others may find it
against their interest to enter into agreements which may jeopardize their proprietary
position.

Since traditionally NSF likes to link its support to individuals rather than institu-
tions (as long as they are academic), we suggest that it extends the same opportunity to

11 from industry who can persuade his (hypothetically cool) management of the

wisdom of applying for an NSF grant.

3, Research performed at universities is a "better buy" because of the much

lower cost.




234

This is undeniably true. There is no way that industry can compete with the

universities on a cost basis. However, important research topics are often "brain

waves" of individuals and as such cannot be open for bids. 1If the idea is good and prom-

ising and if there is no equivalent research proposed by universities, one may have to

pay a higher price for a superior product,

However difficult it is to quantify the cost of first-class research, the problem
of lowering the cost of work performed at industrial institutions still remains. The NSF
Report addresses itself to this problem and recognizes the need to remove disincentives.
The role of NSF is obviously limited to a study of the problem and the dissemination of
information ameng the branches of government which can deal with it by say, altering
the tax laws.

We suggest that there is another avenue, much more direct and entirely within
NSF's power o enact. The cost (to NSF) of industrial resea rch can be substantially re-
duced by insisting upon cost-sharing of a project. At a level of "ifty-fifty" sharing, the
industrial and academic costs would tend to equalize. We suggest that at that level in-
dustrial management may still see it as a substantial inducement for providing matching
funds.

Bome of the value of basic research for industrial management derives not only
from its results but also from its attractiveness for a certain type of individual. Some
industrinl laboratories have recognized this problem by bestowing special status to ex-
ceptional individuals, others have used it in recruitment or advertising. Basically the
same forces are at work which make some academic institutions more prestigious than
others, If the result is an upgrading of the work performed, we claim it is a good invest-

ment for both industry and government.

4, Industry may abuse the grants by either withholding results or using them to

advant

This is a complex problem, fraught with many misunderstandings. We cannot
analyze it here in full but only offer some hopefully relevant comments., First, from
long personal experience, we can unequivocally claim that companies encourage fnd in
some cases offer financial inducement) for the publication of research results, It is
sufficient to glance through major scientific Journals of ten years ago to see that roughly
one half of the publications originated from industrial institutions. Today this has
dwindled to a very small fraction.
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Conclusions

We belicve that the arguments which we have presented in this testimony call

for an expanded role of NSF in support of basie research in indus ¥. In making this
recommendation 1 ourselves in essential agreement with the NS Industry
Force Preliminary Report to be found on e 11 of the NSF Report, We find ourselves
in serious d sement with the position en by the National Science Board, defining
the official position of NSF and econtain same Report — pages 1 throug

We hope to have contributed to t pposing points of view in a manner
will result in legislation broadening th COpe « " in support 1 res

non-academic instituti
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Dr. Inerarr. For the sake of the record, I would point out to Dr.
Barger that there is an American Association of Small Research Com-
panies. BB&N and we are competitors, I can assure you of that —for
example in a constics. We are not co-conspirators, but our statements.
strangely enough, are completely complementary.

My name is Arthur Therall. My training is in physics and mechan
ical engineering. My background is in Government and industry. I am
the chief scientist and president of General Technical Services, and
[ have a 10 minute oral presentation.

The thrust of my remarks is that if you want to consider a role for
industry within NSF, you have to go back to basics. For this, I would
start from NSEF’s history.

There was one basic issue that led to the conception of NSF. It was
whether a centralized Government agency devoted to the basic re-
search needs of society was needed. Tt was to the singlehanded credit
of Senator Kilgore and his indefatigable aide, Herb Schimmel that
the attempt was made to capture that notion in legislation. Unfortu-
nately, as part of the task of achieving acceptance of the goal, atten-
tion was diverted to the support of academic institutions for their
academic scientists.

It is my purpose to give you some brief versions of the themes that
led to NSF’s formation. and the current, still very present, conse-
quences for NSF policy and the needs of the Nation,

A more official history was offered by Detley Bronk and J. England.’

I would urge this committee to avail itself of the testimony of Mr.
Schimmel. His cognizance of the undercurrents involved in NSF for-
mation exceeds anyone else’s and these currents are still with us.

Science, in my view, is confronted by only one basic problem, and
that is. how to understand that which is inside and outside of us, so
that we may be better able to understand and govern that which is in-
side of us. Tt is interesting to note that this is the same central problem
that confronts religion, philosophy, and politics.

Tt is also interesting to note that in times of crises, when societies are
well enough off to support their immediate needs, but require expan-
sion of their world horizons. that the significance of coupling science
and society occurs to national leaders. This was true in the Greek city-
states. the Mediterranean city-states and the Renaissance, and the
European politics in the Enlightenment.

We have been facing reformation of society. by means of new orders
and new relations as the aftermath of World War I. The Great De-
nression. World War IT, the current national and international crises.
are continuing parts of that adjustment among nations of all ideologies.
No one of them has the answers. So, once more, we may consider turn-
ing to science,

One major impetus to the current Government interest in seience
was former President Roosevelt’s queries in the 1930’s—what can so-
cial institutions, business, labor and so forth, do for the reformation
of an ailing society ?

Tt is not so well remembered, that this question was also directed to
science and technology, and it was a result of Kilgore's congressional
concerns, inquiring into the operations of the economy, that turned his

1 Science, May 2, 1975 January 9, 1976.
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particular interest to the possible contributions of science in the 1940%.

An official story relating Bush and the NSF states: “Since 1942,
Kilgore had introduced and held hearings on bills to mobilize science
and technology for more effective prosecution of the war and for ap-
plication of science to national problems when peace came.” “Bush
strongly opposed those bills and he also tried to guide Kilgore toward
more acceptable measures.” “Bush thought that the Senator was hon-
estly trying to get at the root of the matters, although some of the
people about him steered him into strange paths,”

Those people steering Kilgore with strange ideas represented a con-
siderable fraction of the interested parties that Schimmel worked
through in trying to develop an interest in a charge for a national sei-
ence institution.

There were those who were against the idea. For example, some
thought it would infringe on industrial R. & D., and industry’s ability
to develop proprietary scientific ideas. Others thought it would in-
fringe on the charge of many existing Governmental laboratories.
Academic leaders thought that it would compete with their academic
interests in pure science. And some simply thought it was impossible,
or certainly premature, to attempt to develop a coherent science theme,
and least of all, within Government.

Those who were for the idea were divided. Some people in the indus-
try thought that it was a good idea to provide industry with a basic
science pool of ideas that did not have to be competitive with a more
applied R. & D., and some people in Government thought that it would
serve as a central seience pool to which less mission oriented problems
could be referred.

Bush and his supporters, ultimately took on the view of regarding it
as a potential foundation to offer financial support for gifted academic
scientists to freely pursue scientific notions that they considered
significant.

One can surmise the upshot—Kilgore and Schimmel had a hard
time. A political constituency for science, whether for society or not,
had to be found, and so they had to dilute and compromise their
notions to get active scientific, particularly academic, support.

Meanwhile, whenever the battle for the foundation lagged, end runs
were tried to get the main task of science applied to social needs in-
stalled at the Bureau of Standards. The Navy, perhaps realizing the
real significance of mission oriented science, quietly pushed the Office
of Naval Research through, and for most of its life, ONR has largely
hewed to developing the essential R. & D. that its divisions considered
necessary under a general Navy policy.

In the post war euphoria, it appeared that at least partial victories
for science had been won. The Navy had gotten ONR, a eivilian control
of atomic energy was achieved, the National Science Foundation Act
was passed, and Bush had gotten his “Seience, the Endless Frontier”
message across. Consider the latter two.

The quest for a national science center and Bush’s quest to put across
his message were not one. When Bush’s message came across, there
was a reasonable number who understood its impact. Tt wasn’t clear
how far he could sell it. The response was mixed, pro and con. Among
responses in journals of the day, there were those who considered the
message as a call for unfettered science, as an endless boondoggle. Tt
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was thought that too much was promised and that it had no responsibil-
ity to its social paymasters.

When NSF legislation was finally passed, it appeared that the sci-
ence for society goal was won with reasonable political control. It ap-
peared that NSF would be designed to tackle significant problems of
national concern. It might have been expected, perhaps by the course
that we had been accustomed to at the Burean of Standards where I
worked at the time, or NACA, and in fact, as it emerged within ONR,
that NSF would make use of transferred funds and best efforts con-
tract or grant research on major problem areas of concern to the Gov-
ernment, as defined by statements of work from NSF personnel.

We anticipated that the major problem was for NSF to define a
national science program, and to reconcile its science mission with the
mission directed pieces of other departments of the Government.

Thinking that the institutional battle was won, there was no follow
through from all those who should have been involved, whereas early
NSF leadership followed through on its elected path. Busy scientific
people simply did not have the time nor the inclination, to review again
and again, what could be regarded as academic efforts to investigate
limited problems. They would have expected that appropriate review
iudgments would be a function of knowledgeable personnel within
NSF acting within specific public charges.

But. the academies did have such time, and in time, they developed
their outside peer review system, which, by use of their time, bronght
them economic security, thereby putting themselves in the position of
eliminating competition from outside of their circles.

I must confess to an inability to grasp that outlook as a suitable
euiding principle within our society, although in The Affluent Society.
John Galbraith describes very well why groups in our compet itive so-
ciety, quickly, “set about eliminating competition as it effects them-
selves.”

Now. this brings me up to the message that I have learned since
1950.

First. at the NBS, where T worked, we had to compete vigorously
for scientific-technical funds. There were few guaranteed resources.
Thus, within my former section—

Senator Kexnepy. Let’s focus in on the problem here.

I think the history is important for us, but we are trying to find
out whether this is important to industry and what we can do about
it. This is what we hope to get some ideas from you on, in these final
few minutes here.

Dr. Iperars. I think my comments at this point will illustrate the
problem that faces us in small business R. & D.

At the Bureau, our problem was transferred funds in doing the
seience needed, and that proves foolish for NBS security.

Senator Kenxxeoy. Why do you not just tell me, off the cuff, now—
I am a layman, and we are all lay people here. You have to lay it out
for us, now.

What do you want, what do you need—what’s the potent ial, what are
the problems?

Dr. Ieerars. Let me make the next point and then I will address the
subject.

Senator Kexyepy. Well—
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Dr. Iserary. When T went into small business R. & 1).. and thought
that T only had to do a job cheaper, faster. better than my competi-
tion, that proved to be nearsighted. As time went on. my competition,
with essentially all the classical monopolistic devices. have frozen
us out. Competition in R. & D. is from the large universities, the large
aerospace corporations, the not for profits. and the large for profits.
Lt 1s not their size. technical know-how, nor their sales forces. which
bothers us. It is the suspension of what had once been normal modes
of competition. Their preferred instrumentality role. via peer re-
views, study commissions, panels and councils, selection by eronyism.
their high mobility in which no conflict of interest is seen. is what
defeats us. We happen to be back to Kilgore’s original concentration of
power interests.

The problem, if T may drop all the rest of remarks for the written
record, is that science for a society is a needed function. Tt requires
all those who have competence in these scientic areas to have access.
in a free, competitive fashion. to those funds in Government funding
sources such as NSF and NTH.

We, in industry, particularly small business R. & .. are excluded
from contributing our part. That would be the essence of my message
to you.

Senator Kexyeny. Yes, but then how do you deal with it ? That’s
what my problem is, how to deal with it.

Dr. Inerari. T address myself to that issue in my written testimony.
As Dr. Barger indicated in the first place, there is absolutely no rea-
son, there was no reason from the very beginning, that NSF could
not permit us to participate as an industry. or anyone else, for that
matter, to address significant problems that either we or NSF sng-
gested.

Senator Kennepy. All right.

Now. Dr. Barger, what—how do you answer the question that
why does the industry not—or why can you not get the possible from
the profits of the various companies, corporations? Why are they not
sufficient to deal, to carry this on? Why do you need NSF grants?

Dr. Barger. That is the nub of the problem. and it is the reason
why I distinguish between research and development services indus-
tries and industries represented by the association that Mr. Therall
referred to.

This group that P'm deseribing has. as its primary business, its
raison d’etre, contraet research and development. The other larger
class of institutions in this country that have. as an important com-
ponent of their activities, contract research and development, are uni-
versities, not. for profits, and so on. But. there is also this R. & D.
services business component that is competing for these funds as well.

These R. & D. services companies demonstrate quite often, and 1
gave three examples, important industrializations and commercial-
izations, of their ideas, and that is about as far as it goes. In other
words, it often takes the other—the bigger, manufacturing industries
to establish the new business. They see a small commercial demon-
stration, and then they emulate it. With the management talents and
capital that they have, they expand the new business very rapidly
from that point. But it is getting from the basic idea to the demon-
stration. so that the big industries can see it working and say. ah ha.
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so that is how it is. And sometimes they hire one or two of the people
from that R. & D. services company as one of their vice presidents
and set up a new division, to make an industry out of it. This hap-
pened in the cases that I described on time-sharing computers.

But, the primary interest of these people is to bring it to the demon-
stration, and then they go back and they get interested in another
basic research project. Because they are basic-research trained scien-
tists, who are motivated to take their ideas farther—farther than
scientists normally are motivated to take their ideas in a university
setting—as far as a commercial demonstration. And I say that is the
nub of technology transfer. I think that is where this group of indus-
tries differ from other.industries, and from universities, and—

Senator Kexxeoy. Well, why can you not use profits to invest in
additional research where you think it 1s necessary ?

Dr. Barcer. One does.

The retained earnings of an organization that has been in business
as long as ours get bigger every year. But they get big at less than
half as fast as they would in an industry that was not paying taxes,
but they do increase. And these companies do fund basic research
within themselves on their own money, but not much.

What they prefer to do, Senator, is to fund the commercial demon-
strations. That is what they do with their profits, and they go back
to their traditional sources of basic research funds to initiate the
process.

And, T think this is a very unique way of operating. I do not know
how it evolved. It has proven itself. I think it should be considered
very seriously in this technology transfer problem.

Senator Kexyepy, Right.

Dr. Johnson.

Dr. JounsoN. Yes.

I think this is a very important question.

In my written material, I go into great detail to deseribe what 1
call the spectrum of research and development. There are wide ex-
tremes in the spectrum and there are great implications regarding
funding.

There is, at one end of the spectrum applied research. The results of
which can easily be predicted. It may be obvious that this work is
going to result in a sellable product. Industry obviously should, and
they do finance out of profits, such research.

Now., what T have been addressing myself to is basic—well, long
term, research on concepts, basic ideas, feasibility of ideas, under-
standing, et cetera. In this case, the direct application is often vague
and uncertain. There are no immediate benefits. However, such re-
search is essential to long-range technological furtherance.

Senator Kexxepy. All right.

Now, just on that point. is industry, then, interested in those types
of research?

Dr. Jonxson. Yes.

Yes, they are,

Historically, yon go back 10 years—they were extensively funding
research of this type, and some are still trying. Fconomic stresses have
been present—have been widespread, in corporations, in universities,
in the Federal Government, and these economic stresses have had their
effect—have created their damage.
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A lot of people, a lot of management, is trying their best. They are
trying their best. But they need help. And since the payofi from basic
research results from an assimilation of similar work from many
institutions, including industrial laboratories. there is a community
aspect.

he industrial corporations are a natural resource—a source of jobs
for the economy, and therefore, it is important to the country as a
whole, that such long-term technological progress be stimulated and
done.

Senator Kexxeny. Well, let me ask you as a follow up—where is the
venture capital applied to this? How do you address the argument
that this research has potential and advantages over the long term.
Why is there no venture capital available and why should the NSF
step in?

Dr. Jonnson. Well, the venture capitalists, as T understand it—
I'm not that familiar with their activities—they are interested in
funding things that have already been demonstrated. They are in-
terested in a short-term profit.

Now, often, though, the basiec research is done in one place and the
pay off occurs somewhere else. The example T can give is the transistor.
A large amount of the basic research was performed at General Elec-
tric Laboratories at Purdue University in the 1950's. The—and late
1940’s—but who was it that came up with the invention of the transis-
tor? It was Bell Labs, so yon may—one laboratory may do extensive
basic research, the long-term basie research, but the pay off may occur
somewhere else.

Senator Kexxeny, OK.

Dr. Bareer. Senator, your question about venture capital is an
important one, and I was only leaving that out of one of my examples
for brevity, the first time.

In the third example T gave, the packet switched computer com-
munications business resulted from basic funding by ARPA, which
is the Advanced Research Projects Agency of the Department of
Defense, and was demonstrated there in the ARPA network. The
question was, how can we start a commercial indust ry?

People say venture capital has become unavailable, but that is not
true. We obtained a major venture funding for Telenet Communica-
tions Corp. from venture capitalists in 1972, T believe that we were
about the only ones to obtain significant, venture capital in that year.
This is part of the point T was trying to illustrate.

The basic researchers who are trying to push these ideas out the
door are trying so hard thev will even succeed in getting their own ven-
ture capital, because indeed, the services companies that T am talking
about have not got large cash balances. Three percent is all you can
obtain on sales on a research contract, after taxes and the cost of
capital. So, this group of companies has sought and ol rt;finvnl Ih(" ven-
ture capital to fund the further commerecialization of its own ideas.

Senator Kex~epy. Let me ask the panel—is it true as has been sug-
gested that many of the youngest. brightest, and ablest young scien-
tists, who are outstanding at universities, are coming into the private
sector?

Is that something that you have noticed ?

I'm interested in finding out whether that is so.
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Dr. Iserare. What one finds going on in most of the technical pro-
fessions today is that the academic point of view is undergoing very
great changes, particularly in the sciences. There is a growing con-
cern that there is a loss of opportunity within academia. So one now
finds that most of the technical societies, and scientific societies, are
trying to figure out some way to indicate to their academic oriented
voung people, what industry might have in the future for them.

Senator Kex~epy. Do you have any additional comments?

Dr. Jounsow. Yeah.

Some of them are going nowhere. Some of them are just giving up.
There always was some voung people—some very good people, who
chose industry over universities because that is where their interests
lay. But a lot of others are going into industry now where their first
choice was the university and many of them whose interests are in
more stimulating, more basic type work, find themselves doing work
they do not find that challenging and do not find that creative.

Senator Kexyeoy. All right.

Dr. Barger?

Dr. Barcer. The assertion is true, and I am not sure whether the
yvounger men are coming into industry because of financial constraints
or whether it is beeause they seek this mix of basic research and prob-
lem oriented research, being conducted there. I'd like to think it is
the latter, but I suspeet there is a strong component of economies.

Senator Kenxepy. But there is an interest—and I want to be sure
I have it on the record—in industry in basic research? There is an
interest in competing and competing on a basis of which can benefit
the country’s interest, I know all of you nodded before or you smiled.
I want to make sure I get it on the record.

Dr. Jouxso~. It is on the record, and I would like to comment
in a little more detail if you would like.

Senator Kexxepy. Just briefly, please.

Dr. Jonxsoxn. OK.

Well. my comments are that the interest varies from industry to
industry and company to company.

As I've said before, I eannot officially speak for my own manage-
ment, but my own opinion gathered from associations with laboratory
managements is that, yes, they would like to—they are doing some
now, they would like to do more, but as I said before, they need help.

I think the real question is: “Should they be interested # Should they
be concerned ? What is happening to innovation in industry¢”

There is an example of the steel industry who is not known for doing
much in the way of research, but of course, what I understand now,
about the steel industries is that they are now having a hard time
competing with foreign steel industries that are using new and inno-
vative processes.

I have already mentioned the optical communications industry—
which shows prospects of revolutionizing the telephone industry.

You look on the pages, as I have already said, of the Journal of
Applied Physies: here you find that most of the authors are Japanese.

Now, a side comment on this question is that if NSF thinks that
the perturbation on NSF—if the industrial interest is small, which
I do not think it is. then the perturbation on the NSF budget would




246

be likewise small, and those few, if it is few, who are really interested,
will then have the opportunity to participate in the NSF program.

Dr. Inerare. Now, if I may add a final comment on that—industry
in general is not interested in basic research and never was, and there
is no change in that status.

On the other hand, appropriate to your question to the earlier
panel, there is a small group, a small industry of people, and there
has always been, who are concerned with the basic R. & D. For applied
needs and in a certain sense, the panelists who you see in front of you
represent the interest or the point of view of that group.

Senator Kexxeoy. Dr. Barger?

Dr. Barcer. Yes.

Just to make it perfectly clear, there is a group of industries that is
vitally interested in basic research. It is vitally interested in receiving
support to do it,

The important thing this industry has demonstrated is the ability
to transfer basic research to demonstrations of new businesses and
services, This segment of industry is vitally interested in basic research
funding.

Dr. Iserarr. And the ability to compete in both science and tech-
nology.

Senator Kex~xepy., OK.

That was very informative.

We will be staying in touch with you on this issue.

Thank you very much

[ The prepared statement of Dr. Iberall, accompanied by additional
material, follows:]
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to do a job cheaper, faster, better than my competition, that proved to be
near sighted. As time went on, my competition - with essentially all of the

classical monopolistic devices - have frozen us out, Our competition in R and

D are in the large dniversitlas, the large aerospace corporations, the not-for-

profits, and the large for-profits. Consider competing every day with MIT,
G.E., Batelle, Rand, and A. D. Little. It is not their size, their technical
know-how, nor even their sales force, which bothers us. It is the suspension
of what had once been normal modes of competition. Their preferred instru-
mentality role - via peer reviews, study commissions, panels, and councils;
their high mobility in which no conflict of interest is seen - is what defea:s
us. We are back to Kilgore's original interests.

When we became fnvolved in consulting R and D-for-profit, we could
sense that control of big science was open until the mid 1950's. Then academia
moved into the role. NSF, NIH and DOD provided them both with seed money and
opportunity for bootstrapping operations to large sums - institutes and the
like. Similarly blg development was taken over by the large aerospace corpor-
ations. Thus we were told in the mid-60's by our industrial clients, "We don't
need you. We can get academic R and D cheaper, with greater prestige, and we
get to keep the slave labor that has already been especially trained for us."
We watched the price of major academic departments in prestigious schools go
up from $6,000 per year Government support in early ONR days to $100 million
per year support in the 60"'s. The NRC and NEC are loaded by the department
recipients of such monies.

4. Meanwhile we have grown in technical competence - one either Brows

or atrophies. We could almost single handedly grasp most of the scientific




problems of concern to society. Thirty five years of attention miss very

few. There aren't that many. Parenthetically, we make no claim that we could
embrace all the engineering problems. There are simply too many. Thus in
1957, when we were able to outline a "Philosophy for Mid-Twentieth

Century Man",we could also attempt to present a vseience for Soclety" proposal
to NSF. Foolishly we thought that NSF was open for themes of national signifi-
cance. By that time, in our own research directing experience, we were ready
to begin scientific generalizations and attacks on large scale scientific prob-
lems. It is interesting that our approach was through the assistant

director's office. His small NSF
staff did not see how a small R and D firm could do a "science for society"
piece. Coincidentally, it could see such a study by A. D. Little a short time
later. That was the first time that I really learned that our efforts more
than a decade earlier had been diverted. NSF was not in business to do sclence
of national concern, but to support a particular frame of scientists.

That particular story doesn't have a completely unhappy ending. It took
us some time, in fact 5-7 years, but we finally sold the project to DOD in the
Army Research Office - Washington (not Durham, which is an academic oriented
program) . Since the Army is concerned with 1/13th of the nation's problems,
and we were told to stick to the quarter of science occupied with the physical
sciences, we regarded our study as "Part of Science for Society, or Scilence
for 1/52nd of a Ration". Our report was entitled, "Advanced Technological

Planning for Interdisciplinary Research". (I have appended a

short segment from that 1965 study.) Our project officer, Dr. Richard Weiss,

peputy (civilian) Director of Army Research clearly and often indicated to




the Army Research Council that the place of that report was as a companion
plece to the Army Research Plan. We regarded it and still regard it, as a

first such staff document that should be reviewed and rewritten every 5 -

years. We recommend that thought to any interested government of ficial.

note, there was no room for such studies at NSF.

3. In subsequent years, each number of years after we forget the dis-
comfort of approaching NSF, we have come back to them. Why? Because we
continue to develop major material of significance to national interests.

know that other narrower mission-oriented will not take on the tasks

we propose, and NSF is the plausible place. examples of our topics

- systematic materials dev 2t to meet broad engineering specifications,

systematic biological study, water resources stud s ecolog 1 study, economic

study, general systems study. In each case our proposal was to do something

that had been done before, but to open a new avenue of attack on major fields,
that neither academic nor large commercial nor nonprofit organizations had
thought of or developed. Most often these were fields we had originated in
before MIT, G.E., Batelle, Rand, and A. D. Little had even dreamed of getting
into. Our most common review criciqu s that as small business R and D

i

we were not competent to do the task.

Now the fact 1s we wvere ready in 40's, the mid 50

mid 60's, and the mid 70's, each decade with increasing depth, to write

t of its pleces.
F

the outline of a national science program and to undertake mos

The first task of writing is cheap, and can be done quickly. The second is a

much larger task, and we are not volunteering for it. There is an R and D

size that suits our skills, This we are willing to do and are competent to




do in different forms -in industry, {n Government, in academia. It amounts
to directing a significant fraction of a million dollars of R and D per year.
It is that task that we have been dolng since 1946. But there are very spec-
ific pieces that we know we are uniquely comperent to do. And from a national
point of view at least one jor task that we want [0 do is highly important.
It is to produce a general science of complex systems = of nature, life, and
society - and to flesh out : y pleces as we can to guide scientists,
engineers, administrators, executives, politicians, in the management of society's
{nterests and needs. It has been an obvious task for NSF. Ridiculously, we
cannot sell this at NSF nor at any other agency of Government or society. That
science, or more particularly interdisciplinary science, really has relevance
to society's problems but is still not a aaleable commodity. It still awaits & Prince.

I have only burdened you with this personal story because my interests

;

in a small way mirror what have to be the national interests, and in particular

in the field of science, NSF's interests. It is my basic assertiom that

has diverted the national concern and need for sclence, in its broad perspectives

to serve a narrow constituency of academic {nstitutions, and sclentis
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Summary = The Problem Facing Us

The issues we faced in the 30's, and the 40's, and in the 70's have

the same roots.

There are no endless frontiers - there are only needs and missed oppor-
tunities to get on with the job of making it possible for all to live and
to contribute creatively to the common and individual welfare - in expanding
times or in bad times.

This time again we face a bad time. I have no interest in seeing my
profession serving an elite, even if it were to make me an elite. I believe
in hard work, good work, enjoyable work in an open competitive system, with
social responsibility. Within govermment, I see the need for scientific-
technical personnel who are responsible to the elected representatives of
the people defining a government program that is responsive to the social
welfare.

In the case of governmental scientific or other professional activity,
the only one who is responsible to you 1s the government employee, commonly
referred to as a bureaucrat, His career (even if not his job itself) rides
on his success or failure in maintaining a good and suitable research program.

If you provide him with a peer review system, you have taken away his
responsibility. If the program is poor, he points outside for disclaimer
What can you do in this case? What can you do to the peer reviewers? Call
them names? They have no interest or responsibility in maintaining a good
efficient useful research program for you. Except in the special case of a few
particularly conscientious ones, whose number and influence is drying up

in-house
ever more quickly, such administrative Acientists lose théir Government social

task oriented interest. Instead they identify more and more with the scientific
interests of the outside peer reviswer. They regard those interests as the social

interests.




The government employees, your employee, should be free to consult
any and all (with care as to conflict of interest and proprietary rights);
but the decision must be his with no recourse in the case of failure to the
theme that reputable and expert opinion advised him. Consider yourselves -
both you and even the president, no matter how much advice you collect, you

are all personally responsible for your decisions and the voters so hold you

responsible. You can't blame bad decisions on others. The same should apply

to your servants in the government.

Peer review doesn't spread the responsibility equitably, it hides it.
Similarly all those programs which have tried to give direct ald outside of
Government, with monetary freedom outside of Government control and with no
effective competition, Whether to industry, to the medical dector,-to the cities -

manipulate their take and to
{mmediately those who receive the aid, figure out ways and means to/inflate
the costs. Do you want to be reminded of the medical costs rise? (N.Y.Times
Feb.27, 1977, Health expenditure - 1950--513 billion; 1955--518; 1960-—-527;
1965---§40; 1970---§73; 1976---§140 )

Equitable competition at every level is required. Otherwise you have to
g0 to a command economy, and in that case you have to see that every individual -
and that quickly turns out to be those who you favor - gets the share you
allot him. I prefer a mild welfare system, where you know what has to be done,
you encourage it both cooperatively and competitively, and there are moderate

competitive advantages to do well. The problem facing you is to encourage nelther

monopoly, nor neglect.
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(a) If ic wera adminiscered and controlled in a Deparcment of
fducation. This way it is an unwarranted cle-in sale. of education and
scicnce. While nsy may have thus becoma an outlet for mcademic funding,

{t was not the original intent of NSF legislation, which was to serve nacional
scientific necds.

(b) If this were a socialisc or mixed system. Grants without
nmission-oriented goals is a rather utopion aim. In the end there is no real
check and balance system.

(e) 1If the education were recognized as a public system ¥ publie
accountability, namely if very specific Department of Education guidclines an
controls were excrcised just like any large Board of Education (And as the
issue is developing at this time in Now york and Philadelphia, wi
control that gets rid of fac in the system, and makes it an effective
perform its function. The attached articles do mot indicate any such local
educational competence. Why anyone would expect a national competence LO be
becter than a local Board is an uncertain question.)

3. The responding institutions (I didn't see 750 p
250 proposals, but lunch and other informal conversations am
indicated a rather common experience among the 250 proposal
to understand the Congressional mandate, which was "We'll
if you'll show you can respond to well defined local
you or others can learn from your successes, if any;
program might be cost-effective.” Instead, by and

"Give us some money, and we'll develop some course work that we're

in or think we need." I can oaly regard this as business as usual, cthe kind
of business that a Board of Higher Education ght review as part of an on-
going process of educational development.

4. An additional common und
desperate urgency of many small
abreast of science and technolegy.
hash of the academic chain of inte
right to lead intellectual innovation.
votion to the cause of teaching (ir
innovative ability.

5. This is born out in
reviewing. Very few (practically non
at the cutting edge of sclence or te

6. This brings up the review process.
would mot go very often without a gquid pro quo.




(a) You should ask me to donate highly costly time to such a
review process, unless you want to hiro me full tima, and I am highly cem-
petent. I give away 'free' time to my technical socicrics for the benefic
of my profession. These donations make hash of the notion of 'low overhead!
costs at academic insctitucions. They literally avold the issue of any real
cost accounting for productive time of their professional staff as compared
to all other academic operations. My experience in R and D, with real cost
accounting, indicates ovoerhead rates of 100-300%. Any back-of-the-envelope
calculacions I mako for universities easily equals or exceeds these nuzbers.

If the question is raised whother citizens should not
donate time for societal functions, I agree, but there nust alvays be a
quid pro quo. Society must reward or pay for these functions in one way or
another.

(b) I clearly perceive conflict of interests. Eicher that or
eollusion. In my case I view a conflict of interest. Why should I give
éway public monies to competitors - unless I am rewarded? Thus, until I
am appointed or hired as a Judge, I don't want to pass on other people’s
request for their livelihood. Conversely, I don't want such people with
conflicts to pass on mine.

Thus I have taken myself off such reviews - whether for
monies, or even for technical article reviews - unless the procedure was
open, the beneficiaries approved my presence, and it was part of my life
career.

{c) Thus I cannot believe that such
can be assembled unless there is a quid pro quo.
these reviewers are available because
other grants. That colors- their wil nes 4 ngress zay
argue that this is good, it assures a co the objective rand
response that all good juries require, but w i he voir dire?
end it creates the tight guild-like 'i o a ecomes mercan
monopoly, and ultimately cartels. T 1 es the large
universities already operate as a cartel.
find out!

(d) Which brings ur 12 P complaint. 1 now see why it
is hopeless for an avante garde R and u like my own to seek contracts
1 to academic reviewers.

1). The reviewers are not our peers. As indicated, most
of them I wouldn't hire for R and D.

(2) Clearly in any academic review of our proposals
(NSP, NIH, ARO-Durham, AFOSR minimally) (a) they cend to view our proposals
L y




as a threat to their availlabilicy cto rec ;  (B) they do not grasp
the essence of a contractual relationshi y involves puazantecs (6.g.,
best efforts) to deliver a real resulec. Th inal language of "bust
efforts" in R and D contracts is not an open ended invicaction. It means
that for some unknown problem we will put in our becc efforcs, and if we
fail = or fail too many times = we have lost a clientc. That project office
will simply not accept furcher proposals from us, A continuad succescful
track record of delivery is our only passkey. as, but what have you done
for us lately" remains the outlook that we must always face.

(3) " Considering the disparicy of our cxperience, they do not
grasp how we can possess the competence to deal with complex inceracting
systems in what scems ©o be @ global fashion. Deing fragmented and de-
yvoted to limited rescarch objectives and che teaching of scudents, they
cannot grasp the point of view of interdisciplinary applied science and
scieatists devoted to problem solving on non-canned problems.

(e) They make financial judgments on costs that are neicher within
their competence mor their business co judge.

There is no way that I can take th ir peer review system
seriously. It is designed for them to judge themselves in a specific limited
context.

7. Besides the fact that we operate at differeat tempos - clearly
evident even in the case of the review process (as my panel menbers ¢
attest - they think with leisure and at student pace, WE deal ac an
crial mission oriented pace.). I raise che question of competitive objeec=
tivicy. 7o run an homest business, you know the lines of ethical practice
and performance. You know what your competition thinks and what lines you
should not eross. You are constantly im an ‘adversary' position like lawyers.
On the other hand, if 'promoted' to judgeship, e.g., if you consule, you
know how to become more objective and perforn the tasks by which the "law!
written or unwritten governs behavior. You know you canmot write the law,
execute it, act as judge and jury, and police it. These distinctions ars
highly rudimentary among academics.

8. Another weakness. It is pathetic to realize thac the most cos=on
problen facing academia is a loss in competence to do the educational job,
(See attached New York Times articles = ch I asked my panel abou -
which they confirmed,) Their major problem is remedial education - bocth of
students and faculty. Yet the continuing claim is “a search for qualic
education”, even though the basics of oducational competence is lacking.

One basic trouble is that some fow vary voluble and person-
able academics bave high visibility and thoe paid-for sales forca to ‘sell’
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APPENDIX 2

As a member of the NSF Industrial Panel on Scicnce and Technology,
1 wrote the following comments for their NSB Report.

May 29, 1975.

" subfacts Corments for Committea on fAth NSE Report

, Dear Hr. Thiexza:

1 ao answering
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individuals. It is repuced to be
evil, so it does not have to be
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Written testi S. Iberall - continud

The history I have reported on brings me up to what I have learned
since 1950:

e At the NBS where I had worked, we had to compete wigorously for
scientific-technical funds. There were few guaranteed resources. Thus,
within my former section, we were much too busy seeking out funds and doing
the science needed to have too much idle review time. That proved foolish
for NBS security.

2 When I went into small business R and D and thought that I only had

a job cheaper, faster, better than my competition, that proved to be

near sighted. As time went on, my competition - with essent ially all the
classical monopolistic devices - have frozen us out. Our competition in

R and D are in the large universities, the large aerospace corporations, the
not-for-profits, and the large for-profits. It is not their size, their
technical know-how, nor even their sales force, which bothers us. It is

the suspension of what had once been normal modes of competition. Their pre-
ferred instrumentality role - via peer reviews, study commissions, panels,
and counc :+ their high mobility in which no conflict of interest is seen -
is what defeats us. We_ e's original interests.

3. When we becameé involved in consulting R and p-for-profit, we could
sense that control of big science was open until the mid-1950's. Then acad-
emia moved into the role, NSF, NIH, DOD provided them with both seed money
and opportunity for bootstrapping operat {ons to large amounts - buildings,
facilities, institutes and the like. The NAS and the NAE are loaded by

recipients of such monies. Similarly big development was taken over by large




aerospace corporations. Thus we were told in the mid-60's by our indus-

trial clients. need you. We can get academic R and D uln-:u’ -} o

with greater prestige, get to keep the slave labor that has already

been especially trained for us."

anwhile we have grown in technical competence. (You either grow

or wither.) We could almost si handedly f the scientific
problems of concern to society. Years of attention miss very few.

aren't that many. Parenthetically we make no claim t

neering problems. :re are simply too many. Thus } late 50's.
4 i

etent Lo pres a "Science for Sociery"

1

thought that NSF was open for themes of national icance, and by that

time, in our own research directing e ready to begin scien-

generalizations ¢ attacks on large scale problems. But the

NSF staff did n see how a small R and D firm could

science for society"
piece. That was the fi time that I really learned that the orig
earlier had been diwe NSF was not in business to
national concern, but to a particular frame of scientists.
That particular story does have a completely unhappy ending. It took
time, : l ars, but we finally sold the projec
Qur report was entitled, "Advanced Technological Planning for
ary Research". Our project officer, the Deputy (« 1ian) Dire
Research clearly and often indicated that f that report was as a
anion piece to the Army Research Plan. We regarded it and still regard
such staff document that should be reviewed ar rewritten
%

years. We recommend at thought to any government official.

was no room
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terests and development mirror in a small ha to be the national

interests, and particular in the field of science sF's interes
is my basic assertion that & diverted the national concern and need
for ¢ : in its broad perspectives t a4 narrow constituency of

academic institutions, a proble:




Summary - The P ‘acing You

In sum : the issues we faced in the 30's, and the 40's, and in the
70's have the same roots.

There are no endless frontiers — there are only needs and missed oppor-
tunities to get on with the job of making it possible for all to live and
contribute creatively to the common and individual welfare - in expanding
times or in bad times.

Again we face a bad time. Science ought to be useful. I have no inter-
est in seeing my profession serving an elite. I believe in hard work in an
open competitive system, with social responsibility. If there is to be social
control of science in an NSF program within government, I see the need for
scientific-technical personnel who are responsible to the elected representa-
tives of the people defining a government program that is responsive to the
social welfare.

In the case of governmental sclentific or other professional activity,

the only one who is responsible to you is the government employee. His career

rides on his success or failure in maintaining both a good and suitable re=
search program.

If you provide him with a peer review system, you have taken away his
responsibility. But there remains no control of the peer reviewers. They
have no interest or responsibility in maintaining a good efficient useful re-
search program for you. Except in the case of few particularly conscious
careerists. whose number and influence is drying up ever more guickly, the
administrative in-house scientists lose their Government social task-oriented

interest. Instead they identify more and more with the scientific interests
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accept either the free market or a welfare system. But there is no real

free market system in existence any more. As a small business entrepreneur,
I assert that dogmatically. So Government must step in to assure equity.

The claimants to developing nationally significant science are Government
laboratories, large and small industrial institutions, nonprofit institu-
tions, large and small for-profit science-technology companies, large and
small universities. All of these, if they have a contribution, deserve ace
to such funds. They have to make their claims competitively, or their re
tive claims have to be established. One should note that many of this groups
have mixed or conflicting interests. Therefore the control has to be political,
if not free economic. All I ask is that I get my fair share by free access.

And as far as I am concerned, I prefer knowledgeable judges who are re-
lieved from advocacy rather than advocates who have their own self interests
to look into.

- 1 NSF must develop a balanced basic and applied research progr that
is essential for national needs. You might wonder whether I stress an applied
program. No, I stress a program for national needs. I stress this now and
in the past, in preference to the so-called "free, fundamental , uncommitted
scientific research and science education" which is what Bush wanted it to
represent.

Let us take a case in point today. In the Forum on Physics and Society
of the American Physical Society, there is an announcement of a meeting spon-
sored largely by academic members and a few large industrial laboratories on

Changing Career Opportunities in Physics. As the announcement states, these

academics and a few large corporate physicists will tell physicists "Why




things are the way they are - the factors governing the choices of

students ... These include government funding patterns...” with a "General
session of non-academic careers - job content and career paths for physi-
cists in industry and government...specific information on somé non-academic
careers...

Are most jobs utilizing the skill of physicists just concerned with
government funding for academic jobs to teach physics? Do academic physicists
know how physics is used in industry and government ?

As 1 read the annound ant, it is amusing. Academic scientists have dis-
covered that their subject may have to be used in some common fashion. Persons
like myself have been working our full professional careers in applied physics
in government and industry. We have been hired and fired and taken all of the
standard career risks of blue collar - white collar - prol ional people. We

have dirtied our hands in reality, and we have fought to keep our intellectual

P
status. At the same time we have advanced our sclence. Must we forver be

exposed to that repeated elite nonsense that only one institution is competent
to pass on the message from above?

There is a line of science - from the discovery of its central dogmas,
to the development and fleshing out of that theory, to its application as an
applied theory for various fields of phenomena, to its actual specific applica-
tion to operational mechanisms (social as well as physical) to the development
of design theories for mechanism, to development of actual operational mech-
anisms wherein the engineering line of tasks begin.

In general, NSF has a role for the first 3 steps. Steps 4 - 6 tend to be

the kind of tasks, identified in the Army as 6.1, 6.2 tasks, or as R and D

in industry.
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With regard to some of Senator Kennedy's questions:

Wby is it so difficult to get people interested in science?

Because it is a difficult subject. As the sum of rational thought about
complex phenomena, its story is complex. It is the same reason that people
can't play Beethoven sonatas.

¥hy does R and D industry need NSF funds?

As an industry they don't. There are two types of entrepeneurs (beyond
business, the same division holds for all other professions). Those who
have one singular idea and intend to milk it commercially. There are those
who intend to make a living in a particular service - professional area.

I have no sympathy (see my written remarks on security) for Governmental
support of the former, although the Senator may have. My view is that in
free enterprise, you take risks. Other views are to support it if it
makes jobs. On the other hand, if Congress wants to develop a Natlonal
Development Corporation with some such national goal in mind, fine, that
is Congress' business. But return to NSF. What should be its charge?
The science of complex {nteractions, for national needs. For that goal,
there is a portion of the R and D industry who can be and easily are major
contributors. That activity requires NSF support. NSF and other agencies
(e.g., NIH) as well as more common DOD source should be open to fund all
those who can contribute.

Is industry interested in basic research?

¥No, neither industry nor your academic institutions are interested in basic
research. Industry is 'thing' oriented (product, sales, profit, the game of
competition). In 1977, they still barely tolerate engineering. Science is a
complete mystery to industry. The small handful of show plece companies
have been used all this century to ‘prove' sclentific interest. To indicate
wvhy academia is not interested in basic research is ancillary to the ques-
tion, so 1 won't expand. Academic institutions are interested in the main-
tenance of a big, rich, or important establishment.

What is the problem with regard to nondirect labor costs (asked both to an
academic and an industrial panelist)?

Organizations have overhead. Whether in Government, academia, or industry,
the real overhead figures are comparable. Outside of quantity discounts,
and tax exclusions, the same 'free' market prices govern. So it 4{s only

a question of 'business' bookkeeping. Academia, when they started mceking
GCovernment grant funds, did not have to exhibit overhead. The grants were gravy.
So they could make a virtue of it - 10-20% was "all' they necded. As the drug
habit grew, namely the dependence on Government funds increased (remember students
and states still pay), they dragged their required overhead rates on grants up to
50%. MNow with the crunch, they are trying to drive for standard overhead rates.
Regardless of students and other revenue sources, they would like Government to
pay all their overhead. Overhead is practically a standard number. it is in

the 100-300% range. There are 'biggies' who can justify 500%, but then all

these numbers become matters of creative accounting. The matter of a fee for
profit = I believe its deserved, and to hell with justification about the cost

of capital, etc. - is a red herring. Suppose we put 6% out explicitly or not

{n a contract. What is made as 'profit' (i.e., from whence capital assets will
grow) is only a matter again of creative accounting. As Dr. Barger pointed out,
if a company (I'll add university) is in the R and D business - it has to charge
all those costs relevant to its consultation businesa. It has no other pockets

to draw from. What Barger did not say and academia does not say, is that they
don't mind charging overhead even when their capital holdings grow because their .-
client is paying for it. I always look at how much BB and N's (or A. D. Little,
or Battelle, or G.E.) total assets have grown as a result of Government contracts.
Similarly 1 look at how MIT's (or NYU or U.Pa.) assets have grown by Government
grants. That's the only way I know vhat overhead expenses and profits existed
and were met.
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Comments: A Report on Research in Industry
Roles of the Government
and the
National Sclence Foundation

S. Iberall

It is unfortunate that the appralsal of the impact of research upon
industrial development has generally been implemented by academic
{nstitutions, rather than including others who have been occupiled
with such appraisal.

We would therefore urge, similar to the polnt above, that support
for input to that study be provided for the nonacademic community
who have the background.

As a member of an NSF Industrial Panel, I do not feel that our
committee was particularly consulted on these issues; 1 was never
solicited for comments on the Task Force report. I was solicited
for the N5B Report which asked some specific narrower questions.

One notes that the concern is with the contributions of industrial
research to national purposes. There is a basic twist here that
requires exposure. Note p.l, P.1, NSF has long been concerned with
the scientific activities of indus . My experience suggests that
their interest has only been 'academic’, 'intellectual’. Ome wonders
why they should be concerned with the contributions of industrial
rescarch to national purpose rather than their own contribution,

or their contribution to industrial development. Again are these
always to be only academic studies with no real impact on soclietal
goals? It would be useless to waltz around and name all the possible
study ends.

The ones 1 perceive of significance:
What can science do for national purposes?
What can industry do for national purposes?

What can government do for industry?
What should government do for science?
What can science do for industry?

What can findustry do for science?

It will be interesting to see what the report opts for.

Immediately it 1s clear that 1ip service to motherhood was elected.
Does the finding mean that NSF's primary mission is to develop the
basic sciences - pure physics, pure chemistry, pure biology, pure
geology, pure mathematics, pure psychology. pure soclology, pure
anthropology, pure economics, pure political scienre?

The inappropriateness of the task for governmept is so glaring that
1 will spell it out.
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p-3, B.1
(following)

that the subject of the energy crisis and what to do for re-
search in the area must have come up last year. It did. When
the debate was finally well on the table, it dawned on me what
the basic question was. "In solving our national problems”, I
asked, "The basic question facing you is cooperation, competiction,
or chaos. Which do you prefer?" I regret that by the end of
the week, among the Research Administrators - supposedly highly
rational comprehending people - the answer was clear - chaos!

It is mot just that each self interest governed, but there was
no willingness to lay out the big problem and see how the pieces
could fir together. Perhaps the President is right in going to
the people for answers. 1 am not sanguine.

The point here is that the basic science for national needs is
needed. It is not the pure disciplinary science. Thus NSF and
its panels continue indefinitely to mix up the problem and to
present those outside of science, e.g., Congress, the public, as
a mixed tie-in sale.

I cannot accept the first sentence. There is an arrogance in it
that is riding for a fall. 1 absolutely agree with the second
sentence. With regard to the third sentence (misslon-oriented
support by both government and industry), while I agree, that
requires acceptance of the division, case by case, in public hear-
ings. 1T accept the fourth and fifth sentence. I do not accept
the sixth (multidirectional knowledge largely academic). People
like myself can, do, and will compete in these areas, whether we
are in Government, industry, or academia. 1 agree with the seventh
sentence, although T will point out that past a certain level of
education, the remaining tra g is better done by on-t
apprenticeship. 1 am not discussing the blacksmith arc.
discussing basic research, applied research, and develoj

would make hash of what I have learned in 30 years of dir ng
research to accept the contrary. I don't understand the ghth
sentence. And I certainly do not agree with the ninth (and last)
sentence.

I accept sentence one. Sentence two is not an apt summary why
industry doesn't support basic sc @. Industry hardly under-
stands or trusts engineering. Any effort te sell engineering

R and D to an extended group of industrial companies quickly de
strates that. Thus sc i more a mystic art. Induscry

does not think in terms of long range plans. It is reactive to

the present or what it knows of the past. It has no basis or
experience for connecting up any long chained intellectual argu-
ment. I n fact it sees no way that such long chained arguments
have any application.

Sentence three thus becomes a nonsequitor: 'as a result', perhaps

in certain people's minds, NSF becomes a principal vehicle. But
even as a factual statement, in its own right, this is not correct.
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A REPORT ON
RESEARCH IN INDUSTRY:
ROLES OF THE GOVERNMENT AND
THE NATIONAL SCIENCE FOUNDATION

1. BACKGROUND

The National Science Foundation has long been concerned with the
scientific activities of U.S. industry and has frequently addressed the
relationship of industry to NSF programs. The directive of the NSF
enabling legislation (PL 507) as amended, "to appraise the impact of
research upon industrial development and upon the general welfare," has
been implemented through the years by continuing reports and surveys
of the research activities of private industry and special attention
to these areas in the series of National Science Board reports on "Science
Indicators.”

The NSF-Industry Relations Committee, established in 1971, provided the
Foundation with a highly useful report in the spring of 1972. (See
Attachment A, Appendix 2.) Many of the recommendations of this Study

were later implemented, particularly through the program of Research
Applied to National Needs. The Federal role in support of industry was
further examined in the 4th Annual Report of the National Science

Board entitled "The Role of Engineers and Scientists in a National

Policy for Technology" delivered to the Congress in 1972, and many aspects
of the needs for research in industry were addressed in the Bth NS8
Report, "Science at the Bicentennial, 1976."

The Senate Report (94-888) on its Fiscal Year 1977 Authorization Bill
(5.3202) for NSF directed that a study be undertaken which would examine
the roles and responsibilities of the Federal Government and, in
particular, the National Science Foundation with respect to research and
innovation in non-academic institutions.

In response to this request preliminary studies were undertaken by the
Director's Office, and in July of 1976, the internal NSF Industry Task
Force was established. This group, composed of senior officials from all
NSF Directorates, was charged with undertaking a full and thorough
examination of the issues raised in the Senate's Authorization Bill Report

| The Task Force examined a wide range of existing studies of innovation

| and research in industry, and a special ad hoc consultant group (see
Appendix 7 of Attachment A) was convened representing a broad cross section
of United States firms and universities. Views of many additional research

| and corporate executives were solicited as the Task Force report passed
through various drafts.




A

The preliminary Task Force Report (see Attachment A) was examined by
members of the National Science Board and discussed at their meeting
on November 18, 1976. This current report on "Research in Industry”
thus reflects the views of members of the National Science Board and
the NSF staff on the role of the Foundation in strengthening the
Natfonal R&D effort as it relates to industrial research.

I1. FINDINGS

The findings are listed in order of perceived importance to
enhancing the contributions of industrial research to national purposes.
fach item in this section is coupled with an "action" proposal in
part I1I.

A. Principal Findings

1. The primary role of the National Science Foundation in
the national R&D effort is to continue the support of
fundamenta] research of the highest quality in the
Basic sciences and so strengthen the total science
capability of the Nation.

Discussion:

The Federal Government is and will continue to be the princi-
pal source of support of the basic sciences in academic
institutions; for the generation of fundamental knowledge;
and the education of research scientists.jlﬁuth industry and
the mission agencies of the Federa] Government need new funda-
mental knowledge to make feasible the research and development
that leads to desirable new technologies.)|Support of this
mission-oriented basic research must be provided by the agencies
of the government as well as by industry to ensure that
innovation takes place which will meet the needs of the Nation.]
{ Underlying this, basic research in the problems of the
scientific disciplines themselves provides knowledge that by
its very nature is multi-directional and can lead to a variety
of unforeseeable applications.)|Both industry and the mission
agencies of government depend upon this fundamental knowledge
from the scientific disciplines. [ This kind of basic research
| is carried out largely in academic settings.| |The academic
| enviropment is the unigue source of new scientists and engineers
| in basic research, applied research, and development.|| The NSF
| has a singular and essential obligation to respond to the needs
| of research scientists in the basic disciplines.] |[The most

s 5

w 59




important role for the NSF is to assure the support
necessary to enhance the potential of these basic science
disciplines in academic institutions. |

[Basic research in the scientific disciplines provides a
knowledge base that is necessary to the development of the
| new technologies sought by industry and the mission egencies]

{The difficulty of predicting particular applications, the
‘very long times required for the conduct of the basic
research to the point of utilization in technology and the
fact that much of the benefit is diffused throughout society
and not appropriable by any one firm, however, reduces the
incentive for industry to support research in the basic
scientific disciplines.]|As a result, the programs of the
Kational Science Foundation provide a principal vehicle for
the support of research of high quality in the fundamental
disciplines of science,)

| It is also the obligation of the mission agencies to identify
and support broad areas of basic research that in the long
term may be fmportant to their missions even though the

exact relationship between the specific research projects

and the mission may not be clear) [Of course the mission
agencies should also support research designed to build the
knowledge base seen in the short term to underlie known
applications in their areas of responsibi1ity.l

~Js 1o decrease current disincentives and fo increase direct
TE?eﬁfYFE?_bEtEBT?EHEH‘E}fEEE_?edb?ET"hd¥EFEEbHt?{[The'____—
Federal Coordinating Council for Scie ce, Engineéring, and
TechnoTogy Tn the Office of Science an echnology Policy

2. :Tpp most effective means of strengthening industrial

should analyze the agprog;jjggfiYE_Emiifbe taken and assure

full consideration o
Federal policy.

Discussion:

these at all Tevels responsible for

There is evidence of diminished funding of R&D in and by industry
relative to the GNP. Consultants advise that a major shift in
the application of R&D funds in fndustry is taking place toward
"defensive research" dealing with federal regulations and toward
shorter-range goals rather than higher-risk, longer-term research
directed toward major innovations.




specific actions to change the incentive structure are
beyond the authority of NSF but studies and analyses of the
potential impact of changes in the present incentive/
disincentive structure are of high priority for sponsor-
ship and support by the Foundation. Such study results
must then receive serious consideration by the highest
policy levels of government in order to ensure that
undesired constraints on the innovations that flow from
industrial R&D will be relieved and positive incentives
will be strengthened.

Additional Findings

1. The present policy of NSF on funding research in
industry is reaffirmed.

Discussion:

The existing policy states that in exceptional cases,
unsolicited proposals for basic research will be considered
from industrial organizations where: (a) the project is of
special concern from a national point of view and shows
promise of solving an important scientific problem; (b)
unique resources are available in industry for the work; or
(c) the project proposed is outstandingly meritorious.

The established special criteria for support of research in
industry (Attachment B) as well as the existing affirmative
programs to encourage industry/academic research collaboration
express the current palicies of the NSF.

Because of the inherent differences of academic and industrial
settings; because the most effective measures for strengthening
industrial R&D are alterations of governmentally determined
incentives and disincentives; and because industry depends

upon a vigorous and creative academic science comnunity whose
primary support is from NSF, the Foundation judges it to be
inappropriate for the same criteria for funding of basic
research by the National Science Foundation to apply both to
industrial and academic settings.

2. Improved conmunication is needed between scientists working
in universities, federal Taboratories and industry.

Discussion:

The capability of industrial laboratories to provide practical
applications for developments at the frontiers of science is




heavily dependent upon communication between industrial and
academic scientists who are familiar with the latest technology
and active in related fields of basic research. Often the

best way to transfer new basic knowledge and research techniques
is to move academic scientists with the requisite expertise
directly into the industrial laboratory. University faculty and
research scientists can gain insight into industrial research
problems through direct experience in industry laboratories.
Conversely, industrial scientists can benefit from a period

of work in a university basic research setting. Such exchanges
of personnel take place now, but a strengthened effort to
stimulate interchange of university and industry personnel

would be valuable to both parties and to the Nation. Another
important flow-through device is the conduct of joint research
projects by university and industrial scientists. Such
arrangements can capitalize upon the special skills and
experience of both parties. A particular opportunity exists
where research could provide improvements in processes or
methods in those industries that do not have an extensive in-
house research tradition or do not precently make significant
research investments. Joint research projects with universities
in this case could lead over time to substantial improvements

in productivity and the international competitiveness of such
firms.

3. lmproved avenues of communication between industrial
scientists and those responsible for the establishment of
federal science and technology policy are needed.

Discussion:

Although industry is an important producer of basic science, it
15 also a major user and is dependent on the basic knowledge
that is produced primarily in the academic setting. More
particularly, scientists in industry have a unique ability

to identify areas in which the lack of fundamental knowledge is
impeding the development of technologies that are important to
economic development and other national needs.

Probably the most important single scientific resource that the
Nation has is the creative potential of young people now in our
school systems who have the motivation and capability to become
scientists. Roughly sixty percent of all scientists and engineers
of the Nation are now engaged in industry and it is highly
probable that this percentage will increase. For at least the
next twenty years industry will be the principal location for the
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creation of new jobs for scientists and engineers. A greater
understanding of industrial research and development could
improve the match between the supply of scientific and technical
manpower and the needs of industry. An enhancement of communica-
tion with industrial research in both planning and policy is
needed by the federal mission agencies as well as the National
Science Foundation.

A particular area for improved communication is that set of
industrial activities that do not now support research to any
significant extent, Only six industries account for some eighty
percent of all forms of industrial R&D undertaken in the United
States. The one hundred companies with the largest R&D programs
account for nearly eighty percent of all of the industrial
research and development undertaken by the thousands of companies
that exist in this country. The nature of the science and
technology-related problems confronted by the overwhelming
majority of companies that do not do any research is poorly under-
stood. The potential for improved productivity as well as for
innovation of new products, processes, and services within this
non-research oriented component of fndustry demands an improved
level of study and communication.

4. The smaller high-technology firms with large R&D commitments
require special consideration in the palicies of the Federal
Government.

Discussion:

New and small (often defined as less than 500 employees) high-
technology firms with a heavy research and development commitment
have been particularly effective in developing innovative
products, processes, services, and increased employment possi-
bilities. In part this is because of the inherent flexibility of
a small organization that is capable of very rapid growth.

The availability of venture capital for the support of the growth
of these small firms is judged by individuals from these firms
and by consultants to be inadequate to meet the present demands.
A federal initiative designed to take advantage of the innovative
capacity of smaller research-based organizations might be in the
national interest. While it is often asserted that private funding
is not meeting the perceived needs of these firms, there is no
general agreement about the actual amounts of funds available or
needed, In part this funding could be facilitated by improving
the opportunities of participation of such small firms in federal
programs.




Under any circumstances, it is desirable to recognize the
particular needs of these firms and to enhance their oppor-
tunities to reach their potential as R&D performers and
technological innovators. The risks are quite high, but so
are the potential benefits of these small firms to the Nation
in the development of useful new products, processes, and
services and in the creation of potential items for export.

II1. NSF_ACTIONS

The following actions either are underway or under consideration
by the National Science Foundation in response to the findings in Part I1.

A. The present NSF policy is to support basic research in industry
directly when special criteria can be met. Major support to
such research is provided indirectly through the output of
academic research and education.

Discussion:

The principal focus of the NSF program has been the support of
researchers of the highest calibre, working on problems at the
frontiers of the basic disciplines of science. For many reasons
discussed earlier most such research occurs in the Nation's
academic institutions. Although the majority of research
scientists work in industrial laboratories, they are most often
involved in problems whose origins are outside of the basic
sciences themselves. Such user-oriented research is typically
commercialized. Problems in such areas as property rights, patent
policy, allocation of effort, etc., need to be resolved if such
research is to be supported with public funds.

The present NSF policy of imposing special criteria on proposals
from industry for basic research support continues to be the

policy most beneficial to the overall strength of science in the
United States at this time. There is, however, a range of opinion
on this policy among the members of the National Science Board as
well as the staff of the National Science Foundation. Because of
this difference of opinion and because this policy can give the
appearance of excluding one area of promising research capability,
the National Science Foundation will periodically review the policy
to determine if it continues to be appropriate.

B. With a view to increasing industrial R4D in the national interest,
a stronger emphasis should be given to programs that study the g
incentives and disincentives to increasing the Jevel of jndustrial

R&D. The results of such research should be vigorously disseminatec




emphasis shoul
ith the processe:

“value of industrial

Discussion:

NSF presently has several programs which touch upon the govern-
mental framework for industry R&D, including Policy Research and
Analysis (PRA), RANN, and Social Sciences. In PRA, in particular,
many key research findings, bearing on the federal relationship
to industry were funded under the aegis of the former National
RED Assessment Program and are just reaching fruition. Moreover,
further work in this area is in process and planned. NSF will
undertake to assess these results carefully and undertake to
ensure that they are made available to the Office of Science and
Technology Policy, other government agencies, and industry to
ensure that possible policy changes that might benefit the Nation
can be fully explored. Consideration will be given to expanding
this program of studies.

Further, several experimental projects in the stimulation of
innovation were funded under the former R&D Incentive Program and
are being continued by RANN. Additional RANN projects are testing
potential stimulants to innoyation; NSF will undertake a
systematic effort to analyze and evaluate these efforts and to
disseminate the results widely.

at

A continuing awareness of industrial RAD and a recognition th
e

o il

it is an essential part of the Nation's capability in scienc
will be part of the policy considerations of the NSF.

Discussion:

Although the present direct funding policies of NSF are appropriate,
more attention needs to be devoted to increasing R&D in those
industries that are already committed to major programs. It is

also important to study the reasons for the lack of research in the
vast majority of American companies and to identify ways to increase
appropriate research and development programs.

In general, analysis of this problem must involve all agencies of
the government as well as the policies and progr established

the Congress. The NSF role should be in supporting highly qualified
investigators seeking to analyze the dynamics of industrial research
and the distribution of its benefits.
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Discussion:

A wide va oint research efforts

and n C performers are p 2

These ICIuau both contractor-su

arrangements of equal partners. ve experience with these

has been favorable. In some instances cooperation with

stry is essential (e.g., research on industrial automation).

Projects underway in RANN that bear on the private sector

productivity almost always require industrial partici ﬂtion

Consideration will be given to expanding these programs afte

careful evaluation of their effectiveness,

In certain instances industry involvement has been taking place
in basic research through workshops and through the Research
Initiation Grants Program in Engineering. These efforts will be
continued.

Consideration will also be given to an expanded program to pro-
vide for direct interchange of personnel between universities
and industry using the fellowship mechanism.

unication with ln1u$tqr on policy matters should
tional Science Toundation and in other

The advantage of increasing the input from industry into planning
and program development is substantial. It should be noted that
the data presented in the Task Force Report (Attachment A,
Appendix 5) clearly indicate that industry input in the present
review and advisory processes is significant. Further input is,
however, needed and NSF will consider the following options

expansion of involvement in existing advisory processes
establishment of a separate Industry Advisory Council

establishment of an industry component of the NSF
Advisory Council

development of special studies by industry on research
needs and priorities
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1t is not at present clear whether any one of these step

mix of such steps is the best mode of obtaining the needed
Nevertheless, the Foundation is committed to increased commur
tion with industry.

fraction { funds

f firms., Prior this
requirement, RANN had already supported a gnificant number of
projects at smaller firms. The response of 11 R&D firms to the
RANN activity has been very positive and ! is con ing several
alternative means to broaden the coverage of this prograr
Discussion with the consultants indicates that a major need of
these firms is for innovation or venture capital for purposes of
product development rather than research. This implies federal
policy considerations outside the realm of NSF, however, the
Foundation will continue to study the issues and develop policy
options in this area.

In addition, the legislatively mandated Office of Small Business

RED has now been established and will assist appropriate small

RAD firms to communicate with NSF programs. It is also expected
that the work of the new Office may result in additional information
relevant to review of current policies

ONCLUSTONS AND_SUMMARY

he Principal Findings of this report on pp. 2-4 far outweigh the Addi-
fonal Findings and other suggestions included in the attachments to this
eport.

his comparison is not made to diminish the inherent importance of each

F the findings or to suggest that the findings exhaust the opportunities
wr enhancing industrial R&D. Rather it is to focus emphasis and action
i the first two findings which are overwhelmingly the most important.




Senator Kenxepy., Our next panel provides us an opportunity to
learn about citizen involvement in scientific and technical policy
issues.

The panel members have given careful thought to the role NSF can
play in providing support to make available the seientific and technical
assistance these groups need in order to participate in publie policy
debates today.

The first panel member, Tersh Boasberg, is an attorney who is con-
cerned with public policy issues. Mr. Boasherg is the author of a report
entitled, “Implications of NSP Assistance to Non-profit Citizen Or-
ganizations.” T found it to be balanced and careful and extremely
useful and I'm looking forward to hearing from him on his findings.

The second member is James Sullivan, co-director of the Center
for Science in Public Interest. Dr. Sullivan has extensive first hand ex-
perience working with citizen groups and providing them with scien-
tific and technological knowledge. and we welcome his comments.

Could we recess for just a minute,

[Off the record.]

STATEMENT OF TERSH BOASBERG, SENIOR PARTNER, BOASBERG.
HEWES, FINKELSTEIN & KLORES, ATTORNEYS AT LAW, WASH-
INGTON, D.C., ACCOMPANIED BY JAMES B. SULLIVAN, PH. D., CO-
DIRECTOR, CENTER FOR SCIENCE IN THE PUBLIC INTEREST,
WASHINGTON, D.C.

Mr. Boaspere. Thank yvou, Senator, I appreciate it.

I would like to thank your staff who has worked very closely with
me. I think Anne Strauss has given generously of her time and added
a great deal of balance to this report.

In the report we looked at over 400 eases and examples of nonprofit
activities, statutes, articles, and so forth. T do want fo say the report
is not quite completed. All of the text is done. We are just check-
to make his own conclusions on the basic questions in the report. 1
would like to make sure you know that the report does present both
sides of the issues. My testimony today is the report does present both
sides T will be glad to give you my own personal opinions.

I would like to summarize the report in a few words, T have managed
to get the 250 pages on a small piece of paper. T do not think my con-
tract officer would appreciate receiving this. but it is the same story
of the fellow studying for a bar exam, who manages to reduce all his
courses to one outline, reduces the outline to one piece of paper and
then that piece of paper is reduced to an acronym, and then he gets
to the bar exam and forgets the acronym. Luckily, we are able to
bring in the acronym here.

A few points—one is, T think it is important to differentiate the pro-
posed NSF program for funding citizen groups from intervenor bills,
A lot of the people interviewed thought that what we were really doing
was proposing to fund intervention. It is very elear to me that what
you are proposing is fundine technical studies for groups—yon
mentioned it twice in your opening statements of last Tuesday and
today. You are not funding attornev’s fees, vou are not funding conrt
costs. This is not a concealed bill for intervenors, and T think that
is very important.
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Second. we have heard a lot of talk about advocacy—where science
lets off, advoecacy begins

Senator Kexxepy. Would the argument be that you are giving them
scientific information and data which they would use as intervenors?

Mr. Boassera. Well, I think that the important point to remember,
Senator. is that there are 3,800 groups, nonprofit groups, that we
know of today. Of those 3,800, very very few get into intervention.
The ones that get into formal interventions are the ones that we all
hear about. the ones that grab the headlines and so forth, but there
is simply not enough money proposed which will change that general
non-intervenor pattern.

The second point is that in intervention, as you know 50 percent
of the costs. at least, are attorney’s fees. Let me just give you two
examples. ConEd has spent §575,000 in legal fees alone, on one project.
And in the answers that you received in your hearings last year on
S, 2715, the ICC paid $1.3 million to two Washington, D.C.. law
firms who appeared before it as special counsel.

Now I think that yvour own proposal is talking about must less than
$925-$40, 50 million.

The other point is that we heard a little bit from business and in-
dustry today—the fact of the matter is that &8 billion in Federal
funds is going to business and industrial research. Now I do not think
anybody is saying that that money is encouraging business and in-
dustry to intervene, and of course, there are no limits placed on
such Ifederal funds regarding intervention.

You are talking about less then one-tenth of 1 percent possibly go-
Ing to citizen groups.

And, the last point T want to make is that the idea of giving these
groups funds for studies is to get information to them at an early
point in the process, when the study can inform them about the scien-
tific merit of their proposal, and I think there is just as much a chance
that the study will inform the group and not lead to intervention as
there is that few of them might lead to intervention. But T really do
not think that is the point.

Senator Kex~epy. Can vou show where that bar happened as a
result of scientific and technical information being available to various
types of groups.

Mr. Boaspere. T know that Jim Sullivan might be able to speak in
terms of giving groups early access to materials and—

Senator Kex~epy. This is obviously the question that we are going
to face and that is why we are trying to get answers from two people
that have thought about it probably as much as anybody in the
country.

Dr. Surtavax. I can give two short examples of that.

As T will mention later, our group provides technical assistance
to citizen groups, and one program that we have had for a number of
vears is called the Seience Matching Service to link up scientists with
local eitizen groups. Let me describe one particular example—a citi-
zens group in the District came in to us and said, “We are concerned
that the milk that we drink here has high bacteria counts.” They had
read items in Consumer Reports and other places, that possibly there
might be a problem with the milk supply and their members had
thought that that was a good issue that they should bring up. They
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wanted to intervene at the District level here to get the Consumer
Affairs Office and Health Inspectors to go out and monitor milk. We
linked them up with a few biologists and chemists and it took about
two hours for them to realize there was not any problem with the milk.
And without that kind of technical input, they would have gone ahead
and caused quite a fuss at the local scene here, about the problems with
milk.

Another example, T think, is some of these nuclear power con-
troversies. The Seabrook case, for example, in New Hampshire—if
you look at the early record of that controversy. you see a lot of jock-
eying about issues that just were not technical issues at all. One ex-
ample is that citizen groups have so little funds to intervene in a nu-
clear energy intervention that they have to use the other sides’ wit-
nesses to bring out their own technical points. T have been a witness
in a number of cases and I know that the No. 1 rule for a wit-
ness is never give anything to the other side. So. you can imagine
what it is like for a public interest attorney to try to bleed a power
company attorney to get out the facts that he needs to make his points.
Whereas, if he had his own information at hand, he could make that
argument directly and cut all of that jockeying back and forth that
takes place in the intervention process. And that would materially
shorten the debate on that.

Those are just two examples, but there are others.

Mr. Boassera. I think there are two other points you ought to make
about intervention—one is, the only reason people are against in-
tervention is because it might cause delay. There is not hing wrong with
citizens voicing their right in front of agencies just like everybody
else. The delay factor was simply blown out of the water by the latest
CEQ report. As that Government ageney reported in October, in 6
years of experience with NEPA, there were 332 cases brought, and
they were not all brought by citizen groups. They were brought by
business and industry as well. Of those 332 cases, only four resulted
in & permanent. injunction, and of those four. not a single project was
delayed after it had complied with the law—after it complied with
NEPA.

The second point I want to mention is that the agencies have so
many interests already before them that even if they had one or two
public intervenors, public citizens, it is not going to make a difference.
and T cite two examples—one is the clear channel proceedings. which
you are probably familiar with at the FCC—this is Docket No. 6741.
and it. went on intermittently for 23 years, produced 30,000 pages
of testimonv. had 220 industry spokesmen and 7 nonprofit. representa-
tives. The longest hearing in the AE(Ms history (now the NRC).
lasting about. 160 hearing days and consuming 26.900 pages of testi-
mony, had not a single intervenor in the entire case. I think the in-
tervnor issue is completely overblown and we point to some of these
statistics in the report.

The other major point that T want to make, Senator, is that all the
agencies and all the States, as well as the Federal Government. talk
about public participation—they encourage public participation.
(itizens are encouraged to come in to comment on regulations and
speak. But, the outstanding fact is that they cannot do this without
any funds and the National Commission on Water Quality, for in-
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stance, talking about the FWPCA—the Federal Water Pollution Con-
trol Aet amendments, which had extensive provision for citizen par-
ticipation, more so, perhaps, than any other Federal statute—their
conclusion was that citizen groups were not participating because
they lacked the funds for technical sources.

Let me make a few other points.

One. is that T think that when we talk about granting money to
citizens groups, people think of just environmentalists. T think it is
important to remember that we are talking about all kinds of citizens
groups—those that are in favor of., as well as against, nuclear plants,
those who are in favor of. as well as against power installations-
and they come in all colors and all persuasions, and T think this pro-
gram should be open to all of them,

And then, the last point T would like to say is that there is a lot of
concern that this is going to lead the National Science Foundation
into a political quagmire. Tt seems to me that science is not a new-
comer to controversy—that our chief science agency should not a void
the most pressing public policy issues of today, and frankly. I am
impressed with the staff, the quality of people they have, and T think
that they are the natural agency to carry 1t out.

I would like to answer any questions that you would have.

Dr. SurLivax. Senator, I have a written statement. which I will not
vead. but submit for the record. I will just try to touch a few of the
highlights of it.

[The prepared statement of Dr. Sullivan follows:]
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Dr. Surrivax. My basie contribution, T think, to these hearings is
the experience I have had with citizen groups who are involved in
public policy debates. T have. in my testimony, listed some of those
groups in one area—air pollution. You can see from that list that
they are all over the country, My academic training is in meteorology,
and I cannot handle the volume of requests that T get for assistance
from citizen groups who do not understand the environmental impact
statements that their State Agencies have prepared or Federal Agen-
cies have prepared. My experience over the past 6 vears is that this
Science for Citizens program is crucial from a citizen participation
noint of view.

The National Science Foundation should be well aware that this
“rogram is also eritical, T think, from the point of view of making
these environmental impact statements and technology accessments
have high scientific quality.

The Center for Science in the Public Interest has reviewed the first
100 environmental impact statements that were filed under the Envi-
ronmental Policy Act back in 1970. We found that most of the reports
were little more than promotional brochures for the projects at hand.
Similar shortcomings were in each statement.

We listed all of the different issue areas—air pollution. noise, water,
land, et cetera—land use—that were required by regulation to be con-
sidered in these statements, and invariably, they were lucky if the
statements covered 30 or 40 percent of those topics—even discussed
them or mentioned the name of the topic. T can give you an example—
in Little Rock, in a highway case, an aquatic biologist did all the air
pollution work. He had gone to a 5-day course with the Highway Ad-
ministration to learn how to use these equations. The work that he
Aid would not pass a first physics course in college.

One other striking example that was very unexpected that we dis-
covered—is that many of those statements were literally copied, page
for page and paragraph for paragraph. copied from statements for
other jurisdictions, other projects. They would just take the state-
ment from another State, change the name on the front from I-15 to
[-20 and submit it as being their own environmental impact
statement.

This kind of shoddy work just should not be acceptable to any per-
*m who believes in a rational decisionmaking process. T think the
WSF, with this Science for Citizens program, can insure that those
“atements are going to improve in quality. Let us face it—the only
thing that makes an environmental impact statement aceurate and
complete is that other people are goine to critically read the statement
vhen it is finished.

So. from these experiences, I see a clear and pressing need for the
Science for Clitizens programs. Last vear’s budeet. fiscal 1978 budaet
of $1.2 million is, in my opinion, gross nnderfunding for such an
‘mnortant program. I would suggest that the $3 million suggested last
+ear in your bill comes closer. T would like to see even more funds,
bnt 83 million comes closer to what T think is necessary.

Senator Kennepy. Well, you are aware of what happened over
in the House?

Dr. SvrLrivan. Yes—the complete removal of any program funds
for fiscal 1978, T just do not understand that. Tt seems to be a very




315

irresponsible and parochial, narrow point of view, based on the in-
terest of several members of that committee.

I do not understand, really, how that happened. L

Mr. Boasserc. They have not seen my full report, Senator.
[ Laughter.]

Dr. Surrivan. Especially at this time when closed Government and
distant, removed Government is such an issue, The House action
smacks of & removal of citizens from Government, and keeps the deci-
sions in the hands of the technical elites. That seems to me, politically.
to be a very unwise move on their part.

The second conclusion I would like to draw beyond the need for
the program, is that advocacy citizen group—and NSF should make
a commitment to this—that advocacy citizen groups can and do pro-
duce excellent objective research studies, and that they should in no
way be excluded from NSF funds. It does not mean that NSF should
fund biased research. It means that NSF would fund objective re-
search by groups that perhaps may advocate a position.

NSF needs to make a commitment that they will not exclude pub-
lic interest law firms or similar groups, Sierra Clubs, Friends o the
Zarth kind of groups, from the funding process.

My last suggestion, in light of yesterday’s Home action, might be
premature, but I will make it anyway. NSF should develop what I
call citizen technical backup centers. This is an_extension of the
present forums, conferences, and workshops and fellowship pro-
grams that NSF now has. The Foundation should develop backup
centers which would provide services similar to what I and other
scientists at the Center for Science in the Public Interest have been
doing by providing technical assistance to citizen groups.

Basically what we do at our Center is spend some time with citizen
groups to find out what the technical problems are and to hone in and
to phrase their problems in technical terms, take those technical ques-
tions to university researchers or any private think-tank researchers,
and try to get the question answered for the citizen groups.

This activity is not possible under the present NSR authorization
for the two programs that they have so far. For fiscal 1979, NSF
should have such backup centers in operation. The centers would
have program managers much the same way the Office of Technology
Assessment has program managers that would work with the citi-
zens’ group and then give NSF funds directly to the citizens’ grou{)
for them to hire university researchers. So, you would have top qual-
ity academic and private researchers working on these citizen problems.

Those are my suggestions. I thank you for inviting me and I will
answer any questions that you might have.

Senator Kennepy. Well, T think the obvious issue which we have
to address is the issue of delay. I think that your report, Mr. Boas-
berg, addresses the issue in very considerable detail. Does this infor-
mation result in bringing more information of a technical and scien-
tific nature into the public debate or is it just used to bring irrationa)
delays to the process and the system. That is the problem we have
to deal with. You go into very significant detail on that. You analyze
the history of this issue, and I think illustrate where that delay has
not been the case. You have also pointed out a number of instances,
where you feel the whole process was expedited. I think that is going

87-766 O = 77 =21




316

to be the nub of this very important issue, both in regard to scientific
and technical assistance and in regard to attorney fees legislation.

Mr. Boasgere. If T might say on that point, Senator, that the
Nuclear Regulatory Commission, as you know, just decided against
funding intervenors. They made an exhaustive study and they con-
cluded that there was no way of telling whether intervention led
to delay or not. This is the NRC, itself, which is the hotbed of all the
claims against delay. Their own decision said that the question of
delay was just tremendously speculative.

The other point is that if we have an agency process—if the agen-
cies are making decisions—if, like the NRC, they have a mandate of
public hearing—I mean, their hearing is mandated by law, whether
there is any intervention or not—they have to have a public hearing
on nuclear power plants.

It seems to me the point of your bill is that you are going to give
people an opportunity to constructively help decisionmakers. Your
point is to get scientific, high quality studies into the decisionmaking
process from citizen organizations of both persuasions—of both—
people that think this is a great idea because they will get lower
energy costs and those that are against it for enironmental reasons
and other things. But, your point seems to me, is to help the decision-
makers by giving them the value of these studies the same way as the
private interests are theoretically helping the decisionmakers by giv-
ing them the value of their research.

So, T think that to me that the point is that you are trying to aid
public policy decisionmaking by studies of high quality.

Senator Kexneny. Now, how do we get. back to the point that that
is what the agency is supposed to do itself and that we do not need
intervention 1f the thought and care has been given to appointing
members of these agencies. They are charged with carrying on the
public interest and why do we need, if they are doing their jobs, this
additional intervention ?

Mr. Boaspere. Let me just mention a couple of things on that.

One, is—the agencies themselves—and you have educed this in
your hearings on S. 2715 and S. 270—the agencies themselves have
asked for input of citizens organizations to help them identify the pub-
lic interest, because they interests are not monolithic. I mean, the FTC
intervenor funding proceedings do not. fund just one intervenor. They
fund seven, eight, ten intervenors. There are so many different, inter-
ests to represent.

We have some testimony from the Consumer Products Safety Com-

mission, the California Commission and so forth, saying that what
we really need is—we have got all of the industry points of view, we
have got all the private interests—but we are only human beings, We
have to hear from the other side as well.
_ So, I think that the agency must decide in the public interest and
in order to make that decision, they need representatives from all of
the interests that are affected. T mean, the agencies themselves have
admitted that. ;

The other thing is that there are conflicts between agencies. We
have a case where the Environmental Protection Agency sued the
Department of Agriculture. Now, theoretically, both agencies rep-
resent the public interest, but both of them obviously felt that the
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public interest was actually on their side of the line. There are cases all
the time where States and local communities are using the Federal
Government or vice versa—this last case that you saw on offshore oil
leases off the Atlantic Ocean involved a suit brought by States and
local communities, who, theoretically, also represent the private in-
terost. In Seabrook, the intervenors were the States of Massachusetts
and New Hampshire, and the public interest in New Hampshire was
divided because there was somebody representing the Governor and
somebody representing the attorney general— both persons claim that
they represent the public interest of the citizens of New Hampshire.

So. I think that the interests are so diverse that the agencies need
help in obtaining deteailed information on all of them and they have
admitted that.

Senator Kexnepy. Why not carry this, then, a further step and
fund various groups themselves rather than just setting up a panel
to bring scientific information.

Why not extend funding to various groups that would be involved.
Then the responsible agency could hear their arguments and make a
decision on the merits of the case.

Dr. Surrivan. That was my third suggestion.

I think we should imitate the Federal Highway legislation, which
requires on Federal highway funds, that 115 percent be spent on re-
search. There should be a small percentage set aside on Federal pro-
gram money to encourage citizen participation. Some of that money
could go toward funding citizen groups to get technical expertise.

Mr. Boassera. Are you talking about groups who—like public coun-
sel groups or groups actually helping the agency themselves, or citi-
zen organizations who are separate from the agency themselves?

Senator Kexxepy. I am saying citizens organizations that are sepa-
rate and raise public policy issues in regulatory proceedings.

Mr. Boasgera. Well, I think that is 1t.

T mean. let us face it. That is where you get your diversity is fund-
ing your citizen organizations themselves. They are the ones that have
the genuine concern. They are the ones who do the study and they can
raise the points independently of the other agencies and of the other
interests, and I think that is really what you are doing.

It is not unlike what we did about 10 years ago on the so-called legal
services program. There, there was a rather small injection of funds
and it really established a whole movement of public service laws. 1
think this could do the same thing by the injection of funds, establish
opportunities for researchers and people to work outside of in a uni-
versity or business setting. I think it could almost be a new careers type
of program.

[The prepared statement of Mr. Boasberg follows:]
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Senator Kexxeny. OK.

We are wrestling with this issue in the the Judiciary Committee.
with a different vantage point, but these matters are related. I think
there is probably some confusion on the part of my colleagues in the
House as to what, really, the NSF has done in this area, and it seems to
me that from all the studies reviewed in your report and the figures
you have shown that it has been a very, very cautious approach and it
has been extremely useful and very valuable—and really, quite
limited.

But, whether we are going to be able to persuade our colleagues over
in the House on this issue is something else again,

We have Dr. Rich here, who is a member of the Board and a valued
constituent and distinguished scientist and researcher as well. He has
followed the testimony in the hearing this morning.

Is there anything you would like to say, Dr. Rich? I did not defi-
nitely expect to call you, but would you like to make a brief comment
before we conclude?

Dr. Rica. T ecan make a brief comment about the subject of the pre-
ceding panel.

STATEMENT OF DR. ALEXANDER RICH, WILLIAM THOMPSON SEDG-
WICK PROFESSOR OF BIOPHYSICS, MASSACHUSETTS INSTITUTE
OF TECHNOLOGY, MEMBER, NATIONAL SCIENCE BOARD

Dr. Ricu. There is considerable concern among members of the Na-
tional Science Board about the decreasing participation of industry in

the national basic research effort. We have been addressing ourselves
to various possible programs that might help to reestablish vigor in
that general area,

There are three kinds of issues here. One deals with basic research
activities in industry. Another is the coupling between basic research
in industry and basic research in academia, and that relates to the
question of the rapidity with which discoveries are reduced to practical
developments.

The third problem that we are concerned with is the special case of
small industries which have a rather important catalytic role in re-
search developments. Very often small groups of scientists form an
industry and they are often at the cutting edge in applying new tech-
nological development. We are considering the extent to which the
Foundation can make a contribution in that area.

I would summarize by saying that this is an area in which we are
very interested and are considering at length.

[ The biographical sketch of Dr. Rich follows: ]
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Senator Kexnepy. Well, we will want to work with you and review
and study this testimony and obviously look at these suggestions.

The board has not reached any decision about the budget cuts,
have they?

Dr. Rici. Well, we have just learned of them, and we have no had
any formal discussions about them as yet.

Senator Kexneoy. OK.

Mr. Boasberg, a final question—did you review the quality of the
scientists themselves and the work that was being funded?

Mr. Boasserc. Well, we looked at secondary sources, Senator, but
we pointed out the studies that were conducted by nonprofit groups—
many of those studies were picked up by Government agencies them-
selves. A number were followed by the National Academy of Science
and we referred to Dr. Von Hippel and Jim Sullivan and a number
of other people who identified studies in pesticides, herbicides, water
pollution, health, food additives and so forth- -many of these studies
actually changing, as you well know, what our former thinking was
about these areas, and have been followed with very serious research
in the Government agencies themselves and by the National Academy
of Sciences and we do point that out.

Senator Kexnepy, OK,

I think that about does it.

Thank you very much.

[The following additional statements were subsequently supplied
for the record. |
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AMATYC

American Mathematical Association of Two Year Colleges

Mr. Chairman, members of the Subcommittee and Staff, I am
Dr. Joseph E. Cicero, Professor of Mathematics at Clayton Jr. College,
Morrow, Georgia, and President of the American Mathematical Association
of Two Year Colleges. Thank you for the opportunity to testify at this
hearing.

The Two Year College has long been the stepchild of higher
education, Although that image has generally turned around and Two Year
Colleges are now thought of as an idea whose time has come, there are
vestiges of the earlier tradition that continue to sarvive. In part, that
is what prompts this testimony. There is also a strong desire to stress
the affirmative nature of the American Mathematical Association of Two
Year Colleges in meeting the needs of the Two Year College mathematics
teachers and, more importantly, the students they serve. The Association
is dedicated to preserving the finest traditions of mathematics education
and higher education itself and to promoting responsible educational
prograns to meet the needs of the modem student in a technological
society. Our aim is to provide a service to the vast commmity of students
enrolled in Two Year Colleges, by providing a unified national voice for a
segment of the people who serve them: their mathematics teachers. It is the
feeling of the mesbership of AMATYC that today's society requires a sense
of ease with mathematics on the part of all jobholders, not just those in

the professions.

Since it appears that fifty-five percent (55%) of the American




College population is beginning its higher education at Two Year
Colleges, I wish to stress the great concern I have with the issue of
whether or not the Two Year College majority will occupy a major focus in
the National Science Foundation's fine collection of National curriculum
programs. In testimony presented to the House Subcommittee on Science,
Research and Technology on February 9th of this year, the Science Edu-
cation Directorate stated, "Given our operating procedures and given com-
pletion of most of the large-scale, older pre-college curriculum develop-

ment projects, awards consequently will be for considerable smaller

amounts than in the past". Regardless of whether or not the Foundation

has decided that its mission is completed for students at other levels or
in other disciplines, it has yet to begin in the area of Two Year College
mathematics students. The education in the computational sciences of

fifty-five percent (55%3) of America's college students certainly deserves

better support.

In the important area of peer review of educational project
proposals, there is, in our ranks, great concern at the present time that
proposals ‘for support for Two Year College mathematics projects from the
National Science Foundation are reviewed and evaluated by mathematicians
who are unaware of the needs and the problems of the Two Year College
teachers. Not only that, but many senior college colleagues of ours
futher confuse the issue by identifying the Two Year College as simply
the first two years of college. Such a picture is too simplistic and
should immediately serve to disqualify an individual as a reviewer for a
Two Year College mathematics project. While I have the greatest respect

for mathematical research, as an Algebraist withresearch results in Ring




Theory, 1 have found the Two Year College teacher faced with a set of
problems that most of our research colleagues would not touch. That is
amply evidenced by the lack of applications from entrenched university
professors to accept the challenge of making their life's work meaningful

to a demanding and skeptical national audience which needs that work.

The National Science Foundation appears to believe that the
special needs of Two Year College students will be met through non-
specialized projects aimed at traditional college students. It would be
a non-trivial exercise to describe today's Two Year College student and
differentiate between him and the traditional college student and the needs
and wants of each. The Foundation states, 'Our projects are attentive
to science and mathematics education at the college freshman and sophomore
or other levels without special regard to the question of where the courses
are taught'. The Science Education Directorate's quoted response reveals
a disregard for the difference between Two Year Colleges and the first
two years of other colleges and indicates a lack of sensitivity and a

ressing need to be informed and instructed by this Subcommittee.
g Y

On the only currently funded mathematics curriculum project
which the Science Education Directorate feels might meet the needs of
Two Year College students, they have almost entirely prestige institutional

affiliations for the steering committee and the project staff. This

information is detailed in appendices of that proposal. That project may

eventually involve National Science Foundation funds in excess of one




million dollars in the grant area of mathematics teaching (not research).
It would appear reasonable that the staff and steering committee of a
mathematics teaching grant funded for Two Year College students would
have substantial experience with Two Year Colleges and those students
who select a Two Year College program and learn from Two Year College
mathematics teachers. Although we find M.I.T., Cornell, Columbia, etc,
mentioned, not one Two Year College is represented among all the directors
and program staff. This was surely known to the Foundation at the time
that the initial award of over four hundred thousand dollars was made.
Futhermore, a summary of the funded project appearing in a recent issue
of the contractor's house organ made absolutely no 1'y?|1tiun of Two Year
Colleges. And yet, the Science Education Directorate offers this project
as a response to the question of how they are meeting the needs of Twe
Year College students.

The American Mathematical Association of Two Year Colleges

was suggested in 1974 at a symposium of Two Year College Mathematics

teachers in New York City. In 1975 the Association was founded. It was
necessary to fill a void which existed between the National Council of
Teachers of Mathematics which serves secondary school mathematics teachers
and the Mathematical Association of America which serves senior college
mathematics professors. In doing so, AMATYC provides a national convention
expressly designed to meet the needs of Two Year College mathematics
teachers., It is representative organization which reaches into each

Two Year College to sample and reflect the professional feelings of the

Two Year College mathematics teachers. It provides a unified national




voice for Two Year College mathematics teachers on matters of educational
priority. It fosters and promotes professional recognition for Two Year
College mathematics teachers. It provides a national forum to exchange
ideas and promote interest in mathematics and mathematics education.
Since its founding, AMATYC has experienced rapid growth and has held two
resoundingly successful conventions. Both the Chicago meeting of 1975 and
the San Francisco meeting of 1976 echoed the same feelings of concem
which took shape as the following unanimous resolution:

Resolved: In review panels selected to read proposals

concerning teaching (as opposed to non-teaching research)

at Two Year Colleges, first hand experience in teaching

at Two Year Colleges should be regarded as a basic com-

petence on the part of the reviewer.

The token addition of a few Two Year College teachers to the
National Science Foundation peer review panels, or the donation of pieces
of equipment to Two Year Colleges among others, cannot hide the fact that
the Two Year Colleges are deserving of their fair proportionate share of
N.S.F. Curriculum Programs, N.S.F. Review Panel participation and other
N.S.F. activities from which we have been traditionally excluded.

Earlier 1 quoted the Science Education Directorate as follows,
"0ur projects are attentative to science and mathematics education at the

college freshman and sophomore or other levels without special regard to

the question of where the courses are taught". I feel compelled to remind

the Subcommittee that if this is so, the National Science Foundation peer




review committees on higher education ought to be constituted in the

majority by Two Year College teachers in reflection of the proportion of

American college students whom we serve.

Until now, my testimony has been of a rather general nature

relating to AMATYC and the Science Education Directorate of the National

Science Foundation. My remaining testimony will be directed to five

particular areas.

1.

The ways in which NSF Funding affects the area

surrounding the recipient institute.

House document HR 94-930, which stresses greater

flexibility in Education Directorate guidelines to

enhance the eligibility for fimding of a greater

number of Two Year Colleges in all areas.

A more detailed look into aspects of the peer review process
to which 1 referred previously, in light of 5.3202 Testimony in
A typical hypothetical sequence of events that might happen

to the faculty of institutions in your respective congressional
districts, should they apply for Education Directorate fund-
ing without already possessing Education Directorate funding.
The need for an expediting agent or Ombudsman, responsible
directly and solely to this Subcommittee and its counter-

part in the U. S. House of Representatives. An office which
shall serve as an effective commmications link and arbiter
between the Foundation and individuals,.institutions and
consumer groups in matters over which this committee has
jurisdiction. The correlate need for this Subcommittec is to
encourage the Education Directorate to establish "Peer Review"

panels consisting of true peers.




In funding programs through schools and colleglcs, the NSF
or other Federal agency sets up a mutually beneficial arrangement., From
the agency's standpoint, its grant of $5000, $20,000, $100,000 or more
offers great leverage. It can bring with it extensive unpaid involve-
ment of the teachers, students and facilities of a recipient institution
with a multimillion dollar annual budget.

From the institution's standpoint, there is the "indirect
cost" figure, Obtained through negotiation with the U.S. Government,
this figure varies from recipient to recipient but usual 1y lies between
thirty percent (30%) and seventy percent (70%) of the salaries paid
out under each particular funded program. The indirect cost is paid to
the institution by the agency, above and beyond the salaries and fringe
benefits of the project staff themselves.

The indirect cost figure is arrived at by computing the typical
overhead costs at that institution, costs such as space, lighting, heat,
telephones, bookkeeping, maintenance and so forth. However, since the
institution usually does not actually add on more buildings to house
the temporary funded program, the indirect cost also serves another
function.

Indirect costs constitute one way in which the United States
Government subsidizes the running of educational institutions. By

helping to keep that institution afloat and viable, these payments and

the grants themselves serve also to bolster the economic well-being of

the area in which that school is located. Thus, the indirect cost
associated with a strictly research or curriculun project will also benefit

proportionately the school and its local community.




The Moudy Report of 1975 pointed out that twenty years ago
the National Science Foundation's education efforts were trained on what
one might call "upper 5%" students. These "‘upper 5% students could
usually be found at just those places where the frontiers of science
itself were being pushed back. One thinks of the Ivy League schools,
Caltech, Chicago, MIT and so forth.

Then, during the 1960's and early 1970'"s, both America's
educational system and her governmental priorities for education became much
more democratic. Colleges were founded and flourished whose clientele was
not the traditional student but rather the average taxpayer and his family.
These entering students, like most Americans, were not the end product
of a college preparatory program. In general they had a bit more experience
in the world, less formal education, somewhat higher age, and a more job
oriented approach in selecting their courses and even their colleges.

In short, they were different from students at the universi-
ties, and they wanted and obtained a college level education in institu-
tions more suited to their learning background and their more mature life-
style. For instance, an English literature major at MIT might enter

college having finished his or her calculus in high school with advanced

placement credit. But an employed technician who wanted to advance to a

technologist title, might instead choose to take courses at his or her
local two year college, which would test that worker's entering skills
and might very well start the worker off with regular courses conveying

basic arithmetic skills.




In the end, the technologist with the one year certificate
or two year terminal degree would turn out to be much more a practicing
scientist than the English literature major at MIT. But the technologist
would probably shun the prestige institution precisely because its senior
professors were averse to teaching basic computational skills and, fortunately
for themselves and these students, generally did not have to because their
own students tend not to have that particular learning need.

The non-elite student realizes something that we can all keep
in mind: A two year college education is not the same thing as the first
two years of college. This distinction holds whether a student actively

seeks a scientific career or just wants to gain the knowledge necessary to

get along better in our technological society. Today the two year colleges

enroll more Americans starting their postsecondary education than all other
institutions of higher learning conbined.

The House of Representatives realized the uniqueness of the
two year college approach when on March 18, 1976, it stated that "an increase
in funding priority of commmity and junior colleges is recommended" for
science education programs. Perhaps to counterbalance Education Directorate
officials' f;'uniliarit}' with prior grantees at other institutions, the
House went explicitly on to encourage ‘"greater flexibility in program guide-
lines to enhance the eligibility of a greater number of two-year colleges."
(HR94-930) During the same month, the Director of the National Science
Foundation presented this Subcosmittee with a series of memoranda, 0/D 76-10,
11, 14, which mandated fairness and balance in the peer review process, an
act which promised to recognize the new priority of two year college education

as stressed by Congress.
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Available from the minutes of Subcomnittee Hearings on S.3202,
the cited memoranda promised ready feedback to proposers "Testimony pages
230, 234": Acquisition of appropriate clarifying information from proposers
after transmittal of pertinent portions of reviews (page 34): and review
panels both aware of the proposals’ social/environmental impact and com-
petently representing "Each of the princiapl institutional, educational,
regional or other elements of the relevant commmities which might be

affected by the project”, (page 238). To assist NSF Officers in selecting

review panels, the memoranda went on to stress such particulars as "concerned

public" representation (page 240), female representat ion (page 241), and the
importance of reporting the compensations made for significant biases on
the part of reviewers (page 238).

Unfortunately, over the last year since those instructions reached
the NSF, the Two Year College mathematics teachers have heard occasional
compliments from the Science Education Directorate but seen little substantial
changes in policy. The National Science Foundation still has never funded
a major mathematics curriculum program geared to the two year college students
(who in 1977 constitute the majority of those entering college).

Because of the charge of this subcommittee is the oversight of the
National Science Foundation, it Seems very appropriate to bring to you
some factual data relating to that oversight function. Although the General
Accounting office has publicly revealed instances of Science Education
Dirvectorate favortism in the past, I believe that this year is the first
time any proposal writers have permitted a professional society to cite
their NSF case history in support of public testimony before a subcommittee

of the United States Senate.
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I will refer to two distinct NSF case histories: The "New
Statistics", co-sponsored by AMATYC, and the request of NSF funding, to
increase circulation and availability, by the MATYC Journal. I have had
no direct personal involvement in either of these cases and they both
occurred prior to my assuming the presidency of the American Mathematical
Association of Two Year Colleges. Let me underscore that no specific
action is either requested or expected to be taken by this subcommittee
on these cases, and that their details are cited here with the sole
purpose of informing you and other readers of this testimony that such
things actually have happencd.

Since the members of this Subcommittee, the full Human Resources
Committee and the United States Senate itself needs the facts readily available
in order to have the most effective possible deliberation, I offer to supply
documentation to support any statement, although the statements are presented
in general hypothetical temms to expedite the reading of them.

For the hearing record of the Subcommittee, I am supplying
annotated versions of two editorials from the MATYC Journal in which the
editors explain how this Two Year College proposal came to be decided on by
non-two year college persons in competition with the proposers. I also supply
a one-page sumary of a curriculum program "the New Statistics' in which

there appears a tabulation of goals. Many of these goals appeared in the

original proposal. 1

1) Goals: 1 (page 9 of 1974 proposal), 2 (page 10), 3 (page 11),
4 (page 8), 6 (page 2), 10 (anticipated on pages 1-11), 11 (page 8),
12 (page 1), 13 (page 4), 14 (page 3), 15 (page 3), 18 (pages 6, 10) and

19 (page 4).
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A very basic principle of statist is the concept of sampling,
the realization that you cannot make a silk purse out of a sow's ear, that
if a very expensive and time-consuming process results in the collection
of wrong or irrelevant data, no amount of fixing up later is going to
convert it into complete and properly representative data. The perennial
UNSE peer review' problem in the broader terms of statistics is sampling.

This idea of honest and complete sampling 1S absolutely crucial
in the NSF proposal review process, because the rules state that decisions on
proposals are to be based on evidence found solely in the written comments
of anonymous peer Teviewers, plus the specific responses of the proposers to

specific questions raised by these reviewers. Possible conflict of interest,

as noted in the MATYC Journal editorials, is only one obvious facet of this

process. A less obvious facet is that NSF reviewers of a two year college
proposal may not even understand its main points.

If you submit a proposal for one or two hundred thousand dollars
in computerized instruction, videotaping, and other specialized media
processes; and if in two consecutive submissions the Foundation does not
select any “'peer reviewers' for that proposal who can be identified as
having specialized media expertise; then in two consecutive NSF decisions
those hundreds of thousands of dollars will be awarded or denied without
the benefit of any allowable informed input whatsoever.

If you organize an educational consortium which explicitly includes
between ten percent (10%) and fifteen percent (15%) of all the women's
colleges in the mation; and if the "peer review' panel not only is devoid
of women's college faculty, but does not even contain any women; then the

special women's considerations will not really receive cospetent review
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even though the review and decision take place during Intemational
Women's Year.

Lf your detailed plans for improving instruction at the
elementary and high school level nationwide have the active support of the
appropriate professional societies, many key leaders in this field, and
educational officers in several states and Canada; but if the "peer review"
panels on two consecutive proposal submissions do not contain any ordinary
school teachers, school administrators, or parent association representatives;
then the review panel is very likely to be quite incompetent on the relevant
issues, whether it generously recommends funding the program or not. If
performed in accordance with NSF rules, no amount of subsequent analysis of
these peer reviews will erase the fact that the data collected is not a
representative sample of informed expertise.

Many students enter Two Year Colleges, Women's colleges, Black
Colleges or Hispanic Colleges with a  fear of mathematics and without
traditional high school training in mathematics or the better-prepared

student's fascination with math-for-math's sake. They are qualitatively

different from the traditional college preparatory students.

If yeu propose a complete educational system built around the
removal of barriers encountered by most students at two year colleges but
by relatively few students at select colleges and wriu-r::itic.\;; and
if your review panel of nine "peer reviewers" contains only one true pcer
possessing substantial teaching experience with two year college students;
then the vast majority of these reviewers will not possess sufficient

firsthand experience with students in the target population even to




understand clearly why they personally each approve or disapprove of the
basic thrust of your program. I suspect that this lack of understanding
was also at work in the situation to which the MATYC Journal editorials refer.

Finally, if you propose to improve the teaching of a mathematical
subject which is as well-defined as elementary algebra and at an ele-
mentary level equally inappropriate for receiving complicated major influxes
of “state of the art"; and if most of your 'peer reviewers" specialize not
in teaching but rather in theoretical research or in "state of the art"
applications; then you have the worst problem of all. The problem of incom-
petence masquerading as competence.

This misplaced expertise may be the paradigm of Education Directorate
review panels. In forming its previous review panels, the Education Directorate
has violated the most basic principle of statistics, the need to sample from
the population of interest. A lopsided "peer review'" panel like the one
described will continue to give you misleading data even if it is doubled,
tripled or quadrupled in size.

A basic misunderstanding of this principle of representative
sampling may also explain why NSF educational programs for average students
at ordinary institutions are so often written and edited at think tanks tied

to prestige institutions and then field tested on very well prepared students.

This penchant for reviewers from prestige institutions, prestige

grantees and prestige tryouts may be acceptable in other areas which the
National Science Foundation serves. But it is extremely bad scientific
practice when applied in exactly the same way through the Science Education

Directorate.
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It is possible that science education might benefit from a fresh
and constructive start under the aegis of an agency or agencies which

have greater expertise and a greater awareness of the educational needs of

the majority of the American people. This separation could be of benefit

to the national interest not only in terms of education, but also in re-
moving the key distraction from NSF's primary mission of scientific research
and development.

However, even if every member of this Subcommittee were to agree
that removing the Education Directorate would strengthen the rest of the
National Science Foundation, scheduling considerations might preclude such

action on the FY 1978 budget. In more immediate terms, this Subcommittee

could help to correct the Peer Reviewer Problem by issuing a clear statement
encouraging better representation beginning now. Other violations of fair
procedure would call for an Ombudsman within the National Science Foundation
responsible directly and solely to this Subcommittee and its counterpart in

the U. S. House of Representatives, an office which shall serve as an

effective commmications link and arbiter between the Foundation and individuals,
institutions and consumer groups in matters over which this Subcommittee has
jurisdiction.

Since an NSF Ombudsman could also deal with non-educational units
of the Foundation, I want to emphasize that my testimony concerns only the
Education Directorate, during the period from 1972 to 1977. To the best of
my knowledge, the strictly scientific research activities of the Foundation,

umder Director H. Guyford Stever and his successor, Acting Director Richard
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C. Atkinson, have been carried out with dispatch and excellence.

Analogies between educational RED and scientific RED are of course
possible. But the changing priorities of education are socially determined,
whereas scientific R§D is influenced greatly by the availability of
natural resources, the defense needs of this and other nations, and other
external considerations. Energy research appears to be with us permanently,
whereas a particular educational priority can be phased out in a year or two.

For two and one half years a single program idea has been
shuttled back and forth inside the NSF Science Education Directorate. Perhaps
the timeline given below typifies the usual treatment received by new applicants

to NSF's Education Directorate.

To focus on new applicants, rather than repeat awardees, is important

for two Teasons, From a scientific standpoint, truly innovative ideas some-
time issue from persons not already receiving NSF fimds. From a standpoint
of faimess, I believe that it was the "new faces" nature of the application
discussed here which put it in a two and one half year holding pattem, while
similar proposals by familiar NSF friends were approved in periods ranging
from 20 days to two months,

Quoting from the Science Education Directorate:

"The purpose of the preliminary proposal is to enable the staff...

to provide whatever feedback is necessary to ensure that a formal

proposal will be prepared in the best possible way....

There are no fixed deadlines for the submission of proposals.

The staff will make every effort to respond to preliminary

proposals within six weeks of receipt."

Eight and one half weeks after a Two Year College applicant submitted

a preliminary proposal, the Education Directorate wrote to say that they were not
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going to respond to the preliminary proposal.

The Directorate stated in this and a follow-up letter that the
decision of whether or not to fund the program was going to be delegated
to a competing applicant, a group serving a totally different student
clientele, which the Directorate described as a "Fratemity" and to which
it gave funding for meetings and a report.

"If (your ideas) receive support... and this approach is

recommended as one to which we should give high priority,

then we would be in a position to encourage you to submit

a formal proposal. As I stated in my earlier letter, your

prospectus is being set aside for the time being."

There were clear issues here of transference of authority and likely
conflict of interest. Moreover, if you have spent your time and effort in
developing a system of good ideas which is unique and might be fundable,
it is irksome to be told that you must share these ideas with a competitor
before the funding agency has even consented to honor the guidelines and
respond to your proposal.

But if NSF sends you two letters saying you must submit your ideas
to your competitor in order to remain in contention for funding; and if you
want to remain in contention for funding, you submit.

Over the next year, the Two Year College applicants donated a lot
of their free time to make their competitor's project more of a success.
After a time-consuming summer meeting, and as the revised comments to which
they must respond became five weeks overdue, the competing grantee refused

for wecks to answer the letters asking what the deadlines were. They sought
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help from the National Science Foundation; the Foundation wrote back,
stating that, since the competitor's grant lacked

tspecific provisions for handling correspondence, we are

not in a position to mandate any standards for timely response

to commmications."

This exchange took place shortly after the competitor and NSF had been on
the telephone concerning the competitor's proposed new, larger grant.

The Science Education Directorate agreed to respond to an
amended form of the preliminary proposal.

A month later, the Education Directorate sent back a reply which
was admittedly "not exhaustive", appeared to have mis-read key passages,
and in no way resembled "whatever feedback is necessary to ensure that a
formal proposal will be prepared in the best possible way." Since they had
waited nine months for this feedback and already disclosed their unique ideas,
the applicants called the Directorate to try to get the promised "feedback
necessary."

A week later, the Science Education Directorate representative
wrote himself a note concerning this request for feedback:

"The less we tell [[them]] about specific things that

should go into a proposal the better."

After purchasing copies of old grant applications from NSF to see

what should go into a proposal, the Two Year College applicants noticed that

most of the major ones were sponsored by an appropriate professional society.
They felt that the American Mathematical Association of Two Year Colleges
(AMATYC) was the appropriate professional society to sponsor their con-

sortium of over one hundred colleges and schools, in forty-four states.




When approached, the governing board of the American Mathematical

Association of Two Year Colleges voted unanimously to co-sponsor this project.

The two year college applicant put forth the whole consortium
program before a room of 100 professors at the October 1975 AMATYC meeting,
and sent a final letter of transmittal to the Science Education Directorate:

"We have taken care to ensure a wide geographical

representation, with specific inclusion of audiences

traditionally thought to be poor risks in mathematics

education; e.g., women, minorities, and adults who have

been out of school for some time."

The two year college applicant sent NSF an extensive packet concern-
ing the central staff's track record in administering programs.

The packet showed that among the six main directors there was
more than one hundred million dollars of track record in running and evalu-
ating educational programs, an amount larger than the Educational Directorate
annual budget.

After some time, a recommendation for declination (NSF form 9)
was written, centered about lack of track record.

Clearly, appropriate clarifying information supplied by the proposers
was not used in the manner described on page 34 of the March 1, 1976 hearings
transcript of this Subcommittee.

By contrast, a proposal from a current Education Directorate
grantee strongly resembling the two year college applicant's Goals: 16
(their A), 1 (their B), 18 (their C) and 10 (their D) was

1. received by the Education Directorate on or about April 2, 1976.

2. reviewed by the Directorate's reviewers on or about April 22, 1976.

3. confirmed by a Directorate site visit on April 26, 1976.




announced formally on June 30, 1976, the day before the
program starting date and the last day of the grantee's

prior NSF Education Directorate award.

Thus, the prestige college insider obtains a tentative decision

on a non-two-year- college program in about three wecks, whereas a nation-
wide consortium of others waits for two and one half years with no final
decision.

In view of evidence presented here, the American Mathematical
Association of Two Year Colleges suggest that you adopt a resolution similar
to the following: This Subcommittee encourages the National Science Foundation
to establish a poli¢y of having people experienced in Two Year Colleges
constitute the majority in Review Panels for proposals from Two Year Colleges,
and to inform the Presidents and Heads of Science Department at Two Year
Colleges that this pol icy is now in effect.

A second step is the establishment of an Ombudsman within the
National Science Foundation responsible directly and solely to this Subcommittee
and its counterpart in the United States House of Representatives.

in conclusion, I recognize that a large part of this testimony speaks
to difficulties encountered by two separate groups of two year college teachers.
However, the American Mathematical Association of Two Year Colleges prefers
to display an affirmative posturc. It is my intention and the consensus of
all members of the Association to whom I have spoken to provide advice, support,
professional expertise and assistance to any and all agencies of the United
States Government which provide financial or other support for education at
the two year college or other levels. It is our desire to establish an

atmosphere of cooperation and confidence and serve as a commmications link
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between the students and mathematics teachers whom we serve and the gover-
mental agencies and Congress who serve the same people. i

On behalf of the membership of AMATYC, I wish to offer my
graditude to the Senate Subcommittee on the National Science Foundation for

the opportunity to testify on these matters relating to the National Science

Foundation and offer the services of AMATYC on any future testimony the

Committee may desire from Two Year Colleges.

Respectfully,

Dr. Joseph E. Cicero
President - AMATYC

Enclosures
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[From the Atlanta Constitution, Aug. 28, 1975]
Stars Course BErLEvEp 30 PercextT BETTER To BE TAUGHT
(By Chuck Bell)

An innovative course in statisties that is said to be 30-40 per cent more effective
than traditional statistics teaching techniques will be taught at Spelman College
this fall, according to one of the professors who developed the course.

Richard G. Lefkon, who teaches statisties at the Staten Island Community Col-
lege of the City University of New York (CUNY), said the predominantly black
women’s college is the first school in the Atlanta area to adopt the new method.

Lefkon, who was in Atlanta to attend the American Statistical Association
meeting at the Hyatt Regeney Atlanta this week, said the new course almost
completely reverses the traditional approach to teaching statistics.

“Most statistics textbooks start out teaching standard deviations in the first
chapter,” Lefkon said, “and save the chi-square test for the last chapter. Buf
standard deviation is a very difficult thing to learn. The chi-square test is the sim-
plest thing in statisties. I ean teach anybody how to do it in 30 seconds.”

Lefkon said he didn’'t know much about statisties until he was assigned to teach
a statistics course a few years ago. He feels the fact that he was not trained as a
statistician enabled him to bring a fresh approach to the teaching of statisties.

The statistics course Lefkon described ig a produet of the Arithmetical Statis-
tics Project, of which Lefkon is one of the directors.

Using a thin paperback textbook they wrote themselves and several audio-
visual aids, the professors of the Arithmetieal Statisties Project began teaching
their simplified statistics course to students at Staten Island Community College
in 1974. Since then, the course has been taught to students ranging from sixth-
graders to graduate degree candidates with impressive results.

A New York teachers' organization reported that students taught by the Arith-
metical Statistics Project learned 30-40 per cent more about statistics than stu-
dents taught by traditional methods.

The main goal of the Arithmetical Statistics Project is to avoid caleulus in the
teaching of statisties.

“Calculus frightens people away, especially students who aren’t majoring in
seience or mathematies,” Lefkon said. “When a student is introduced in the first
lesson to standard deviation by means of a formula containing 11 unfamiliar sym-
bols, his immediate reaction is to drop the course.”

In the course developed by Lefkon and his colleagues, however, the first impor-
tant statistical concept the students learn is the chi-square test, a much simpler
concept than standard deviation.

Lofkon said his reversal of the usual order of teaching statistics is largely a
result of his habit of reading books from the back to the front.

“Qince I started at the back of the book,” he said, “the chi-square test was the
first thing I saw. Later, I got to the standard deviation and realized that it's a
more difficult concept than chi-square.”

Lefkon said several statistics instructors have told him they don't teach the chi-
square test in their classes because “it's too advanced.”

“The only reason they think it's advanced," he said, “is because it's at the back
of the book.”

A simple chi-square test can be used to determine if a die is loaded.

When a die is rolled, there is a one-sixth chance that a particular number, a
three, for example, will be rolled. This does not necessa rily mean that one of every
six rolls will produce a three but it does mean that, over a long series of rolls, the
total number of threes should be close to one-sixth of the total number of rolls.

If the die is rolled 60 times and a three appears 12 times, is the die loaded ?

Since 10 threes were expected and 12 actually resulted, the actual number
exceeded the expected number by two. The difference is 20 per cent of the expected
number,

If two is multiplied by 20 per cent, the result is 0.4. This number is the chi-
square. A quick glance at a chi-square distribution table shows that the proba-
bility of a chi-square of 0.4 resulting by chance in a series of die rolls is betfer
than 99 per cent. In other words, the die is honest.

But if the die is rolled 6,000 times and a three comes up 1,200 times, the situa-
tion is different. Atlhough the actual number of threes is still only 20 per cent
more than the expected number, there are 200 more threes than expected, result-
ing in a chi-square of 40.
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According to the chi-square table, the probability of that high a chi-square
resulting by change in less than one one-hundredth of one per cent. The die is
definitely loaded.

Although most statisties teachers are reluctant to change, Lefkon said, he
expects the arithmetical statistics method to gain widespread acceptability even-
tually, especially in courses for non-science students.

The reason for this belief is the fact that the arithmetical statistics course over-
comes the basie difficulty of the traditional statisties course, which is that many
of the students who enter the course do not have a firm enough grasp of advanced
algebra and calculus. Prior mathematics experience is not eritical in the new
course, Lefkon said.

Apparent agreement came from a professor at a midwestern university who
said, in endorsing Lefkon's method, “It's about time that we meet the students
where they are rather than where we think they should be.”

[From the Atlanta Journal, Aug. 27, 1975]
STATISTICIANS PrAy NUMBERS GAME

(By Ron Taylor)

“We use the number alpha,” the man is explaining. “What's an alpha? I don't
know. 1 guess we are supposed to call to God and say, ‘Can I have alpha? "

The audience listens attentively. Only standing room is left in the hotel meet-
ing room. Some listeners sit cross-legged on the floor, They applaud occasionally.

“Does the same p-value mean the same thing in different situations?” another
speaker inquires, answering himself, “Not when we know what it means.”

They are talking statistics, and the audience seems to understand, though one
fellow in the back dozes unappreciatively.

The oceasion is the 135th annual meeting of the American Statistical Associa-
tion (ASA) that has brought some 1,800 statisticians, economists, sociologists,
biologists and physical scientists here this week to learn the latest in the Ameri-
can numbers game.

Besides alpha and p-values, the speakers talk about “little p-obs’ p observ-
ances, one speaker explains to the ignorant——significance tests and nesting
properties, decry the degree of adhocery and debate whether to accept or reject
05 for something.

“The study of statistics is a stupid profession,” one statisties professional told
his audience, “because it consists of people who insist on being wrong 5 per cent
of the time,” relating that somehow to the .05 debate.

“We do have a problem of communicating to the nonscientific community,”
one ASA publicist readily admits.

But the scientific community apparently understands well enough to want to
know still more about the statistics that determine what Americans watch on tele-
vision, what they pay for their gasoline, what they spend on welfare programs
and even what people are likely to die of.

The meeting here will tackle a number of important and volatile issues, from
the confidentiality of statistical systems to the long-range outlook for food
supplies.

Simultaneously, scientists will be looking at ways to refine the statistical
processes, and that is where the p-values and alphas come in.

Among the more intriguing titles of papers to be delivered :

“On the Distribution of the rth Largest Discrete Ordered Variate and a Test
Based on the Largest One.”

“Return Migration to Puerto Rico.”

“Modelling the Cyclical Course of Social Sciences Phenomena by Nomography :
The Case of Affective Diseases.”

“Confidence Regions for Robust Regression Estimates.”

“Identifying an Unknown Member of a Large Popunlation.”

“Domestic Conflict and the Overflow of Governments: An Exponential Decay
Model Applied to Latin America, 1946-1966."

Statisticians are human, nonetheless.

“They are inveterate punners,” says an ASA publicist.

And a certain amount of wit did twist throngh the dialectic at the opening
session Monday.

Quipped one punster, “One is not inclined to have confidence in confidence
intervals.”
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Some speakers were acerbie. “Anyone who doesn't use preliminary tests is an
idiot,” said one.

And others seemed to have stumbled to their wit. The reason some statisticians
are “nervous over adhocery,” declared one eloquent professor, is that “we often
are too highly artistic in our exploratory data analysis.”

While those with elaborate papers to read held the stage, others with pet
projects to relate had them posted in a basement exhibition hall, waiting to show
off their knowledge.

The fellow seeming to get the most attention was one who had labeled his dis-
play with large Old English lettering : “Progressive Huberizing.”

The scientists with posted graphs and analyses shared exhibit space with
atatisties firms and government agencies hustling books and pamphlets.

A sign at the National Center for Health Statistics display apologized, “Sorry,
Exhibit Lost."”

What it was, explained one of the exhibit workers, was a multi-colored cylinder
depieting “the rainbow of books™ the agency offers.

“We had the only exhibit going through the Panama Canal,” the worker said
in way of explanation. “You know it goes into one lock, then another, then
another.”

Where was it being delivered from, she was asked.

“Washington, D.C."”

That's not true confessed her coworker.

Statistically speaking, the odds were 50-50 the exhibit would make it from
Washington, or wherever, through the Panama Canal and into Atlanta sometime
before the convention ended.




Submitted to:

Submitted




357

AMATYC

American Mathematical Association of Two Year Colleges
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This joint recommendation originated from the following resolution,
which was passed unanimously by the membership of AMATYC at our San Francisco
meeting last October:

"Resolved: In review panels selected to read proposals concerning
teaching (as opposed to non-teaching research) at two year colleges, first
hand experience in teaching at two year colleges should be regarded as a basic
competence on the part of the reviewer."

For some time now it has been clear to the membership of AMATYC that

the rationale behind innovative two year college science education proposals

would have a difficult time being understood and accepted by our counterparts

at the Four Year Colleges and Universities. Ms. Singleton of AACIC has described
some of the differences for you, as well as the spiral effect of NSF's high
track record of rejecting two year college proposals. At one point AMATYC
even sponsored a project with the explicit goal, 'To provide a well-known
precedent which will encourage proposal submissions to NSF . . . from Commmity
College mathematics teachers now without an available precedent," and with a
follow-up measurement of counting the rise in applications to NSF by two year
colleges. We still feel that the use of well-publicized precedents will elicit
many times more innovative two year college proposals than will increased travel
perquisites for NSF staff who may lack substantial experience teaching in two
year colleges.

The basic outlock of the traditional NSF proposal reviewers from
senior institutions is not quite as favorable as Dr. Williams' characterization

that "you have to be more creative' if applying to NSF from a less well-known
Y Ppiying




institution. In one NSF peer review I have seen, a distinguished writing
team assembled for a two year college proposal, centered about some thirty
published textbook authors in that particular field, was dismissed by the
anonymous NSF reviewer as follows: "I am reminded of the old bromide about
chimps at work typing at random on typewriters."

In my statement submitted for the record, I quoted the Foundation's
published position of treating its education proposals "without special regard
to the question of where the courses are taught." The menbership of AMATYC
feels that this policy must be reversed, but we disagree with one of the
possible solutions presented by Ms. Singleton of AACIC. We feel that the
diversion of two year college NSF funds for 'consultant grants," in which some-
one from a university comes to show the two year college teacher how to teach is,
antithetical to the independence and community based innovation which have been
the key to the rapid and continuing growth of the two year college movement.

We at the Two Year Colleges do not need vast influxes of university

faculty descending upon us to tell us how to teach the very students against

whom many u rsities have closed the curtain. In our teaching fields our

intellectual credentials are at least the equal of those of university counter-
parts, whose main instructional experience may sometimes consist of the over-
seeing of graduate teaching assistants.

We in the Two Year Colleges have the expertise to manage our own NSF
science trucation programs, What we 1: is a gen ¢ acceptance by NSF of
our closeness to the commmity and our willi ess to commmicate with our

in terms which the students understand.




Senator Kemnedy, you asked the others testifying before you why
neither Congress nor the American people are willing to accept the idea of
expanded financial support for science education. I am afraid that part of

the cause originates with the National Science Foundation Education Directorate

and with the elitist approach the Directorate encourages and appears to make

mandatory.

Two years ago last August, two proniment Atlanta newspapers carried
feature stories about a convention of statisticians and statistics teachers
meeting in Atlanta. I submit photocopies of these two articles for inclusion
in the transcript, at this point.

The first story, in the Atlanta Journal, was highly unfavorable as
you can see. [ do not believe that this article advanced the cause of
additional support for science education funding among the American people.
Rather, I surmise at this time that many of those who were described in this
article, far from working to reach out into the commmity, may actually have
made it a point to be abstruse and were actually quite proud of this unfavorable
wWriteup.

1 suggest that having an unfavorable press and is considered a
badge of merit and true intellectual worth by many of the appointed with whom
the Education Directorate deals.

I now ask you to contrast this Atlanta Journal article with an
extremely favorable article which a peared in the ta on shortly
thereafter.

The two year college profes i ntervieved in the Atlanta

¢ did his outreach job so well that the reporter spent the




second half of the story conveying to his regular readers a mathe
concept which he had just learned.
Shortly after the favorable Atlanta Constitution article appeared,
r typical NSF proposal reviewer tele »d his own NE dministrator,
that a favorable news item must necessarily spring from some lack of pro-
1 ethics, and then obtained tacit approval from * to pursue an
"ethics" ir ion of the suc 1p among large mmbers of
potential N o1 reviewers of that particular project.
From dc s supplied to me by AMATYC members and similarly vail-

able to you, I can assure you that this NSF reaction to the free dissemination

of yymation is 1 ique. In another incid c 1y formal testimony,

an officer wrote himself a note stating that re tell” (a two year

college applicant) ut specific things that should go into a proposal the
better."

In the third documented incident, a project director at a Two Year
he was specifying his stant at a sccond college to

, to obtain miscellaneous information under the

But when the assistant wrote to

a letter to this 5 's college
ble cons > for second

steps neces




A needs assessment was conducted outside of NSF last year for a
particular area of science education, and the data and sumary submitted to
the Foundation.

In accordance with the recammendations of the Science Curriculum
Review Team, presented to this Subcommittee on March 1, 1976, by its Chairman,
NSF Assistant Director Robert E. Hughes, a continuing program to assess prior-
ities and guide two year college level curriculum development activities was
established. This assessment program included, as recommended, Tepresentatives
with professional experience in education, curricular development, and in all
related disciplinary fields of interest. Tt included participation by school
administrators, teachers and the interested public. (viz, S.3202 hearings, page
245)

This needs assessment concerning an area of mathematics education at
the two year college level concluded that all three requirements (ibid., page 201)
specified by NSF Assistant Director Harvey A. Averch had been satisfied: There

was a low and insufficient rate of technological progress; there were institutional

barriers to spontanecus RGD; and there was a special public value attached to

better dissemination of the body of Inowledge involved.

The recommendations ensuing from the needs assessment received the
active st rt of a majority of women Representatives, of most Black members of the
House and Senate, of most Hispanic members of the House and Senate, and of a clear
maj ty of the entire membership of the United Sta Senate. Fuorther, the
academic commmity was in such agreement with these recommendations that sixty

prominent Americun educators volunteered to continue their assessment an




for a period of three years without compensation. Among these educators
were high ranking officers of the American Association for the Advancement
of Science, American Nurses' Association, American Political Science Association,
American rchological Association, American Sociological Association, Educational
National Television, Minnesota Department of

Education, National Association for Public Continuing and Adult Education,
National Council of Teachers of Mathematics, National Council on Measurement
in Education, New Jersey Office of State Colleges, New York State Department of
Education, School Science and Mathematics Association, Social Science Education
Consortium, and United Negro College Fund.

A description of this massive needs asSessment w sent to the
National Science Foundation last July. Quantity copies of the recommendations
resulting from this needs assessment were delivered to the National Science
Foundation last September, This January, fully one quarter of the blue ribbon
academic group volunteered to travel to Washington on their own time in order
to explain and respond to possible questions which the National Science Foundation

1t have.
In considering your earlier discussion with Ms. Singleton, in which

of you wondered why such a needs assessment had not been done, my thought is,

perhaps you amn ers were never told it had been do yecause it had

1 done under the : ices ., the new boys on the street,
is more used to receiving
that these facts may provide you with an alternative
s to Commmity outreach and to the free dissemenation

Science Educat




Mr. Chaimman, I appreciate this opportunity to present the AMATYC
position on these issues of science education. Our position can SUmmAT i
by saying that we feel F needs a great deal of continuing prescriptive
Y ) ! g F I

guidance from this Subcommittee.

Respectfully,

Dr. .
President
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INTRODUCTION

The National Association for Equal Opportunity in Higher
Education represents the historically black colleges and uni-
versities of this nation. These institutions continue to
serve large numbers of black youth and similarly situated youth
in this nation while graduating more than thirty thousands
students annually with undergraduate, graduate and professional
degrees from an annual enrollment n mbering more than 200,000
students.

With the apparent retrenchment that is underway with regards
to egual educational opportunity with achievement, these institu-
tions continue to produce the critical number of students
necessary to offset this trend while sustaining and expanding
this effort.

Declining minority enrollments at Medical schools, Dental

schocls and in graduate opportunities s

be any broadening of participation in the

There is a critical need to increase
activities which will expand the pool of prepared blacks and
other minorities while broadening their participation in this
nation's scientific endeavors, Blacks still lag behind in their

preparedness across science oriented disciplines in American Higher

Education and therefore are correspondingly u

all areas.
Unless the Federal Government takes a leadership rol

provides the necessary resources both financial and human, the




problem of underrepresentation and participation will be further
axascerbated. {s in the national interest and in this nation's

roblem be addressed in the First Year of the

juralistic society there is the need for greater
the citizenry, particularly in areas
eritical to the nations general well ing, Chronic neglect
of black g and other minority ir itions must be
reversed in to remedy this situation.
of minority students continues to expand,
jes will be provided to enhance the maximum utiliza-

particularly in scientific areas of endeavor.

National Science Foundation has played a vital

helping to raise the level of consciousness as to the direction

minority activities should take at the minority institutions.
However, resources going to these institutions must continue to
increased to accommodate in part the chronic underfunding of
bygone years and meet present needs of these institutions.
the nations commitment is to egqual opportunity and improved
representation of minorities in all fields, the following pro-

grams continue to be wvital in keeping alive the minority thrust,

MINORITY INS PION IMPROVEMENT

Minority i 1t need further developing
and strengtheni of the in science departments as well as
expanding their fields of study. Science continues to be valued

in our society and therefore should be maximized at minority




institutions. The majority of black research scientists have
received their college education and introduction to scientific
disciplines at these institutions, A strong focus on these
institutions will expand this nations i ific manpower resource
pool.

The broadened eligibility criteria for this program suggests
that the needs of these institutions vis a vis the Minority
Institutions Science Improvement Program are far from being met,
This program assists the Science Departments in broadening their
curricula offerings in science related areas and therefore con-
tinues to be necessary.

Scientific preparation at the undergraduate level is the
predicate for graduate and professional educational readiness
if an adequate qualified pool is to be available, This program
was initially funded at $5 million in FY - Y 76 expenditures
were $4.7 mi on I ] funding is 1 at .1 million.

FY 78 funding is proposed at $5 million, This level of funding
does not take into consideration the inflation, expanding pool
of eligible institutions and the new thrusts within institutions.

We recommend that this program be funded at a level of 510

million for FY 1978.

MINORITY INSTITUTIONS GRADUATE TRAINEESHIPS

This program is designed to improve the access of
students attending historically minority colleges and

ties to careers in science and technology at those institutions

which offer the master's or higher degrees in the sciences and

are most productive in the number of degrees awarded.




The chronic underrepresentation of blacks and minorities

the science ares the expansion of such a program

minority institution
to encourage the highest quality
ons by providing support for

instituti

other student-oriented activities,

fellowships, traineeships and

and by of women and minorities
historically underrepresented

million.

than $1,500,000
ailable for a
sub category under

Institutions Graduate Traineeships. We are concerned

de justice to the Minority

Traine

Institutions: This could be

iginal progre

Institutions G

historically

6 out

received

awardees xteen




If the usual 550 awards would be allocated irrespective of
race, then an additional 25 students (if .alloted over three years)
or 75 students (if alloted for just on year) would be conferred
to minority applicants who did not receive one of the original
550 awards. Based on NSF's 1975-76 record, a possible 1 black plus
25 or/75 minority persons would participate in this program
depending upon the allocation of the awards.

We recommend two separate programs:

*

A. Continuation of the present Minority Institutions Graduat

Traineeship Program at a level of $2 million.

B. Establish the new program of Minority Graduate Scholars
independent of the above program at $1.5 million as suggested by
the House in its authorization deliberations,

These programs should be line itemized separately so that
thére is no danger of an absorption of the Minority Institutions
Graduate Traineeship Program by the Minority Graduate Scholars

Program.

MINORITY CENTERS FOR GRADUATE EDUCATION

This program is designed to promote increased participation by
disadvantaged ethnic minorities in careers in science and engineering,
Several of these centers should be placed at the historically

black colleges, namely: (Howard University) (Atlanta University

Center) (Meharry Medical College/Fisk/Tennesse State University) and

expanded to other centers.







RESEARCH INITIATION GRANTS AT MINORITY INSTITUTIONS

This program continues to support research of faculty
members at minority institutions that were founded to serve the
educational needs of ethnic minorities by providing research
opportunities that would not have been otherwise possible,

This program should be continued in order to provide research
opportunities for faculty members who are outside of mainstream
research opportunities.

We recommend that this program be funded at a level of

$2 million for FY 78.

COMPUTER TECHNOLOGY IN MINORITY INSTITUTIONS

Advances in educational technology continue to impact upon
the teaching learning process. Much of the present classroom
achievement is directly related to efforts put forth by the

National Science Foundation. Research into the potential instruc-

tional value held by the electronic computer was a primary con-
¥ P ¥

cern of the National Science Foundation; however, the 1968 program
which concentrated on developing the potential of computer utili-
zation in education might be considered less than impartial.

The Foundation was selective and it was also exclusive.
Excluded were institutions enrolling large numbers of disadvantaged
minorities. Computerized instruction and supportive computerized
programs at predominantly black institutions are either inadequate
or nonexistent.

The National Science Foundation's Minority Institute Science
Improvement Program is not egquipped to provide the support nor

resources required to improve computer facilities, or, to train
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INSTITUTION

LCCATION

ALABANA (134
Alabama A & M University
Alabama Lutheran Academy
Alabama State University
Bishop State Jr. College
Daniel Payne College
Lomax-Hannon College
Miles College
Oakwood College
Seima University
Stiliman College
Lawson St. Comm. Col.
Talladega Coliege
Tuskeges Institute

ARKANSAS (4)
Arkansas Baptist College
Philander Smitk College
Shorter College
Univeraity of Arkansas
(Fine Bluff)

Delawars St;lu College

DISTRICT OF COLUMBIA (4)
D.C. Teachars College
Federal City College
Howard University
Washington Technical Institute

FLORIDA {4)
Bethune-Caooxman College
Edward Waters Coliege
Florida A & M University
Florida Memorial College

GECRGIA 110)
Albany State College
Atlanta University
Clark Callege
Fort Valley State College

Interdenominational Theolegical

Centar
Morehouse College
Morris Brown Coilege
Paine Cailege
Savannah State College
Speiman College

KENTUCKY (2)
Kentucky State University
Simmons Univeraity

LOUISIANA (6)
Dillard University
Grambling State University
Southem University (1)
Southermn Univeraity (2)
Southem University (3)
Xavier University

MARYLAND (3
Bowie Stata College
Coppin State Coilege
Morgan State Coillege

MICHIGAN (1)
Shaw College at Detroit

MISSISSIPRI (1)
Alcom A & M University
Coahoma Jr. College
Jackson State Umiversity

Normal, Alabama 35782
Seima, Alabama 36701
Monigomery, Alabama 35101
Mobile, Alabama 36503
Birmingham, Alabama 35212
Greanvilla, Alabama 36087
Birmingham, Alabama 35084
Huntsville, Alabama 35806
Seima, Alabama 35701
Tuscalocosa, Alabama 35401
Birmingham, Alabama 35271
Talladega, Alabama 35180
Tuskegee, Alabama 36088

Little Rock, Arkansas T2202
Little Rock, Arkansas T2203
Littls Rock, Arkansas 72114
Pine Bluff, Arkansas T1601

Dover, Delawars 19901

Washington, D.C. 20009
‘Washington, D.C. 20001
Washington, D.C, 20001
Washington, D.C. 20008

Daytona Beach, Florida 32015
Jackson, Florida 32209
Tallahassee, Florida 32307
Miami, Florida 33054

Albany, Georgia 31705
Atlanta, Georgia 30574
Atlanta, Georgia 30314
Fort Valley, Georgia 31030

Atlanta, Georgia 30314
Atlanta, Georgia 30314
Atlanta, Georgia 30314
Augusta, Georgia 30901
Savennah, Georgia 31400
Atlanta, Georgia 30314

Frankfort, Kentucky 40601
Louisviile, Kentucky 40210

New Orlsans, Lowsiana 70122
Grambling, Louvisiana T1245
Baton Rouge, Louisiana 70813
New QOrleans, Louisiana 70813
Shreveport, Louvisiana

New Orleans, Louisiana 70125

Sowre, Maryland 20715
Baltimore, Maryland 21216
Baltimore, Maryland 21212

Detroit, Michigan 48202

Lorman, Mississippi 39056
Clarkadale, Mississippi 38614
Jackson, Mississippi 39217




INSTITUTION

LOCATICN

Mary Holmes College

Mississippi Industrial College
Mississippi Valley State University
Natchez Jr. College

Prentiss Normal & Industrial Institute

Rust College

Ssints Jr. College
Teugaloo College
Utica Jr, College

MISSOURI (1)
Lincoin University

NORTH CAROLINA 12)
Barber-Scotia College
Bennett College
Elizabeth City State University
Fayetieville State University
Johnson C. Smith University
Kittrell Collegs
Livingstone Callege
N. C. AAT State University
Nerth Caralina Central University
Shaw University
St. Augustine's College
Winston-Salem State University

OHIO {2)
Central State University
Wilberforce University

OKLAHOMA (1)
Langston University

PENNSYLVANIA (2)
Cheyney State Coliege
Lincoln University

SOUTH CARQLINA (8)
Allen University
Benadict College
Claflin College
Clinton Jr. College
Friendship Jr. College
Maorris College
South Carolina State College
Yoorhees College

TENNESSEE (T

Fisk University
Knoxville College

ge

wen College
Meharry Medical College
Morristown Cellege
Tennesses State Univeraity

TEXAS (%)
Bishop College
Huston-Tillotsen College
Jarvis Christian College
Paul Quinn Caliege
Praine View A&M College
Southwastam Christian College
Texas College
Texas Southern University
Wiley College

VIRGINIA (6)
Hampton Institute
Norfolk State College
St. Paul's College
The Virginia College
Virginia State College
Virginia Union University

West Point, Mississippi 39773
Holly Springs, Mississipp: 38635
Itta Bena, Mississippi 38341
Natchez, Mississipp: 33120
Prantiss, Mississippi 33474
Hoily Springs. Mississippi 38635
Lexington, Mississippi 39095
Tougaloo, Mississippi 39175
Utica, Mississippi 39175

Jofferson City, Missouri 55101

Concord, North Carolina 28025
Greensboro, North Carclina 27402
Elizabeth City, North Carolina 27909
Fayettaville, North Carolina 28301
Charlotte, North Carolina 28208
Kittrell, North Carolina I7544
Salisbury, North Carclina 28144
Greensboro, North Carolina 27411
Durham, Neorth Carolina 27707
Raleigh, North Carolina 27602
Raleigh, North Carolina 27602

Winston-Salem, North Carolina 27102

Wilberforce, Ohio 45384
Wilberforce, Ohio 45384

Langston, Oklahoma 73050

Cheyney, Pennaylvania 15313
Linceln University, Pennsylvania 19352

Columbia, South Carolina 29204
Columbia, South Carclina 29204
Orangeburg, South Carclina 28115
Rock Hill, South Carolina

Reck Hill, South Carolina 26732
Sumter, South Carclina 29150
Orangeburg, South Carolina 29115
Denmark, South Carolina 29042

Nashville, Tennesses 37203
Knoxville, Tenn e 379
Jackson, Tennesses 38301
Memphis, Tennessea 35126
Nashville, Tennessee 37208
Morristown, Tenneasee 37814
MNashville, Tennesses 37203

Dallas, Texas 75241
Austin, Texas 78702
Hawkins, Texas 75765
Waco, Texas 78703
Frairie View, Texas
Terrell, Taxas 75160
Tyler, Texas 75703
Houston, Texsa 77004
Marshall, Texas 75570

Hampton, Yirginia 23368
Morfolk, Virginia 23504
Lawrenceville, Virginia 23868
Lynehburg, Virginia 24501
Patersburg, Virginia 23603
Richmond, Virginia 23220
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Tabie 1

Degrees to Blacks, Predominantly and Non-Predeminantly
Black Colleges, Southern Region, 1973-74
(Bachelor’s Degrees)

Predominantly
Black Colleges
Male Female Total

Non-Predominantly
Black Colleges*
Male Female Total

Agriculture
Architecture
Biological Sciences
Business &
Management, less
Accounting
Accounting
Communications
Computer Sciences
_Education
Engineering
Fine & Applied Arts
Foreign Languages
" Health Professions
Home Economics
Letters
Library Sciences
Mathematics
Physical Sciences
Psychology
Public Affairs
Social Sciences
& Area Studies
Other

Total

*Estimated

209 5 214
22 1 23
451 415 866

2,080 1,263 3,343
357 250 607
25 49 74
37 22 59
1,879 5525 7,404
489 7 496
142 138 280
29 132 161
76 434 510

3 322 325
188 717 905

1 25 26
297 297 594
234 79 313
192 395 587
255 446 701

2,349 2257 4,606
80 34 114

9,395 12,813 22,208

10 10
18 20
74 157

540 760
91 116
36 61
19 25

,418

85 106
177

17 41
18 203
2 106

354

2 8 10

71 71 142
67 34 1
83 197
43 48 91

639 952
2 20

2,853 5,067
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Table 2

Degrees to Blacks, Predominantly and Non-Predominantly
Black Colleges, Southern Region, 1973-74
(Master’s Degrees)

Predominantly '
Black Colleges
Male Female Total

Non-Predominantly
Black Colleges*
Male Female Total

Agriculture
Architecture
Biological Sciences
Business &

Management, less

Accounting
Accounting
Communications
Computer Sciences
Education
Engineering
Fine & Applied Arts
Foreign Languages
Health Professions
Home Economics
Letters
Library Sciences
Mathematics
Physical Sciences
Psychology
Public Affairs
Social Sciences &

Area Studies
Other

Total

*Estimated

30 32
19 23
43 88

148 183
0
0
0

10
18
g
2
5
76

31
40

75

5
0
18

145
12
12
3
579
18
48
i6
13
17
70
5
43
16
9
173

82
15

704 1,299




Table 5

Favorable Job Outlook and Black Underrepresentation,
Southern Region, 1980

Total Projected | Southern Regian | Black Projected| Index of
Average Annual | Total Projected | Markst-Ready | Black
Openings, 1975-80| Annual Market- Annual College| Repre-
For College Ready College Graduates senta-
Graduates | Graduates, 1980

' 1280 tion

Engineering 10,800-11,500 ‘ 11,800 500-350 39
Accounting 5,700- 6,900| 6,650 550-600 72
Library Science 2 400- 2,600| 1,500-1,800| 100-180 79
Computer Sciences 2,600~ 3,200| 1,100 70-100 58
Urban and
Regional Planning 200- 300 200 i 75
Medical Laboratory |
Technology 2,100- 2,500 2,000 150-200 73
Hospital and
Health Care
Administration 1,200- 500 H
Nursing 4,200- ,300 350-400
Dentistry 1,500~ 400 55- 60
Medical and
Osteopathy 4,100- 5, ,000 | 200-250
Veterinary
Medicine 750- | 650 ¥
Optometry 200~ 300 | NA
Qccupational
and Physical
Therapy 1,500~ 500
Dentai Hygiene 200- 300
Medical Record
Librarianship 300 | 100

*Less than 50
**L_ess than 10
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Figure 1

Supply and Demand Balances and Representation of Blacks
for Selected Fields of Study

Blacks Underrepresented | Blacks Overrepresented®

Engineering Social Work

Accounting Business and Management
Computer Sciences
Public Administration
Hospital Administration
Medicine

Dentistry

Veterinary Medicine
Nursing

Optometry

Other Health Fields

Total Demand Exceeds
Total Supply of Graduates

Law Education
Communications Social Sciences
Library Sciences
Foreign Languages
Fine & Applied Arts
Letters

Psychiology
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2
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o7
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G
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=

a2
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““Overrepresented” refers only to the average biack representation in all fields of study,
ang ncot 1o the actual percentage of black reprasentation in employment.
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Summary and Conclusions

Supply-demand balances of projected graduates in a discipline and
relevant occupational openings are important for black college
students as they weigh their choice of majors. Although affirmative
action programs to overcome black underrepresentation in most
professional-technical and managerial occupations may benefit black
college graduates, the job search will be easier still for those having
degrees in fields where job openings exceed numbers of emerging
graduates of both races. .

Blacks have made progress in recent years through greater

participation in higher education and wider representation over an
array of college majors. For exampie, the prior concentration of black
college students in the field of education has been reduced, and their
representation in engineering has grown recently. Yet more dispersion
across fields of study should occur if black college graduates wish to
take full advantage of opportunities created by labor market condi-
tions. -
Academic majors which appear promising, and where black
students have been considerably underrepresented, include engineer-
ing, accounting, computer sciences and the health fields. Although
many black students complete two-year programs in the allied health
fields, employment opportunities will also be favorable for those
completing four-year degrees. Efforts to increase black participation
in the health professions (medicine, dentistry, veterinary medicine,
optometry and podiatry) should continue riot only from an equity
viewpaint, but aiso because of excellent opportunities in the job
market.

Business and management is another excellent field in which biacks
are urged to major in all the various subspecialties. Blacks are not as
seriously underrepresented in the business-management academic
areas as they once were, but there is ample opportunity for more to
shift to such studies without danger of overcrowding the field.
Administrative capabilities will be greatly scught after in all enter-
prises, so that specialized administrative fields (hospital and health
care, public, hotel and restaurant, etc.) appear favorable from a job
market perspective.

Education and the social sciences, both areas in which blacks
traditionally have tended to concentrate, face poor employment
prospects for all races. There are some speciaities in the sccial
sciences, such as economics, where the cutlook is better, but blacks
have tended to major in sociclogy. The popularity of social work
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among black students has made this afield in which they have a higher
empicyment ratio than they do in the population generally. Sccial work
may again become a promising field in terms of job opportunities if
governmental funding poiicies resume the trend of the late 1960’s and
early 1970's.

Many of the fields in which biacks have been underrepresented and
for which the employment outlook is favorable are academic
disciplines requiring a strong background in mathematics. Engineer-
ing, accounting, computer sciences and economics all have favorable
employment prospects, and are fields in which mathematics are
applied. It is easier for a student to embark in one of these areas ifhe or
she comes prepared with a strong mathematical background, obtained
at the high school and early college levels. It is harder to take
advantage of these promising career options if a student must first
“catch up” in math. Therefore, black students are urged to take
rigorous mathematics courses at the high school and early college
levels in order to improve their options to include a variety of fields with
good employment opportunities.

The job outlook is not the only consideration in choosing fields of
study for black students, any more than it is for white students.
Students of all races have other objectives to be satisfied from higher
education. Therefore, the humanities will have takers regardless of
what the job outlook may be. Students who wish to fulfill non-
vocational objectives by majoring in the liberal arts are certainly not to
be discouraged from such plans by the projections of manpower-
related reports. Those who wish to combine non-vocational objectives
with an ounce of practicality are urged to do so by including skills
courses that are readily applied to employment. In some instances
double majors may be required, a combination-of major and unrelated
minor, or even an extra quarter or semester in college. This extra eflort
may be the price required in pursuing education for its own sake, while
hedging to support practical needs.
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Senator Kexxepy. The subcommittee stands in recess.
[W ||1-I'n-|1|mr!‘ at 12:30 p.m., the subcommittee :uf_|:1||r'n[~|], subject to
the call of the Chair.]













		Superintendent of Documents
	2019-05-02T17:50:43-0400
	US GPO, Washington, DC 20401
	Superintendent of Documents
	GPO attests that this document has not been altered since it was disseminated by GPO




