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IMPROVING THE RESEARCH INFRASTRUCTURE
AT U.S. UNIVERSITIES AND COLLEGES

TUESDAY, MAY 8, 1984

House OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,

Washington, D.C.
The committee met, pursuant to notice, at 9:12 a.m., in room

23IS, Rayburn House Office Building, Hon. Don Fuqua (chairman
of the committee) presiding.

Present: Representatives Fuqua, Harkin, Nelson. Lundine, Dy-
malty, Mineta, MacKay, Reid, Sensenbrenner, Skeen, Lowery, Bate-
man, and McCandless.

Mr. Fuqua. The committee will be in order.
Today's hearing will focus on the state of our university science

and engineering research capabilities. In particular, the committee
will explore the need for improving and enhancing the research in-
frastructure, including support for instrumentation, buildings, and
other related research facilities.

Before we b'gin considering this broad topic, I am pleased to an-
nounce the beginning of the National Science Foundation's Science
Week. This morning's hearing will be followed by a weeklong series
of activities, planned by the National Science Foundation, aimed at
enhancing public awareness of the importance of science and sci-
ence education to our Nation's past, present, and future. I con-
gratulate Dr. Edward A. Knapp, Director of the National Science
Foundation, for launching such a worthwhile endeavor.

It has come to the committee's attention that our U.S. universi-
ties and colleges are encountering severe facilities and instrumen-
tation problems. It has been estimated that research instruments
used in universities are nearly twice as old as those used in private
research labs and in the national laboratories. Also, many universi-
ties cannot meet their research facilities needs and, in fact, cannot
even afford to maintain and renovate their existing buildings.

In the past, the Federal Government has funded facilities and in-
strumentation through various agency programs. For example, the
National Science Foundation, through the 1960's and the early
1970's, conducted several institutional programs aimed at strength-
ening research and education in U.S. colleges and universities.

These support programs, totaling nearly $550 million, included
the graduate research laboratory development program, aimed at
building and renovating university laboratories; institutional
grants for science, aimed at generally improving the quality of aca-
demic science at universities already receiving NSF awards; and

(1)
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the science development program, aimed at increasing the universi-
ty centers of excellence.

These successful programs could serve as possible models for
future Federal involvement in these areas. In the absence of such
programs, the growing unmet need has created a desperate situa-
tion for many institutions. Recently, some universities have turned
to political lobbying for specific legislation to obtain facilities which
normally would go through a more systematic review process. The
effect of bypassing this review process could be di,ruptive. Yet, we
must consider the underlying cause of these problemsthe declin-
ing state of the university research infrastructure.

Our interest today is in delineating the possible avenues of fund-
ing support for university research infrastructure ant what role
the Federal Government should play in that support.

[The opening statement of Mr. Fuqua fbllows:i
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OPENING STATEMENT

HONORABLE DON FLCUA

HEARING ON

'IMPROVING THE RESEARCH INfRASTRUCTURE AT

U.S. UNIVERSITIES AVO COLLEGES"

MAY 8, 1984

TODAY 5 h:ARING WILL FOCUS ON THE STATE Of OUR UNIVERSITY SCIENCE AND

ENDINEERING RESEARCH CAPABILITIES. IN PARTICLLAR. THE COMMITTEE WILL

EXPLoRF THE NLEU FOR IMPROVING AND ENHANCING THE RESEARCH INFRASTRUC-

TURE. INCLUDING SUPPORT FOR INSTRUMENTATION. BUILDINGS AND OTHER

RELATED RESEARCH FACILITIES.

BEEk",PE Wf GEC:I% CONSIDERING THIS BROAD TOPIC. I AM PLEASED TO ANNOUNCE

1HE BEGINNING OF THE NATIONAL SCIENCE FOUNDATION'S SCIENCE WEEK. THIS

moI;NING'S HEARING WILL BE FOLLOWED BY A WEEK-LONG SERIES OF

Ac-c:ITILc., PLANNED BY THE NATIONAL SCIENCE FOUNDATION. AIMED AT

P.HAN:)NG PUBLIC AWARENESS Or THE INFORTANCE OF t,LIENLE ANC SCIENCE

101A-:.11u1.4 To Cuk NATIuN'S PAST. PRESENT. AND FuTuRE. I CONGRATULATE

PX. tz1.4.!.Rr, A. KNAPP, DIRECTOR OF THE NATIONAL SCIENCE fOUNDATION. FOR

SocH A WORTHWHILE ENDEAVOR.

IT idAl, 10 THE COmmiTIFE'S ATTENTION THAT CUR U.S. UNiVERSIIIE5

AkE ENDUNTLRIIY.3 5_VERE FACILITIES AO INITRumLNIATION

Pi.:PAS, IT HAS BEEN ESTIMATED THAI RESEARCH INSTRUMENTS USED IN

LNLL;5!1!Ls AkE NEAkLy NICE AS CtD AS THOSE USED IN PRIVATE RESEARCH

NATNAI tAfikAltNif1). ALSO. MANY UNII,ERSITIES CANNOT

: RE:;LAH :4FELS. AND IN FACT. CAP.!;CT EAN AFFORD

m.^.;NTA;N ThEtP Exer_TING BUILDINGS.
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IN THE PAST, THE FECERAL GOVERNMENT HAS FUNDED FACILITIES AND INSTRU-

MENTATION THROUGH VARIOUS AGENCY PROGRAMS. FOR EXAMPLE, THE NATIONAL

SCIENCE FOUNDATION, THROUGH THE 1960's AND THE EARLY 1970's. CONDUCTED

SEVERAL INSTITUTIONAL PROGRAMS AIMED AT STRENGTHENING RESEARCH AND ED-
,

UCATION IN U.S. COLLEGES AND UNIVERSITIES.

THESE SUPPORT PROGRAMS, TOTALING NEARLY $550.0 MILLION. INCLUDED; THE

GRADUATE RESEARCH LABORATORY DEVELOPMENT PROGRAM, AIMED AT BUILDING

AND RENOVATING UNIVERSITY LABORATORIES; INSTITUTIONAL GRANTS FOR

SCIENCE, AIMED AT GENERALLY IMPROVING THE QUALITY OF ACADEMIC SCIENCE

AT UNIVERSITIRES ALREADY RECEIVING NSF AWARDS; AND, THE SCIENCE DE-

VELOPMENT PROUkAM. AIMED AT INCREASING THE UNIVERSITY "CENTERS OF

EXCELLENLE*.

THESE sUCCESSFut PROGRAMS COULD SERVE AS POSSIBLE MODELS FOR FUTURE

FEDERAL INvOLVEMENT IN THIS AREA. IN THE ABSENCE OF SUCH PROGRAMS,

THE GROWING UNMET NEED HAS CREATED A DESPERATE SITUATION FOR MANY

INSTITUTIONS. RECENTLY, SOME UNIVERSITIES HAVE TURNED TO POLITICAL

LOBBYING FOR SPECIFIC LEGISLATION TO OBTAIN FACILITIES WHICH NORMALLY

WOULD GO THROUGH A MARE SYSTEMATIC REVIEW PROCESS. THE EFFECT OF

BY- PASSING THIS REVIEw PROCESS COULD BE. OISRuPIVE. YET, WE MUST

CONSU4R THE UNOLR-LYING CAUSE OF THESE PROBLEM; -- THE DECLINING

STATE uF THE UNIVERSITY RESEARCH INFRASTRUCTURE.

OUR INTIREsT TODAY IS IN DELINEATING THL POSSIBLE AVENUES uF FUNDING

SUPPORT FOR UNIVERSITY RESEARCH INFRASTRUCTURE MO WHAT RGLE THE FED-

ERAL GOVEkNmENT sHOUL) PLAY 14 THAT SUPPORT.
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Mr. FUQUA. At this time I would like to include for the record a
statement from the Honorable Larry Winn, Jr., the ranking minor-
ity member.

[The opening statement of Mr. Winn follows:]
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OPENING STATEMENT BY THE HONORABLE LARRY WINN, JR.

HEARING ON "IMPROVING THE RESIARCA INFRASTRUCTURE

AT U.S. COLLEGES ANC L'.1.1:SITIES°

HOUSE CommayEg ON SCIENCE ka: TECHNOLOGY

MAY it, 1984

THANK YOU MR. :i1AIR4AN FOR THIS OPPORTUNITY TO WELCOME OUR

WITNESSES TODAY. ht ARE FORTUNATE TO HA4 THESE EXPERTS HERE AND I AM

CERTAIN wE WILL OBTAIN INFORMATION WHICH IS 4ELPFUL TO US ALL..

IN THE MANY YEARS I HAVE BEEN ASSOCIATED WITH THIS COMMITTEE. 1

HAVE SEEN STRONG, CONTINUING SUPPORT FOR 0'..R COLLEGES AND UNIVERSITIES.

THEIR %ITAL ROLES IN RESEARCH AND DEvELOMENT HAVE BEEN AND ARE GREATLY

APPRECIATED. I DO NOT KNOW HOW WE COLLO HAVE SUBSTITUTED ANY OTHER

iNSTiTi;Tic%s FOR THE EXPERTISE OF OUR :C.LECZS AND UNIVERSITIES IN Firm

TRAINING THE ENGiNEERSOND SCIENTISTS OF TOmORRO4 AND IN CONDUCTING

BASIC AND APPLIED RESEARCH AND FOLLO...-:\ OE%ELOPAN1. 11E HAVE SEEN

MANY OF THESE EDUCATIONAL CENTERS RISE T: -HE CHALLENGES OF EACELLENCE

IN EUUCATIO'. ANC MOTIVATION. THE COVET T:C% AMONG THESE INSTiTLTIONS

HAS FOSTERE:7 INVENT!QN, INNOvATIM, AN:

I T':( MAN', OF US WERE ITE :!:L=F::%T:O LAST SEAR wHE% WE

wi;E $,J3.:ECTED 10 INSTANCES OF FuND,l'.z nHICH HAZE HCT

PL;TtCtPLTE: IN THIS COmPET!TivE EN1`;:!..E-7 I KNOW. FROM

hE 044.E ;ECE.wED, CCILEGEE AND

.EZEiT:ESovERE LFSET THL7 Aw4R:'.5 -.4:E. ON DOLITICA:, ALTHER

-#1. PEER z.EnErt, C1RCumSTAcES. :AN SET THIS CON:ITiC.

1.0
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RIGHT BY isTELLIGENT RE- EVALUATION.

IN 00% SUPPORT OF THE AMERICAN COLLEGES AND JNIvERSiTIES. WE

HAVE MINTAINED CERTAIN CONCERNS. APPARENTLY. TECHNOLOGY IS MOVING

AHEAD $0 RAPIDLY THAT OuR INSTITUTIONS ARE MULE TO KEEP PACE THROUGH

PROVISION OF MODERN INSTRUMENTATION. BUILDINGS. ANL SUPPORT FACILITIES.

I HAVE HEARD THAT THE COST OF UPDATING THESE NECESSITIES TO INDUSTRIAL

LEVELS OF ADEQUACY COULD COST $3 BILLION. AND THAT AMOUNT IS REQUIRED

ONLY TO CATCH -'JP. POSSIBLY OUR WITNESSES COULD SHEL SOME LIGHT ON

mE44$ TO OvERCOmE THIS DILEMMA.

A%CTHER FCINT OF CONCERN IS THE HIGH OVERHEAD wH1CH IS BEING

LEVEED AGA,NsT RESEARCH PROJECTS BY SOME COLLEGES AI° UNIVERSITIES.

AGAIN, I Am ADvISED THAT THESE'OvERHEAD CHARGES CAN 20 AS HIGH AS 80

Pm:1%7. MAT i A LARGE AMOUNT TC CHARGE FOR 0A7..HEAD. WE WONDER

wHAT THE DESTINATIONS FOR THESE FUNDS COULD BE. 17 ..OLLD SEEM TO BE

wscr..y TO SUPPORT OTHER COURSES OF INS -R.C-tON AT THE EXPENSE

C; FESELRCH FuNCS. hE INTEND TO EXPLORE THIS MCER wiTH OUR

A-T%E..SSES.

CHAAmAN, I rAVT IC EXPR:SZ, = GAIT. MY CONTINUED

s.:: INTE-LICENT J7IL;T::ATioc. or THEE .;S7 F.ESOuRCES

THE NAT(CN'S COLLEGES uN:iR: `t ES. AS, ALWAYS.

7,,: S '!mE.Y SoC,v.D SE EJENFILIAL -; ALL.
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Mr. FUQUA. I now recognize Mr. Sensenbrenner for any opening
statement he may care to make.

Mr. SENSENERENNER. Thank you. Mr. Chairman, for this opportu-
nity to welcome our distinguished witnesses to this morning's hear-
ing and to make a few remarks concerning this morning's hearing

The future of technological innovation, which is determinative of
the social and economic vitality of this Nation, is dependent upon
this Nation's colleges and universities. This dependency rests upon
the dual missions undertaken by our institutions of higher educa-
tionresearch and teaching.

These missions are inextricably linked. University research is a
means of inquiry that furthers understanding and whose results
are imparted by the investigator to others. Thus, research of neces-
sity requires instruction. Further, although not generally thought
of as a product, university research produces the trained talent es-
sential for technological innovation. Conversely, teaching without
inquiry diminishes the quality of the instruction. Therefore, in
seeking to address thv problems of our research infrastructure we
must examine and understand the impact of any proposed solu-
tions upon these missions.

Finally, incumbent in any consideration of improving the infra-
structure of our colleges and universities is the method by which
that is accomplished. Recently there has been an attempt by sever-
al universities to alleviate their infrastructural problems thy- ..gh
direct solicitation to the Congress, thereby bypassing any peer
group review. In response, the American Association of State Col-
leges and Universities, the American Association of Universities,
the National Academy of Sciences, the Association of American
Medical Colleges, the American Society for Engineering Education.
and the American Physical Society have all issued statements or
resolutions, copies of which I have attached to my statement,
asking the Congress to reaffirm its support of the peer review proc-
ess in its funding decisions.

I have, along with the gentleman from Kansas, Mr. Winn, intro-
duced a resolution, House Concurrent Resolution 257, which is co-
sponsored by members of this committee, in response to their re-
quest. Any improvement in the research infrastructure of our uni-
versities and colleges must be made on the basis of scientific con-
nections. rather than on having the right connections.

Mr. Chairman, I thank you for holding these hearings and I look
forward to our witnesses' testimony concerning these issues. I ask
unanimous consent to include in the record the statements I men-
tioned in my rernaries.

Mr. FUQUA. Without objection.
(The opening statement of Mr. Sensenbrenner and supporting

material follow:1
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OPENING STATEMENT OF

HONORABLE F. JAMES SENSENBRENNER, JR.. (R-WI)

MAY 8, 1984

THANK YOU. Mk. CHAIRMAN. FOR THIS OPPORTUNITY TO WELCOME OCR

DISTINGUISHED wITNESSES TO THIS MORNING'S KARI/0G AND TO MAKE A

FEW NEMARKS CONCERNING THIS MORNING'S HEARING.

THE FUTURE OF TECHNOLOGICAL INNOVATION, WHICH IS

DETERMINATIVE OF IHE SOCIAL AND ECONMIC VITALITY OF THIS NATION.

IS DEPENDENT UPON THIS NATION'S COLLEGES AND UNIVERSITIES. THIS

DEPENDENCY RESTS UPON THE DUAL MISSIONS UNDERTAKEN BY OUR

INSTITUTIONS OF HIGHER EDUCATION -- RESEARCH AND TEACHING.

MISSIONS ARE INEXTRICABLY LINKED. UNIVERSITylRESEARCH

IS A mEA06 OF INQUIRY, THAT tURTHERS UNDERSTANDING. AND WHOSE

RESULTS ARE IMPARTED, BY THE INVESTIGATOR, TO OTHERS. THUS,

RESEARCH, IF NECESSITY, REQUIRES INSTRUCTION. FURTHER, ALTHOUGH

NOT GENERALLY THOUGHT OF AS A PRODUCT. UNIVERSITY RESEARCH

PRODUCES THE TRAINED TALENT ESSENTIAL FOR TECHNOLOGICAL

INN044TION. CONVERSELY, TEACHING WITHOUT INCUIRY DIMINISHES THE

13
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QUALITY OF THE INSTRUCTION. THEREFORE. IN SEEKING TO ADDRESS THE

PROBLEMb Uf OUR RESEARCH INFRASTRUCTURE. WE MUST EXAMINE AND

UNDERSTAND THE IMPACT OF ANY PROPOSED SOLUTIONS UPON THESE

MISSIONS.

FINALLY. INCUMBENT IN ANY CONSIDERATION OF IMPROVING THE

INFRASTRUCTURE OF OUR COLLEGES AND UNIvERSITIES, IS THE METHOD BY

WHICH THAT IS ACCOMPLISHED. RECENTLY. THERE HAS BEEN AN ATTEMPT

BY SEVERAL UNIVERSITIES TO ALIEVATE THEIR INFRASTRUCTURAL PROBLEMS

THOUGH DIRECT SOLICITATION TO THE CO LESS. THEREBY BY-PASSING ANY

PEER-GROUP REVIEW. IN RESPONSE, THE AMERICAN ASSOCIATION OF STATE

COLLEGES AND UNIVERSITIES, THE AMERICAN ASSOCIATION OF

UNivERS:TIES, THE NATIONAL ACADEMY C: SCIENCES, THE ASSOCIATION OF

AMERICAN MEDICAL. COLLEGES. THE AMERICAN SOCIETY FOR ENGINEERING

ENJOATIoN, AND HE AMERICAN PHYSICAL SOCIETY. HAVE ALL ISSUED

STATEMENTS OR KESOLuTiONS, COPIES OF WHICH 1 HAVE ATTACHED TO MY

STATEMENT, ASKING THE LONGRESS TO REAFFIRM ITS SUPPORT OF THE PEER

REviEh FNOCESS IN ITS FUNDING DECiS:01,6. 1 HAVE, ALONG KITH THE

CiE.L.TL.tM.:.% FROM KANSAS. MR. WINN, r1TROutE0 A RESOLUTION. H. CON.

RES. 257, WHICH IS COSPONSORED BY v.U4EER5 OF THIS COMMITTEE. IN

1:POWSE TO THEIR REGUEST. ANY Wli:DvEmEtj IN THE RESEARCH

INFRAW14.CT.JPE uF UUR LNIVERWIES C.,14..13ES uST BE MOVE ON

THE BASIS OF SCIENTIFIC MERIT, RAIE Tr-AN ON HAING THE RIGHT

CCNNECTIvN5.

"t. I TuCkW *74.1 :07 Twi= A.

1.-OK rliKAto%L. 10 ITNESSES' Cr%CERNING THESE ISSUES.

14
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NATIONAL ACADEMY OF SCIENCES
aw cvseeftempe 111/WINVIOA. v C zams

STATEMENT OF THE COUNCIL

FEDERAL FUNDING FOR RESEARCH FACILITIES ?HD INSTRUMENTATION

In recent months, there have been a few instances in which federal

funding decisions for major university scientific facilities have not

been subject to an appropriate review process. Informed peer judgments

on the scientific merits of specific proposals, in open competition,

should be a central element in the awarding of all federal funds for

science.

In the past. such objective systems of evaluation have met the needs

of our country well, and have contributed to the scientific preeminence

of the United States. In the long term, they also help to maintain the

pluralism that is important to the productivity of American science and

is characteristic of political decision making.

We urge that the academic community and public officials exercise

vigilance to protect this informed evaluation and decision-making process

in the awarding of funds, not only for the support of scientific research

prcposals, but also for major scientific facilities and instrumentation.

15

October 30, 1983
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Roo. J.J. Senaenbrenner Jr.
U.S. Rouse of Representatives
Washington D.C. 20515

Dear Mr. Senienbrenneri

ftwarmemwerm**
W * wawara* .10

csammo***fflosi*
wwwww

Joaa/M.A Wan*
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As President of the Americas Physical Society I wish to express ny deep
concern over the authorisation of funds for major scientific projects in
the absence of informed advice from impartial scientific experts. My
concern is shared by the entire Executive Committee of the Society and, I
an confident, by the overwhelming majority of the 33,:ne rank and file
'members of the Society.

Specifically, our concern arises from the inclusion in RR 3132 of
funds for the creation of a Vitreous State Laboratory at Catholic Uni-
versity and a National Chemical Research Center at Columbia University.
These projects were introduced by floor amendment without consideration in
the Authorization Committee. Although both projects were eliminated by the
Senate, they were subsequently restored in the final appropriation bill
(Conference Report 98-272), subject to the restriction that fund"' not be
obligated for these two projects until they have been subjected to
technical review and approval by the Department of Energy. Such a review
is not, in our opinion. a satisfactory substitute for established proced-
ures of sOmissJon and review by the appropriate agency followed by debate
in the Authorization Committee.

In a related issue. the DoE proposed a program to create a National
Center for Advanced Materials (SCAM) at Berkeley. The program was elim-
inated by the Rouse on the grounds of inadequate review, but partially
restored by the Senate, on the condition that adequate technological review.
be made before funds are available. Although the Center, as proposed, is
to become the I.erper einele farilf-y 4r the T1 %ndertake bcalt
research in materials. here again the established procedures of submission
and review were bypassed.

Each year many worthy scientific projects are abandoned or deferred
for lack of funds. Each such instAnce re;tesents, to some degree. a
technological risk for the United States. It is therefore essential that

I
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the advice of our leading experts be sought on establishing priorities, to

insure that the most essential and promising projects are funded. Failure

to follow such procedure leads invariably to a widespread perception that

success in the competition for federal research funds is less dependent on

scientific merit than on having the right connections. ID our opinion,

confidence in the system has been seriously shaken by these instances, and

will be restored only by rigorous adherence to the established procedures

in all future scientific funding.

we feel that it is important that this recent trend toward special
interest funding of major scientific projects be reversed and urge your
support on insuring that all major scientific proposals adhere to estab
lished procedures of submission and review.

Sincerely

6140-1.* 714;4444
Robert E. Marshak

34- Zie - #44 - 2
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MU STAIE4nT ON DECISION *0.4.1.I!Z I% FEDERAL. MDT=
FOR RESEARCH FACLITIES

The Association of American Universities reoresents institutions whose
tecelttes are deeelv eneaved In roearen. Le snare with -env other insti-
tt:Vons and individuals a commArment to admanrimg the quality of the nation's
research effort. Since the vitality of this effort is closely linked to the
soundness of decisions made about science by public bodies. it is both
aperopriate and important for the AAV to state its collective views about the
ways in which those decisions are best node.

She United States has evolved an admirable but fragile system of *wording
federal funds for research. In general, Congress appropriates funds for the
support of broad categories of research. Subsequently, the administering
federal agency issues guidelines for making applwcations in a manner that
assures fair and open competition. Researchers them submit detailed proposals
that are judged by experts, scientists chosen for their ability to make sound
and careful judgments in the scientific area involved. This netbo4 maximises
the scientific return on the federal investmeat by assuring that awards are
made on the scientific merit of the proposal and the professional merit of
the proposer.

The sate method governed most federal programs in support of scientific
facilities when such programs existed. However. in the early 1970s, most
federal government programs in support of the construction and renovation of
research facilites ended. The subsequent decade-long failure to attend to
the capital base of university science has led to a backlog of nerd that has
ha -;eyed American science and placed great stress on the pt ceases by which
the government allocates scientific resources.

We believe that processes based on the informed peer judgments of other
scientists need to be preserved and strengthened. We therefore urge scientists,
leaders of America's universities, and Members of Congress to support the
practice of awarding funds for the support of science on the basis of scientific
merit, judged in an objective and informed canner. Further, we urge then to
refrain from actions that would sake scientific decisions test of political
influence rather than a judgment on the qvality of the work to be dcne. These
principles should apply in making decisions about scientific facilities as
well aa in awarding funds for research projects.

Finally. wwe urge olficists of tie maticeal Administration and Members of
Congress to deal promptly with the decay cf the physical plant that houses 'much
of the nation's basic resgfech. S.1537, introduced by Senators Danforth and
raeleton. is a bipartisan effort to deal with t%is national priority and
deserves strong and prompt support.

October 25, 1983
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RESOLUTION

KFPLI

At the annual meeting of the Engineering Deans' Institute
on April 4, 111114, the following action was taken:

WHEl...AS, The Engineering Deans' Council of ASEE are

committed to fostering fundamental engineering research and
engineering education beneficial to our nation,

WHEREAS. Federal funds for research projects and facilities are
traditionally awarded on the basis of their merit Judged in a fair
and open competition,

NHEREAS. An equitable process of peer review at Federal
agencies must be the guiding force in the awarding of funds for
new engineering facilities and research projects.

WHEREAS, Recent efforts by some institutions have bypassed
this preferred peer review process,

WHEREAS. Other scientific and educational associations have
urged the reversal of these recent actions and an adherence to

peer review procedures in all future engineering and scientific
funding, be it

RESOLVED, That the Engineering Deans' Council of ASEE Join

with these other groups in reaffirming the principle that funds
for the support of engineering and science be awarded on the
basis of 'merit, judged in an obieetive and informed manner' by

a panel of peers, and be it further

RESOLVED, That we urge engineers, scientists, educators and
members of Congress to 'refrain from actions that would base

the awarding of Federally funded research and education

facilities on political influence rather than on the merit of the
work to be done.'
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American 21nociation
for the Achancement of Science

1770 MASSACHUSETTS AVENUE NW WASHINGTON. Q C 39031
P.4.4 IS 7.4070 i &rim C... 702. C.0. 0 ewes 4408Isas. Mellaftem. O. C.

March 1, 19134

The Honorable F. James Sensenbrenner
315 Cannon House Office Building
U.:. House of Representatives
Washington, D.C. 20515

Dear Mr. Sensenbrenner:

Thank you for your letter of February 15 about H. Con. Fes. 257
which you have introduced along with Larry Winn.

I would hope that the calendar of the house Science and Technology
Committee will 'Await an early consideration of 257. An upcoming HAAS
Soard meeting on 5 -10 March will Include an o%erview of various congress-
loLl. nctvitic:. At that time I will review with Board members the
action you and Mr. Winn have taken In response to the Board's statement
on If, ece=be 1964.

In the event the Committee chooses to hold hearings on the Resolut-
ion. :Le kmericar Association for the Advatrer.e1-.: of Scierre stands pre-
pared to testify In support of it, if we are asked tc do so. You and
N4*. Winn are to be coN,linented on your rTO:tPt and direct response to
the pctential'problema outlined in our December statement.

21cerely,

dr41106119A4

cutive Officer
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To reaffirm the commitment of the Congress to award Federal funds for scientific
Tetrarch projects and facilities solely on the bar:s of scientific merit as
determined by a peer review process.

IN TILE HOUSE OF REPRESENTATIVES

FEBRUARY 8, 1984

Mr. SESsENBRENNEN (for himself and Mr. %INN) submitted the following etritisf-
111 resolution; which was referred to the Cottunittt e ,11 Science and Tech-

nology

CONCURRENT RESOLUTION
To reaffirm the commitment of the Congress to award Federal

funds for scientific research projects and facilities solely on

the basis of scientific merit as determined hr a peer review

process.

Whereas the Congress is conmaitted to fostering ..cientifie re-

search beneficial to our Nation;

Wherraf4 this cntnntitrne to has enabled the United States to

achieve preeminence in scientific research:

Whrew, this preeminence can be maintained oil:v when Federal

fund: for scientific research projects and faLities are award-

solelv on the basis of scientific rueri: dttrmined hr

peer review groups;
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2

Whereas peer review at Federal agencies must be the touch-
stone for awarding Federal funds for scientific research proj-
ects and facilities;

Whereas recent incidents of political influence by some institu-
tions have bypassed this preferred peer review process and
threaten the Congress commitment of unbiased support for
meritorious scientific research projects and facilities; and

Whereas scientific and educational associations have urged the
Congress to reaffirm its commitment to adhere to peer

review procedures in funding scientific research projects and
facilities: Now, therefore, be it

1 Resolved by the House of Representatives (the Senate

2 concurring), That the Congress reaffirms its commitment to

3 the principle that funds for the support of scientific research

4 projects and facilities should be awarded solely on the basis of

5 scientific merit as determined in a fair and open competition

6 by a review of peers, and urges that interested parties refrain

7 from actions that would bypass the peer review process.

241
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Mr. FUQUA. Permission is granted to take pictures throughout
the course of the hearing.

Today our first witness to present his remarks is Dr. George
Keyworth. Science Adviser to the President and Director of the
Office of Science and Technology Policy. I am pleased to welcome
Dr. Keyworth.

Dr. Keyworth, you may present your prepared statement and we
will make it a part of the record, if you wish, or you may summa-
rize your remarks.

STATEMENT OF DR. GEORGE A. KEYWORTIL SCIENCE ADVISER
To THE PRESIDENT AND DIRECTOR, OFFICE OF SCIENCE AND
TECHNOLOGY POLICY, EXECUTIVE OFFICE OF TIIE PRESI.
DENT

Dr. KEYWORTU. Mr. Chairman and members of the committee,
I'm particularly pleased to have a chance to meet with you today.
The subject of these hearings, which might be characterized as the
health of our universities and colleges, occupies a very high priori-
ty in the White House Science Of The competition that our
country faces from foreign competitors, both in the area of industry
and national security, can only be met by taking full advantage of
the immense science and technology expertise we have in the
United States. In order to do that we depend on the continuing pro-
duction of highly trained technical personnel from our Nation's
universities and colleges.

American universities are cicarly one Gf the most precious re-
sources this country has. Although there are individual great uni-
versities in many countries, as a group the U.S. universities far, far
outdistance those of any other nation. The model we've evolved
over the past centuryof close interaction between research and
educationnot only allows our classroom instruction to reflect the
most current information possible, but it also means that we can
expose our students to some of the most creative minds in the
world in the form of their teachers.

Mr. Chairman, there can be no disagreement that the public in-
terest requires a healthy and stimulating atmosphere for both re-
search and education in our universities and colleges. This is a re-
sponsibility that cuts across all of society. because all of society
benefits from healthy universities. As you know, Federal programs,
State and local government efforts, and industrial initiatives, both
separately and in growing partnerships, have done a long way over
the past few years in strengthening those areas of university re-
search and training with the greatest potential for contributing to
our needs. As a result, the situation today is significantly better
than it w is just a short time ago, and programs now underway wall
continue to bring improvements in the future. so now. with those
substantial programs underway, I believe this is a good time for us
to assess the future.

One extremely hopeful sign is the progress we've been making in
overcoming what had evolved in recent years to become an adver-
sarial rather than cooperative relationship between industry, aca-
dmia. and Government. Admittedly, we still have a long way to go
in repairing this rei. tionship, but the payoffs aie worth the effort.
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And by payoffs I mean our ability to capture this great advantage
we have over our competitorsand that's the clear superiority of
American science and technology.

I would offer as evidence of this superiority the remarkable con-
tinuing record of success of American scientists in winning Nobel
Prizes in science-- a clean sweep last year and more than 70 per-
exlit of all the science prizes of the past decade. Our leadership in
science offers us great le -rage. great opportunities to devise inno-
vative new technologies and applications of technology. But to con-
tinue to capita!im on this leverage, in today's economic environ-
ment we need to strengthen even more the partnerships between
the different sectors of America. These are the partnerships we
need if we expect to remain truly competitive with other nations. if
we expect to keep America No. I.

This challenge weighs heavily on the administration and the
Congress because of the inevitable influence that Federal actions
have on universities. As we've seen, Federal actions can lead uni-
versities to incur substantial financial obligations they might oth-
erwise have avoided. In fact. those schools with large research pro-
grams. many of which have their origins in Federal programs. also
have much higher ongoing expenses just to maintain their infra-
structure..

Today. universities conduct more Ixtsic research than any other
institutions in our society. se, we can s,..e why Federal funding for
basic research is a commonly used measure of the Federal Govern-
ment's support fin- the university research infrastructure. And. es I
pointed out several months ago to this committee, with the Presi-
dent's fiscal 19S:i budget reluest were looking at a real increase
neyond mere inflation of more than 25 percent over the past 4
years in Federal support for basic research in universities and col-
le ges.

in truth, we don't ye. know what the extent of the impact of
those increases will be because a substantial part of it is still in the
pipeline. These are the fundF for new fiscal year NM programs
and fOr fiscal year 19)45 pre gr ims that won't he fully implemented
for another year. so one of my messages over the past 2 years to
universities has been for them to he patient because help is on the
way.

Mr. Chairman. you I ve had numerous opportunities to dis-
cuss this proh!em with university presidents and administrators. In
almost all ease they point back to the 191iirs as the' golden years of
university health. In those postSputnik years the Nation placed an
unpre..edented emphasis on science and technology and on the
training of technical talent in particular.

Well. golden ages . golden because they are rare. Today. and
fia the' foreseeable 1- .uri. we have to anticipate many more con-
straints on nor z'bility to support rapid growth across all sectors of
society. Our universities and colleges. along with everyone else.
now have to adjust to an era of more limited resources. That
doesn't mean the universities can't be very healthy but it means
they and we have to set priorities for support.

Mr Chairman. I would like to make what I think is an impor-
tant observation about that support. In the l!WO'F, before the inhib-
iting etiect of the Mansfield amendment. the' strongest and in
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many ways most imaginative supporter of university basic research
was the Department of Defense, and very little of this was classi-
fied research or, frankly, research with any direct military applica-
tion, but in those days the DOD recognized the value of a solid in-
vestment in knowledge and in talent.

Although the formal restrictions of the Mansfield amendment no
longer exist, they did their damage. We have lost much of the all-
important commitment and expertise within DOD that made its
rogram so successful. This is an issue that I have discussed with

tary Weinberger and with Under Secretary DeLauer. Both of
them recognize the responsibility of DOD to once again play a
strong role in helping our universities, and they have expressed
their commitment to trying to bring that about. My point is that
DOD can grid should play a significant role in maintaining univer-
sity health.

Of course, it wasn't only DOD that was emphasizing mission rel-
evance in its R&D support in the seventies. Civilian agencies drt.;
back on their investments in basic research, too. The universities,
in a financial bind, did what you or I wink' probably choose to do.
In order to support researchers end students, they cut other ex-
penditures. That meant deferring improvements to facilities, defer-
ring purchase and even maintenance of instrumentation, and in
general conserving programs they had rather than unde
new ones. So in a very real sense the economizing actions they
to take in the seventies when basic research support fell off led to
some of the problems we see today.

The resulting deterioration of research instrumentation at U.S.
universities and colleges has been the subject of a number of stud-
ies. This instrumentation problem has many causes, not the least
of which is the pace of today's technological progress, which quick-
ly renders scientific instrumentation obsolete. For that reason, we
have to recognize it not only as an acute problem today but as a
continuing problem from now on, but we should also be aware that
this is a situation in which industry can provide significant assist-
ance, particularly if universities are encouraged and permitted to
explore new methods for financing the purchase and lease of in-
struments. We should certainly try to continue to search for ways
to stimulate university-industry cooperation to address these needs.

At the same time, the administration has already proposed sub-
stantial increases in funding for instrumentation over the past few
years. in fiscal years 1984 and 1985 we expect a total of more than
:Ott° million in Federal funds to be applied to high-priority instru-
mentation needs in universities. This emphasis over a period of
years should greatly reduce this problem of inadequate instrumen-
tation.

Aging research facilitiesand by that we mean laboratories and
large research toolsconstitute a different kind of problem which
is more difficult to solve. Funds for new laboratories are hard to
find. and universities are particularly strapped for funds to main-
tain .end now renovate aging facilities. At this point it is very hard
to get a good idea of just what the needs are. An ad hoc interagen-
cy steering committee was formed by N3F in November of 1983 to
conduct an indepth study of the university research facilities. We
expect some results from this study by February of next year.

2 7
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The problems of research instrumentation and facilities are only
two facets of the broader concern regarding the health of U.S. col-
leges and universities. The real question is whether these institu-
tions will he able to continue to produce the leading scientists and
engineers that the country will need to compete. I think we have
taken some major steps to turn around this problem of the re-
search infrastructure in our universities and colleges. Specifically,
the strong growth in Federal support for university research, the
emphasis on instrumentation, the special programs to improve the
linkages between industry and academia, all constitute important
changes over the past few years.

Mr. Chairman, although there has been a de facto relationship
between universities and the Federal Government for more than 40
years, there has been no explicit recognition of the nature of this
relationship nor of the responsibility of the Federal Government
toward universities, so I think it is time for Government to take a
fresh Look at whether there could be more productive relationships
between mission agencies and universities, relatior.ships that ac-
knowledge the unique role of universities in producing both re-
search and talent.

For that reason, I have recently asked the White House Science
Council to undertake a study of the broad policy questions that
affect the current and future health of our colleges and universi-
ties. Let me just suggest some of the topics that I hope they will
look at.

One would be tl.e issue of the Federal Government's role in en-
suring a productive research environment. This includes the nag-
ging problem of indirect costs, an issue that Secretary Heckler has
specifically asked us to address. In response to her request, an
OSTP staff working group has been established, and their work
will be coordinated with that of the Science Council.

A second area of the study is likely to concern the effects on re-
search productivity of the uncertainties and redtape involved in
funding. While we have no intention of even suggesting an entitle-
ment program for research, neither do we see much sense in forc-
ing the mast productive researchers and teachers to waste so much
of their time playing the grantsmanship games.

Some possibilities have been suggested and should be looked at.
They include multiyear funding cycles in the Congress; longer term
project grants from the agencies; large flexible grants to institu-
tions instead of individual project grants; even research support for
outstanding individuals based on a history of performance rather
than on a research proposal.

I would expect the group also to look at the problem I discussed
earlier. that of the university physical facilities and instrumenta-
tion. Another question worth a fresh look is whether mission agen-
cies have special responsibilities. of the kind that NSF does, to help
maintain the health of universities, and just how broad are those
responsibilities.

Since I know the White House Science Council members recog-
nize. the tremendous importance to U.S. university vitality of for-
eign students and teachers. I would hope the group would consider
positive ways co encourage and retain them in this countryas op-
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posed to that sentiment that would limit the access of the best for-
eign intellects to our universities.

Finally, over the past few years a new factor has emerged in uni-
versitiestheir increased interactions with industry. How do we
maximize the benefits to universities of this interaction and how do
we minimize the risks of compromising the research environment
we are determined to enhance? I am especially pleased with the
prospects for this study, and I would expect that its outcome will
play an important part in the approaches we propose to take in
coming years.

Mr. Chairman, that concludes my testimony. I would, of course,
be pleased to respond to questions from members of the committee.

[The prepared statement of Dr. Keyworth follows:)
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PROPOSED TESFIMUNY OF DR. 6. A. KEYNORTH, II
SCIENCE ADVISOR TO THE PRESIDENT, AND

DIRECTOR, OFFICE OF SCIENCE AND TECkNOLO6Y POLICY
EXtLullvE uFFILL OF 1HE PRESIDENT

HEARINGS UN IMPOVINE, 1ft NISLANIA INF-KASIRUCIUKL
Al u.S. UNIVLItSIIILS ANU LUILLGES

Uhritb SIAltS HUM OF ktIlLSLNTAIIVLS
COMMIIILL UN SCIENCE AND ILLNIMUGY

NAY 8, 1984

MR. CHAIRMAN AND MEMBERS OF THE COMMITTEE:

IN PARTICULARLY PLEASED TO HAVE A CHANCE TO MEET

WITH YOU TODAY. THE SUBJECT OF THESE HEARINGS, WHICH

MIGHT PE CHARACTERIZED AS THE HEALTH OF OUR UNIVERSITIES

AND COLLEGES, OCCUPIES A VERY HIGH PRIORITY IN THE WHITE

ROUSE SCIENCE OFFICE. IHE COMPETITION THAT OUR COUNTRY

FACES FROM FOREIGN COMPETITORS, BOTH IN THE AREA OF

INDUSTRY AND NATIONAL SECURITY, CAN ONLY BE MET BY

TAKINE, FULL ADVANTAGE OF THE IMMENSE SCIENCE AND TECHNOLOGY

EXPERTISE WE HAVE IX THE UNITED STATES. AND IN ORDER

TO DO THAT WE DEPEND ON THE CONTINUING PRODUCTION OP

HIGHLY TRAINED TECHNICAL PERSONNEL FROM OUR NATION'S

UNIVERSITIES AND COLLEGES.

AMERICAN UNIVERSITIES ARE CLEARLY ONE OF THE MOST

PRECluus ritSoui.CES THIS COUNTRY HAS. ALTHOUGH THERE

ARE INDIVIDUAL GREAT UNIVERSITIES IN MANY COUNTRIES, AS

A GROP THE U.N. UNIVERSITIES FAR, FAR OUTDISTANCE

30
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THOSE OF ANY OTHER NATION- THE MODEL WE'VE EVOLVED

OVER THE PAST CENTURYOF CLOSE INTERACTION BETWEEN

RESEARCH AND EDUCATIONNOT ONLY ALLOWS OUR CLASSROOM

INSTRUCTION TO REFLECT THE MOST CURRENT INFORMATION

POSSIBLE, BUT IT ALSO MEANS THAT WE CAN EXPOSE OUR STUDENTS

TO SOME OF THE MOST CREATIVE MINDS IN THE WORLD IN THE

FORM OF THEIR TEACHERS.

R. CHAIRMAN, THERE CAN RE NO DISAGREEMENT THAT

THE PUBLIC INTEREST RtOuIRES A HEALTHY AND STIMULATING

ATMOSPHERE FUR BOTH RESEARCH AND EDUCATION IN OUR

UNIVERSITIES AND COLLEGES- THIS IS A RESPONSIBILITY

THAT CUT:, ACROSS ALL OF SOCIETY, BECAUSE ALL OF SOCIETY

BENEFITS FROM HEALTHY UNIVERSITIES. As YOU KNOW,

FEDERAL PROGRAMS, STATE AND LOCAL GOVERNMENT EFFORTS,

AND INDUSTRIAL INITIATIVES, BOTH SEPARATELY AND IN

bROWIN6 PARTNERSHIPS, HAVE GONE A LONG WAY OVER THE.

PAST FEW YEARF. IN STRENGTHENING THOSE AREAS OF UNIVERSITY

RESEARCH AND TRAINING WITH THE GREATEST POTENTIAL FOR

CoNTRIPUTING 10 OUR NEEDS. AS A RESULT, THE SITUATION

MAY IS SIGNIFICANTLY BETTER THAN IT WAS OUST A SHORT

TIME 6u, AND Pko.AMS Now oNDtkwAY WILT CONTINUE TO

BRING IMPROVEMENTS IN THE FUTURE. 50 NOW, WITH THOSE

SUBSTA;.TiAE PIO:AG:MS UNDERWAY, I BELIEVE THIS IS A GOOD

TIME FOR uS TO ASSESS THE FuTURE.
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ONE EXTREMELY HOPEFUL SIGN IS THE PROGRESS WE'VE

BEEN MAKING IN OVERCOMING WHAT HAD EVOLVED IN RECENT

YEARS TO BECOME AN ADVERSARIAL RATHER THAN COOPERATIVE

RELATIONSHIP BETWEEN INDUSTRY, ACADEMIA, AND GOVERNMENT.

ADMITTEDLY, WE STILL HAVE A LONG WAY TO GO IN REPAIRING

ThIS RELATIONSHIP, BUT THE PAYOFFS ARE WORTH THE EFFORT.

AND pv PAYOFFS I MEAN OUR ABILITY TO CAPTURE THIS GREAT

ADVANTAGE WE HAVE OVER OUR COMPETITORSAND THAT'S THE

CLEAk suPERIoRITY OF AMERICAN SCIENCE AND TECHNOLOGY.

I WOULD OFFER AS EVIDENCE OF THIS SUPERIORITY THE

REMARKABLE CONTINUING RECORD OF SUCCESS OF AMERICAN

SCIENTISTS IN PINNING NOBEL PRIZES IN SCIENCEA CLEAN

SWEEP LAST YEAR AND MORE THAN 10 PERCENT OF ALL THE

SCIENCE PRIZES Ov.R THE PAST DECADE. LAIR LEADERSHIP IN

SCIENCE OFFERS US GREAT LEVERAGE, GREAT OPPORTUNITIES

IU DEvISE INNOVATIVE NEW TECHNOLOGIES AND APPLICATIONS

04- TEc.NOLo6v- bUT TO CONTINUE TO CAPITALIZE ON THIS

tEvERAGE, IN TODAY'S ECONOMIC ENVIRONMENT WE NEED TO

sTRENGTHLN EVEN MOPE THE PARTNERSHIPS BETWEEN THE

DIFFERENT. SECTORS OF AMERICA. THESE ARE THE PARTNERSHIPS

wE PEEU IF wE EXPECT TO REMAIN TRULY COMPETITIVE WITH

oThER NATIONS, IF WE EXPECI TO KEEP AMERICA NUMBER oPf-

IHIS CHALLENGE NEIGHS HEAVILY ON THE ADMINISTRATION

ANv THE LONGRESS REcAusE OF THE INEVITABLE INFLUENCE

32
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THAT FEDERAL ACTIONS HAVE ON UNIVERSITIES AS WE'VE SEEN,

FEDERAL ACTIONS CAN LEAD UNIVERSITIES TO INCUR SUBSTANTIAL

FIN.NCIAL OBLIGATIONS THEY MIGHT OTHERWISE HAVE AVOIDED.

IN FACT, THOSE SCHOOLS WITH LARGE RESEARCH PROGRAMS,

MANY OF WHICH HAVE THEIR ORIGINS IN tEDERAL PROGRAMS.

ALSO HAVE MUCH HIGHER ONGOING EXPENSES JUST TO MAINTAIN

THEIR INFRASTRUCTURE.

TOJAY, UNIVERSITIES CONDUCT MORE BASIC RESEARCH

THAN ANY OTHER INSTITUTIONS IN OUR SOCIETY, SO WE CAN

SEE WHY FEDERAL FUNDING FOR BASIC RESEARCH IS A COMMONLY

USED MEASURE OF THE FEDERAL GOVERNMENT'S SUPPORT FOR

THE UNIVERSITY RESEARCH INFRASTRUCTURE. AND AS I

PuINItC OUT SEVERAL MONTHS AGO To THIS iomMITTkE--wITH

THE FRESIDENT'S 19W, BUDGET REQUEST WE'RE LOOKING AT

A UAL INCREASE, BEYOND MERE INFLATION, OF MORE THAN 25

PERCENT OVER THE PAST FOUR YEARS IN FEDERAL SUPPORT FOR

bAS;C REStARCH IN UNIVERSITIES AND COLLEGES-

1m TRUTH, WE DON'T YET KNOW WHAT THE EXTENT OF THE

IMPACT OF lhOSE INCREASES WILL BE, BECAUSE A SUBSTANTIAL

PART OF IT IS STILL IN THE PIPELINE. THOSE ARE THE

EVROS FOR NEW tq 84 PROGRAMS AND FOR 1-Y PROGRAMS

THAT WON'T BE FULLY IMPLEMENTED FOR ANOTHER YEAR. SO

UhE OF MY MESSAGES OVER THE PAST TWO YEARS TO UNIVERSITIES

HAS BEEN FOR THEM TO RE PATIENTBECAUSE HELP IS ON THE WAY.

0e14--1 33
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1HERE'S NO QUESTION BUT THAT UNIVERSITIES HAVE HAD

THEIR SHARE OF UPS AND DOWNS OVER THE PAST FOUR DECADES.

NOT ONLY HAVL THEY SEEN SWINGS IN THE NATURE AND AMOUNT

OF SUPuNT FUR THEIR RESEARCH PROGRAMS, RUT DEMOGRAPHIC

CYCLES HAVE SOMETIMES SEVERELY PRESSURED THEIR RESOURCES.

SOMETIMES UNIVERSITIES HAVE HAD TO MOUNT MAD RUSHES T4

DEVELOP NEW PROGRAMS AND BUILD ADDITIONAL FACILITIES TO

ACCOMODATE GROWING STUDENT POPULATIONS, AND LATER, AS

STUDENT POPULATIONS AND INTERESTS CHANGE!), THEY FOUND

THEIR FLEXIBILITY OF RESPONSE SEVERELY LIMITED BY

COMMITMENTS MADE IN EARLIER TIMES-

IHAIRMAN, LIKE YOU I'VE HAD NUMEROUS OPPORTUNITIES

TO DISCUSS THIS PROBLEM WITH UNIVERSITY PRESIDENTS AND

ADMINISTRATORS IN ALMOST ALL CASES THEY POINT BACK TO

THE 19bO'S AS THE GOLDEN YEARS OF UNIVERSITY HEALTH.

IN THOSE POST- SPUTNIK YEARS THE NATION PLACED AN UNPRELtOENTED

EMPHASIS ON SCIENCE AND TECHNOLOGY, AND ON THE TRAINING

OF 7E0101:CAL TALENT IN PARTICULAR. IHIS EMPHASIS MEANT

INCREASED INTEREST AND SUPPORT FROM ALL SU*TORS, INCLunING

og A STRONG FEDERAL GOVERNMENT ROLE-

WELL, GOLDEN AGES ARE GOLDEN BEc4uSE THEY'RE RAKE TODAY,

Au', FOR THL FoREsEEABLE FUTURE, wE HAVE to ANTICIPATE NAN(

MORE cONsTRA:NTS ON OUR ABILITY TO SUPPORT RAPID GROWTH

ACROSS ALL SECTORS of SOCIETY. UuR UNIVERSITIES AND COLLEGES,
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ALONG WITH EVERYONE ELSE, NOW HAVE TO ADJUST TO AN ERA

OF MORE LIMITED RESOURCES. THAT DOESN'T MEAN THE UNIVERSITIES

CAN'T SE VERY HEALTHY, BUT IT MEANS THEY AND WE HAVE TO

SET PRIORITIES FOR SUPPORT.

MR. CHAIRMAN, I'D LIKE TO MAKE WHAT I THINK IS AN

IMPORTANT OBSERVATION ABOUT THAT SUPPORT. IN THE 1960s,

BEFORE THE INHIBITING EFFECT OF THE MANSFIELD AMENDMENT,

THE STRONGEST AND IN MANY WAYS MOST IMAGINATIVE SUPPORTER

OF UNIVERSITY BASIC RESEARCH WAS THE IMPARTMENT OF

LEFENSE. AND VERY LITTLE OF THIS WAS CLASSIFIED RESEARCH,

OR, FRANKLY, RESEARCH WITH ANY DIRECT MILITARY APPLICATION-

buT IN THOSE DAYS THE DOB RECOGNIZED THE VALUE OF A

SOLID INVESTMENT IN KNOWLEDGE AND TALENT.

IF THAT OBJECTIVE SOUNDS FAMILIAR TO YOU, IT'S

BECAUSE OUR ADMINISTRATION HAS BEEN STRESSING THOSE

SAME GOALS FOR MUCH OF OUR SUPPORT FOR BASIC RESEARCH

TODAY. IHE FACT IS THAT MANY OF THE NATION'S BEST

RESEARCH UNIVERSITIES-PLACES LIKE NI AND LALTECH--ARE

STRONG NATIONAL RESOURCES TODAY PRECISELY AS A RESULT

OF THAT UUD SUPPORT TWO DECADES AGO. WE'VE DONE OURSELVES

A GRAVE DISSERVICE IN THE FIFTEEN YtARS SINCE WE REINED

IN THE ABILITY OF NU TO SUPPORT BROAD AREAS OF RESEARCH

AND EDUCA-ION
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ALTHOUGH THE FORMAL RESTRICTIONS OF THE MANSFIELD

AMENDMENT NO LONGER EXIST, THEY DID THEIR DAMAGE.

WE'VE LOST MUCH OF THE ALL-IMPORTANT COMMITMENT AND EXPERTISE

WITHIN WU THAT MADE ITS PROGRAMS SO SUCCESSFUL. IHIS

IS AN ISSUE I'VE DISCUSSED WITH SECRETARY WEINBERGER

AND WITH UNDERSECRETARY UELAUER ROTH of THEM RECOGNIZE

Tmt RESPONSIBILITY OF 000 TO ONCE AGAIN PLAY A STRONG

ROLE IN HELPING OUR UNIVERSITIES -'AND THEY'VE EXPRESSED

THEIR COMMITMENT TO TRYING TO BRING THAT ABOUT. IN THE

PAST FLW YEARS WE'VE BEGUN TO MAKE SOME SLOW PROGRESS

IN REBUILDING 1100's UNIVERSITY PROGRAMS, AND I THINK WE

CAN EXPECT TO SEE GROWTH IN THAT AREA IN THE NEXT FEW

YEARS. MY POINT IS THAT UOU CAN AND SHOULD PLAY A

SIGNIFICANT ROLE IN MAINTAINING UNIVERSITY HEALTH.

OF CooRSE, IT WASN'T ONLY UOD THAT WAS EMPHASIZING

"mISSIoN-RELLvANCEI IN ITS RAU SUPPORT IN THE 19/0's.

CIVILIAN AGENCIES DREW BACK ON THEIR INVESTMENTS IN

BASIC RESEARCH TOO. FEDERAL EMPHASIS ON UNIVERSITY

BASIC RESEARCH SHRANK WHILE NEARER-TERM STIMULI FOR

TECHNOLOGY THROUGH APPLIED RESEARCH WAS FAVORED. WITH

Tmf EXCEPTION OF THE NATIONAL. SCIENCE FOUNDATION AND

THE NATIONAL INSTITUTES OF HEALTH, DURING THE 1970s THE

MAJOR FEDERAL KW, AGENCIESDUD, 111x, NASADIVERTED

RESEARCH FUNDING AWAY FROM UNIVERSITIES TO THEIR OWN

LABORATORIES OR TO INDUSTRY-



1HE UNIVERSITIES, IN A FINANCIAL BIND, DID WHAT

YOU OR I WOULD PROBABLY CHOOSE TO DO- IN ORDER TO

SUPPORT RESEARCHERS AND STUDENTS. THEY CUT OTHER EXPENDITURES-

1HAT MEANT DEFERRING IMPROVEMENTS TO FACILITIES, DEFERRING

PURCHASE AND EVEN MAINTENANCE OF INSTRUMENTATION, AND,

IN GENERAL, CONSERVING PROGRAMS THEY HAD, RATHER THAN

UNDERTAKING NEW ONES- SO IN A VERY REAL SENSE THE

ECONOMIZING ACTIONS THEY HAD TO TAKE IN THE 1970s WHEN

bASIC RESEARCH SUPPORT FELL OFF LED TO SOME OF THE

PkoBLENS NE SEE TODAY.

1NE RESULTING DETERIORATION OF RESEARCH INSTRUMENTATION

AT U.S UNIVERSITIES AND COLLEGES HAS BEEN THE SUBJECT

OF A NUMBER OF STUDIES. IN A RECENT NSF SURVEY, OFFICIALS

JF 43 UNIVERSITIES AND COLLEGES CLASSIFIED 25 PERCENT

OF THEIR RESEARCH EOUIPmENT AS OBSOLETE. IN FACT, OF

ALL ACADEMIC RESEARCH EQUIPMENT IN USE IN 19/52, ONLY 16

PERCENT WAS CHARACTERIZED AS BEING *STATE OF THE ART*

THESE DEFICIENCIES DIRECTLY AFFECT THE ABILITY OF THE

UNIVERSITY SCIENTISTS TO CONDUCT FRONT-LINE RESEARCH,

THEY HAMPER THE ABILITY OF STUDENTS To LEARN THE NEWEST

TECHNOLOGIES, AND THEY MAKE IT MORE DIFFICULT FOR

UNIVERSITIES 10 COMPETE WITH INDUSTRY FUR FACULTY IN

AREAS THAT ARE STRONGLY DEPENDENT ON THE USE OF MODERN

RESEARCH EQUIPMENT.
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THIS INSTRUMENTATION PROBLEM HAS MANY CAUSES, NOT

THE LEAST OF WHICH IS THE PACE OF TODAY'S TECHNOLOGICAL

PROGRESS, WHICH QUICKLY RENDERS SCIENTIFIC INSTRUMENTATION

OBSOLETE- FOR THAT REASON WE HAVE TO RECOGNIZE IT NOT

ONLY AS AN ACUTE PROBLEM TODAY, BUT AS A CONTINUING

PROBLEM FROM NOW Oh. WE'LL ALWAYS BE FACED WITH PRESSURES

TO IMPROVE UNIVERSITY INSTRUMENTATION. FOR THAT REASON,

THERE CAN lit NO SUCH THING AS A ONE-SHOT SOLUTION. NE

FEDERAL GOVERNMENT, WHICH HAS SEEN ThE PRIMARY SOURCE

OF UNIVERSITY INSTRUMENTATION FOR THE PAST FORTY YEARS,

CLEARLY HAS A RESPONSIBILITY- DDT WE SHOULD ALSO BE

AWARt THAT THIS IS A SITUATION IN WHICH INDUSTRY CAN

PROVIDE SIGNIFICANT ASSISTANCE, PARTICULARLY IF UNIVERSITIES

Akk ENCOURAGED AND PERMITTED TO EXPLORE NEW METHODS FOR

FlUANCM6 THE PURCHASE AND LEASE OF INSTRUMENTS- WE

SHOULD CERTAINLY TRY TO CONTINUE TO SEARCH FOR WAYS TO

STIMULATE UNIVERSITY-INDuSTRY COOPERATION TO ADDRESS

TmItSE NEEDS.

KT THE SAME TIME THE ADMINISTRATION HAS ALREADY

PROPOSED SURSTANTIAL INCREASES IN FUNDING. FOR INSTRUMENTATION

OVL4 Ink FAST Ftw YEARS- IN FISCAL YEARS 19b4 .AND

WE EXPECT A TOTAL OF MORE THAN MO MILLION IN FEDERAL

FIIND% ln RE APPLIED TO NIGH-FRIORITY INSTRUMENTATION

NEEDS IN uNlvENsITIES 'HERE HAVE !.FEN SOME SPECIFIC

INSTRuftERTATIoR PRuakAmS ESTABLISHED IN FEDERAL AGENCIES,

3d
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AND THOSE ARE PARTICULARLY USEFUL IN PROVIDING MAJOR

INSTRUMENTATION THAT WILL BE AVAILABLE TO A LARGE

NUMBER OF USERS AT THE SAME TIME, THE BULK OF THE

FEDERAL FUNDING RILL BE MADE IN CONJUNCTION WITH RESEARCH

GRANTS. THIS MECHANISM, WHICH TIES THE INSTRUMENTATION

DIRECTLY TO THE HIGHEST PRIoRITY RESEARCH BEING FUNDED

BY AN AGENCY, MAKES SURE THE INSTRUMENTATION IS AVAILABLE

FOR THOSE RESEARCH PROJECTS THAT CAN MAKE THE BEST USE

OF 11. 10GETHER, AND OVER A PERIOD OF YEARS, THESE TWO

MECHANISMS SHOULD GRtATLY REDUCE THIS PROBLEM OF INADEQUATE

INSTRUMENTATION.

AGING RESEARCH FACILITIES" AND NY THAT WE MEAN

LABORATORIES AND LARGE RESEARCH TOOLS--CONSTITUTE A

DIFFERENT KIND OF PROBLEM, WHICH IS MORE DIFFICULT Tu

SOLVE- FUNDS FOR NEW LABORATORIES ARE HARD TO FIND,

AND UNIVERSITIES ARE PARTICULARLY STRAPPED FOR FUNDS TO

MAINTAIN AND NOW RENOVATE AGING FACILITIES. (HOSE

KINDS OF FUNDS, NOTWITHSTANDING THEIR IMPpRTANCE FOR

THE RESEARCH ENVIRONMENT, ARE THE SCARCEST OF ALL.

AT THIS POINT IT'S VERY HARD TO GET A SOOD IDEA OF

WHAT THE NEEDS ARE- AN AD BALc INTERAGENCY STEERING

COMMITTEE WAS FORMED BY NM- IN NOVEMBER OF 1983 TO

CONDUCT AN IN-DtFTH STUDY OF THE UNIVERSITY RESEARCH

FACILITIES. WE EXPECT SOME RESULTS FROM THIS STUDY BY
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FEBRUARY OF 1985.

IHE PROBLEMS OF RESEARCH INSTRUMENTATION AND

FACILITIES ARE ONLY Two FACETS OF THE BROADER CONCERN

REGARDING THE HEALTH OF U.S. COLLEGES AND UNIVERSITIES

IHE REAL QUESTION IS WHETHER THESE INSTITUTIONS WILL RE ABLE

TO CONTINUE TO PRODUCE THE LEADING SCIENTISTS AND

ENGINEERS THAT THE COUNTRY WILL NEED TO COMPETE. WE

HAVE TO ASK OURSELVES IF UNIVERSITIES STILL OFFER THE

STRONG SENSE UP STABILITY, EXCITEMENT, AND PERSONAL

FREEDOM IN SCIENTIFIC INQUIRY TO ATTRACT FIRST -CLASS

FACULTY AND GRADUATE STUDENTS.

IHE ANSWER TO THAT QUESTION HAS NOT ALWAYS BEEN

ENCuuRAGIEb CONSIDER THE SHOWTAGES OF LWANEERING

FACULTY. IHIS SHORTAGE IS PRIMARILY CAUSED FY TWO

COWERVAILING TRENDS: THE IMPROVING ATTRACTIONS 0

PURSUING PESFARCH CAREERS IN INDUSTRY "AND THE DECLINING

QUALITY OF LIFE EVEN IN MANY OF OUR LEADING UNIVERSITIES.

WE TOOK SOME DIRECT STEPS LAST YEAR TO ADDRESS THIS

PROBLEM WITH THE PRESIDENTIAL YOUNG INVESTIGATOR AWARDS

PROGRAM. IHAT PROGEAK, WHICH WAS STRONGLY ENDORSED BY

THIS LumtimITTEE WHEN IT WAS INTRODUCED LAST YEAM, HAS

NOW SEEN RECEIVED WITH TREMENDOUS ENTHUSIASM BY BOTH

ACADEMIA AND INDUSTRY. AS THE NUMRERS OF YOUNG FACULTY

IN THIS PkUGRAM GROWS TO ITS TARGET LEVEL OF 1000, WE



EXPECT TO BE ABLE TO CORRECT AND HEAD OFF SOME OF THE

MOST SERIOUS FACULTY SHORTAGES IN CRITICAL SCIENTIFIC

AND ENGINEERING FIELDS.

COMPLEMENTING THAT FACULTY PROGRAM WILL BE USF's NEW

PROGRAM TO ESTABLISH UNIVERSITY ENGINEERING RESEARCH

CENTERS TO STIMULATE INTERDISCIPLINARY RESEARCH AND

TRAINING. THESE CENTERS WILL ALSO PROVIDE A MEANS FOR

GREATER INDUSTRIAL PARTICIPATION IN IMPROVING THE

UNIVERSITY ENVIRONMENT, BECAUSE THE CENTER PROGRAMS ARE

EXPECTED TO HAVE EXTENSIVE COLLABORATION BETWEEN INDUSTRY

AND ACADEMIA.

I THINK WE'VE TAKEN SOME MAJOR STEPS TO TURN

AROUND THIS PROBLEM OF THE RESEARCH INFRASTRUCTURE IN

OUR UNIVERSITIES AND COLLEGES. SPECIFICALLY, THE

STRONG GROWTH IN FEDERAL SUPPORT FOR UNIVERSITY RESEARCH,

THE EMPHASIS ON INSTRUMENTATION, THE SPECIAL PROGRAMS

TO IMPROVE THE LINKAGES BETWEEN INDUSTRY AND ACADEMIA--

ALL CONSTITUTE IMPORTANT CHANGES OVER THE PAST FEW YEARS-

UUR EFFORTS HAVE BEEN GUIDED BY A PRINCIPLE THAT

HAPPENS TO BE WELL EXPRESSED IN THAT GUIDE TO KEEPING

AMERICA NUMBER ONE, IN SEARCH DI EXCELLENCI. THE

PRINCIPLE IS THAT QUALITY MUST COME FIRST) QUANTITY THEN

GILL FOLLOW. SO IN WORRYING ABOUT HOW TO TRAIN ENOUGH

4fi
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TECHNICAL TALENT TO MELT TOMORROW'S NEEDS, OUR FIRST

LONCERN HAS TO BE TO FOCUS ON THE VMALIII OF OUR TRAINING--

NOTHING LESS THAN TRAINING THE WORLD'S PEST AND HOST

INNOVATIVE SCIENTISTS AND ENGINEERS. EMPHASIS ON

QuALITY AND EXCELLENCE IN SCIENCE AND ENGINEERING RILL

THEN ATTRACT A SUFFICIENCY OF TALENT.

hR. LHAIRMAN, ALTHOUGH THERE'S BEEN A JIL FMB/

RELATIONSHIP BETWEEN UNIVERSITIES AND THE FEDERAL

GOVERNMENT FOR MORE THAN 40 YEARS, THERE'S BEEN No

ExPLICIT RECOGNITION OF THE NATURE OF THIS RELATIONSHIP

NOR OF THE RESPONSIBILITY OF THE FEDERAL GOVERNMENT

TuWARD UNIvERSITIES- IN MANY CASES THE UNIVERSITIES,

IN SPITE OF THE UNIQUE COMBINATION OF RESEARCH AND

TRAINING THAT THE'' PROVIDE, HAVE SEEN DEALT WITh by

SOME AGENCIES IN MUCH THE SAME WAY THOSE AGENCIES DEAL

WITH ViNTRACTokS MANY UNIVERSITY LEADERS TELL ML

Tr(T, IN THE PAST FEW YEARS, INDUSTRY, WHICH ONE WOULD

PRESOmE WlouLb BE VERY CAREFUL WITH A DOLLAR, HAS PROVIDED

LESS CONSTRAINED SUPPORT FOR RESEARCH THAN THE GOVERNMENT-

INDUSTRY RECOGNIZES THAT HIGH-QUALITY UNIVERSITY PROGRAMS

IN AREAS RELEVANT Tu ITS NEEDS WILL, IN THE LONG RUN,

SII10:_ATE TNT PkODUCTION OF KNOWLEDGE AND TALENT THAT

IT CAP DRAW ON AND FOR THEM THAT SEEMS TO BE RATIONALE

ENOUGH- SO I THINK IT'S TIME FOR GOVERNMENT TO TAKE A

FRESH LOCK AT WHETHER THERE COULD HE MORE PRODUCTIVE
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RELATIONSHIPS BETWEEN MISSION AGENCIES AND UNIVERSITIES,

RELATIONSHIPS THAT ACKNOWLEDGE THE UNIQUE ROLE OF

UNIVERSITIES IN PRODUCING BOTH RESEARCH AND TALENT.

FOR THAT REASON, I HAVE RECENTLY ASKED THE WHITE

HOUSE SCIENCE COUNCIL TO UNDERTAKE A STUDY OF THE BROAD

POLICY QUESTIONS THAT AFFECT THE CURRENT AND FUTURE

HEALTH OF OUR COLLEGES AND UNIVERSITIES. LET ME SUGGEST

SOME OF THE TOPICS THAT I HOPE THEY'LL LOOK AT.

UNE WOULD RE THE ISSUE OF THE FEDERAL GOVERNMENT'S

ROLE IN ENSURING A PRODUCTIVE RESEARCH ENVIRONMENT

THIS INCLUDES THE NAGGING PROBLEM OF INDIRECT COSTS, AN

ISSUE THAT SECRETARY HECKLER HAS SPECIFICALLY ASKED

OSIP TO ADDRESS- IN RESPONSE TO HER REQUEST, AN OSIP

STAFF WORKING GROUP HAS BEEN ESTABLISHED, AND THEIR

WORK WILL BE COORDINATED WITH THAT OF THE SCIENCE LOUNCIL

A SECOND AREA OF THE STUDY IS LIKELY TO CONCERN THE

EFFECTS ON RESEARCH PRODUCTIVITY OF THE UNCERTAINTIES

AND RED TAPE INVOLVED IN FUNDING. WHILE WE NAVE NO

INTENTION OF EVEN SUGGESTING AN ENTITLEMENT PROGRAM FOR

RESEARCH, NEITHER DO WE SEE MUCH SENSE IN FORCING THE

MOST PRODUCTIVE RESEARCHERS AND TEACHERS TO WASTE SO

MUCH OF THEIR TIME PLAYING THE GRANTSMANSHIP GAMES.

SOME POSSIBILITIES HAVE BEEN SUGGESTED AND SHOULD BE

43
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LOOKED AT THEY INCLUDE MULTI-YEAR FUNDING CYCLES IN

THE CONGRESSi LONGER-TERM PROJECT GRANTS FROM THE

AGENCIES; LARGE, FLEXIBLE GRANTS TO INSTITUTIONS INSTEAD

OF INDIVIDUAL PkvECT GRANTS; EVEN RESEARCH SUPPORT FOR

OUTSTANDING INDIVIDUALS BASED ON A HISTORY OF PERFORMANCE

RATHER THAN ON A RESEARCH PROPOSAL

1 WOULD EXPECT _ GROUP ALSO TO LOOK AT THE

PROBLEM 1 DISCUSSED EARLIERTHAT OF THE UNIVERSITY

PHYSICAL FACILITIES AND INSTRUMENTATION. ANOTHER

QUESTION WORTH A FRESH LOOK IS WHETHER MISSION AGENCIES

HAVE SPECIAL RESPONSIBILITIES, OF THE KIND THAT NSF

DOES, To HELP MAINTAIN THE HEALTH OF UNIVERSITIES- AND

HOW BROAD ARE THOSE RESPONSIBILITIES?

SINCE I KNOW THE WHITE HOUSE SCIENCE COUNCIL

MEMBERS RECOGNIZE THE TREMENDOUS IMPORTANCE TO U-S-

UNIVERSITY VITALITY OF FOREIGN STUDENTS AND TEACHERS, 1

WOULD HOPE THE GROUP WOULD CONSIDER POSITIVE MAYS TO

ENCOURAGE AND RETAIN THEM IN THIS COUNTRYAS OPPOSED

TO THAT SENTIMENT THAT WOULD LIMIT THE ACCESS OF THE

BEST FOREIGN INTELLECTS TO OUR UNIVERSITIES-

FINALLY, OVER THE PAST FEW YEARS A NEW FACTOR HAS

EMERGED IN UNIvEkSITIES--THEIR INCREASED INTERACTIONS

WITH INDUSTRY. how DO wE MAXIMIZE THE BENEFITS TO



41

UNIVERSITIES OF THIS INTERACTION, AND HOW DO WE MINIMIZE

THE RISKS OF COMPROMISING THE RESEARCH ENVIRONMENT

WE'RE DETEXHINED TO ENHANCE?

I'M ESPECIALLY PLEASED wITH THE PuoSPECTS FOR THIS STUDY,

AND 1 WOULD EXPECT THAT ITS OUTCOME WILL PLAY AN IMPORTANT

PART IN THE APPROACHES WE PROPOSE TO TAKE IN COMING YEARS-

hk. CHAIRMAN, THAT CONCLUDES MY TESTIMONY. 1 WOULD BE

PLEASED TO RESPOND TO QUESTIONS FROM !UMBERS OF THE COMMITTEE.

Mr. FUQUA. Thank you very much, Dr. Keyworth. We appreciate
the very thoughtful statement you have and some of the issues
that you touched upon.

I would like to depart just a little bit from the normal procedure
of the committee to recognize Dr. Willy Fowler, who is this year's
Nobel laureate in physics, who is sitting out in the audience. He
has already been up here several months ago, right after we had
the reception and hearing from all the Nobel laureates. He has
been a great one in research and has benefited research, I think,
by the great award that he received this year.

Dr. Fowler, we are very pleased to have you join us today.
Dr. Keyworth, one of the questions I guess we getand you

Hpointed
out in the latter part of your statement about the White

ouse, I guess, Interagency Council that has been doing some long
term work in this, and you outlined a number of things they
be doingand I am wondering why it seems that the managers of
research, both Government and academia, can't do a better job of
anticipating some of the long-term needs and requirements in basic
research so that we don't wait until the mule is out of the barn
before we cry for help. I'm not being critical. I'm really saying, are
we falling down at that point?

Dr. Kzyworrru. Certainly the managers of research must share
in our failure to adequately prepare but, Mr. Chairman, I think as
a Nation we have recognized just in the last few years that we are
in an era that will be characterized by challenges and very intense
competition. I think the Nation as a whole failed during what is, in
retrospect, the decade of very clear signals, the seventies, as a
Nation we failed-so prepare, so I think that in that sense the man-
agers of research in the scientific community were in tune, if you
wish, with the Nation at that time.

But on top of this we have another trend that I believe we should
look at with some humbl aess and some willingness to start from
first principles, and that is that we have said many a time that
technology has moved faster in the last, say, 50 years than at any
time in history. But I think that the technological advances of the
last .50 years are nothing compared to the technological advances of
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the next 50 years. We are on a slope that is accelerating in its rate
of increase. Who could have imagined just a few years ago that last
week IBM would have announced the fabrication of a single semi-
conductor chip with 1 million bits of memory on it?

We have tough challenges before us and we have enormous
changes before us, and we cannot find all the answers. No manag-
ers of research can predict them and no scientist can, but we must
be flexible and we must, I believe on an annual basis, be asking
ourselves here in the executive branch and throughout the scientif-
ic community where we are today, what the immediate challenges
are, and how prepared we are to meet them.

Mr. Fugue. I would like to correct that. It was the White House
Science Council that I was referring to, but I noticed in those rec-
ommendations you talk about productive research environment
and reducing redtape, and all very good things. I think that helps,
but do you see us getting back into programs such as NSF and
some of the other agencies that I mentioned in my opening re-
marks where we have some Federal fundinf for facilities?

Dr. Ksvwoara. I do believe that, as I tried to stress in my testi-
mony, that the universities as a source of talent and fundamental
research are so critically important to this Nation's ability to com-
pete, that Government has to enter into a true partnership across
the entire board in insuring that the health of those universities is
maintained. That does mean looking at the infrastructure, the
buildings, the instrumentation, virtually everything.

That does not mean, by any means, that the Go-pernment should
or is likely to develop a dominant role in the support of buildings,
but I think we should approach this issue without biases, without,
if you wish, dogmatic guidelines, and we should simply approach
the health of universities as I believe you are doing in these hear-
ings, Mr. Chairman, with no presumptions. I do believe that Gov-
ernment will Lave to be involved in restoring that infrastructure to
universities in some way, but the critical thing is this partnership
that I keep referring to between academia, industry, and Govern-
ment.

Mr. FUQUA. Well, what role do you see the private sector or in-
dustry playing in helping to refurbish the infrastructure of univer-
sity research?

Dr. I< MWORTII. Well, Mr. Chairman, we have seen in the last
year introduction of some programs that I think we have all been
highly supportive of in a very bipartisan fashion. I will particularly
emphasize one, and that is the Presidential Young Investigator
Award, to attract and maintain our top young talent into junior
faculty positions.

That is a shared Government-industry program, and I think
what is so importa at about that program is not just the sharing of
funding but also the fact that industry, th.? eventual employer of
most of that talent. is actively involved in the educational process,
is actively involved with telling the academic world what long-term
problems they are worrying about and see before them and, if you
wish. opening a dialog that has been rather closed due to that ad-
versarial relationship of the past 20 years that I referred to in my
testimony.
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So I think industry will have a real role. I think they are taking
a real role and I think it will be characterized by a long-term part-
nership to address this era of competitiveness.

Mr. FuquA. Thank you.
Mr. Skeen.
Mr. SKEEN. Tluro locciyou, Mr. Chairman.
Dr Keyworth, to see you again this morning.
During the National Science Foundation authorization hearings,

we asked a question about the overhead charges that are involved
in some of these universities on research funds, and the variation
ran from anywhere from 30 up to 80 percent. I am curious: Is the
White House Science Council concerned about this, or have you
talked about this wide variation? I know the answer that was given
us at that time was different methods of accounting in talking
about these charges.

Dr. KEYWORTH. Mr. Skeen. first I think I can virtually speak for
all the members of the Science Council. They probably would tell
you that this is as frustrating an issue as any that has been before
them. I have presented the issue of indirect and our concerns about
the indirect debate for 2 years to the Council, and we have ad-
dressed many, many different avenues of trying to resolve it.

The relative inaction toward removing the debate about indirect
has been. I believe, because of the very fundamental nature of the
problem and the very difficulty in solving it. Yes, part of the prob-
lem is because of accounting techniques, but by no means all of the
problem. There are very real differences in the indirect burdens on
universities and the fraction, in fact, of the entire university
burden that has been carried by the Federal Government.

But. Mr. Skeen. I think at this time what we should do is look
forward. not backward: not griping at the universities, not griping
at the National Institutes of Health for past action. We should look
forward to the means we can take to both restore that university
health but to introduce means to provide incentives for universities
to control those indirect costs.

So. again--and I will probably use this word "partnership"
againI think we have got to approach this as a clear partnership
to address a very real problem. The indirect burden has been grow-
ing as a larger and larger fraction of the grants and we must con-
trol it. but I think we must approach it in a partnership and not an
adversarial way.

Mr. SKF.EN. Dr. Keyworth, I couldn't agree with you more, and I
would rather look forward, too. But I think that it's well to tell the
people that this, I think characterized in your own terms, this
"grantsnu game" that evidently we have been playing for
some time- -and universities play it very well, they are probably as
good prospective planners as any group I know of. and they are
about as good paliticans as any group I have ever metthey under-
stand this business as well as anyone. But I think it is important
that we at least consider why this wide variation, and any future
planning that we do should come to grips with some idea that we
either standardize this thing or all go from the same square, about
what overhead charges are.

I,4i%ing that, let's look forward. We have had a lot of comment
about these peer review groups, a lot of support for the peer review
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process in the awarding of Federal research funds. I hear a lot
about the advantages. Do you see any disadvantages?

Dr. Kevworre. Perhaps there is an analogy between the demo-
cratic system of government and peer review. Neither is perfect,
but no one has found an improvement over either. Of cfmrse, there
are problems with peer review systems. In fact, I personally believe
that if we find ourselves in a position where we are supporting a
very, very small fraction of the requested grants, such as 15 per-
centwhich, incidentally, is about half of the fraction that most
agencies presently supportI think the peer review system would
be confronted with some challenges that it probably is incapable of
rationally carrying out.

It works, in other words, in a fairly narrow band, and I don't
think the peer review system is directly related to national needs
and objectives in other sectors of society. I hope that as this part-
nership I referred to emerges and becomes a way of life for us, I
hope that there will be a closer linkage to the scientific communi-
ty's perception of needs and the Nation's perception of needs as
whole.

Yes, it is fallible, and if I may go back for a moment to your pre-
vious question, as I think you know, Mr. Skeen, I approach these
issues with skepticism, always skepticism. I think we have to ap-
proach both implementation of the peer review system and univer-
sity arguments about indirect with skepticism but also with open
minds.

Mr. SKEEN. Thank you. I like ending on that good note, doctor.
Thank you very much.

Thank you. Mr. Chairman.
Mr. FUQUA. Thank you, Mr. Skeen.
Mr. Reid.
Mr. REID. Dr. Keyworth, you have indicated that the Federal

Government probably should be involved. How, being more specific.
should responsibility for facilities funding be assigned. For exam-
ple, should the Department c,f Education have a role?

Dr. KEYWORTH. I think the present arrangement wherebyto be
specific about the Department of Educationwhere the Depart-
ment of Education has primarily worried about precollege educa-
tion and the National Science Foundation has primarily worried
about research in our university environment, is a healthy balance
and a healthy split, but I do feel that all agencies that have any
dependence upon science and technology in carrying out their mis-
sion, and that includes virtually all agencies, should have the
health of universities as part of their concern. Therefore, I would
expect the concern and even problem - solving, if you wish, to be
part of a much broader spectrum of agencies than we now see.

Mr. Rem. Rather than getting into the respective roles of NSF,
NIH, NASA, and the other agencies, wouldn't it be better if there
were an overall research capital budget?

Dr. KEYWORTH. I think we certainly did our best to review that
in the first year of the administration very carefully, to see wheth-
er there should be a specific program to restore university instru-
mentation, and I think there was a very broad consensusand I
have seen it recognized within the scientific community, alsothat
disconnecting capital equipment from the grant process may be a
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reasonable short-term fix but in the long term we have got to rec-
ognize that allocation for capital equipment has got to be a part of
the whole grant process, or we will be right back where we found
ourselves a few years ago in 1980. Also, I am afraid that if the allo-
cation of capital equipment funds is given outside of the grant
process, it will be distributed evenly but not according to genuine
need and potential payoff.

Mr. REID. Many universities have had a policy that they would
only accept capital gifts if they covered not only construction but
alai endowment su fficient to cover future operating and mainte-
nance costs. Would you make a comment on this policy generally?

Dr. KETwowni. Mr. Reid, I DM delighted that you raised that
question because that is a truly fundamental question, I believe,
that has to be answered in going from the sixties into the future.

We have failed badly in the past to recognize the commitment
required when a large capital commitment is made. In other words,
when we build a large facility we have frequently failed to recog-
nize that a realistic assessment of the operating funds is essential
to utilizing that facility.

We have, for example, built gigantic accelerators in this country
for sums of hundreds of millions of dollars, and then found our-
selves using them at 30 percent of the time that is available be-
cause of operating constraints. We face now, with our supercom-
puter thrust, the threat of building major supercomputer centers
around the country without the funds to properly utilize them.

The two must be linked, and that is part of the reason why I feel
so strongly that capital equipment must be allocated in the same
process that allocates operating funds and research grants. You
have pointed out a very real need that has very much restricted
our ability to optimally use the talent and resources that we have
had.

Mr. REID. One last question: States historically have supported.
at least partially, university capital development. What is your ex-
perience the last several years as to whether or not States have
been doing really anything in this regard?

Dr. Kzywoirrii. I think Staten have been doing more and more in
the last few years compared to the seventies. I think that is a very
positive sign and I think it is consistent with what at least I per-
ceive as the new national emphasis on education in tomorrow's
talent.

Interestingly enough, some of the States have been extremely in-
novative, in fact. I would even go so far as to say somewhat more
innovative than we in the Federal Government. I think that there
is perhaps an important lesson there but, again. I think the States
clearly will be part of the Government-industry-academia partner-
ship, and I think we should look toward this as a means of bringing
the individual regions of our country closer to the allocation proc-
ess.

Mr. REID. Thank you. Mr. Chairman.
Mr. FUQUA. Thank you, Mr. Reid.
Mr. Bateman.
Mr. BATEMAN. Thank you, Mr. Chairman.
It is a pleasure to have Dr. Keyworth back before us. I have but

one question I would like him to address: Do we have a problem
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with funding duplicating types of facilitieslaboratories. instru-
mentsthat can be very expensive, as opposed to an approach
where colleges and universities are encouraged to share facilities
through a consortium or other joint operation of a single facility
rather than a proliferation of several of the same type of facilities?
Is that any part of the problem?

Dr. KVOtiTH, It certainly is. It really is. We have definitely in-
dulged in some duplication that could have been avoided over the'
years. I think. Mr. Bateman. if I may broaden this point, I think
we are all coming to a conclusion under all these questions, andthat is that I think many of us feel that the increases that we haveseen in the support of basic research are going to have to be sus-
tained for ::time period of time, but they must be approached with
far more caution than we have done in the past.

We must put even more attention, in fact. I would say more at-tention than we ever have in the past to making sure that those
dollars have sufficient leverage to justify them. We can spend re-search dollars more effectively than we have in the past. We can
use regional centers and national centers, for that matter, more of

than we have in the past. I believe we can use an involve-
ment of industrial research capability with universities more effec-
tively than we' have in the past. Simply put, we can get far moreleverage than we have in the past. and I think we have to ask the
kind of excellent questions that have been raised so far today.

Mr. BATEMAN. Thank you. Dr. Keworth.
Thank atct. Mr Chairman.
Mr. Ft-cit'A. Thank you. Mr. Bateman.
Mr. McCandless.
Mr. Mt.ANInt:ss. Thank you. Mr. Chairman.
Most of the areas that I was goitn, to cover have already been

covered by other questions, and I Win defer my time.
Mr. Fc-c/l'A Thank you. sir.
Mr . Lundirw.
Mr 1.1-NPINE. No qttesticms. Mr. Chairman.
Mr. FtitA. fir. MacKay.
Mr. MAI-KAN. Ni, questions. Mr. Chairman.
Mr. Vt't1I-A. Thank you very much.
Dr. Ke worth. we appreciate very much your Ewing here this

mornillt.; and contributing to a subject that we' are all very much
intested in. (hank you very much for joining us.

Dr. tivvw titan. Thank you. Mr. Chairman.
M: FUQUA. Because of the weather. I know some of our wit-

tie!,ses from out of town have had difficulty getting in. and I under-Amid that probably Dr. Rhodes may not be able to get in. but did
Dr Silber make it in yet? I understand Dr. 'less is here. if he will
coo, forward. and also Dr. Young.

Dr. Youn:l. we appreciate your good fortune in being able to behere , We do know that there has been some very inclement went h-er more speed-kali... fog-- and that has inhibited or prevented
41111 witni-4se from }wine here. but we are very delighted to
}sacs you. Dr Young. as the chancellor of the University of Califor-nia Ineeles Dr Young. we are very pleased to have you. I}link Dr [less coming in arid he may join you at the table.
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Dr. Young. we will be pleased to hear from you at this time. If
you have a prepared statement and wish to make it part of the
record, we will be delighted to do so. If you wish to summarize,
that will be fine.

STATEMENT OF 1)R. CHARLES E. YOUNG. clIANCELIAMI.
UNIVERSITY OF CALIFORNIA AT LOS ANGELES

Dr. YOUNG. I have submitted a prepared statement. Mr. Chair-
man. and I would like to summarize that.

Mr. Chairman and members of the committee, I am Charles
Young. I am chancellor of UCLA and also serve this year as chair-
man of the Association of American Universities, and I am testify-
ing on behalf of the University of California and AAU and the Na-
tional Association of State Universities and Land Grant Colleges. I
thank you and the members of the committee for giving me this
opportunity to appear before you.

Before I begin my prepared comments. Mr. Chairman, I want to
thank you and Mr. Sensenbrenner for the comments you made ear-
lier about the problems that may be associated with using the con-
gressional appropriation process for the funding. to try to solve the
problem we have for funding facilities, and your comments about
peer review which you know our associations support very strong-
ly.

The Nation's deteriorating public infrastructure has received a
good deal of attention in recent months and years. Most of us are
now aware that our roads, bridges, ports, and sewer systems are in
poor condition. It is perhaps less widely recognized that educational
facilities across the Nation are also in disrepair, and for many of
the same reasons.

When resources are scarce. renovation of facilities and equip-
merit purchases are often deferred, assuming that 1 year or 2 of
delay won't hurt too much, but the delays have gone on for years
in the Nation's universities and they have occurred at a time of
rapid technological change, the sort of change that demands the
use of more sophisticated laboratories and instrumentation. The'
result is, universities now face a problem of major proportions. In-
adequate facilities and outdated equipment are a direct threat
across the country to the quality of instructional and research pro-
grams.

Describing the situation at the University of California. during
the past few years we had come to believe that our physical plant
was seriously inadequate to meet our needs but we lacked hard
data on that subject, so we undertook a careful and realistic review
of our need for facilities over the next decade. What vee learned is
that we have an enormous problem. The university will need more
than l billion for facilities renovation and construction in the
next decade alone.

Although this is a large sum, it is not difficult to see why the
need is so great. Enrollment growth has been the principal driving
force behind university facilities development o 'er the past DI
years. The need to accommodate more and more students had to be
given top priority, diverting attention from other needs. Now that
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enrollment is stabilizing, we can no longer ignore those other
needs.

There are several kinds of need which have developed. First, ob-
viously, existing buildings deteriorate. Periodically they need paint,
light fixtures, floor coverings, roofs, and other replacements, and
after a half century or so their systems for heating, ventilation,
and power must be replaced.

A second kind of facilities need occurs because the university's
academic programs must change over time in order to keep pace
with the latest advances in each discipline. This means facilities
must change also. For example, modern genetic engineering labora-
tories must have sophisticated systems for ventilation, waste dis-
posal, and safety. Special air pressure systems are needed for the
containment of potentially hazardous materials. Use of electron mi-
croscopes requires vibration-free space, a sophisticated electrical
system. and special darkroom facilities. Requirements like these
make older laboratories obsolete.

Enrollment shifts among disciplines are a third factor in facili-
ties needs. Enrollments in engineering and computer science cours-
e S have increased sharply since 1975, for example, while enroll-
ments in the physical sciences have remained fairly stable, and
social science and humanities enrollments have declined. Nearly 80
percent of our needthat is, the University of California's need
for instruction and research space is for projects in high technology
and science disciplines.

When fewer students enroll in history and more in engineering,
simply reassigning space won't work. Classrooms with chalkboards
must be turned into scientific laboratories, if that is even possible
given the limits of the building's support systems. Because the
amount of space needed for laboratory instruction is at least 5
times greater than space for a humanities program, more space
and therefore new construction is needed over and above any possi-
ble reallocation associated with renovation of existing space.

At the University of California, historical shortages of space gen-
erate a fourth kind of need. Finally, there is v. fifth need, and that
is to update facilities continually in order to meet changing code
requirements and standards for health and safety, includingespe-
cially in Californiaseismic safety.

I have cited a variety of reasons why the University of Califor-
nia's facilities need extensive renewal. Many of these same reasons
also apply to the need to renew instrumentation used in instruc-
tion and research. We estimate the University of California's in-
ventory of fully depreciated, obsolete instructional equipment at
about .210 million.

The problem is especially critical in engineering and the scienc-
es. In ti-Ads such as biochemistry and electrical engineering, many
students have to watch demonstrations instead of getting hands-on
experience with modern instrumentation. Increasingly, students
and faculty in genetic engineering, biotechnology, and other scienc-
es are confronted with research programs that are not solvable
using the instrumentation available to them.

The economy of the United States is increasingly dependent on
high technology industry, and universities play an important role
in maintaining the health of this sector. We provide the research
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which leads to technological advances and we train the work force
of engineers, computer scientists, and biologists. Improved funding
for facilities and instrumentation is needed to strengthen the capa-
bility of universities to contribute to the Nation's long-term eco-
nomic viability.

The sums needed, as I have indicated, are enormous. For facili-
ties alone, as I indicated earlier. the University of California needs
$4 billion over the next decade. California has about 10 percent of
the country's population and receives about 10 percent of Federal
research grants. If we expand the University of Cdifornia's needs
to take account of the private research universities in our State, we
could conservatively estimate the national need to be 10 times $5
to $6 billion. or $50 to $60 billion. The obvious question is, Where
will that much money come from?

At the University of California and, I believe, across the country
at other universities, we have come to some important conclusions
on this point. We believe that the Nation's universities must do
three things: (1) use existing resources as effectively as pmible; (2)
develop new sources of funds; and, (3) reconsider traditional as-
sumptions about 'Ries for capital development.

The era we are a enter will have to be one of nontradi-
tional approaches and mixed fund sources if. at the end of the
decade, the universities are to emerge with the facilities and in-
strumentation they need. What we seek is not immediate relief
but, rather, renewed long-term commitments from all those who
have a stake in the future of higher education in this country: from
State government; from business, industry, and private donors;
from universities and their students themselves; and. last, from the
Federal Government. It will take all of us working together to

solve the problem.
Historically, the Federal Government has assumed a major role

in funding educational facilities. This has been accomplished in
several ways, including grants, loan subsidies, and overhead pay-
ments. Prior to 1964, Federal funds were directed almost entirely
to research needs.

Between 1964 and 1980, Federal funds were directed toward ac-
commodating the rapidly expanding enrollments in higher educa-
tion and providing increased numbers, especially of health care
professionals. Federal funds received by the University of Califor-
nia during that 20-year period were often matched by State funds,
an approach that remains valid today. Since 1977, however, the
university has received very few Federal grants for capital projects.
State funds for capital projects around the country also declined
dramatically at the same time that they were declining at the Fed-
eral level.

Although it may be surprising for a State-supported university,
our capital development in recent years has been funded not pri-
marily by the State but by the university itself, through user
charges, fundraising, hospital revenues and reserves, and student
fees. Between 1978 and 1981, nongovernmental funds provided an
average of 77 percent of the university's capital expenditures; State
funds. Z2 percent; and Federal contributions, 1 percent. If funding
continues at the levels of the past ! years, less than 20 percent of
the necessary funding will be forthcoming. The university's facili-

r.- 3
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ties will deteriorate further. needs for new facilities will not be
met, and our academic programs will have suffered significantly.

The Federal Government has a history of responding to the
needs of the Nation's universities, and of investing in them in ways
that address national priorities. There is an urgent need now for a
renewed Federal investment in facilities and instrumentation for
higher education. I would like to offer several approaches that I
think could be considered.

Facilities grants could be tied to research funding. The Fed at
Government has made a major financial commitment to the re-
search effort in this country, but university research efforts in
fields such as biogenetics, solid-state electronics, and robotics are
handicapped by inadequate facilities. To address this problem,
funds for facilities could be granted in connection with the funding
of research programs. perhaps tied to specific kinds of research
projects in science and technology. It might also be possible to
create a special facilities program through NSF that would make
funds available to research universities based on the proportion of
Federal research dollars they receive.

As another approach, universities could be included in programs
to renew the Nation's infrastructure generally. Universities are
surely as critical a resource as bridges and roads. Funds could also
be made available through a federally run program or through
block grants to the States. A federally run program might base pri-
orities on criteria that consider past performance and future prom-
ise in meeting the country's needs.

Other possibilities include various forms of partnership with the
States in ways that leverage State funds, perhaps through match-
ing grants. Tax incentives which further encourage business and
industry contributions in an appropriation fashion would be an-
other useful approach. It will be important, also. to continue Feder-
al programs which assist in financing student housing and other
self-supporting enterprises in higher education.

The are suggestions only. meant as a help in starting discus-
sion on a national problem that requires a joint effort for solution.
Higher education and the Federal Government have worked to-
gether before and must now again to address problems which could
affect the future health of this country.

In closing, let me briefly summarize the situation: If the Univer-
sity of California's experience is typical, and we believe it is, major
funding is needed by universities around the country for facilities
renewal and construction and for instrumentation upgrading. Tra-
ditional funding approaches will not come close to meeting the
need which currently exists. Renewed commitments are required
from all funding sources, including the Federal Government. No
one agency or group is able to take on the burden alone. The
Nation cannot put of a solution any longer. Together, we must
begin finding solutions now.

Mr. Chairman, members of the committee, this concludes my
presentation. I will, of course, be happy to respond to questions fol-
lowing the rest of the program.

[The biographical sketch and prepared statement of Dr. Young
fol
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L.S. HOUSE Of REPRESENTATIVES CHANCELLOR CHARLES E. YOUNG
mmp

0
rcum icipa

Mt
IECHNOLOGY

CHANCELLOR
Of CALIFORNIA

Y 15, 1 :3U A.. Los

FACILITIES AND INSTRUMENTATION NEEDS OF UNIVERSITIES

MR. CHAIRMAN AND MEMBERS OF THE COMMITTEE, MY NAME IS

CHARLES YOUNG: I AM CHANCELLOR OF THE Los ANGELES CAMPUS OF

THE UNIVERSITY OF CALIFORNIA. THANK YOU FOR GIVING ME THIS

OPPORTUNITY TO MEET WITH YOU.

THE NATION'S DETERIORATING PUBLIC INFRASTRUCTURE HAS

RECEIVED A GOOD DEAL OF ATTENTION. MOST OF US ARE NOW AWARE

THAT OUR ROADS, BRIDGES, PORTS, AND SEWER SYSTEMS ARE IN

POOR CONDITION. IT IS PERHAPS LESS WIDELY RECOGNIZED THAT

EDUCATIONAL FACILITIES ACROSS THE NATION ARE ALSO IN

DISREPAIR-AND FOR MANY OF THE SAME REASONS. WHEN RESOURCES

ARE SCARCE, RENOVATION OF FACILITIES AND EQUIPMENT PURCHASE

ARE OFTEN DEFERRED- - ASSUMING THAT A YEAR OR TWO OF DELAY

WON'T HURT. BUT, THE DELAYS HAVE GONE ON FOR YEARS, IN THE

NATION'S UNIVERSITIES. AND THEY HAVE OCCURRED AT A TIME OF

RAPID TECHNOLOGICAL CHANGE--THE SORT OF CHANGE THAT DEMANDS

THE USE OF MORE SOPHISTICATED LABORATORIES AND

INSTRIMENTATION, THE RESULT IS, UNIVERSITIES NOW FACE A

PROBLEM OF MAJOR PROPORTIONS. INADEQUATE FACILITIES AND

OUTDATED FQUIPMENT ARE A DIRECT THREAT, ACROSS THE COUNTRY

TO THE QUALITY OF INSTRUCTIONAL AND RFSEARCH PROGRAMS.



56

I CAN GIVE YOU SONE IDEA OF THE MAGNITUDE OF THE PROBLEM BY

DESCRIBING THE SITUATION AT THE UNIVERSITY OF CALIFORNIA.

DURING THE PAST FEW YEARS, WE HAD COME TO BELIEVE THAT OUR

PHYSICAL PLANT WAS SERIOUSLY INADEQUATE TO OUR NEEDS, Be WE

LACKED HARD DATA ON THE SUBJECT. SO WE UNDERTOOK A CAREFUL

AND REALISTIC REVIEW OF OUR NEED FOR FACILITIES FUNDING OVER

THE NEXT DECADE. WHAT WE LEARNED IS THAT WE HAVE AN

ENORMOUS PROBLEM: THE UNIVERSITY WILL NEED MORE THAN $4

BILLION FOR FACILITIES RENOVATION AND CONSTRUCTION IN THE

NEXT DECADE.

THIS BREAKS DOWN INTO SEVERAL MAJOR COMPONENTS:

-- $1.6 BILLION WILL BE NEEDED FOR CONSTRUCTION OP

MAJOR RENOVATION OF BASIC ACADEMIC FACILITIES

HOUSING INSTRUCTIONAL AND RESFARCH PROGRAMS,

LIBRARIES, PUBLIC SERVICE PROGRAMS, HOSPITALS AND

CLINICS, AND ADMINISTAATION.

$900 MILLION WILL RE NEEDED TO KEEP EXISTING

FACILITIES FUNCTIONING SAFELY AND EFFICIENTLY,

INCLUDING CORRECTIONS FOR SEISMIC SAFETY.

ABOUT $500 MILLION WILL RE NEEDED FOR SELF-

SUPPORTING ENTERPRISES SUCH AS STUDENT AND FACULTY

HOUSING AND STUDENT ACTIVITIES.

F.:
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AND. IN ADDITION, WE NEED NEARLY $1 BILLION OF

ADDITIONAL OPERATING BUDGET FUNDS TO BRING THE

LEVEL OF ROUTINE BUILDING MAINTENANCE UP TO STANDARD

AND TO ELIMINATE A LARGE BACKLOG OF DEFERRED

MAINTENANCE PROJECTS.

ALTHOUGH THESE ARE LARGE SUMS. IT IS NOT DIFFICULT TO SEE

WHY THE NEED IS SO GREAT. ENROLLMENT GROWTH HAS BEEN THE

PRINCIPAL DRIVING FORCE BEHIND UNIVERSITY FACILITIES

DEVELOPMENT OVER THE PAST TWENTY YEARS. THE NEED TO

ACCOMMODATE MORE AND MORE STUDENTS HAD TO BE GIVEN TOP

PRIORITY. DIVERTING ATTENTION FROM OTHER NEEDS. Now THAT

ENROLLMENT IS STABILIZING, WE CAN NO LONGER IGNORE THOSE

OTHER NEEDS.

THERE ARE SEVERAL KINDS OF NEED WHICH HAVE DEVELOPED.

FIRST, OBVIOUSLY. EXISTING BUILDINGS DETERIORATE.

PERIODICALLY. THEY NEED PAINT. LIGHT FIXTURES. FLOOR

COVERINGS. ROOFS. AND OTHER REPLACEMENTS. AND AFTER A HALF

CENTURY OR SO, THEIR SYSTEMS FOR HEATING. VENTILATION. AND

POWER MUST BE REPLACED. SPACE IN UNIVERSITY OF CALIFORNIA

FACILITIES MORE THAN DOUBLED IN THE 15 YEARS PRIOR TO 1971.

Now. SOME 15-20 YEARS LATER, THE BUILDINGS BUILT BACK THEN

ARE AGING. THEY ARE COMING INTO A PERIOD WHEN THEY NES!)

MAJOR MAINTENANCE.

el
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A SECOND KIND OF FACILITIES NEED OCCURS BECAUSE THE

UNIVERSITY'S ACADEMIC PROGRAMS MUST CHANGE OVER TIME IN ORDER

TO KEEP PACE WITH THE LATEST ADVANCES IN EACH DISCIPLINE.

OFTEN THIS MEANS FACILITIES MUST CHANGE ALSO. FOR EXAMPLE.

RAPID TECHNOLOGICAL DEVELOPMENT IN THE BIOLOGICAL SCIENCES

HAS REQUIRED NOT ONLY NEW KINDS OF EQUIPMENT BUT ALSO NEW

KINDS OF BUILDING SYSTEMS. MODERN GENETIC-ENGINEERING

LABORATORIES MUST HAVE SOPHISTICATED SYSTEMS FOR

VENTILATION. WASTE DISPOSAL. AND SAFETY. SPECIAL AIR

PRESSURE SYSTEMS ARE NEEDED FOR THE CONTAINMENT OF

POTENTIALLY HAZARDOUS MATERIALS. USE OF ELECTRON

MICROSCOPES REQUIRES VIBRATION -FREE SPACE. A SOPHISTICATED

ELECTRICAL SYSTEM. AND SPECIAL DAPK ROOM FACILITIES.

REQUIREMENTS LIKE THESE MAKE OLDER LABORATORIES %ROUTE.

AND OBSOLETE LABORATORIES COMPROMISE THE TEACHING PROGRAM.

DEPRIVING OUR STUDENTS OF STATE -OF -THE -ART INSTRUCTION.

ENROLLMENT SHIFTS AMONG DISCIPLINES ARE A THIRD FACTOR IN

FACILITIES NEEDS. ENROLLMENTS IN ENGINEERING AND COMPUTER

SCIENCE COURSES HAVE INCREASED SHARPLY SINCE 1975. FOR

EXAMPLE. WHILE ENROLLMENTS IN THE PHYSICAL SCIENCES HAVE

REMAINED RELATIVELY STABLE. AND SOCIAL SCIENCE AND

HUMANITIES ENROLLMENTS HAVE DECLINED. NEARLY 80 PERCENT OF

OUR NEED FOR INSTRUCTION AND RESEARCH SPACE IS FOR PROJECTS

IN HIGH TECHNOLOGY AND SCIENCE DISCIPLINES. WHEN FEWER

STUDENTS ENROLL IN HISTORY. AND MORE IN ENGINEERING. SIMPLY

REASSIGNING SPACE WON'T WORK. CLASSROOMS WITH CHALKBOARDS

Py)
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MUST BE TURNED INTO SCIENTIFIC LABORATORIES--IF THAT IS EVEN

POSSIBLE GIVEN THE LIMITS OF THE BUILDING'S SUPPORT SYSTEMS.

BECAUSE THE AMOUNT OF SPACE NEEDED FOR LABORATORY

INSTRUCTION IS AT LEAST FIVE TIMES GREATER THAN SPACE FOR A

HUMANITIES PROGRAM, NEW CONSTRUCTION IS NEEDED.

AT THE UNIVERSITY OF CALIFORNIA, HISTORICAL SHORTAGE4 OF

SPACE GENERATE A FOURTH KIND OF NEED. AND FINALLY. THERE IS

A FIFTH NEED, AND THAT IS TO UPDATE FACILITIES CONTINUALLY

IN ORDER TO MEET CHANGING CODE REQUIREMENTS AND STANDARDS

FOP HEATH AND SAFETY, INCLUDING SEISMIC SAFETY.

I HAVE CITED A VARIETY OF REASONS WHY THE UNIVERSITY OF

CALIFORNIA'S FACILITIES NEED EXTENSIVE RENEWAL. MANY OF

THESE SAME REASONS ALSO APPLY TO THE NEED TO RENEW

INSTRUMENTATION USED IN INSTRUCTION AND RESEARCH, WE

ESTIMATE THE UNIVERSITY OF CALIFORNIA'S INVENTORY OF FULLY

DEPRECIATED. OBSOLETE INSTRUCTIONAL EQUIPMENT AT NEARLY $230

MILLION. THE ?ROBLEM IS ESPECIALLY CRITICAL IN ENGINEERING

AND THE SCIENCES WHERE ENROLLMENTS HAVE INCREASED SO RAPIDLY

IN RECENT YEARS. THE SHORTAGE OF MODERN EQUIPMENT HAS

CAUSED ACADEMIC DEPARTMENTS TO REDESIGN COURSES AROUND LESS

EFFECTIVE AND OUTDATED EQUIPMENT, TO ELIMINATE EXPERIMENTS

AND EXERCISES FROM LABORATORY SESSIONS, OP TO REDUCE THE

LENGTH OF LABORATORY SESSIONS IN ORDER TO MEET STUDENT

DEMAND. IN FIELDS SUCH AS BIOCHEMISTRY AND ELECTRICAL

ENGINEERING, MANY STUDENTS HAVE TO WATCH DEMONSTRATIONS

03



INSTEAD Of GETTING HANDS-ON EXPERIENCE WITH THE EQUIPMENT.

INCREASINGLY, STUDENTS AND FACULTY IN GENETIC ENGINEE"NG,

BIOTECHNOLOGY. AND OTHER SCIENCES ARE CONFRONTED WITH

RESEARCH PROBLEMS THAT ARE NOT SOLVABLE USING THE

INSTRUMENTATION AVAILABLE TO THEM. IN SHORT. IN FIELDS

WHICH ARE MOST IMPORTANT TO THE NATION'S FUTURE ECONOMIC

WELL BEING. STUDENTS APE BEING DENIED THE OPPORTUNITY TO

UNDERSTAND THE MOST RECENT DEVELOPMENTS IN THEIR FIELD AND

THE QUALITY OF ACADEMIC PROGRAMS IS BEING UNDERMINED.

FUNDS ARE NEEDED, ALSO. TO SUPPORT THE GROWING USE CF

COMPUTERS IN ALL DISCIPLINES, NOT JUST IN THE HARD SCIENCES.

WHILE ADVANCES IN COMPUTER TECHNOLOGY HAVE LOWERED EQUIPMENT

AND OPERATING COSTS. THESE SAVINGS APE OUTSTRIPPED BY

INCREASED STUDENT DEMAND FOR COMPUTER INSTRUCTION. LET ME

GIVE YOU JUST ONE EXAMPLE OF THE DEMAND. ONE OF THE

UNIVERSITY'S CAMPUSES HAS A RULE FOR SECURITY OF THE

COMPUTER ROOM: 'LAST ONE OUT LOCKS THE DOM' THAT MAY NOT

SEEM LIKE A GREAT SECURITY SYSTEM TO YOU, BUT IT WORKS FINE.

How? BECAUSE THE COMPUTER ROOM IS IN USE ARnuND THE CLOCK.

24 HOURS A DAY. STUDENTS ARE WAITING IN LINE AT 3 AND 4 IN

THE MORNING TO USE A COMPUTER. THERE IS NEVER A "LAST ONE

OUT" AND NEVER AN OCCASION TO LOCK THE DOOR.

R
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THE ECONOMY OF THE UNITED STATES IS INCREASINGLY DEPENDENT

ON HIGH TECHNOLOGY INDUSTRY, AND UNIVERSITIES PLAY AN

IMPORTANT ROLE IN MAINTAINING THE HEALTH OF THIS SECTOR. WE

PROVIDE THE RESEARCH WHICH LEADS TO TECHNOLOGICAL ADVANCES.

AND WE TRAIN THE WORKFORCE OF ENGINEERS, COMPUTER

SCIENTISTS, AND BIOLOGISTS. IMPROVED FUNDING FOR FACILITIES

AND INSTRUMENTATION IS NEEDED TO STRENGTHEN THE CAPABILITY

OF UNIVERSITIES TO CONTRIBUTE TO THE NATION'S LONG-TERM

ECONOMIC VITALITY.

THE SUMS NEEDED ARE ENORMOUS. FOR FACILITIES ALONE. AS I

INDICATED EARLIER. THE UNIVERSITY OF CALIFORNIA NEEDS $4

BILLION OVER THE NEXT DECADE. BECAUSE CALIFORNIA HAS ABOUT

101 OF THE COUNTRY'S POPULATION AND RECEIVES ABOUT 101 Of

FEDERAL RESEARCH GRANTS, WE COULD CONSERVATIVELY ESTIMATE

THE NATIONAL NEED AT 10 TIMES $4 BILLION--OR $40 BILLION.

THE OBVIOUS QUESTION IS. WHERE WILL THAT MUCH MONEY COME

FROM.

AT THE UNIVERSITY OF CALIFORNIA, WE HAVE COME TO SOME

IMPORTANT CONCLUSIONS ON THIS POINT. WE BELIEVE THAT THE

NATION'S UNIVERSITIES MUST DO THREE THINGS: ONE. USE

EXISTING RESOURCES AS EFFECTIVELY AS POSSIBLE: TWO, DEVELOP

NEW SOURCES OF FUNDS: AND THREE, RECONSIDER TRADITIONAL

ASSUMPTIONS ABOUT RESPONSIBILITIES FOR CAPITAL DEVELOPMENT.

THE ERA WE ARE ABOUT TO ENTER WILL HAVE TO BE ONE (IF

NONTRADITIONAL APPROACHES AND MIXED FUND SOURCES IF. AT THE

215.-296 0-44 -S
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END OF THE DECADE, THE UNIVERSITIES ARE TO EMERGE WITH THE

FACILITIES AND INSTRUMENTATION THEY NEED. WHAT WE SEEK IS

NOT IMMEDIATE RELIEF, BUT RATHER RENEWED LONGTERM

COMMITMENTS FROM ALL WHO HAVE A STAKE IN THE FUTURE OF

HIGHER EDUCATION IN THIS COUNTRY:

-- FROM CALIFORNIA AND THE OTHER STATES

. FROM BUSINESS, INDUSTRY, AND PRIVATE DONORS

FROM UNIVERSITIES AND THEIR STUDENTS

AND, FROM THE FEDERAL GOVERNMENT.

IT WILL TAKE ALL OF US WORKING TOGETHER TO SOLVE THE

PROBLEM. FORTUNATELY, WE ARE ALREADY SEEING SOME PROGRESS,

THE STATE OF CALIFORNIA HAS BEGUN MOVING TOWARD SIGNIFICANT

BUDGET INCREASES FOR THE UNIVERSITY'S CAPITAL DEVELOPMENT

AND ECNIPMENT REPLACEMENT PROGRAMS. BUSINESS AND INDUSTRY

APE TAKING A MORE ACTIVE ROLE: FOR EXAMPLE, IBM HAS AGREED

TO PROVIDE SUBSTANTIAL FINANCIAL SUPPORT FOR DEVELOPMENT OF

NEW ACADEMIC COMPUTING TECHNOLOGIES. UNIVERSITY CAMPUSES

INCREASINGLY HAVE DIRECTED THEIR LIMITED NON-STATE RESOURCES

TOWARD MFETING THE NEEDS. NOW, WE NEED YOUP HELP.

HisTORICALLY, THE FEDERAL GOVERNMENT HAS ASSUMED A MAJOg

Nxr IN FUNDING EDUCATIONAL FACILITIES. THIS HAS BEEN

ACCOMPLISHED IN SEVERAL WAYS. INCLUDING GRANTS. LOAN

q1BSIDIFS, AND OVERHEAD PAYMENTS. PRIOR TO 1964, FEDERAL

FUNDS WEPE DIRECTED ALMOST ENTIRELY TO RESEARCH NEEDS.
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BETWEEN 1960 AND 1980. FEDERAL FUNDS WERE DIRECTED TOWARD

ACCOMMODATING THE RAPIDLY EXPANDING ENROLLMENTS IN HIGHER

EDUCATION AND PROVIDING INCREASED NUMBERS OF HEALTH CARE

PROFESSIONALS. FEDERAL FUNDS RECEIVED BY THE UNIVERSITY OF

CALIFORNIA DURING THAT 20YEAR PERIOD WERE OFTEN MATCHED BY

STATE FUNDS--AN APPROCH THAT REMAINS VALID TODAY. SINCE

1977, HOWEVER, THE UNIVERSITY HAS RECEIVED VERY FEW FEDERAL

GRANTS FOR CAPITAL PROJECTS. STATE FUNDS FOR CAPITAL

PROJECTS ALSO DECLINED DRAMATICALLY AT THE SAME TIME.

ALTHOUGH IT MAY BE SURPRISING FOR A STATE-SUPORTED

NIVERSITY, OUR CAPITAL DEVELOPMENT IN RECENT YEARS HAS SEEN

FUNDED NOT PRIMARILY BY THE STATE BUT BY THE UNIVERSITY

ITSELF THROUGH USER CHARGES. FUND RAISING. HOSPITAL

RESERVES, AND STUDENT FEES. BETWEEN 1978 AND 1981. NON

GOVEDNMENTAL FUNDS PROVIDED AN AVERAGE OF 77 PERCENT OF THE

UNIVERSITY'S CAPITAL EXPENDITURES, STATE FUNDS JUST 22

PERCENT, AND FEDERAL CONTRIBUTIONS 1 PERCENT. IF FUNDING

CONTINUES AT THE LEVELS OF THE PAST FIVE YEARS, LESS THAN 20

PERCENT OF THE NECESSARY FUNDING WILL BE FORTHCOMING. THE

UNIVERSITY'S FACILITIES WILL DETERIORATE FURTHER, NEEDS FOR

NEW FACILITIES WILL NOT BE MET, AND OUR ACADEMIC PROGRAMS

WILL SUFFER SIGNIFICANTLY.

fs7
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THE FEDERAL GOVERNMENT HAS A HISTORY OF RESPONDING TO THE

NEEDS OF THE NATION'S UNIVERSITIES, AND OF INVESTING IN THEN

IN WAYS THAT ADDRESS NATIONAL PRIORITIES. THERE IS AN

URGENT NEED, NOW. FOR A RENEWED FEDERAL INVESTMENT IN

FACILITIES AND INSTRUMENTATION FOR HIGHER EDUCATION. THERE

ARE SEVERAL APPROACHES THAT COULD BE CONSIDERED.

FOR EXAMPLE. FACILITIES GRANTS COULD BE TIED TO RESEARCH

FUNDING. THE FEDERAL GOVERNMENT HAS MADE A MAJOR FINANCIAL

COMMITMENT TO THE RESEARCH EFFORT IN THIS COUNTRY. BUT

UNIVERSITY RESEARCH EFFORTS IN FIELDS SUCH AS RIO- GENETICS,

SOLID-STATE ELECTRONICS. AND ROBOTICS ARE HANDICAPPED BY

INADEQUATE FACILITIES. TO ADDRESS THIS PROBLEM, FUNDS FOR

FACILITIES COULD BE GRANTED IN CONNECTION WITH THE FUNDING

OF RESEARCH PROGRAMS- -MAYBE TIED TO SPECIFIC KINDS OF

RESEARCH PROJECTS IN SCIENCE AND HIGH TECHNOLOGY. IT MIGHT

ALSO SE POSSIBLE TO CREATE A SPECIAL FACILITIES PROGRAM

THROUGH NSF THAT WOULD MAKE FUNDS AVAILABLE TO UNIVERSITIES

BASED ON THE PROPORTION OF FEDERAL RESEARCH DOLLARS THEY

RECEIVE.

AS ANOTHER APPROACH, UNIVERSITIES COULD BE INCLUDED IN

PROGRAMS TO RENEW THE NATION'S INFRASTRUCTURE. UNIVERSITIES

ARE SURELY AS CRITICAL A RESOURCE AS BRIDGES AND ROADS, IF

NOT MORE SO. FUNDS COULD BE MADE AVAILABLE EITHER THROUGH A

FEDERALLY RJR PROGRAM OR THROUGH BLOCK GRANTS TO THE STATES.

33
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A FEDERALLY RUN PROGRAM MIGHT BASE PRIORITIES ON CRITERIA

THAT CONSIDER PAST PERFORMANCE AND FUTURE PROMISE IN MEETING

THE COUNTRY'S NEEDS.

OTHER POSSIBILITIES Naive VARIOUS FORMS OF PARTNERSHIP

vITH THE STATES IN WAYS THAT LEVERAGE STATE FUNDS--PERHAPS

THROUGH MATCHING GRANTS. TAX INCENTIVES WHICH ENCOURAGE

BUSINESS AND INDUSTRY CONTRIBUTIONS WOULD BE ANOTHER USEFUL

APPROACH. IT WILL BE IMPORTANT. ALSO. TO CONTINUE FEDERAL

SUBSIDY PROGRAMS WHICH ASSIST IN FINANCING STUDENT HOUSING

AND OTHER SELF-SUPPORTING ENTERPRISES IN HIGHER EDUCATION.

THESE ARE SUGGESTIONS ONLY--MEANT AS A HELP IN STARTING

DISCUSSION ON A NATIONAL PROBLEM THAT REQUIRES A JOINT

E!7:IPT "OR SOLUTION. HIGHER EDUCATION AND THE FEDERAL

f:r=itHT HAVE WORKED TOGETHER BEFORE. AND MUST NOW AGAIN,

TO ADDRESS PROBLEMS WHICH COULD AFFECT THE FUTURE HEALTH OF

THIS COUNTRY.

IN CLOSING' LET ME BRIEFLY SUMMARIZE THE SITUATION:

-- IF THE UNIVERSITY OF CALIFORNIA'S EXPERIENCE IS

TYPICAL, AND WE BELIEVE IT IS, MAJOR FUNDING IS

NEEDED BY UNIVERSITIES AROUND THE COUNTRY FOR

FACILITIES RENEWAL AND CONSTRUCTION AND FOR

INSTRUMENTATION UPGRADING.
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TRADITIONAL FUNDING APPROACHES WILL NOT COME CLOSE

TO MEETING THE NEED.

RENEWED COMMITMENTS ARE REQUIRED FROM ALL FUNDING

cnioRrrg. isciontsa THE FEDERAL GOVERNMENT. No ONE

AGENCY OR GROUP IS ABLE TO TAKE ON THE BURDEN

ALONE.

THE NATION CANNOT PUT OFF A SOLUTION ANY LONGER.

TOGETHER, WE MUST BEGIN FINDING SOLUTIONS NOW.

THAT COMPLETES MY PRESENTATION. I WOULD BE PLEASED TO HAVE

YOUR RSACTIONS OR QUESTIONS.

Mr. FUQUA. Thank you very much, Dr. Young.
At this time we will hear from Dr. Charles Hess, who is just up

the road from you somewhat, who is dear. of the College of Agricul-
ture and Environmental Sciences at the University of California at
Davis.

We are very pleased to have you here, Dr. Hess.

STATEMENT OF DR. CHARLES E. HESS. DEAN, COLLEGE OF AGRI-
CULTURAL AND ENVIRONMENTAL. SCIENCES, UNIVERSITY OF
CALIFORNIA AT DAVIS

Dr. HESS. Thank you. Mr. Chairman.
Also, I am a member of the National Science Board of the Na-

tional Science Foundation. However, I am presenting the testimony
in my role as dean and associate director of the experiment station.

I am very pleased to see the issue of the research infrastructure
at U.S universities is an issue of concern to this committee, to Dr.
Keyworth in the Office of Science and Technology Policy, and a
number of other groups, including the American Association of
Universities, the Interagency Task Force on Academic Research
Facilities. the White House Science Council. the National Academy
of Sciences Government, Industry, and University Research Round-
table. Also, at the request of Dr. Keyworth the National Science
Board will discuss university infrastructure at the June meeting.

From this concerted effort, 1 think. an accurate picture of the
status of the research infrastructure at U.S. universities will
emerge. as well as a variety of approaches to addressing the chal-
lenges at Federal, State, private, and university levels. I think
there is little question that there are challenges. A 1980 AAU
report to the National Science Foundation indicated that capital
expenditures for instrumentation doubled in the 5-year period from
197 -79 but, even with this increased expenditure, the median age

70
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of instrumentation at universities was twice that of industrial lab-
oratories.

My firsthand experience with the equipment problem is in con-
nection with the expansion of a research and teaching program in
biotechnology. To recruit and adequately accommodate a scientist
in this area of research costs an average of about $125,000 for
equipment alone, and this figure does not include the renovation of
laboratories. which can range from $30,000 to $60,000. Equipment
is critical, not only to attract and retain scientists of the highest
caliber, but is equally important in the training of undergraduate
and graduate students.

In this area of biotechnology, the differential in the mean age of
equipment is undoubtedly even greater than the study reported by
AAU. The influx of venture capittl into the new biotechnology
firms has enabled these firms to set up state-of-the art facilities. It
is vital that our students have training and the opportunity to con-
duct research with equipment of at least equal quality, if they are
going to be effective in the private sector.

An index of the need for equipment is found in the Department
of Defense initiative on instrumentation. DOD estimated that $1.5
to $2 billion would be required to elevate the academic laboratories
to world class status in terms of instrumentation. In response to
the first year of a 5-year, $150 million program. DOD received 2.478
proposals totaling $645 million. Two hundred and four awards were
made, with each award averaging about $148.000, and that repre-
sents an award rate of about S percent and a funding level of 4 per-
cent of the amount requested. I think the experience at the Foun-
dation. of course, is that the funding rate may be around 25 per-
cent of the highest quality projects, and I think this indicates that
there is a tremendous need in the scientific community.

Space, as Dr. Young has indicated, is also a very crucial limiting
factor in the research infrastructure at many universities, both in
terms of quality and quantity. An inventory conducted by the U.S.
Department of Agriculture in 1978 showed that there was a short-
age of 1.110 scientist spaces, equivalent to about 15 percent of the
scientific population. Renovation was needed. also. to accommodate
about 19 percent of the scientific population or to improve their ac-
commodations.

At UC-Davis. space is now one of the most important limiting
factors in recruiting and retaining faculty and graduate students.
There has 1...wen a great reluctance by Federal and State govern-
ment, the private sector and foundations, to become involved in the
business of bricks and mortar in recent years. State appropriations
often have been targeted to alterations or modifications to meet
Government regulations for fire, occupational healthas Dr.
Young indicated. seismic safety is an issue in Californiaand for
aces for the handicapped. State funding for new facilities is
driven more by student numbers than research needs and, as we
enter a period of declining college-age population, the role of the
university in providing basic research needs of the country must
not be overlooked.

It is true that in some of the Federal laboratories there is under-
utilized space, In one case with which I am familiar, the Western
Regional Laboratory at Albany. Calif- the U.S. Department of Ag-

re,
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riculture is planning a laboratory to do research on gene expres-
sion in plants, in collaboration with the University of California at

iBerkeley and Davis and with private laboratories in the bay area.
However, such a facility 65 miles from Davis does not alleviate the
space problems on the campus.

A third limiting factor in the university research infrastructure
is support personnel. Technicians are an invaluable asset in a fac-
ulty member's laboratory for the operation and maintenance of
equipment, and to continue experiments for faculty when they
must be in class or meeting other university responsibilities. The
increased sophistication and cost of today's equipment makes ex-
penditure in support personnel a wise investment.

A fourth factor affecting the university research infrastructure is
the ability to attract young people to do graduate work. This is par-
ticularly true in engineering but it is also the case in the basic sci-
ences, including plant biology. In the case of engineering, opportu-
nities in industry for B.S. graduates are great enough that many
bright young people are choosing to go directly into industry,
rather than pursue graduate studies or careers in the university.

The information explosion is placing a strain on a critical compo-
nent of the research infrastructure of U.S. universities, the library.
Space for books and journals is in short supply and, as a partial
solution, the University of California has constructed regional fa-
cilities to store infrequently used books, much to the concern of the
faculty. I must say. The electronic technology for the dissemination
and handling of the information may alleviate the problem in the
future, but solutions for current needs must be sought.

There is one other constraint in the U.S. research infrastructure
that is also related to this information explosion, and that is the
transfer of new knowledge generated in the universities to poten-
tial users in society. The case is often made that, while the United
States is preeminent in basic research, other nations seem better
able to translate new ideas into practice. One explanation is that
the ties between universities and industries are not close enough.

Some scientists feel that there is value in maintaining some dis-
tance between universities in the private sector, so there is com-
plete freedom of inquiry, free exchange of information, and a full
opportunity to do basic research without concern for direct applica-
tion. However, others believe that the scientific community has the
responsibility to not only create useful knowledge, but also to
evaluate it and present it in a form suitable for application. Later
on I will suggest a model which has been successful in agriculture
and may be applicable to other industries.

In summary, then, the constraints to the research infrastructure
in U.S. universities, as I see them, are equipment, space, support
personnel. graduate student support. and the ability to handle the
information explosion and translate new information into practice.
What, then, are some of the options?

In regard to instrumentation, I encourage enthusiastic support of
the DOD program in instrumentation and also the increased fund-
ing for instrumentation that has been incorporated into the Na-
tional Science Foundation grants program. In the Foundation's
19$-I budget there was an overall increase of about 60 percent in
instrumentation across the directorates, going from approximately
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$112 million in 1983 to $180 million in 1984. However, in view of
the equipment needs that exist as indicated by the DOD figures. ex-
panded programs would be a wise investment.

A particular challenge at the college or departmental level is
equipping laboratories for new faculty. Neither the DOD program
nor the NSF programs meet this need. The DOD program is de-
signed to fund large items of equipment used by a number of scien-
tists, and the NSF grants to individual investigators are not really
intended to establish laboratories. The President's Young Investiga-
tors Awards program conducted by the NSF is a model which could
be expanded to meet this need.

Another approach to meet the needs for both equipment and re-
search space is to reinstitute the Graduate Science Facilities pro-
gram in the National Science Foundation. From 1960-72. the Na-
tional Science Foundation conducted institutional programs to
strengthen research in education in U.S. colleges and universities.
In contrast with other NSF programs. which are generally geared
toward individual research, there were institutional programs tar-
geted to improve the quality of academic science on a scale at least
as broad as a department. The Graduate Science Facilities program
required at least 50 percent matching funds by the grantee institu-
tion. This matching requirement was intended to stimulate a flow
of State and private moneys and to show evidence of local commit-
ment to the program.

The desperate need for facilities has led some universities to
make end runs to the Congress, much to the concern and dismay of
the scientific community. A program as I have described would
give the uti;....rsities a viable alternative and would provide peer
evaluation to help insure the best investment is made with public
and private funds. Other agencies. such as the USDA. should be en-
couraged to develop similar programs. Although authorization for
facilities was included in the 1981 agriculture and food bill, funding
has not been provided except for the 18911 land grant colleges.

Universities also have a responsibility to insure that equipment
used efficiently. A successful approach at the University of Cali-

fornia at Davis has been the establishment of a Center fo- Ad-
vanced Instrumentation. The center serves as a home for major
pieces of equipment which can be used not only by faculty at Davis
but by scientists from other universities or by the private sector on
a recharge basis. The center is staffed with personnel overseeing
the operation and maintenance of the equipment. They also help in
training individuals to use that equipment. and a portion of the
user fees can be used to help replace the obsolet,. equipment.

The Oifice of Technology Assessment suggested. in its Report on
Commercial Biotechnology: An International Analysis. which I
think is a very excellent report. that an option to meet the training
needs for biotechnology. as an option Congress might increase the
funding for USDA. NIH. and NSF graduate and postdoctoral train-
ing grunts in plant molecular biology, applied microbiology, and
bioprocess engineering. This has been taking place in the Founda-
tion.

The same approach should be considered for all areas of science
and engineering in which there is a shortage of trained individuals

7 3
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to meet the needs of the universities and the private sector, and to
be sure we continue to attract the finest minds to U.S. research.

Finally, we need to conduct research and develop policy for im-
proved methods of handling and transferring scientific information.
The translation should be multidisciplinary and problem-focused.
Data availability is not really seen as the problem, as much as the
assessment of quality and the packaging of information in a form
that is user-friendly. This challenge may be met by professional so-
cieties who could provide quality assurance, working with users
who in turn could provide an insight as to what is needed and in
what ways information could be organized.

Another approach would be to explore a model which has worked
for agriculture. to see if it can be applied to other sectors of the
economy, and that is the Cooperative Extension Service, the vital
link between the researcher and the user of research information,
serving not only as an information delivery system but also as a
feedback mechanism to bring new problems back to the researcher.
The system has dramatically reduced the time from innovation to
application in agriculture, and might be applied equally well in en-
gineering. Although the direct transfer of the extension model
from one sector to another may not be possible, it is certainly
worth exploring to see if we can't match our country's ability to
transfer information with our ability to create new knowledge.

Thank you very much.
[The biographical sketch and prepared statement of Dr. Hess fol-

low:
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BIOGRAPHICAL SILL:CH

CHARLES E. HESS

Charles E. Hess, Dean of the College of Agricultural and Environmental
Sciences at the University of California, Davis, and Associate Director
of the California Agricultural Experiment Station.

A native of New Jersey, Hess began his plant science studies at Rutgers
University. He graduated in 1953 Phi Beta Kappa with High Honors. He

0 received his MS. and Ph.D. degrees in 195. and 1957, respectively,
from Cornell University. His major was horticulture with inors in
plant physiology and plant pathology.

Hess taught at Purdue University from 1958 until 1966 advancing through
the academic ranks to Full Professor. In 1966 he was named Research
Professor at Rutgers, where he also served as Chairman of the Department
of Horticulture and Forestry from 1966 to 1970.

In 1911 he became Director of the New Jersey Agricultural Experiment
Station and Acting Dean of the College of Agricultural and Environmental
Sciences. When the latter facility was renamed Cook College in 1972,
he WdS appointed its first Dean. He acceptec his UC Davis post in July
1975.

'devil has received numerous awards for his wort in the physiology of
plant growth regulators, particularly those affecting root formation.
Fie has served on state, national, and internatiocal advisory boards
and commissions including President and Chairman of the Board of the
American Society for Horticultural Science. In October 1982 he received
a Presidential appointment to a six-year tern on the National Science
Board and in May 1983 he received an Honorary Lactor of Agriculture
Degree Bros Purdue University. In Februar... :;84 te was appointed by the
rioveraor to thr California 5.ate board ct iozd am Agriculture far a
four-year tern.
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Research Infrastructure at U.S. Universities

Mr. Chairman, my name is Charles E. Hess. I am Dean of the
College of Agricultural and Environmental Sciences, University
of California, Davis, California and Associate Director of the
California Agricultural Experiment Station. Also, I am a member
of the National Science Board of the National Science Foundation.
I am presenting testimony in my role as Dean and Associate Director.

I am very pleased to see that the issue of research infrastruc-
ture at U.S. universities is an issue of concern to this Committee,
to Dr. Keyworth and the Office of Science and Technology Policy,
and a number of other groups such as the Association of American
Universities (AAU), the Interagency Task Force on Academic Research
Facilities, the White House Science Council, and the National
Academy of Science's Government- University - Industry Research Round
Table. Also, the National Science Board (NSB) will discuss univer-
sity Infrastructure at its June meeting. From this concerted
effort an accurate picture of the status of research infrastructure
at U.S. universities will emerge as well as a variety of approaches
to addressing the challenges at federal, state, private, and univer-
sity levels.

There is little question that there are challenges. A 1980
AAU report to the National Science Foundation indicated that capital
expenditures for instrumentation doubled in the five-year period
from 1975 to 1979. Even with the increased expenditure, the median
age of instrumentation at universities was twice that of industrial
laboratories. My first-hand experience with this equipment problem
is in connection with the expansion of our research and teaching
programs in biotechnology. To recruit and adequately accommodate
one scientist in this area of research costs an average of $125,000
for equipment alone. This figure does not include the cost of
renovation of laboratories, which ranges from $30,000 to $60,000.
Egaipment is critical not only to attract and retain scientists of
the highest caliber, but is equally important in the training of
undergraduate and graduate students. In the area of biotechnology,
the differential in the median age of equipment is undoubtedly even
greater. The influx of venture capital into the new biotecnnology
firms has enabled these firms to set up state-of-the-art facilities.
It is vital that our students have training and the opportunity to
conduct research with equipment of at least equal quality if they
are going to be effective in the private sector.

Charles E. Hess, Dean, College of Agricultural and Environmental
Sciences, and Associate Director, California Agricultural Experiment
Station, University of California, Davis, California. Testimony
before the U.S. House of Representatives Committee on Science and
Tectnology, May 8, 1984.
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An index of the need for equipment is found in the Department
of Defense (DOD) initiative in instrumentation. DOD estimates that
$1.5 to $2.0 billion would be required to elevate qualified academic
laboratories to world class status in instrumentation. in response
to the first year of a five-year $150 million program, DOD received
2,478 Proposals totaling $645 million. Two hundred and four awards
were made with each award averaging $148,000. That represents an
award rate of 8% and a funding level 4% of the amount requested.

Space is also a critical limiting factor in the research
infrastructure at many universities, both in terms of quantity and
quality. An inventory conducted by the USDA in 1978 showed that
there was a shortage of 1,110 scientist spaces equivalent to 15%

of the scientific population in State Agricultural Experiment
Stations. Renovation was needed to accommodate 1,249 scientists,
or nearly 193 of the scientific population. At UC Davis, space
is now one of the most important limiting factors in recruiting
and retaining faculty and graduate students.

Thete has been great reluctance by federal and state govern-
ment, the private sector, and foundations to become involved in
the business of bricks and mortar. State appropriations often
have been targeted to alterations or modifications to meet govern-
mental regulations for fire, occupational, and seismic safety and
for access for the handicapped. State funding for new facilities
is driven more by student numbers than research needs. As we enter

a period of declining college-age population, the role of the
university in providing the basic research needs of the country must
not be overlooked.

It is true that in some of the federal laboratories there is
underutilized space. In one case with which I am familiar, the
Western Regional Laboratory at Albany, California, the USDA is

planning a laboratory to do research on gene expression in plants
in collaboration with the University of California at Berkeley and
Davis and with private laboratories in the Bay Area. However, such

a facility, 65 miles from Davis, does not alleviate the space
problems on the Campus.

A third limiting factor in the university research infrastruc-

tuv! is support personnel. Technicians are an invaluable assest in

a faculty member's laboratory for the operation and maintenance of
equipment, and to continue experiments for faculty when they must be

in class or meeting their other university responsibilities. The
increased sophistication and cost of today's equipment makes an
expenditure in support personnel a wise investment.

A fourth factor affecting the university research infrastruc-
ture is the ability to attract your.g people to do graduate work.
This is particularly true in engineering, but is also the case
in the basic sciences, including plant biology. In the case of
engineering, opportunities in industry for B.S. graduates are
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great enough that many bright, young people are choosing to go
directly into industry rather than pursue graduate study or careers
in the university.

The information explosion is placing a strain on a critical
component of the research infrastructure of U.S. universities, the
library. Space for books and journals is in short supply, and as a
partial solution the University of California has constructed re-
gional facilities to store infrequently used books. Electronic
technology for the dissemination and handling of information may
alleviate the problems in the future, but solutions for the current
needs must be sought.

There is one other constraint in the U.S. research infrastruc-
ture which is also related to the information explosion. That
is the transfer of new knowledge generated in the universities to
potential users in society. The case is often made that while the
United States is preeminent in basic research, other nations seem
better able to translate new ideas into practice. One explanation
is that the ties between universities and industry are not.cloSe
enough. Some scientists feel that there is value in maintaining
some distance between universities and the private sector, so that
there in complete freedom of inquiry, free exchange of information,
and full opportunity to do basic research without concern for direct
application. However, others believe that the scientific community
has a responsibility to not only create useful knowledge but also
to evaluate it and present it in a form suitable for application.
Later I will suggest a model which has been successful in agricul-
ture and may be applicable to other industries.

In summary, then, the constraints to the research infrastructure
in U.:;. universities are: equipment, space, support personnel,
evaluate student support, and the ability to handle the information
explosion and translate new information into practice.

What then are some of the options? In regard to instrumenta-
tion, t encourage enthusiastic support of the DOD program in instru-
mentation and the increased funding for instrumentation that has
been incorporated into the NSF grants program. In the Foundation's
1964 bud et there was an overall increase of 60% in instrumentation
across the directorates, going from approximately $112 million in
1983 to $180.2 million in 1984. However, in view of the equipment
needs that exists, as indicated by the DOD figures, expanded pro-
grams would be a wise investment. A particular challenge at the
college or departmental level is equipping laboratories for new
faculty. Neither the DOD nor the NSF programs meet this need. The
DOL program is designed to fund large items of equipment ($50,000
or c.-,re) used by a number of scientists, and NSF grants to indi-
vil.;a1 inve,;t:gators are not intended to mstablish laboratories.
V:e :resident's Young Investigator Awards Program conducted by the
NSF is a model that could be expanded to meet this need.
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Another approach to meet the needs for both equipment and
research space is to reinstitute the Graduate Science Facilities
Program in the NSF. From 1960 to 1972, the National Science Foun-
dation conducted institutional programs to strengthen research and
education in U.S. colleges and universities. In contrast with
other 'SF programs, which are generally geared toward individual
research, there were institutional programs targeted to improve the
quality of academic science on a scale at least as broad as a
department. The Graduate Science Facilities Program required at
least SOS matching funds by the grantee institution. This matching
requirement was intended to stimulate the flow of state and private
monies and to show evidence of local commitment to the program.
Initially, the program emphasized renovation rather than new cone
struction, and the installation of fixed equipment such as labora-
tory benches. As the program matured, however, restrictions on the
use of the grant money was relaxed and permitted expenditures for
general purpose laboratory equipment and for new construction.

The desperate need for facilities has led some universities
to make 'end runs" to Congress much to the concern and dismay of
the scientific community. A program as I just described would give
universities a viable alternative and would provide peer evaluation
to help ensure that the best investment is made with public and
private funds. Other agencies such as the USDA should be encouraged
to develop similar programs. Although authorization for facilities
was included in the 1981 Agriculture and Food Bill, funding has not
been provided except for the 1890 Land Grant Colleges.

Universities also have a responsibility to ensure that equip-
ment is used efficiently. A successful approach at the University
of California, Davis Campus has been the establishment of the
Center for Advanced Instrtmentation. The Center serves as the home
for major pieces of equipment which can be used not only by faculty
at Davis, but by scientists from other universities, or by the
private sector on a recharge basis. The Center is staffed with
persoenel overseeing the operation and maintenance of the equipment.
A p:rtion of the user fees can be used to help replace obsolete
equipment.

The Office of Technology Assessment suggested in its report on
Commercial Biotechnology--An International Analysis, that as an
option to neat the training needs for biotechnology, Congress
increase funding for USDA, NIB, and NSF graduate and postdoctoral
training grants in plant molecular biology, applied microbiology,
and L;ioprocer,s engineering. This same approach should be considered
for all areas of science and engineering in which there is a shortage
of trained individuals to meet the needs of the universities and
tLe ;.r :..ire sector, and to be sure that we continue to attuict the

mi:. L; to U.S. research.

Finally, we need to conduct researcE and develop policy for
r-.!thods of handling and transferring scientific information.

Tnv tran7;Ition should i.e multidisciplinary and problem-focused.

C
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Data availability is not seen to be the problem as much as the
assessment of quality and the packaging° of information in a form
that is user friendly. This challenge may be met by professional
societies who could provide quality assurance working with users,
who in turn could provide an insight into what is needed and in
what ways information could be organized. Another approach would
be to explore a model which has worked well for agriculture to see
if it can be applied to other sectors of the economy. That is the
Cooperative Extension Service, the vital link between the researcher
and the user of research information, serving not only as an infor-
mational delivery system, but also as a feedback mechanism to bring
new problems back to the researcher. This system has dramatically
reduced the time from innovation to application in agriculture and
might be applied equally as well in engineering. Although the
direct transfer of the extension model from one sector to another
may not be possible, it is certainly worth exploring to see if we
can match our country's ability to transfer information with our
ability to create new knowledge.

Mr. MAKAY (acting chairman'. Thank you. Dr. Young and Dr.
Hess. We would now like to ask some questions or perhaps make
some comments.

Mr. McCandless?
Mr. McCANDLENs. Thank you. Mr. Chairman.
Well. as a graduate of your institution, Dr. Young. welcome to

the sunny area of Washington. D.C.
Dr. YOUNG. Thank you very much, Mr. McCandless.
Mr. MeCANDLIN.S. I won't tell you how long ago I was there, but

there were 1:00 people on the campus and we considered it the
factory and there was a big gully that went down through the
center of it.

Dr. YouNG. I can place the time fairly well.
Mr McCA!ilHINt4. I have two areas of concern or interest. The

first would deal with curriculum, and the second facilities, and
then thirdparticularly to the University of Californiathe uni-
versity structure and the campus aspect.

Under curriculum. it has been my observation that the interest
in a given discipline, such as engineering or medicine, appears to
be in direct proportion to how you can merchandise that on the
outside. either as an individual or the demand. We have had peaks
and valleys in this historically and, as such, then it would appear
that at the university level our capital structures and our resources
(10 not necessarily reflect that peak-and-valley type of scenario.
which then would mean that the system becomes inefficient be-
cause you plan. and the fact that you plan and the best of plans
seem to get set aside bused upon the realities of this thing.

How can we better address the loss of that resource in these
fields due to these peaks and valleys. simply the law of supply and
demand on the outside?

Dr. YOUNG. Mr. McCandless. you have certainly pointed to a
very pervasive problem. Certainly it is not only a problem of uni-
versities: it is a problem in planning generally. We have tried to
even those peaks and valleys out to the best extent we can. I think
that is one response. When there was a falloff in demand for engi-
neers a number of years ago, we reached the conclusion that that
was a temporary valley. that we are going to get back to a peak.
and we should do everything we could to even that out and not
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have that valley and peak occur within the university, and there-
fore maintain support for engineering. We tried to maintain not
only the facilities but to maintain the faculty. so that we were able
to pick back up when the demand hit, and the demand did hit
again, but we were not able to build for increased demand that has
come along subsequently. We were not able to project that in-
creased demand as well as we should.

But I think one of the things we have to do in the universities.
and certainly we can do that, I think. in a system like the Univer-
sity of California perhaps a little more than some. because of the
size and flexibility we have with a variety of campuses. is to see to
it that we are meeting the needs not only of today. but the future
as best we can determine them. I see no other alternative. I point-
ed out one of the problems in my comments. and that is that facili-
ties unfortunately are not fungible We can't use the facilities that
might be excess in the Department of Classics to help at the
present time with the problems that we have in biology. so we have
to do the best job we can to try to plan for the future and then try
to maintain some stability within the university. We can do that at
UCLA because. for instance, within the system we can hold the en-
rellmnt levels constant because' demand is much greater, so we
can. I limit, provide that kind of stability. but it is not an easy
task

Mr. MI CAN: mess. The second area is facilities, and my question
tlen wf-uld deal with this. We have in California what I think is an
outstandim; community coilege system. for partir:::arly lower divi-
sion and vor4 ational work. if we were to encourage tliese institu-
lions. 'shish in many cases have surpliis facilities. to take 44ur basic
undergraduates. lower division. wouldn't that relieve some or the
existing facilities in the universities for the upper division and
graduate work. which then would better utiii:fe those facilities?

Dr. Vot:fvc. fe.,, of :...ourse. Mr. McCalailes;z4. That is the whole
Lis!, on wnith tl.e master pi;in for higher education in aliforn;a
A as loundtd. tine ...s:o..ption that a ye:) large proportion. at iea,t,

the t-dueat ion was going to be :ieeomplished at Int.
cots, Malin

I or a long perexi of time that did A ... change-,
hai_.e developed in flit. Lest few .t.e.or. ha. 0 resi.lted in a sub-

moui:icatiori of that. and I believe we need to wort. togylli
4.r th;,: is. the tinivisity. the Slate colleges and univer.-;ities in

lb, einuinuti;i al,Ing with the other state
:igen( ire- in tiy to ;-esto:l. that balance. I:ut

pr,sent tittle rxt" is not aily substantial surplus of to
;..yen ;I! !fit colleges. so that tha problem I don i

think can hi- ac,tt.t v,ith to aav considerble extent in that regard.
i4iat it,. raeii;t les pro' !ern. But I believe regardless a t that
we 0,-d hack t., that more balaneed approach upon which
the hole niaste! plan lot logher education CO Cznifin:..ia
based

Mr NIA "P.Nina....s.s. Did I do..tect a hell these. Mr. Chairman?
vIr. MA4 l:AV Yes. hot I am not a fOrmal presidine person.

and :b.. l..s ind:rated that he would like- to A.4) rei.zixell with
erut tit' wil; proceed.

Teirmk ou. Nir Chairman.

4 14.e
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Mr. McCANoutss. The other side of the aisle tends to be flexible
from time to time, Doctor.

Dr. 11m. Mr. McCandless, I had two issues in terms of the com-
munity colleges. One of the problems is that the community colleg-
es are not training as many college-bound students as they had in
the past, and have gone more into bread-and-butter courses. I re-
member driving past the Sierra Foothills Community College, and
they had a special course in brickmaking. I think part of that has
been the economy. They have attracted students, older students,
senior students actually in terms of courses of that nature, rather
than the college prep courses which were not returning to them
the funds that they needed.

The other aspect is that in terms of facilities, however. I am not
sure whether even if we are able to get a better balance, as Dr.
Young has mentionedwhich I think we definitely should try
whether that will alleviate the space problem, because in the lower
division courses there are many of the basic courses in math and
chemistry and physics, and :t is when you get into the upper divi-
sion courses where vou real-y get the students into the more so-
phisticated laboratories where they can actually do experiments
themselves. I think that that is where our real crunch is in terms
of quality. state-of-the-art equipment.

Mr. MAt-Kay. Thank you.
Mr. linens.
Mr. MiNETA. Thank you very much, Mr. Chairman.
I, unlike Mr. McCandless, come to ask questions because I am

being purely objective. I am neither a UCLA graduate nor a Davis:
I am lierkeie, so I am purely objective on this whole issue and
have come with no prejudices. (Laughter.)

Dr. Hess. let me ask, on page 3 you are talking about the conflict
between the ties between the universities and the industries. Some
say it is too close; some say it is that they aren't working closely
imough to be able to have this technology transfer and the applica-
tion of it in the private sector.

You have had to go through a controversy up there involving to-
niatoes, I mean. the whole tomatespieking machine thing. Just
using that as an example, how do you relate. that to this conflict
between the two. lets say. extremes here of some saying it's too
close and some saying it is not being coordinated well enough?

Dr. Ib :ss. Well. I think my own feelings on this issue are that a
close university-industry relationship I think is essential for the
United titates. I think that it helps insure the relevance of research
that is being conducted. It insures the more rapid translation of
those research findings to use for the benefit of society; and often-
times it will provide opportunities for students for internships and
4)11-tht -jub training to better prepare them for their careers.

In this particular example that you have cited. with the' suit
I.oogin Cz.iiiiirnia tiara! Legal Assistance and their concerns
that the private sector with small investments of funds supp,rting
research. leverage the 1%11;th:ea of the public funds in setting re-sah priorities. 1 don't agree with that viewpoint. We have our
policy on the campus that we will not accept funds from the pri-
ate sector unless it is in support of a previously approved research

project. so there is :m opportunity to evaluate that project at the
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departmental level and in our office. Since we are associated rath
the Department of Agriculture, most of our projects are also re-
viewed by the U.S. Department of Agriculture before they are im-
plemented. So I think we do have that protection but maintain, I
think, a very valuable linkage.

I think that we are what I would call a more mission- oriented
college, in that our research is funded in part by the State to bene-
fit agriculture, environmental issues, the consumer. There are com-
ponents in our college which are what I would put at the end of
the continuum of basic to applied research in Mochemistry, bio-
physics, genetics, and so forth, and those scientists should have the
environment in which tiwy can follow their initiatives, follow their
abilities to discover new knowledge which then can be translated
eventually into application. That's the sort of continuum that I see
as being very beneficial for the university, going from very funda-
mental research to the application of that research in the private
sector.

Mr. MINIMA. Now in trying to evolve toward, let's say, the formu-
lation of some kind of an industrial policy, many people say we
ought not to be doing that because that means someone has to be
picking winners and losers. 1 that is the rhetoric right now.
How do you protect yourself from charge of having to prejudge
something in terms of picking winners and losers, as to how you
il:rect your research efforts, especially if you tie that in with Dr.
Yostng's suggestion that the infrastructure amount ought to be de-
per.i ent on whether or notI take it that it ought to be tied to a

is research project?
Dr. Hess. We don t actually try to pick winners or lasers. Prob-

lems are brought to the faculty through Cooperative Extension,
through a0. wiry groups, and if we feet that it is a researchable
problem, a problem that would lead to the creation of new knowl-
edge and it would be a riate for the university to conduct,
then we will conduct it. r it wins or loses depends upon the
success of the research, so we don't make a kis, ent mitahy as to
whether that area will be successful or not. e try to base it on
what we view as the critical research needs for the State.

Dr. YOUNG. Mr. Chairman, could I make a brief response to that?
I won't go into the details because of the time limitations, but I be-
lieve that this problem that you identify in generaland you have
looked at it from two sides, Mr. Minetahas been given more seri-
ous attention over the last 2 years in our university and in univer-
sities across the country than any other single problem. I believe
that we have done a great deal to make certain that the policies
which existed, to the rnftent they needed modification, have been
changed, looked very carefully at the problems which could be cre-
ated from application of that relationship in an inappropriate Wh-
im, and the potential difficulties which I think needed to be exam-
ined 2 years ago have not now been totally resolved, but I believe
we have gone a long way toward seeing to it that we have a struc-
ture in place which enables us to deal much more efficiently at
that interface between business and industry than we were 2 or 3
years ago.

Mr. MINETA. If I might, Mr. Chairman, part of the criticism of
the selection of the present chairman of the board of regents was

83
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that his connection with the private sector was not going to be
helping the university's efforts to get funds, whether it be for re-
search or for capital projects. Frankly, I was stunned and taken
aback by that approach by that individual at the time of the con-
troversy, and that is the criticism that comes up about how close
the connection is between the private sector and the university
community about the research efforts.

Dr. YOUNG. Mr. Chairman and Mr. Mineta, I was equally, per-
haps more stunned and upset by that attack than you, so I am not
defending the attack, but it was not I thinkbecause I was sitting
there listening to itdirected at the kind of relationship we are
talking about here, but at the more traditional relationship of
fundraising from the private community, not business/industry re-
lationships to research output and the interface of technological
change, but more to whether or not he was a person who was going
to be as effective.

I think the argument was ridiculous. I don't think the chairman
of the board operates in that area, but it was more to the general
relationships with the business community in raising funds for the
university, not in the research technology interchange.

Mr. MINE-TA. You're right, Dr. Young, I wasn't there, but frankly
that kind of mentality on the board and people of that ilk we don't
need, as tar as I am concerned.

Dr. YOUNG. Mr. Mineta, I agree completely with that. I just
wanted to point out that I don't think it was related to this particu-
lar issue.

Mr. MINETA. Thank you very much. Mr. Chairman.
Mr. MACKAY. Mr. McCandless?
Mr. MCCANDLESS. Thank you, Mr. Chairman. I have one more

area that I wanted to cover here, and the chairman has been kind
enough to give me additional time. I think it is important because
the University of California, with all of the campuses it has, is an
example of the area that I want to cover and the answers that I
would hope we can get from that.

With the type of multicampus structure that you have and the
sizes of those campuses, and the amount of research programs and
effort going on on these various campuses. how is all of this coordi-
nated? Are we duplicating areas that, if you had more of a clear-
inghouse, you could eliminate and therefore those resourcesbe
they governmental. public, or privatewould find more bang for
the buck? Either one of you. whoever has a thought on it.

Dr. You Nc. Well, I think the answer is yes and no to that, Mr.
McCandless. There is some coordination and there is some speciali-
zation. You have before you an example, at least, in Dean Hess.
Agriculture is concentrated in one or twe or three, essentially
three of the campuses, and agriculture itself is distributed in an
uneven fashion among those three campuses with concentration of
different sorts in each. You are very much aware of the Riverside
campus program.

Thee,' is a real difference in the specializations in the sciences
between Berkeley and UCLA. We do not try to duplicate the very
heavy nuclear physics programs at Berkeley but, instead, in phys-
ics have moved in different directions and tried to establish differ-
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ent strengths. Generally speaking, that kind of an arrangement
exists among the several campuses in other areas as well.

They are, however, each of the campuses in the University of
California is a general campus and has the mission of providing an
education both at the graduate and undergraduate level for stu-
dents in all disciplines. nie specializations, thereforewith one or
two exceptions such as agriculturethe specializations, therefore.
have to be at the fringe, really, and not dramatic differences
among the campuses in terms of their basic mission. We've got that
large a job to do and it would be impossible to divide it up, I think,
so that there was no duplication at least in the basic areas

Dr. HMI'. The other, we do have in agriculture a vice president
for agriculture and natural resources, and we do meet quarterly to
discuss research needs and policies. I guess there is now also a vice
president for medicine and the health sciences, and that would pro-
vide I assume some degree of coordination there.

But the other aspect is that, given our systemparticularly the
peer review system, in which faculty are evaluated in part by their
ability to publish aew knowledge in peer review journalsthere is
a tremendous drive not to duplicate. because if someone finds
something and publishes it, then that closes out that area unless
there is confirmation or a different point of view, which I think
then is healthy duplication, if you will. It is not going over to pro-
vide, you might say. authentication of the findings. As you hear,
issues come before the scientific community. differences of opinion,
and it needs to be replicated by other workers to be sure that, in
fact. those findings are valid.

So, two issues, then: One is that I think there is quite a peer
pressure. you might say, to avoid duplication, to find new knowl-
edge or new insights, and that which does exist I think is impor-
tant to insure that we get validation of new findings.

Mr. NitCANLE:SS. One other quick point, if I may. I would like to
be hypothetical. Mr. Mineta can relate to this. Let's say that the
Federal Government says: "Well. University of California. you are
in pretty gcxid shape here. We want you to do same research on the
Mediterranean fruit fly." How does that fit in? What is the entry
location within the university structure for that? Their: how is that
distributed? Somebody says: "Hey. we've got the test tubes and
we g(tt the instruments at Berkeley." or "We've got them at
Davis.' or someplace. how does that take place"

Mr. MINETA Would my colleague yield for just a minute-''
Mr. t N .p:s.s. Cell a i nly.
Mr. NIINFrA. Im sorry. Was that part that 1 would mr. relat-

ed to the MEN-literranean part or the fruit fly part?
Mr. McCANDLEtzs. Well, my distinguished colleague has all kinds

of ways of making that assertation.
Dr. HEss. Mr. Chairman. the way that would work is, the vice

preside at for agriculture and natural resources would be contacted
or one of the deans (4, the three campuses would he contacted and
told. "Here a problem.- this particular case we did respond to
it. for exailaile by concluding research and developing better at-
tractant:, to establish traps which could wore accurately determine
when there were fruit flies in the area.

85
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Also, we did research on what was the impact on the communi-
ties from the aerial spraying, a number of different areas of

Mr. MCCANDLM. That was assigned, then, to your campus by
this committee?

Dr. HESS. It was assigned both to our campus and to the Berkeley
campus. Berkeley has a group in biological control, and we wereworking on the sex attracting or the trapping of the fruit flies.

Mr. MCCANDLMS. The reason I mentioned Mr. Mineta, Mr.
Chairman, is that is where the problem started, in his district.

Mr. M1NETA. Not with me, but within my district.
Mr. MCCANDLESS. Yes; in the district. Yes.
Thank you, Mr. Chairman.
Mr. MACKAY. I would like to make an observation or two and

then ask some quest:ans.
My perspective is slightly different, in that I spent 12 years as amember of a State legislative body and have worked on someState/regional compact groups having to do with higher education

and research. It is widely agreed at the State level that the erratic
support by the Federal Government for research has been a majorpart of the problem over the years, first in causing the universities
to overexpand and then, as both of you have pointed out, leaving
you with facilities and inadequate funds to support the facilities,
under the assumption that the States would pick this up, with the
States being already overstressed in their financial support.

Now, finding ourselves at a time when we are increasingly in
international competition. where our ability to compete is related
to the ability to innovate, which is related to R&D, and having it
not clear what the Federal role is going to be this time, I wouldlike you to comment perhaps more specifically, Dr. Young. Itseemed to me that what you have said is, if we could have every-
thin., we wanted this is how it should be. Now I would like to poseto yoki the question: Suppose you can't have everything you want,
and suppose there are going to be more and more stringent limita-
tions on Federa; dollars, what is the best way for the Federal Gov-
ernment to support research in the university system? Would it bebest to support it with instrumentation, with a constant level, or is
a one-shot upgrading the best? Or, when you talk about facilities,
do you II1CaTI bricks and mortar as opposed to instrumentation?
What is the best way for the Federal Government to support re-search, with the understanding that each State university system
is different and that the Federal Government probably is not going
to be able to redesign all the university systems?

Dr. Voter c Mr. Chairman, I believe that you have put yourfinger one of the real problems. and that is the inconsistency:Mi,vin4 front %t-r. heavy support to a period of very little support
and. in effect_ leaving an apparatus which is in place and needed
without the rt.sotires to sustain itself, so that one of the very im-
portant aspects that I believe should be taken into account is thenecessity to maintain a consistent level of support. I believe it

to e across the board and I think it also has to, as apart of i,eing consistent. have a long-term quality. I don't believe
that we need a quick fix. I believe we need recognition that. if re-
search is i_oing to be done which is going to be in the national in-

mitt is going !O provide' us with the ability to maintain the

&-;
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graduate educational program in science and technology, that you
have to have facilities to support students, you have to have the
facitities to support faculty, and you have to have the buildings in
which that occurs and the instrumentation which is required. I be-
lieve it is all of those things.

Now. obviously that is nut all of the kind of need which I have
identified, for instance. as existing within the University of Califor-

. nia at the present time; it is not all a Federal responsibility, but
some portion of itand, I think, that that is very closely related to
the research which is federally supportedis the appropriate share
for the Federal Government to take.

Mr. MACKAY. But if there is only a specific, finite amount of
funding available, are you suggesting that we should cut research
funding in order to more adequately fund facilities?

Dr. YOUNG. I believe that. in the long run, we are going to have
to find some way to see to it that the support which is granted for
research carries with it, through one mechanism or another, sup-
port tins equipment and for facilities, and I guess I would be saying
then we need to see to it that we are providing support across all
those functions. If there is an inadequate amount to meet all that
need, then we ought to do the best we can to try to provide support
across those several areas.

Mr. MACKAY. Would you, then, be saying that there should be a
retrenchment arid that the Federal Government should more clear-
ly define its areas of interest, and what research it supports, it
should support adequately? I am saying, given the premise that we
can't keep doing everything, but part of the background of my com-
ments is. we right now are. I think, in the worst of all worlds. That
is. we are basically robbing civilian research to run a broadening
military research program. and we are pretending that there is no
cost to that in the areas of civilian research which have to do with
our international competitiveness. It seems to me people are not
willing to face that. Dr. Keyworth doesn't really address that di-
rectly in his testimony. articulate though it is. He just doesn't see
the issue in that fashion. and I am saying somebody has got to
stIrt talking about that.

One of the problems I think you face in California. as we face in
Floridaalthough this doesn't have to do with fruit fliesis that
we have overexpanded. We have overexpanded our university
system. and now we are having trouble politically trying to figure
out whe.her we should allow Gresham's law to work and keep ev-
erything we've got but not fund it. or whether we should tx'gin to
concentrate on the question of quality. That is the kind of question
I'm iiskOIL; you.

Dr YOUNG. Mr. Chairman. to go to the question you asked specif-
ically. I believe that the Federal Government ought to support the
program,, that it supports in a sufficient manner for the job to be
done properly.

Mr. MAcKAY. Now, what is your position on thc. question of the
end-run prohltin as it affects the Congress. that is, the universities
or specific programs to come here and lobby for their own interest
instead of continuing to work through professional groups and the
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Dr. YOUNG. I believe for myself, Mr. Chairman, and as a member
of the associations to which I belong and speaking for the Universi-
ty of California, that the end-run approach is potentially very de-structive of the relationship between universities and the Congressand the Federal Government, ad we must find ways to provide
those facilities without coming directly to Congress for funding spe-
cific research facilities.

Mr. MACKAY. All right.
Dr. Hess, would you have any comment?
Dr. Lim. I think that the question of funding, whether it be for

students, individual researchers, or for equipment. has to be looked
at from the standpoint of that if any one part of the infrastructure
is shorted, that affects all parts, and we have gone in the pastthrough a period in which funding of equipment was not enter-
tained. That has now been changed. and I think that is a very im-portant step in the right direction, so I think that it's difficult to
say we'll shift within that infrastructure from one area to another.

I think the concept of having matching funds is one way to be
sure that there is a commitment from the local level and the Statelevel as well as there is from the Federal level, and to do it
through a program which has a peer review component I think will
also help insure that that is the best investment, that is, that thefunds do go to institutions that have the quality to do the research.

Mr. MACKAY. Are you suggesting, Dr. Hess, in your comments
about the extension service being a good model, perhaps, for more
rapid diffusion of research results, are you suggesting that your
agency should broaden its role or that another agency should, thatthere Should be in effect an engineering or a science extension
service?

Dr. IlEss. I am suggesting the latter, that the model that hasworked. I think, very well in agriculture should be explored to seeif it would have applications in engineering. I don't see the agricul-tural Cooperative Extension Service taking on the engineering
component. That would be completely improper, but I think themodel has some very interesting aspects and. I think, has made
real contributions in agriculture. I wonder, since the observationhas been made that we do seem to have a problem in terms of
translating information to use, if that could be one approach.

Mr. MACKAY. All right. Would vou favor more of a block grant
type funding. where in effect the Federal Government gave to eachState a sum of money and allowed the States to make the priority
decisions in where the money went for research. or would youfavor it continuing now as it now exists?

Dr. You NG. 1 think that, as I indicated in my statement, that
there an:. several mechanisms which ought to be explored very
carefully. At the moment. I wouldn't be prepared to say that Ithink one of them is a better approach than the other. I suspect
that we will finally conclude, when we look at them together, thatwe need to have more than one method of accomplishing this. I
think the block grant might be a useful method, to a limited
extent. I think on the other hand, though. the funding of facilities
through the agencies that are sponsoring research in order to pro-
vide the facilities to enable them to get their research accom-plished is also a very important way. and I wouldn't want to at
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present time choose between those two or among several others
that might also be applied. I suspect those are probably the two
ways. however. which would together make the greatest impact in
resolution ef the problem we have at the present time.

Mr. M.sticsv. Are there any other questions. Mr. McCandless?
Mr_ MCCANDIANS. No.
Mr. MACKAY. This has been very helpful. and I appreciate your

being here. We regret that our weather has caused the problems
with Dr. Rhodes and Dr. Sillier. Without objection, the statements
by Dr. Rhodes and Dr. Silber will be inserted in the record, and the
record will remain open for Members to submit other material in
the record until May 15.

Thank you very much for being here. and we are adjoure,..I.
Dr. YOUNG. Thank you, Mr. Chairman.
[Whereupon, at 10-.55 a.m., the committee recessed, to reconvene

at 10:57 a.m.. the same day, for the purpose of hearing a statement
from Dr. Rhodes.]

Mr. MACKAY [acting chairman]. If it is possible to do so. I would
like to reconvene the meeting so that we could hear from Dr.
Rhodes. i very much appreciate the problem that he has had.

Dr. Rhodes. if it is convenient with you. we wilt go right ahead
with your testimony. We appreciate your being here and apologize
for or weather.

STATEMENT OF DR. FRANK H. T. RHODES. PRESIDENT. CORNELL
UNIVERS{ 11% ITHACA. N.V.

Dr. Ritooes Mr. Chairman. I apologize to you for being late. I
have just driven by the scenic route from Hagerstown. and I apolo
gize to you and members of the committee.

My name is Frank Rhodes. and I am the president of Cornell
University. f have the pleasure this morning of representing the 50
major rem :arch uriversitis of the Association of American lJniver-
sitis. as well as the American Council on Education and the Na-
tional Association of State Universities and Land Grant Colleges.
and the two Associations of Graduate Schools.

I been' irom stating what you Laud your colleagues know so welt.
whiLli is that the research and development base which our Nation,
has created over many decades remains the strongest and the most
pro'!uctive in the world. But in spite of that strength, there is e%i-
denc now that the gap between us and our foreign competitors is
narrowing. partly because of their increased investments in science
and technoiogy anti partly because of the rc*.ion in our own its
search base.

In spite of recent increases in funding for research and develop
ment the basic resarch conepon-nt of those increases has been
waxiest. and we now Lee very serious problems in the Nation's uni-
vcrsitie- with regard to our basic research effort. It is those prob-
lem that I want. with your permission. to address and to identify.
,pinlly itios in graduate. education. the case of young research
workers. re:ear-eh istrunintatIon. and research facilities. and
then in response zo your request to say a little about overhead
rosts and the appropriate Federal role in fostering universi'y and
ineustry partnerships. I will he very brief. in view of the tact that



86

you have generously reconvened, and hope, Mr. Chairman, that
you will accept the full written account for the record.

First of all, our graduate schools: They provide the continuing
supply of trained individuals with the skills on which our future
depends, but we now face a very serious shortage of graduate stu-
dents in certain fields. For 15 years, Federal support for graduate
education h a s been substantially r e d u c e d and the number of f e d e r-
a l l y f u n d e d g r a d u a t e fellowshi = in t h e h y s i c a l s c i e n c e s and engi-
neering has declined from 51,111 in 1 to about 1,500 today. In
the face of sharply increasing international competition, critical
national needs covered by graduate education are now going
unmet.

The present administration has proposed small and highly tar-
geted increases in university research and development, especially
in those areas perceived to be of closest significance to the national
defense. Let me illustrate the budgets of three agenciesthe NSF,
DOD, and NIHwhich show, I think, the limitations that our uni-
versities face at present in terms of Federal support.

The Department of Defense budget proposes to increase its in-
vestment in university research at a level slightly above inflation,
and to award the third class of 40 graduate fellowships designed to
attract graduate students into programs linked to our national se-
curity needs. They also propose to undertake a 5-year, $150 million
program to upgrade research instrumentation in labs that carry
out research programs in areas related to defense needs. But, as
you and your committee members know, the DOD research initia-
tivescommendable as they are and welcome as they areare now
at risk at present in the House version of the DOD authorization
bill for the coming financial year.

If we turn now to the National Science Foundation, the 1985
budget outlook is much more encouraging. Augmented in the
House authorization bill by the increases proposed by your commit-
tee, this provides for significant real increases in the Foundation's
physical sciences, engineering, and graduate fellowship programs,
with other more modest increases in other fields. This NSF budget
is the centerpiece of the administration's financial year 1985
budget for university research, and I want to express to Dr.
Keyworth and his associatesas well as to you, Mr. Chairman, and
members of your committeethe appreciation that all of us, in the
research university community, feel for your leadership, not only
in strengthening that NSF budget but in negotiating it with such
skill through the passage of the authorization bill. We regard these
as welcome and important first steps toward a more comprehensive
Federal investment strategy to strengthen basic science and gradu-
ate education.

In sharp contrast to that, we note with real concern the lack of
any significant funding increase in NIH research activities. In fact.
the budget request for NIH and ADAMHA is once again below the
levels needed even to sustain the present research activity, and our
hope is that members of this committee and the Congress will
again support efforts to protect and sustain university biomedical
research and training programs.

There still remains, then, the urgent need to attract some of our
outstanding young people into science and technology, and the new
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competitive fellowships offered by the Office of Naval Research are
an excellent model for other agencies. Our hope is that other Fed-
eral research agencies will follow the lead that they have given.
providing a total of some 750 or so merit-based portable graduate
awards to individuals and an equal number of awards given to stu-
dents through institutions with high-quality graduate programs.

Second, let me mention the plight of young faculty, newly-ap-
painted in universities and now facing increasing problems because
of the inadequacy of facilities in which they have to work. The sup-
port of young faculty has been recognized by the National Science
Foundation with the Presidential Young Investigator Awards pro-
gram. and we hope that that will be continued at least at its
present strength, not only by the National Science Foundation but,
again. that other agencies will follow the lead that they have given.

Point three, research instrumentation: Instrumentation and
equipment now being used in many of our university research and
training labs is very seriously out of date. A recent survey just pub-
lished by the National Science Foundation illustrates the extent of
the problems that we face. One fourth of our research equipment,
with a total purchase price of $904 million, is now obsolete. Only 16
percent of all the equipment in academic research labs is state-of-
the-art. Ninety percent of our departmental chairpersons reported
in the survey that the lack of equipment inhibited the conduct of
critical research.

These new National Science Foundation data amply justify in-
creased investment by the NSF and other major mission agencies
in university research equipment, but that alone will not solve our
problems. We have to look for additional and alternative solutions
to make sure that scarce resources are fully utilized. That's why we
applaud the efforts of the AAU. the National Association of to
Universities and Land Grant Colleges, and the Council on Govern-
mental Relations to undertake a comprehensive study designed to
explore alternative sources of funding for research equipment.
That project is supported by six Federal agencies.

Let me turn now to research facilities, and to say again that the
needs here are equally pressing. A recent survey by the NSF of 25
universities estimates that research universities and colleges re-
quire at least $1.3 billion per year to meet accumulated research
facilities needs, and yet the total Federal investment in R and D
plant in universities is projected to be $40 million in 1984, and es-
sentially all of these funds are targeted for special purpose user or
national) facilities. There is no general reinvestment effort by NSF
or by any other mission agency designed to help with the modern-
ization of the university research labs in which so much of the
agency funded research is carried out. This, I have to emphasize to
you and the committee, Mr. Chairman, is our most serious long-
range problem in the research universities.

You suggested that I might illustrate what I have to say by expe-
rience at one universitymy own, Cornelland I am happy to do
that to show the local magnitude of the problem. We are proud to
be among the Nation's leading research universities, with a total in
the last fiscal year of about $150 million in sponsored research.
NSF and NIH are the major sponsors. Let me illustrate, with half
a dozen very brief snapshots, the problems that we now face.



88

The first is university libraries. Universities deal with knowl-
edge: We make it, we transmit it, we store it, we use it, and the
effective storage and dissemination becomes a growing problem
with the exponential growth of new knowledge. Computers can
help here, but our library of more than 4 million books can be com-
puterized only at a cost of $6 million in front-end funding and an
additional $1 million a year in operating costs. There is little likeli-
hood that that long-term cost will decrease.

Second, we operate, with NSF funding, a materials science
center, the largest of 14 such programs throughout the country. It
has existed for 25 years and contributes significantly, through re-
search and highly trained personnel, to the Nation's economy and
the study of the uses and properties of material that affect every
aspect of our life. We have put a high priority in our internal fund-
ing on replacing equipmentcapital itemsdevoting 15 to 20 per-
cent of our budget a year for that particular need, but the cumula-
tive deficit we now face in equipment for that facility is $4 million,
and without it our value as a research and teaching resource is
compromised. We have no source to which we can turn for these
funds.

Item three: We operate a very successful national submicron fa-
cility in support of computer chip development. It is the only
center of its kind supported by NSF. It was built by Cornell with
private funding, and it is funded jointly by NSF and the semicon-
ductor industry. In this area we face an immediate shortfall of $5
million for new equipment over the next 3 years. If we are to
remain competitive in the international field, we must have equip-
ment that is state-of-the-art.

Item four: The problems of new faculty members requiring new
labs and new equipment are particularly pressing on the Nation's
research universities. We appoint 20 to 25 young scientists every
year to our faculty, and we find that the cost of equipping them
lies between $100.000 and $300,000 each. To the extent that we are
unable to provide the best possible start for these young faculty
members, we limit their growth and their usefulness.

Item five, new facilities: I have mentioned this in national terms.
At Cornell we see a focused example of it. We have great expertise
in such areas as biotechnology, in plant and molecular biology, in
animal reproductive biology, in electrical engineering, in computer
simulation, and a host of other areas. Our cumulative needs in
terms of facilities well exceed $100 million. We have no immediate
hope of obtaining those funds.

Let me turn to two items, Mr. Chairman, about which you made
particular inquiries. The first is indirect costs. For the past 2 years
we have seen increased attention paid to indirect costs, not least
because in firancial years 1983 and 1984 the Department of Health
and Hum'!" Services proposed cutting reimbursement of indirect
costs by 1i percent. Universities complained loudly, and the result
of that was that the proposal is no longer part of the administra-
tion's fiscal year 1985 budget, and the President's science adviser
has proposed a study of the issue of indirect cost in the context of
the universities' ability to continue to undertake federally spon-
sored research.

92
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I won't go into all the reasons for increases in indirect costs. My
written testimony covers this in some detail, but there are two fun-
damental reasons for the increase. The first is that we face increas-
ing Federal regulation in the way in which we conduct research
and also, with it, federally instituted requirements for detailed cost
accounting. The second is, inflation disproportionately affects indi-
rect costs for various reasons in terms of the purchase of equip-
ment and the maintenance of equipment.

It is important, I think, to remind ourselves that indirect cost
rates are always approved retrospectively, in very detailed discus-
sions with Federal auditors who continually monitor and examine
university expenditures.

Finally, you asked me to address the question of what the Feder-
al Government can do to increase the pattern of cooperation be-
tween the universities and industry. Industrial support of universi-
ty research is one of the most significant developments of recent
years, but it can easily, be overstated. The total industrial support
for university research is now only about 3 percent of all funds
used. and few observers believe that it will ever rise beyond about
S to 10 percent of the total. For most universities undertakng re-
search on a major scale, it is not in fact a new phenomenon. It has
existed for decades.

You have encouraged, for which we are grateful, a variety of
funding mechanisms and cooperative agreements which are still
being developed. Often, the award of an equipment grant from the
National Science Foundation or other agency is proving to be Li
very important catalyst in the development of these new arrange-
ments with industry, so an important side benefit of Federal invest-
ment in research equipment is the stimulation it gives to new re-
search partnerships between industry and the university.

One of the most significant incentives that you have offered is to
develop the donation of research equipment to universities, and I
speak specifically of the Economic Recovery Tax Act of 19S1. That
ought to be strengthened. we believe. to provide for the donation of
instructional equipment or equipment previously used by the donor
for less than 3 years, and to remove some of the present ambigu-
ities over the donation of computer software. We find that tax in-
centive especially valuable for large corporations. but we hope that
you can also review the need to develop incentives for small. inno-
vative' companies. Different kinds of stimuli are probably needed to
assist them in the development of sophisticated new instrumenta-
tion.

University research has special requirements for this kind of it-.-
strunientation. and we believe that university faculty can
117411,:i role in assisting small companies to inet-t the difficult cha
lengs involved We need to find new ways to encourage that I-ind
erg coolierat ion.

In concluding. Mr Chairnm. let me say what coin. coniiiiii:er
(foes not need to he reminded of but which prhatc- othefs in Wa.,11
ia;.tton nia,v need to hear repated Research 711er foundation of
our ,:.it proi:ress. Our economic strength. our industrial 1.,7;-
(Ititibity. our cultural vitality, On 1.11*()PIP S health, our intpii:at ton-
al !elder:46p. and our national seL tartlyall these and more
depend on O. With a strong research base--governmental.
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al, academicwe shall
prosper. Without it, we shall decline. To ne-glect the research enterprise is to mortgage our future.

Alfred North Whitehead once declared many years ago, "TheNation that undervalues trained intdligence is doomed." Thatjudgment stands. Time has reinforced rather than weakened itstruth. Federal support of trained intelligence and its application increative research and vigorous development is not simply one claim
amongst many other competing claims, however admirable andworthy their goals may be; it is the prerequisite for all other goals.It is the best hope for their achievement. It is the foundation of
their eventual implementation,

the basis of our national well-being.Mr. Chairman, that is why these hearings have raised questions
of such major importance. Our present responses to them will in-
fluence our national life well into the next century. We wish tocommend and to thank you and members of your committee forraising these fundamental issues.

Thank you.
[The biographical sketch and prepared statement of Dr. Rhodesfollow: j
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September. 1983

FRANK H. T. RHODES

Frank O. T. Rhodes is the ninth president of Cornell University. He was elected

on February 16, 1977. took office on August 1, and was inaugurated in formal ceremonies

on November 10. 1971, all in the University's 113th year. (Cornell was founded in

1865.)

1 geologist by trainfrg. he holds the faculty rank of professor of geology and

mtnerdlosy at Cornell.

Before assuming the Cornell presidency. Rhodes was vice president for academic

affairs at the brilver5ity of Michigan for three years. He joined the Michigan faculty

as prorev./.1r of geology and mineralogy in 1968, and, in 1911, was named dean cf the

:,allege of Literatore. Science and the Arts. the largest of Michigan's 18 schools and

colleges.

Rhe.des was born October 29, 1926. in Warwickshire. England_ He received a

bachelor of science degree with first-class honors in 1948 from the University of

Birmingham. Ergldnd, followed by a doctor of philosophy degree and a doctor of science

degree from ?in came institution. His honorary degree'. include LL.D.s from the College

of Wooster and harsreth College cf Rochester. L.H.D.s from Colgate University. The

Jonns University. Wagner College, Hope College. and Rensselaer Polytechnic

Instit.ite. a .Sc.D from the University of Wales. and a D.Litt. from the University of

Nevada at Lac Vegas. He is an honorary meeber of Phi Beta Kappa.



He went to the University of Illinois in 1950 as a postdoctoral fellow and

Fulbrloht scholar. from 1951 through 1954 he was a lecturer in geology at the

University of Durham. England.

He returned to the University of Illinois as an assistant professor in 1954, was

ntned associate professor In 1955. and became director of the University of Illinois

Field Station in Wyoming in 1956.

Rhodes then went to the University of Wales, Swansea, in 1966 as professor of

geology and head of the geology department. In 1957 he was named dean of the faculty

of scle,f.e there.

He received numerous awards. including the Daniel Pidgeon fund, tyell rune and

Riot), Medal', all from the Geological Society. He was the Gurley Lecturer at Cornell

in 19 fie ..d throe. -..- of the National Science Foundation-Ametican Geological Institute

first infrcatincil f7eld Studin,. Conference in 1961.

Rhod.:s was National Science Foundation ieo.fr visiting research fellow at Ohio

'2'2Lte 1, 196'..-.-66 and 0ot/rocker Lecturer there in 1q66.

Slot,. 15C? "e hal been editor of the geology series of the International library

ird

.s a rember Of the Geolmjicel Society of America, American Association of

Petrrn,,!n Sleety of Econoric Paleontologists and Mineralogists, the

: qtr,1 the valdedoto;,lir41 Aisnriation end the Palaeontographical

T O. wts ct-Pfr,r, of the 1.terati,nel L000dunt Syrilosium in i970. lin is 4

!r.; ri; a! . rember of the Geological Society of London. He he,

J. ;eslIcn: of the Pc -u7:tclzgkal Assotiaii.,n, and Settioo C ,f Vm:

ity,r 'or tcs Ao..encement of science.
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He ta.s,e a, ex te-fti eximin. to the University cf Bristol, Belfast, Oxford and

F2- 1; 3no. for adval.ted degrees, to various other uni.ersitles in Australia, India,

irgelt..0 and Canada. He was op aff ic Al travelirg as a

roi,re.smc!At yA f the British Council, to uiversifies
i:. Australia, Pakistan. India,

TLriey. !rar avr Malaysia. He was also an A4Stral inn Vice-Char.cellort.' Coglaittee

A,stralian universit4 e has first-hind everience with universities in

Swedpr and It.ig, well WA m.it.y in Ncrh America.

hA, .,-o as chair.lan of the
curriculum panel If th0 Council on Education
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Evolution of life, and Language of the Earth, He was the senior author of the

monograph on undergraduate education published by the American Geological Institute in

19/1.

Rhodes has beer author, consultant and participant in several educational radio

and television programs, including the British Broadcasting Corporation (BBC)

television series "The Planet Earth" and the BBC radio series "Science, Philosophy and

Religion."

Rhodes, a naturalized United States citizen, and his wife, the former Rasa

Carlson. or Iron: Mountain. Michigan. have four daughters. They live at 603 Cayuga

Eights RaaJ. Ithaca.
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Kr. Chairman, Members of the Committee on Science and Technology a

my name is Frank Rhodes, and I az President of Cornell
University. I have the pleasure this morning of representing the50 major research universities that comprise the membership of theAssociation of American Universities. I am also representing the
American Council on Education, the National Association of StateUniversities and Land-Grant Colleges, the Association of GraduateSchools and the Council of Graduate Schools in the United States.

As this Committee knows well, these associations together
represent essentially all of the nation's universities andcolleges that carry out the research and related education
programs supported by the National Science Foundation, the
National Institutes of Health and other mission agencies ofthe Federal Government.

Introduction
The research and development base which this nation hascreated over many decades remains the strongest and mostproductive in the world. In spite of our strength, however,

there is evidence that the gap between us and our foreign
competitors is narrowing, partly because of increased investmentsin science and technology, and partly because of the erosion inour awn research base.

In 1969, our national R&D expenditures were more than twicethe combined Rf.t; expenditures of France. Japan, the UnitedKingdom and West Germany. Just ten years later, in 1979, the
combined R&D expenditures of those four countries equalled ours.

OL:r k&D expenditure as a percentage of our G;csc. National
Prodqct is leas than that of most other nations. ;te hwef forexample, trailer' West Germany for 10 years and tne (!SSR tot. the23st .5 --wars in this expenditure. If or.e looks at civilian R&Dcxpencis a ratio of GNP, the cc-npariss:ns are oquallyrevealinqs 0.s. 1.o4. ..Taian 2.30, West Zermi.4r,y. 2.53.

In spite of recent increases in research and develoicent
expenditure, the basic 4usearch i..:ZIp4.):Tra of those hasteen moN2st, a.td we r..ow fa,-e seric.z zre,1.:,:emb irr :rie
basic :esearch effort. Let me then address the ric,2(1srezearch Ar.. four .iceaz;

graiwtr
researcr. ..:

reEearcti irztr.:-tntatIon
- research facil 1.tles

1:' utIF- 0," I 1Uitr req4et.t.,, t s.ty
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something about the increasing overhead costs associated with
doing research, and about the appropriate Federal role in
fostering university /industry partuerchips. / shall try to cover
highlights briefly in my testimony, Mr. Chairman, 4nd hope that
you will accept the full written statement for the record.

Graduate Education

Our world seems to grate more complex and more insecure
at every turn. Out graduate schools provide the
continuing supply of talented individuals with the knowledge,
technical skills and perception on which our national
security, our economic strength and out cultural vitality depend.

Assuring a continuing infusion into our society of such
talent must be a national -- and federal -- priority. Let me
give a few examples of the recent fruits of basic research in the
medizal field which illustrate the direct benefits of research.
Medical research has:

increased the survival rate of Childhood
cancer victims from 5 percent to 57 percent
between 1962 and 1982;

developed recombinant DMA technology --
with all its potential benefits

reduced the death rate from coronary heart
disease by 30t since 1970 (saving 148,000
lives and an estimated $7.7 billion in 1982
alone); and

contributed over $40 billion to the GNP
each year from non-health related products --
more than the total federal investment in
basic research over nearly 50 years.

Federally funded fellowships have been a clear success and
an important, even determining, factor in the careers of numerous
researchers who have contributed to these and other successes.

But we now face a serious shortage of graduate students in
certain fields. For Is years, federal support for graduate
education has been substantially reduced. The number of
federally funded graduate fellowships in the *laical sciences
and engineering has declined from 51,000 in 196E to about 1500
today. In the face of sharply increasing international
competition, critical national needs served by graduate education
are going unmet.

The present Administration proposes small, highly targeted
increases in university research and development, meet notably in
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the areas perceived to be of closest significance to the national
defense. The budgets of three agencies NSF, DDD and NIB --
illustrate the lisitatiohs of this strategy in providing a
solution to our problems.

The Department of Defense proposes to increase its
investment in university research programs at a level slightly
above inflation, and to award the third class of 40 graduate
fella/ships designed to attract undergraduates into graduate
programs in fields linked to our national security needs. DOD
also has undertaken a fivenrear, f150 million program to upgrade
research instrumentation in laboratories that carry out research
programs in areas related to our defense needs.

However, the DOD research initiatives, commendable as they
are, are at risk at the moment in the House version of the DOD
authorisation bill for 11 -1985.

The FY-1985 budget request for the National Science
Foundation is much more encouraging. Augmented in the House
Authorisation bill by the increases proposed by this Committee,
it provides for significant real increases in the Foundation's
physical sciences and engineering programs, with somewhat smaller
increases proposed for other fields.

Moreover, after almost a decade of neglect, additional steps
to strengthen the NSF graduate fellowship programs are proposed.
Targeted attention also is being proposed to assist young
researchers, who with some encouragement at a crucial point in
their careers, mei now pursue careers in academic science.

The NSF budget is the centerpiece of the Adisinistration's
FY-1985 budget for university research, and I want to express
thanks to Dr. eeyworth, Dr. Hess and their associates for these
timely initiatives.

I also want to take this opportunity to express to you, Mr.
Chairman, and to the members of your Committee, the appreciation
of the research university community for your leadership in
strengthening the NSF budget and in skillfully negotiating the
passage of the authorisation bill. These are welcome first steps
toward a more comprehensive, government-wide investment strategy
to strengthen basic science and graduate education.

In sharp contrast to the DOD R&D budget and the significant
proposals in NSF is the sharply restrained request for NO
research activities. The budget request for NIB and nOANHA once
again is below levels needed to sustain even the present research
activity. We hope that the members of this Committee and the
Congress will again support efforts to protect and sustain
university biomedical research and advanced training programs.

There remains an urgent need to attract some of our most
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able young research workers in science and technology into fields
of public priority. The new competitive graduate fellowship
program of the Office of Naval Research offers an excellent model
for NSF and the other mission agencies. The program offers
talented students competitive three-year fellowships with
stipends of $13,000, plus full tuition and a $2,000 research
award to the host department. The Navy imposes no employment
requirements. The motivation of the ONR program is to find and
attract a few of our best young minds into advanced education in
fields of science and engineering of interest to the Navy.

A stronger, more balanced approach would provide for small
graduate fellowship programs in each of the major mission

d agencies. These would provide for a) merit-based, portable.
three-year graduate wards to individuals, and b) an equal number
of awards made to students through institutions with high quality
graduate departments that carry out basic research programs or
interest to each agency. Such a shared effort could provide a
total of 1500 to 2000 additional awards annually, for relatively
small investments by each agency. The mechanisms are well known.
proven and mutually reinforcing. Particular attention needs to
be given to the serious shortage of minority students in graduate
research programs.

Young Faculty

Closely linked to the needs of graduate students are the
increasingly serious challenges that face young faculty in their
early careers in research. The attractiveness of an academic
career is being diminished by an environment which often provides
only outdated equipment and inadequate laboratory space.

We commend the new NSF Presidential Young Investigator
Awards program, which is entering its second year with the
FY-1985 budget request. The first 200 awards were announced
recently. It is encouraging to note that more than 20 of the
first class of awards went to women. It is important that this
new program proceed uninterrupted during the five-year cycle of

the awards.

But the support of young faculty ought riot to be the sole
responsibility of the National Science Foundation. We urge the
Committee to exercise its leadership to encourage the appropriate
committees of the House to add small initiatives fur this purpose
to the research programs of DOE, NASA. USDA, COD and NIB.

Research Instrumentation

The instrumentation anti equipment now being used in many of

our research and training laboratorle. is seriously out of date.
This is well documented by survey res.ilts, lust published by the
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we, of university research instrumentation systems in three
selected fields -- computer and physical sciences and
engineering. The report produced the following findings'

- one-fourth of the 1982 resea. ch equipment inventory in these
fields, which bad an aggregate purchase price of 6904
million, is obsolete and no longer in research use.

- only 16% of all academic research equipment inventoried is
state -of - the -art.

- more than 90% of departmental chairpersons surveyed reported
that the lack of equiptent inhibited the conduct of critical
research.

- 31% of all instrument systems in use in 1982 was more than 10
years old.

- contrary to the expectations of sane, university researchers do
share equipment at significant levels. Each instrument system in
service in 1982 was used by a median of seven researchers. The
median number using each piece of computer sciences equipment was
25 researchers.

- 46% of the chairpersons rated the glality of support services
(e.g.. machine shop, electronics shop, etc.) as 'insufficient'
140%; or 'non-existent' (6f).

The s'avey also revealed useful information about current :;ounces
of suppor t.
- NSF is the leading federal sponsor of research equipment

purchases in the physical and computer sciences, providing about
521 of federal support in these two fields.

- Lou the primary federal funding agency in engineering.
a.u,ou:tIng for 45% if the federally financed engineering research
Nut merit..

nonfe.:eral ..-..ources play an imiortant rc:e. In 19g.. 78*
computer sciences instrument systems. b4% of enqinter:ng
sysZCMS and 524 cr physic-31 ecien,es instrument systems were
no.. federally funded in their entirety. Universities' a.31

accounted fr at least 70% of the non-fedesl!
uspri equipment in each of these three fields.

funds accounted fur 104 sC non-federal researar e,,uipmentpurnases.

These new Nsr seta ,rote than. ;.stify sustained investment by
NsF and the major a4encle..-. In university rersearr:h

This cJrItinL:ed 'ecier1.1 invcAtzleLt. while essential,

S
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is an insufficient response to the problem. We must search for
alternative solutions to make certain that scarce resources are
fully utilized. Therefore the AAU, the National Association of
State enieersi.ties and Land-Grant Colleges and the Council on
Governmental RelatSons have undertaken a study project designed
to explore alternative solutions to the equipment problem. The
project seeks to identify and evaluate new approaches to
acqui.ring, managing and using equipment, and to inform the
university conssuraty and others of the results of these
evaluations. The project is being supported by six agencies:
NSF, 03E, DOD. NU, NASA and USDA.

A summary of the topics being addressed by the project was
presented to this Committee on February 28 by Dr. Robert
Rosenzweig, President of the Association of American Universi-
ties. I need not discuss it further here, other than to say we
are very pleased that these issues have the attention of these
agencies and we are looking forward to an interesting and
peoclactive result.

iteseat en Facil i ties

A preliminary NSF survey of 25 universities, just released,
conservatively estimate:: that research universities and colleges
leqsi re $1.3 billion per year to meet accumulated research
facilities reeds. In FY-1984 the total Federal investment in R&D
p=art in universities and colleges is projected to be $4C

and essentially all of these funds are targeted on
special parpose user or national facilities.

I ksew that this Committee, and other Committees of the
House, have nei;tin an effort. to unierstand and address the
srstiless a:-sociated with deteriorating research lausratories. A
year alo this semrusttee assed NSF to consider the question, and
sse Hesse Cs:sr.:stet on Armed ServIses .:erected the ssiD to cariy
out a cosprenensive assessment. of the research facilities nseds
f snivtraities er.gaged in SOD-Sper.scred research. We understand

that a:. 1:.terageney group is now at wcrk planning that effort.
Ws neve that the Committee will follow that effort with
:nterf-;:t ana cncoara4ement.

7:-.41c Is now no gen-..ral reinvestment ef for'. by NSF or by any
74;Z:cr. a ;enc.,' specifically designed to help with the

of the university research la'.oratories in which
2;cs ssrs.e.s carried out. Just as several agencies
:ova .-:,;r: the r,.-.'arch equipsent prok:lem, we urge the

to 1.3i. them 31zo tv achieve a shared asressr.ent of the
34:1.1t.tgF: pr.;:len fie.:o and t., tastirn a Lomprenensive

ss.est-wide aproech to address it. This is, I must
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emphasize, the most serious long-range problem facing our
research universities.

Throughout these remarks, I have suggested that all of the
six major research agencies of government join together to
address the four priority areass graduate education, young
faculty, research instrumentation and facilities modernization.
Only a shared long-term reinvestment plan and funding strategy
will provide the breadth and concentration of resources,
consistent with the missions of the agencies, necessary to
address the needs.

One such apptoach has been introduced in the Senate. S.
1537, the "Research Capacity Restoration Act of 1983," has been
cosponsored by 20 Senators. I understand that discussions of
such a proposal are proceeding in the Rouse. We hope that this
Committee will support such a reinvestment plan. I do understand
the difficulty of addressing issues of such magnitude in the
current budgetary climate, but a solution must be found if our
university research capacity is to be preserved.

Experience at Cornell University

I should like to illustrate some of the issues I have
addressed with the experience of ey own institution. Cornell is
4nong the nation's leading research universities. Sponsored
research expenditures in the last fiscal year exceeded SISO
million with NSF and MIS being the major sponsors. Our research
programs are open and accessible to all who would draw from then.
They are fully integrated into our educational programs and we
are a major producer of young people educated to serve our
national needs. It is vital to the national well being that we
provide these young people not only with the opportunity to learn
from a group of the nation's leading research workers, but also with
the instrumentation and facilities that maximise their value to
our society.

will give a few examples of our needs in these areas.

Universities deal with knowledge. we make it, tramemit it,
store it and use it. effective storage and use of knowledge
requires effective libraries. The exponential growth of new
knowledge makes it ever more difficult to use knowledge well --
or to store it, for that matter. Computers hold the promise of
helping to solve the dilemma but the cost ie high. Cornell's
library of more than 4 million books can be made accessible to
users, as can the resources of other research libraries,
but the cost will be more than $6 million in "front-end' costs
and an added $1 million in operating costs for at least the first
five or six years. There is little likelihood that this
long-term cost will decrease.

Cornell operates, with NSF funding, a Materials Science

1 t;
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Center. This collaboration between p*sicists, chemists, and
engineers is the largest of fourteen such Kogan funded by the
Foundation. It has operated for 25 years and has contributed
significantly to the nation's economy through research and highly
trained personnel in the properties and uses of materials so
essential in manic app/ications in manufactucing. construction,
and fabrication. This fondemental but interdisciplinary area of
study intersects every aspect of our dear lives. Proem the
buildings we live in, the cars we drive, the surfaces we drive
on, the clothes we wear, to the medical devices we implant -- the
list is inexhaustible.

For the past decade, the Cornell Materials Science Center
has made capital equipment one of its highest priorities. (The
other is start-up support for new, young, faculty.) The Center
allocates a minimum of 1.511 of its budget to capital equipment
each year. In some years, the allocation exceeds 20%. These
funds are supplemented from time to time by major individual
equipment grants. It is anticipated that this policy will be
continued into the foreseeable future.

There has been an unprecedented and explosive development in
new, sophisticated research equipment i14 the past 20 or eo years,
fueled by major advances in electronics and computers. Industry
and government have bad greater resources than the universities
and this has led to a substantial equipment gap. It is
nevertheless the Center's estimate that it is not closing the gap
in comparison with the equipment resources available in major
industrial and gmiernme t laboratories.

The University, within the last vivo weeks, has made a very
substantial commitment of funds to help the MSC sustain its
equipment base and to make ", more useful to researchers from
Cornell, other universities, and industry. We have proposed to
NSF that we will provide 5600,000 to assist in the
purchase of three major items of equipment that will cost a total
of 52 million. NSF is asked to provide the remainder. The
individual items, all essential to the study of surface phenomena
in industrially important materials, cost $950,000, $700,000, and
$350,000 (two electron microscopes, each very different in
function, and a device for depositing and analyzing thin films).

It may sound as though this is a "'good deal' for the
University and in fact it is. The University's problem is how
and where to find such major sums of zoney. The cost of the
equipment needed is increasing much ere rapidly than inflation.
It is not a matter of simply replacing worn out instruments. The
new instruments extend our ability to measure and evaluate. They
go well beyond instruments they replace in performance as well as
in cost.

In the general area of materials science research, despite
the commitment I have just described, we can identify a need for
more roan 64 million of new oquipient at Cornell. Without it,
our value as a research and teaching resource will inevitably be
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compromised. We have no source to which to turn for these funds.

A closely related area is longterm research in support of
computer chip development. Cornell operates a very successful
National Submicron Facility. It is the only center of its kind
supported by the NSF. Cornell provided funds for the construction
of the facility. NSF provided funds for equipment, and both provide
operating funds -- as does the semiconductor industry through a
grant from the Semiconductor Itesearc.h Corporation.

In this vital area, we have identified a need for more than
$5 million for new equipment during the next three years.

A third example of new equipment needs is less specific but
it is, nonetheless, real and a very important deficiency. As
young people replace retiring faculty, the areas and emphasis of
programs change. New faculty members need laboratories with new
capabilities and new, often different, kinds of equipment.
'typically, we must find between $100,000 and $300,000 to equip a
laboratory for a new faculty member. We don't always succeed.
When you realize that we may appoint 20 or more young scientists
a year you can understand why. Tr) ti.. 0,:terst that we cannot
provide the best possible start for these young faculty members.
we limit our technological growth and the value of these faculty
members to our society.

The situation with respect to new facilities is even more
acute. In areas where we have great scientific competence, we
have identified more than $100 million in facilities needs.
These areas include biotechn'logy, plant mnd molecular biology,
microbiology, animal reproductive biology, vaterinary medicine,
astronomical and atmospheric sciences, electrical engineering.
materlale sciences, computer simulation and theoretical
ccrnputaticns, sinzial and economic sciences, computer sciences,
and manufacturing technology. All have been identified as areas
of national priority. All are areas in which we have the Inman
potential to make a much greater contribution.

In concluding this portion of my testimony, I should like to
quote f t Ei.:liard DeLauer, ender Secretary of Defense for
Research and Engineering, who recently wrote to the President:
`since the mid-70's . . we have allowed our technological lead
to erode and our support for education and research to decline.
()Jr teriearch and teaching i Mit tut already are having serious
dirficulties producing the quality scientists and engineers
neeciesi to regain the technological lead so essential to uuc
future security and economic well teeing.'

re_t Cot.ts

The ;asp ,:wo years have r.eere sr..reased attention paid to
inoArect cast rates peer fe.ierir:l., sponsored

re:..earzn. In FY '83 ind 'it4. the Depart=ent. of i:ealth and Hzsar,
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Services proposed cutting reimbursement of indirect coat by 100.
Universities objected to this proposal as arbitrary
and destructive of the institutional capacity to conduct
federally - sponsored research. This proposal is not part of the
Administration's FT '95 budget; the President's Science Advisor
has proposed a study of the issue in the context of the
universities' continued capacity to undertake federally funded
research.

As you know, cost-based reimbursement replaced a fixed rate in
1965. At that time, the federal government decided that institu-
tions should be reimbursed for the actual cost of the research
(after factoring in mandatory cost sharing) instead of a flat
rate.

In the period following the removal of this cap, indirect
costs have !isen to reflect the actual costs of the research.
These include inflation (which disproportionately aZ:zets
indirect costs), increasing federal regulation, and the federally
instituted requirements for more detailed cost accounting. To
sum up the major reasons for the increase in indirect costs as a
percentage of total costs:

I. Indirect costs were artificially capped in the years
before 1966.

2. Ir.flation has resulted in a greater rise in non-
personnel costs than in salary costs.

3. The cost of compliance with government mandated health,
safety, social and administrative standards has in-
creased.

A. The nature of research has changed: it is more complex and
requires greater institutional support; research teams and
?roje-4..7 Are larger; more equipment and other resources are
shim .41:)I the costs are charged to indirect cost
oate, e: 1.4 instead of direct cost categories.

5. Legitimate costs of research, once covered by
university resources, must now be recovered through
indirect cost reimbursement.

6. In a period of increasing financial stringency,
universities have practiced better management
and have improved identification of costs.

The most recent revision of OPIS Circular A-21 (which sets
forth the oasis upon which indirect costs are calculated)
included allowance for interest paid to external sources for
construction and renovation of facilities. While this change was
welcome, it is not likely that it will contribute
significantly to the renovation or construction of university
research facilities in the foreseeable future. There arc two
reasons for this:
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1. The advantages in indirect cost recovery accrue only after tae
institution has obtained funds for facilities
from an 'external sourceei such funds are not available
on a significant scale.

2. Concern over increases in indirect cost rates is such that
universities are reticent to take any actions that will
increase them.

It should not be overlooked that indirect cost rates are
approved retrospectively, in discussions which involve

continuous and detailed federal audit of all costs already incurred.

The Role of Government in fostering University-Industry Relationships

Industrial support of university research is one of the most
significant developments of recent years, but the significance
can be easily overstated. the magnitude of industrial support is
now about 3e of total university research expenditures; few
experts see it ever rising to more than 8-100. further,
industrial support is not a new phenomenon. It has existed for
decades in a great many of our leading institutions.

Still, the magnitude of recent developments consti-
tutes significant change. In every year since 1970, industry
funding of university-based research, in constant dollars, has
increased. Total funding doubled between 1970 and 1983; it
increased by 110 in 1980-81 alone. According to Science Indica-
tors 1982, half of the support is in engineering.

A variety of funding mechanisms, institutional arrangements and
cooperative agreements are in place and more are being developed.
Often the award of an equipment grant from the NSF, DOD or
another aosncy is proving to be a catalyst in the formation of
these new arrangements. So an important side benefit of federal
investment in research equipment is the stimulation of new
research relationships between industry and university
researchers who are appropriately equipped to address research
questions of interest to industry.

One of the most significant incentives developed by the Federal
government to stimulate industry support for university research
activites is the provision of the Economic Recovery Tax Act of
1981 which encourages the donation of research equipment to
universities. This appears to be having a very significant
impact, in certain corporations. It ought to be strengthened to
provide for the donation of instructional equipment, for eruip-
ment previously used by the donor for less than three year;, and
to remove present ambiguities over the donation of computer
software.

This tax incentive clearly is valuable where large
corporations age concerne& In the case of small, innovative
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companies, however, different kinds of stimuli are needed to
assist in the development of sophisticated new instrumentation.
University researchers have special requirements for this kind of
instrumentation, and can play an important interactive role in
assisting a small company to meet the difficult challenges
involved. We need to find new ways to assist in procuring such
instrom .station and to assist the industry-university interaction
to take place.

The Economic Recovery Tax Act also provides an incentive for
the support of university-based research. The effectiveness of
this particular provision is somewhat more difficult to asseso,
but in time this too may prove helpful.

Mr. Chairman, these hearings have raised questions of Major
importer..-e. Our present responses to them will influence our
national life well into the next century. We wish to commend and
thank you and the Committee for raising tIcse fundamental issues.

I will be pleased to answer any questions you may have.
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- APPENDIX -

U. S. Research and Development: The Changing Scene

National Expenditures for Research and Development

Total national R&D expenditures have grown steadily in
recent years, although the basic research component of that
growth has been modest. According to a recent report by the
Congressional Budget Office, Federal Stip; ort for R&D and Innova-
tion, R&D funding has increased 41 percent since 1980 (an
increase of 10 percent in real terms). In FY-1984, according to
figures prepared by the American Association for the Advancement
of Science (AAAS), total national funds for kr.D will be $97.9
billion, an increase in current dollars of more than 11 percent
(6.2 percent in constant dollars) over 1983.

Inflation, however, !sae taken a severe toll on the nation's
total investment efforts. A sixfold increase achieved during the
period 1%0 to 1983, adjusted for inflation, is only doubling.
(Universities aad colleges more than tripled their own investment
in R&D over this period of nearly a quarter century.)

The federal role in R&D is changing, both in the magnitude
of the federal investment and the character of the.wor's being
supported. Defense-related R&D, including Department of Energy
owe) defense spending, has grown from 48 percent of the total
R&D bzUget in 196. to 70 pervnt. in 1984 -- a real increase of 53
percent. Rost defense R&D funding is for development, not
fundamental ref:earch. According to the Congressior.41 Budget
Office report cited earlier, DOD spends b= tar the smallest
pc epertion o; basic and applied research of all the major
awn..7:es that fund significant amounts of PAD. It
defense-related development funding is emitted, the real funding
far R&D in 'Y -1984 is only 78 percent of the 1980 level.

While thr Adninistration has increased Jet-:nse-Lelated R&D,it has csl: civilian applj.ed R&D and at the time provided a
compensatory goveirssent-wide increase for isa:.ic research cC 10
percent ov..-r four years. This de- emphasize -, applied research,
oftss as the bridge to technologcs1 isn-vat:on and

E.IPV a:opine n L.

The R& rcle al industry is als chang:o.j. in 19$O, far the
fIrst time in 2 1 yk arc, industry invested more than the fede..s:
government in t.6U. :n .1)84 industra, ac.cour.ted fat an estimated
$50 1)111 tor. in Fit} sligntly more than halt the
rational tcr.--.1. Thus industry has te:onte t;.e largest source of
R&D zupport n the U.S. Mast .7,f indiLstry's inveztvent, as in the
case cf federal fiefte R4.r, as develo:aaent, not fundamertai
ienearun.

Un:versities a1.7,.. fund re:Alai-kin from tneir own or donated
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sources. These funds typically are spent to augment particular

research programs or to provide seed funds for young

investigators. In 1964 universities and colleges spent an

estimated $1.7 billion of their funds for research, a sum equal
to just 3 percent of the total industrial effort. Science

Indicators, however, projects a decline in R&D support provided
by the academic sector. The same report projects expansion in
industry R&D investment (which grew between 1980 and 1983 at an
annual rate of 5.4 percent in constant dollars), and is federal
investment (which grew at a rate of 3.1 pAncent).

As a performer of R&D, industry acounted for 75 percent, or-

$73 billion, of the total national R&D effort in 1984.

Government intramural laboratories accounted for 511 billion. It

is predicted that universities and colleges this year will
perform a total of $8.4 billion of the total $97.9 billion
ndtional R&D effort.

To illustrate he effect of tsflation, academic R&D grew at
an annual average rate of 12 percent during the 1960's. That

slowed to 2.8 percent in the 1970's. In constant dollars,
expenditures for academic R&D are estimated by Science Indicators
- 19E2 to hove declined slightly between 1980 and 1983.

National Expendii.,req for Sasic Research

MbAt academic R&D h..stotically has been basic research.
Science Indicators - 19t- estimates that 25 percent of all

re.eareli and about 50 percent of the naticn's basic research i.:.

carried out in university laboratories. The piithary national

sources :A- support for university basic research are NSF, RIR and

the ot_ner mission, agencies of the goverment. Together thty
account for 70 percent of the total national tuppn:t ,ie

r-ez;eatzh, and they also provide abut 70 per-'en,: of toe total
investment in academic basic researcn.

!".eaSuren in constant dollars for the perted 1960 to 1983,
tae total natinnal investment in basic research 3iew almoht
threefold from $1.7 billion to $4.8 billion. The i:ederal share

of that rr.ve,stztent grew from $1 pillion to $3.2 billion.
expenditures increased a, a fa;tor of 1.8, from $497

r-;r. $914 mill ion. ( Industry ' s real - dollar expendi tnr es

for appliej revearcii almobt trifled and investment in Lievelopmenh

Cfniveri,i ties and college:: 1r:creased their own
collar investments in basic research tohrfold, from $103

to $440 million.

Academic Science and Engineering

.ne S-..indreti years ago, fewer than 2 percent
betwee:. tne ages Gr 18 and 21 enrolled in higher

of tne ineividuals of college age are
30GC, &u Jnlver5ities and colleges. One-third

2_',41, 0 -

of our citizens
education. Now
enrolled in our
4,r our four-year
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institutions have been established since 1960; 1447 of our
four-year colleges offer science and engineering degrees.

The number of institutions offering advanced science and
engineering degrees has doubled since 1960. The number of
advanced degrees in science and engineering awarded annually hastripled since 1960. At the same time, our universities have
retained a great commitment to and investment in undergraduate
education. In 1980 doctoral institutions warded 54 percent of
all baccalaureate degrees conferred in the country.

The total enrollment of science and engineering students
increased dramatically during the 1960's, and now it is roughly
stabilized at slightly below historically high levels. Importantshifts, however, have occurred within and among specific fields.
These changes will affect our capacity to meet the nation's
future scientific and technological needs.

Changing enrollment patterns in key fields, such as computersciences and engineering, are creating serious problems for
universities in recruiting young faculty. Between 1970 and 1981the number of bachelor degrees in the computer sciences increased
tenfold (from 1500 to 15,000). Undergraduate engineering
enrollments are at a high point, with students drawn by an
attractive job market.

An important problem is to attract a sufficient timber of
U. S. citizens into our graduate programs of science andengineering, at a time when unprecedented numbers of foreign
students are enrolled in our research institutions. During theperiod 1974 to 1981, foreign students accounted for almost 50
percent of the net growth in science and engineering g-Aeguatestudent enrollment.

In 1901 foreign students accounted for more than 20 percent
of mil full-time students enrolled in graduate science andengineering programs. They accounted far 43 percent of total
tull-time graduate students in engineering. 36 percent in
catheratical and computer science, and 27 percent in the physicalsciences.

Foreign researchers -re accounting for an increasing
proportion of postdoctoral researchers as well. In 1981 theproportion of postdoctoral trainee- at doctoral grantinginstitutions of foreign origin was 46 percent in physics and 66percent in engineering. Some of there students remain in the

out most return hove, leaving us with a continuing lack of
highly qualified and trained U.S. citizens to be faculty and
.a: searchers in crucial fields of science and engineering.

This, it must be emphasized, is not a problem of too manyforeign student, attendiig our institutions. Our world-wide roleis a genuine strength and national treasure. Thi3 is, instead,
the prot,lem ai u..r inauliit7 to attract a sufficient number of
highly qualified and motivated Amer=can citizens.
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The importance to our universities and our research
enterprise of addressing this problem is underscored by the fact
that in 1981, almost 30 percent of all scientists and 5 percent
of all engineers in the U.S. were employed by educational
institutions, primarily by our universities and our colleges.
More than one-half of our doctoral level scientists and engineers
are employed in our universities and colleges.

In the fall of 1901 an estimated percent of all full-time
engineering faculty positions were vacant. This shortage
occurred despite a 12 percent increase in academic RIM
expenditures tin current dollars) in engineering. Moreover,
total undergraduate enrollments reached new heights, growing at 9
percent per year. This places great burdens on teaching faculty,
who are increasingly hampered by outmoded research instruments
and instructional equipment, and by outmoded research ald
instructional laboratories and facilities.

Mr. MAcKAY. Thank you very much, Dr. Rhodes.
Mr. Mineta, do you have any questions?
Mr. MINETA. Thank you very much, Mr. Chairman.
Doctor, welcome to the panel. Your perseverence in getting here

through Hagerstown is very much appreciated by us.
Let me just ask about the whole issue of a point that was made

by Dr. Young, the chancellor from UCLA, about tying the support
for research infrastructure to a specific project so that it can get
the necessary amounts for the construction of facilities, so that we
are not just funding the research effort itself but whatever might
have to go along with providing that.

Now to what extent would that be, maybe, a transfer from, let's
say, a State university or a private university to the Federal level,
and given the fact that we have a shrinking pie rather than an ex-
panding lie, how do we then try to determine whether or not we
ought to be dealing with the infrastructure or the building part of
it as compared to the project itself? Should that be done by peer
panels? Should that be done through NSrswhat's it called
cross-discipliniu y research and engineering program type panels?

Dr. RHODES. Mr. Chairman. I did not have the benefit of hearing
Dr. Young's testimony, and so let me reply not knowing exactly
what was said, but the question you raise is a very important one.
The aeed you have identified is a fundamental one and, as I men-
tioned a moment ago, I think it is the most serious long-term need
the universities face if we are continuing to serve the Nation ade-
quately in our rewarch undertakings.

I think the Federal Government has to play a role in this. The
development of state-of-the-art labs, in some of the high technology
and the most advanced science areas, is one that 1 believe State
governments and private funding are going to be unable to meet, if
we take the overall needs of the Nation.

As to how it is done. 1 believe the peer review system is one that
has served us very well, and I and others I know worry that the
politicization of the award of facilities funding could in fact weaken
our long-term effort. We think the best judges of competing
needsand they will always be competingin the field of scientific
and engineering facilities are those actually working in the field,
and that's why NSF and similar peer panels seem to us to serve
the Nation's interests well.

0
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Mr. MINE TA. But how do we get away from the realities of the
politicization of the process?

Dr. RHODES. My hope, Mr. Chairman, is that--
Mr. MINIM. We experience that right here in this committee,

not on any partisan basis but probably by the kind of an area that
you represent. I happen to represent that silicon valley area, and I
am pleased to hear that Semiconductor ResearchSRChas
money at your institution dealing with semiconductors, but we are
going through a tremendous program right now or a decision on
this thing called the Centers for Advanced Materials out at Berke-
ley.

Dr. RHODES. Yes.
Mr. MINIM. Other facilities or universities are sayiw, "Oh, hold

it, we can do it just as well," and yet we have all of the giants in
the semiconductor industry in our area saying, "We ought to do it
at Berkeley." Berkeley is outside my area, but still the political as-
pects of it get into it. Even though there has been a peer review,
there are still others saying, "No, it ought not to go there. It ought
to go somewhere else, or the money ought to be divvied among
other universities." So even with peer review it doesn't really
eliminate it because we still have the authorizing committees in
the Congress and we still have the awropriating committees that
determine when in fact, where in fact that money will be going.

Dr. Rtionss. I understand that, and I don't think in reality we
shall ever escape it. I'm not sure that we should hope to, but I do
believe that the difference between the best and the second best is
enormous in the field of research. It's not just a gap: it's a chasm
between the two, and I hope that we can stay with procedures
which simply give us the best shot at recognizing the best. We shall
not always be right. There will still be some political consider-
ations, but I think the way to do that is to identify needs, to make
block appropriations, and then to let peer panel groups make the
awards. The worst solution. I believe, would be a buckshot type of
approach where we scattered a limited level of funding between a
large number of institutions. That will buy us nothing. not even
harmony in the long term. It will certainly not buy us progress in
scientific terms.

Mr. MINF.TA. I chair the Aviation Subcommittee for the Public
Works and Transportation Committee, and in the bills that we
produce from our subcommittee I want to make sure that we don't
have place-naming, that we don't place-name projects in o:ir bills. I
constantly have to fight the Appropriations Committee to have
them not place-name. so that we could let the objective merits of
the applications coming in determine where the moneys will go.

But, by the same token, if the money.. are going to be or the dis-
tribution of those funds is going to be done on a political basis,
then I have no alternative but to have to seek those funds for my
district. or any of the members here have to do that on their own.
It's such a difficult thing to try and keep a "clean bill," free of "no
less than" or "up to," shall be used for this project or that project
in our aviation area. But it's a constant fight, because you re
always having to say no to your own colleagues who come to you
and say. "Hey. Norm. would you put .1.0) million in for my airport,
because we really need it, we need it for economic development." I
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say, "Absolutely not," and as long as we can keep it that way it
seems to me we are OK. Then we can allow objective merits to de-
termine whether or not airport A or B or C gets funded, but once
you get Congressman X. Y, or Z fighting for their own projects
again. in the field of research I find that happening here, and I am
a new member to this committeeso I am going to fight just as
hard for the projects that are going to be benefitting the State of
California or an interest of mine. I am just wondering how you
ever get away from it. if it is possible. how you do.

Dr. RHODES. I understand the tension, and I wish I had a simple
solution to what is really a very complex problem. I can only say
that universities face the same kind of problem. and their prest-

o. dents share in it. But I think what we've got to do is just to insist
that there will be no funding to distribute, no wealth to reallocate,
unless we can generate long-term wealth for the Nation. and that's
everybody's priority. It is every constituent's priority, and our best
hope is not a short-term solution that gives a short-term benefit to
one community. It is a long-term solution that increases our eco-
nomic strength, that improves our industrial productivity and gen-
erates national wealth for all I hope we can maintain that bal-
ance.

Mr. MAKAv. Mr. McCandless.
Mr. MCCANDIESIi. Thank you. Mr. Chairman.
Dr. Rhodes. some of your figures that you gave us in your presen-

tation about equipment I found very interesting. I have that infor-
mation on page 6 of your submittal.

Dr. RHODES. Yes.
Mr. McCANnt.Ess. I would like to kind of build a foundation. if I

may. in the' time we have. You spoke of Cornell as being one ot the
50 largest research centers. What percentage of your research
money would come from the Federal Government. the private, and
then the other sectors? ('an you tell us just roughly what that
might represent?

Dr. Hi-Paws. Yes. Our total sponsored research is just over $150
million, and ow recolledion is that $116 million of that comes from
the Federal Government. $116 million. It's rather more than two-
thirds.

Mr. MCCANDLESS. Private. do you do much in the' way of private?
Dr. Knows. About percent of our total conies from industry.

That's above the national level. The national level is around 3 per-
cent

Mr MreANan.mc. All right Then you referred to academic re-
search equipment. as the' fact that only 16 percent of that repre-
sented the state-ol-t he-art and that 90 percent of the people' sur-
veyed said they lacked equipment which inhibited the critical re-
search necessa Ty .

Then the other point that I picked out was that -14; percent of the
people in this group said that their support services were insuffi-
cient to maintain what it was they had in the way of equipment.

It Si li; out of $1:0 million in your budget comes from the Feder-
al t;overnment. then wouldn't there be a portion of that that would
go toward the replacing or the updating or the required purchasing
ref equipment to carry out what it is that you have been given in
the way an a,signment in the research field?

1
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Dr. RHODES. Yes. Let me reply to that, Mr. Chairman, that our
Federal funding comes to us in two kinds of kages. Much the
biggest part comes to us in response to requests for par-
ticular research programs. Those individual programs are funded.
and they may or may not contain equipment. Often equipment will
be requested but that request will not be met, even though the rest
of the funding is provided, so in a few cases they do provide fund-
ing but in most not on the scale that is going to serve the overall

needs.Larger
can't, for example, get a major new piece of instrumentation

costing, let's say, $1.5 million, on a small research project of
$300,000. The National Science Foundation and aim agencies
won't generally accept that need. and it's the larger scale instru-
mentation where we face major problems, instrumentation shared
by dozens of scientists and engineers.

That's package No. 1, funding applied to particular scientific and

Fminrering
problems. The second way we receive funding from the

Weral Government is in a block grant for the Materials Science
Center, for example, that I talked about very briefly. From that we
are free to allocate funding ourselves, and on those grants we do in
fact set aside 15 to 20 percent a year for equipment replacement,
but it doesn't begin to keep up with our needs. The fields in which
we are engaged are changing so rapidly that equipment has a more
and more limited useful life.

Mr. MCCANDLESS. Within the budget of the university itself you
would have the three categoriesfacilities, personnel, equipment
maintenance --and the others.

Jr. RHODES, Yes.
Mr. McCAsammia. You touched on this briefly but, since you are

a large research center, is there a line item in your budget that
says replacement of equipment each year when it comes to the ap-
proval process?

Dr. RHODES. There is a small line item in our budget. It's very
small. From our total budget it's less than $1 million but we do at
year end with fundsscrambling to find them where we canmeet
equipment needs which are the most pressing. We do go to indus-
try for specific gifts. We had a major one from a major corporation
just last week, and we do share costs with the Federal Government
in buying major pieces of equipment, but we do not have a large
enough endowment to put aside a significant portion for equipment
replacement, and we cannot add it onto student tuition which next
year will be over $9,000 a year.

Mr. MCCANDLESS. Yes. I have had some experience in that field
of tuition.

Would these figures reflect, say, the top 50 major research uni-
versities? I understand that this is a compilation of an entire
grouping.

Dr. RHoDlow. Yes. This particular one. the National Science Foun-
dation. I'm not sure of the sample on which it was based but I be-
lieve my colleague. Mr. Crowley, may be able to help me.

Mr. CROWLEY. I don't have a detailed answer to that. We would
be happy to supply it for the record.

(The information follows:)

11
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The National Science Foundation reported on a survey of university "march in-
strumentation systems in three selected fleldscomputer and physical sciences and
engineering. The survey coveted 43 universities selected from the 157 largest aca-
demic research and development performers. More than 90 percent of the depart-
ment chairpersons and investigators in these fields at these universities responded
to the survey.
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Mr. MCCANDLESS. I guess what I am trying to establish is if this
is a cross section of the total university system--

Dr. RHODES. It is. I think it's reasonably representative.
Mr. MCCANDLESS. Then if we take the top 50 universities, how

might they fit percen in these categories? Would we say
that only 16 percent of t eir equipment is state of the art, or would
those top 50 universities have 35 percent state of the art?

Dr. RHODES. My guess is that the figures will not be very differ-
ent from those. I am sure they will vary a little, but I think these
are representative figures, and we can give you the information.
the sample size on which it is based.

Mr. MCCANDLESS. Getting back to the support services and Cor-
nell's budget, it would appearand maybe my assumptions are in-
correctit would appear that in the case of an institution such as
yours where you have the high level of research, that there would
be as a part of the budget a requirement to be able to service that
equipment. which would not be characteristic of your comment
about the support services as being insufficient or nonexistent. It's
kind of like preventive maintenance if you had a fleet of automo-
biles or trucks, to maintain the equipment properly. Is that an im-
proper assumption, that you do not have facilities to maintain the
equipment?

Dr. RNoin No; it's a proper assumption. In an ideal world that
would be the case. It is a very difficult thing to put together a con-
tinuing service arrangementby which I mean machine shops and
electronic shops and so onfrom piecemeal Federal grants. We do
the best we can. but I think most people would we do a very
inadequate job there. They are not nonexistent but they are cer-
tainly inadequate in most universities. The problem is that they
are funded from piecemeal funding of particular projects, as well as
some university suprt.

Mr. MCCANDLESS. Thank you very much. Doctor.
Dr. RHODES. Thank vou.
Mr. MCCANDLESS. Thank you, Mr. Chairman.
Mr. MACKAY. Dr. Rhodes, it seems to me that we are reaching a

point where we want more research than we are willing to pay for.
and it seems to me that we are reaches 'a point where there may
be finite limits on the amount, at least in the area of civilian re-
search. that we can reach a consensus to pay for. Now when we
reach that amount, it seems to me someone is going to have to do
some painful thinking as to whether we should limit the scope of
what we are doing or whether we should try to stretch our instru-
mentation dollars more or operate in inadequate facilities. We
seem to be backing into that kind of policy decision.

One area that, it seems to me, is going to be more of a focal point
is addressed in the appendix to your statement, and it has to do
with the number of foreign students that we are now serving. You
make the comment that that doesn't mean we are serving too
many foreign students; it means we are not attracting enough
American students.

Well. I could draw a different conclusion from that. Since we
don't have enough money to pay for everything, why don't we quit
paying for all of those beyond the number of American students?
Would we not then have a great deal more instrumentation

12j
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money? In other words, have you not made a kind of a Federal
policy and are we not, without thinking about it, sort of saying,
"Well, you can go ahead if you want to but we are not going to pay
for it.-

1)r. Rtiouks. Yes. Well, there are probably three things to say in
response to that. Some foreign students stayI am one, of many
years agoand contribute in ways more or less useful to our own
national scientific effort. The second thing to say about it is that
these people, when they return to their homes, I believe contribute
to the scientific effort on a global scale. The value of trained agri-
culturalists going back to India, for example, trained in our univer-
sities, has been the major factor in solving India's food problem. It
has been the turnaround, the swing factor over the last 10 years, in
the improvement that we have seen. That has to be a global benefit
in which we as a nation, can take some pride.

And the third thing to say is that I don't regard people at the
graduate and postdoctoral levelwhich is where our big foreign
student concentration isas a drag on the system. In fact, if they
we're not present, much of the research which we create would not
be undertaken simply because of the inability of universities to put
together the research teams that conduct it, so there are real bene-
fits. and I don't believe the Federal contribution to those people is
a major part of the total Federal funding.

Mr. MINVTA. Mr. Chairman. may I just make an observation in
support of what Dr. Rhodes has said?

Mr. MACKAY. Yes, Mr. Mineta.
Mr. MINETA. This year, of the five Nobel Laureates in the United

States. three were foreign-bornCanada, France. and India.
Dr. Riumes. Those are important figures, Mr. Chairman. If one

looks at the longer term picture, since World War ft. I believe the
pattern that you have just described holds up also. My recollection
is that it is around t;t) percent who are foreign-born. That's the im-
port at lee of the one who stay here, come here.

Mr. MscliAv. I don't. disagree with what you're saying. I am
simply saying that, taken in the aggregate, it appears that an inad-
equate job has been done of selling this idea or else an inadequate
job has been done of selling at the Federal level the idea that we
need to put greater support into graduate education and research.
h would appear that the university community. which is the pri-
mary point at which basic research is done in this country, needs
to 6s..tis its effort more on the idea of selling the IsmielitE of this.
but you don't need lectures from me.

Dr. Maims I accept that responsibility.
Mr. NIseksv. It' we talked in terms of a stabilized Federal role.

at which point would that--you cited four points, the young re-
searcher. the facilities problem. the instrument problemtaking
into account that higher education has traditionally been more of a
State responsibility. what would be the hest Federal support role?
If we just simply said you could rely on the Federal Government
from now On for a certain level of support, where would we best do
that*?

IZitm,z. Ys. I would pick two out of the four. It's a little like
efecuti!lit .0iether you want to do without a right hand or a left
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hand, but if I am pressed, and you are pressing me, I would say
that two are of prime importance.

One is the training of young graduate students, young research
workers who will be the future leaders of NASA and Agricultureand NM and every other Federal priority and activity we have,su ..rt for graduate students.

second one is facilities, because the level that we are talking
about in the support of facilities is one that the States and private
industry are not going to be able to wovide, and it's in our nation-
al interest to have state-of-the-art labs, a few of them, in every oneof the major competitive areas. Our overseas competitors do it. You
mentioned, Mr. airman, a moment ago that we may well be
reaching the limits of Federal support for research and develop-
ment. I am reminded that our most powerful economic competitors
have a much higher ratio of civilian research and development to
&rmaniational

product than we have. LeVed the figures of West
being more than 2.5, Japan 2.3, and our own ratio

being 1.69. I believe we can learn something from their economic
strength about the value of that level of investment.

Mr. MAcKAT. I fully agree with that, and feel that that also is an
issue that must be developed in a way that the common person un-
derstands that he or she has an interest in that, and the future of
this country to a great extent depends on those numbers you just
cited.

Dr. RHODES. Yes.
Mr. MAcKAY. But it is not seen as something that is a "Joe

Lunchbucket" type issue at this point. It is something that acade-micians and politicians worry about.
Are there any other comments or questions? Mr. Dymally?
Mr. DYMALLY. Thank you very much, Mr. Chairman.
Dr. Rhodes, I just have one question: I note from the witnesses

here, they all come from the big ones. I don't see Slippery Rock
State Teachers College appearing here today. Do you think that
some research funds should go to the State colleges, State universi-
ties that are involved mostly with teacher training and social sci-ences, et cetera?

Dr. RHODES. Mr. Chairman, I had the privilege of appearing
about 3 weeks ago with the presidents of various smaller colleges
to talk about the Federal role in undergraduate financial aid, and
we have a common bond there.

I do not believe that you would serve our best national interests
by dividing up the very scarce research funding that we have and
giving every one of our 3,000 colleges a slice of the pie. I think if
you do that, you will really impoverish the smaller number of uni-versities on which our national progress in research depends. That
is a hard statement, but I don't believe that every one of our 3,000
colleges is destined to become a major research university. There is
simply no way we can support that.

Wlmt we have to do, I think, is to assure that each one of the
3,000 is excellent at the thing that it regarklis as its chief goal. and
Slippery Rock is indeed excellent in what it does.

Mr. DYMALLY. Well, you take the case of child development and
early childhood educationand I regret I missed my friend, Dr.
Young, here. The University of California no longer wants to be in-
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volved in teacher training. Who does the research for young chil-
dren, so that we can be able to train teachers?

Dr. RHODE. I would come back to what I said a little earlier,
which is, I think you've got to treat applications for research fund-
ing strictly on their merits. If Slippery Rock presents the best pro-
posal for research in that field, I would fund it without any hesita-
tion at all. To go on its merits means that it would have an equal
chance with the distinguished faculty at UCLA.

Mr. DYMAU.Y. OK. Thank you very much.
Mr. MACKAY. Dr. Rhodes, on behalf of the committee, we vet/ y

much appreciate the effort that you have made. Your written state-
ment will be filed as part of this record.

If there are no other questions or comments, we are adjourned.
Thank you very much.

Mr. Ritoomi. Thank you, sir.
[Whereupon. at 11:52 a.m.. the committee recessed, to reconvene

at the call of the Chair.]
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Chairman Fuqua, Representative Winn. members of the

Committee. I am grateful for the opportunity to testify today.

The nation is facing a crisis on its campuses. Now, I

know that you have heard this claim as often as the neighbors

of the boy who cried "Wolf" heard "Wolf, wolf!" On this

occasion, however, the alarm is genuine, for I am talking about

the crisis in infrastructure that limits our ability to educate

scientists and engineers. I shall not occupy the Committee's

time by arguing that this country has a despeiate need for more

scientists and engineers and for more teacheri of science and

engineering and for more research in these fields. The acts of

recent Congresses prove that the Congress is as aware of this

fact as any group of Americans, and much sore aware than most.

The crisis of which I speak relates to the ability of our

colleges and universities to provide the physical facilities in

which to educate scientists and engineers and to carry on

research in these fields: classrooms and laboratories. These

facilities are different in kind from those needed to educate

the great majority of students. Science and engineering

buildings require increasingly couples and expensive equipment.

and because that equipment is itself highly specialized, the

buildings themselves must be specialized. Scientific and

engineering equipment is, for one thing, often very heavy. The

buildings that house it must have floors capable of bearing

immense weight. Moreover, such equipment usually requires a

carefully controlled environment: controlled in its

temperature. its air carefully filtered. The buildings needed

ry
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for scientific and engineering research and instruction. are,

in short, expensive. They are him:ming more so as science and

technology advances.

Moreover. the rapid pace of technological change means

that new equipment can become obsolescent in a year. and

obsolete in three. Buildings themselves can become obsolete in

a decade.

The need for more scientists and engineers, coupled with

the increasing cost of scientific and engineering education,

means that colleges and universities are faced with heavy calls

for new capital just as they are facing an uncertain future

because of declining enrollments which have inevitably followed

the falling birth rate of the late 1960s and 1970s. They face

increasing difficulty in maintaining their technological

infrastructure because of the non-profit nature of their

operations. A private business faced with the need to upgrade

its physical facilities has at least the possibility of

financing construction by borrowing against future profits.

But colleges and universities do not make profits; when

financially successful, all they do is to avoi4 deficits.

Moreover, they do not, on the whole, price their proJuct in

keeping with its cost; students at given university typically

pay the same tuition whether they study liberal arts, fine

arts, science or engineering, although the cost of these

programs varies enormously; the principal exception to this

rule is medical education, where tuition in the independent

medical schools is substantially higher. This is necessary
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because medical education is extremely expensive and possible

because physicians are very well paid. On our campuses. heavy

and necessary investment in technological infrastructure cannot

therefore be recovered from an increased tuition income

generated by the students it helps to educate.

It is no wonder, therefore, that higher education is

having trouble as a whole in financing the scientific and

technological infrastructure that the nation desperately

needs. It has been estimated that colleges and universities

can finance out of their own resources no more than half the

investment in technological infrastructure needed if we are to

be able the educate the scientists and engineers our country

must have. The difficulty is not, however, evenly

distributed. We are divided into haves and have-nots. A

comparative handful of major universities--in both the

independent and state sectors--are immensely rich. The rich

independent institutions have endowments upwards of $60,000 per

student. In the independent sector, which comprises 1500

institutions, a mere 35 have approximately 90% of the total

endowment. The rich state institutions are located in affluent

states of which they are the pride and joy, and can count on

generous funding from the taxpayer. A few of them also have

very large endowments.

Moreover, all of these rich schools engage in major

fund-raising drives, at which they are extremely successful.

The Council for the Advancment of Education, which produces a

respected annual survey of educational philanthropy, reports

1 3
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that in recent years 20 universities -- representing less than 3%

of the number surveyed, and less than 1% of all colleges and

universities--have received a third of all voluntary giving to

colleges and universities. In the academy as perhaps nowhere

else, we find honored the Biblical injunction that to those

that have, shall be given.

If such "have" institutions can be said to have financial

problems, these are more accurately called management problems,

and they would be considered financial solutions at the

"have-not" institutions.

The "have-not" institutions face the most serious part of

the problem, for they have the smallest financial base from

which to invest. This is not, I should emphasise, because they

lack academic quality or commitment to educating scientists and

engineers. To the contrary. Let me take Boston University as

an example of a have-not institution. We acknowledge that

status because, even though our endowment ranks approximately

60th among independent universities in terms of total dollars,

we are very large university, and our endowment is spread out

over nearly 30,000 students. We have, therefore, about $3,000

per student, which gives us no more than $300 a year in

endowment income per student a derisory sum. Despite this

limitation on our resources, our College of Engineering has.

since 1970, increased its enrollment from a little over 200 to

nearly 2000. Moreover, while undertaking this major expansion,

it has opened careers in engineering to women and minorities to

an extent hardly equalled elsewhere in the country: in
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1983 -84. 242 of its students were women, and 62 were black,

proportions far exceeding the national average.

Around the country, there are dozens of other have-not

universities with a similar commitment to the education of

engineers and scientists. Like Boston University. they have

extended themselves to the breaking point in the interests of

technological education for the nation. If, in an era of

declining enrollments, which nationally will, by 1992, be 252

lower. these institutions are required to make the full

investment required in infrastructure by themselves, many will

go Lankrupt.

We have at the top of the economic pyramid between 20 and

35 educational institutions of great excellence whose wealth

matches that excellence. They have massive endowments, access

to the purse of the state taxpayer, sometimes both. Because

they are universally perceived as escellent, they have great

natural advantages in fund-raising, and draw on the

philanthropic pool all out proportion to the number of students

they educate or the magnitude of their contribution to the

needs of the country. Last year, the ten schools most

successful in fund-raising received 11% of all voluntary

giving. They educated about 1.12 of all the students in the

country. When we get down to the schools that do not figure in

such lists of success with the philanthropists, we discover

that the overwhelming majortty of all students must depend on

less than half of the voluntary support.
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But below the 20 to 35 schools at the top of the pyramid,

we find perhaps 50 institutions of high excellence but

inadequate support. On an inadequate financial base, they

educate a larger proportion of students than their richer

sisters. These achools are facing needs in construction for

technological education that average perhaps $75 million each.

They represent a total need of $3.75 billion. This is a very

conservative estimate: the University of California has

estimated its need alone at $3 billion.

In the case of one group of these "have not"

institutions, the urban universities, the challenge is even

greater. They are usually physically located in declining or

decaying neighborhoods. Often, whatever their own problems.

urban universities are physically better off than their

neighbors. This in fact represents an opportunity, for by

upgrading the infrraructure of the urban universities. we can

also upgrade the neighborhoods around them.

Urban universities are committed to the cities in which

they live to a greater extent than other enterprises. An urban

college or university cannot, in most cases, even consider

pulling up its stakes and moving to the suburbs or the sun

belt. It is a permanent resident of its city and it will rise

or fall with its city. Let me illustrate from the ex,erience

of my own irstitution. Boston University is located on the

edge of downtown Boston. Our eastern gateway is located in

Kenmore Square. which was once a center of luxurious hotels and

major auto dealerships. in recent decades. Kenmore Square
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has been in sharp decline. We have been concerned at the

University to reverse this trend.

We are implementing our concern through the development

of our new Science and Engineering Center. A major portion of

this project is being built through the total reconstruction of

three decaying buildings on the edge of the Square, which.

largely vacant, had come to house among other marginal

businesses a disco which provided a sanctuary for the drug

trade and for criminal suspects fleeing from the police. As a

result of our activity, a major structure housing classrooms,

laboratories and offices has replaced a pesthole.

Moreover, as the entire Center is completed. we hope that

variety of high-tech businesses will Locate their operations

in ocher buildings around Kenmore Square. When this process

has been completed, the decline of the area will have been not

merely arrested. but reversed; the City of Boston will have

gained major additions to its tan rolls, and--the principal end

of the project--th, nation will have gained a major new source

of scientists and engineers, a center for research in these

fields, and a for for consultation at the cutting edge of

computer technology and science.

The "have-not" institutions are crucial to the solution

of our need for scientific research and scientists and

engineers. Even if the handful of "have" universities were to

monopolize the entire pool of philanthropic and government

support, their capacity for enrollment is not adequate to meet

the need.
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It is obvious that the federal government should not be

aired to solve the crisis in infrastructure by itself. The

crisis can be met effectively by a partnership. The

educational institutions concerned must, first of all. stretch

their own resources to the limit. They ore. after all. one of

the principal beneficiaries of new facilities. I can assure

you that at Boston University we have been pushing our

investment in science and engineering to the limit. The state

governments. whose economies will also benefit. must also

help. And private industry. which benefits as directly as any

member of the partnership. must contribute. At Boston

University. we have been fortunate in receiving millions of

dollars for our Science Center from such corporations as

Digital Equipment. IBM. Data General. and the John Hancock

Mutual Insurance Company. This last gift is notable in coming

from a company that is not directly concerned with science and

engineering. but which understands what our Science Center will

mean to the nation as a whole and to Kenmore Square in Boston.

But the federal government should regard the nation's

teehnol-agical infrastructure with the same attention it has

paid our transportation infrastructure. The laboratories and

classroces needed for education and research in science and

engineering are a national need at least as important as our

highways and bridges. In some ways. they are more important.

because it is from such laboratories and classroom that will

come improved methods for building roads and bridges and the

economic strength to pay for them. Our technological
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infrastructure is if anything, even more basic than our

transportation infrastructure.

It is time for the federal government to redress the

present imbalance in funding for science and engineering

facilities; to do so would solve an urgent national need. The

problem is more complex than the simple provision of an

adequate supply of scientists and engineers. As industries

move from the rust belt to the sun belt, or from the rust belt

out of the country entirely, the importance of research

universities in the areas left by industry becomes crucial.

People tend to migrate where there are facilities. If the

universities of the northeast and the industrial midwest are

unable to compete with the rest of the country in the education

of scientists and engineers, and in the conduct of scientific

and technological research, their areas will undergo further

decline.

As we consider federal funding for this purpose, it is

essential that we realize that our nomenclature in describing

our system of higher education is likely to mislead. We speak

of "public" and "private" colleges and universities, and it is

sometimes asked why the taxpayer should subsidize private

institutions. But the fact is that the colleges and

universities of the independent sector are no more private than

those the state sector. They are open to the public.

educate the members of the public, and conduct research in the

public interest. Thus far, federal legislation on higher

137



I

education has been admirably free of any confusion on this

matter. Let us keep it so.

An adequately funded program of grants for laboratory and

classroom construction would be a major opportunity for the

Congress to invest tax dollars in a manner that would guarantee

the taxpayers a generous return on their investment. Long

after the youngest member of the 98th Congress has retired from

public life, discoveries made in the laboratories and

classrooms such a program would fund would continue to advance

the prosperity and security of the United States and its

citizens.

Such a program requires innovative machinery for its

administration. The resources necessary to conduct research

and education in science and technology at the cutting edge

should not be limited to a few institutions that developed

major research abilities in the 1950s. Any major new federal

program of support for science and engineering facilities ought

to be precisely targetted on those institutions that have shown

their commitment to and ability in these areas, as wall as

financial need. There needs to be a comprehensive review of

the national inventory of educational excellence and the

national inventory of educational need. When this has been

accomplished, a funding mechanism should be obvious.

I spoke at the beginning of a crisis. The crisis in

technological infrastructure facing our universities is one of

those crises for which the solution is apparent and ready to

hand. I hope the r,agre...3 will move with all deliberate speed

to help us solve :.
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Nay 7, 1984

Congressman David McCurdy
Cannon Building, Room 313
Washington, D.C. 20515

Dear Dave:

Your staff called for comments on three issues which are to be considered in
hearings on Tuesday. I'll attempt to address each of Uwe, as all three are of
critical importance to the research community. The first is a concern with
regard to facilities.' Clearly, in the decade ahead much of the progress which
is going to be made in the science arena is going to be accomplished by
interdisciplinary teams. One of the major problems we 'rice on university
campuses is finding space which makes it possible for these interdisciplinary
teams to be housed together. The success of interdisciplinary teams depends
very critically on their ability to interact on a daily, informal as well as
formal basis. This can only be accomplished if they are physically housed
together. The problem is that virtually no institution has space which can be
assigned to interdisciplinary teams on an as-needed basis. Research space is
always at a premium and one of the truisms in research is that it will fill up
the space available. It is extremely difficult to obtain funding from alumni
for space which is not the province of a specific department or college, but
rather is to be made available on an as-needed basis to interdisciplinary
teams. The problem is a general one faced on virtually every campus which is
concerned centrally with research. I would strongly urge that attention to
this problem be given in any proposed legislation. Our experience confirms the
reality of this problem at the University of Oklahoma in the assignment of
space for the Energy Center. In practice it is extremely difficult to retain
space for assignment to these kinds of interdisciplinary teams. I sincerely
hope that this issue will be seriously considered by your committee.

The use of the peer review system in the allocation of resources whether these
be for research or facilities is absolutely essential if we wish to ensure
quality issues are primary in the decision process. I have served as a member
of peer review panels at the national, state, and university level for many
years. Clearly, the process is not without problems but it is far and away the
best means available of insuring that only quality issues are considered. I
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think it is ore of the primary factors which is responsible for the quality of
science in our nation. Much of this credit has to be given to those political
figures and civil servants who fully appreciated the essential need for
separation uf the award uf funding for science from political considerations.
I strongly encourage the use of peer review in any process which seeks to
allocate funds for research or facilities if quality is to be their primary
consideration. In my judgement, only if quality issues are central to the
decision making process are we as a nation likely to maintain our stature and
position within the world community.

The issue of indirect cost in research is a complex one. It is extremely'

difficult to compare indirect cost rates across the country as what one
university may include as direct costs, another may include as indirect costs.
However, it is clear that the indirect costs of doing research seem to have
increased at a more rapid rate than hive the direct costs; Many faculty and
administrators do not understand le' Jct costs and view them with considerable
suspicion. The federal governmen. nas also shared in that suspicion and has
insisted on more and more elaborate record keeping devices. These in turn add

to the costs of doing research and to the indirect costs which must be charged.
There does not seem to be any simple solution to the indirect cost issue but it
is important to realize that they are, in most cases, legitimate costs of doing
research on our campuses. I would urge a careful study of this issue as I
think it is one which is important to the research arena. Universities in
financially difficult tines such as the present find it increasingly difficult
to both share in the costs of the research through the cost sharing mechanisms
which have been established and to face the possibility of reduced funding for
the costs which are indirectly associated with the research. I share the

corcern of those who view with alarm the increase in costs associated

indirectly with research. At the same time I think it is important to realize
that arbitrarily reducing these costs or setting a limit on these costs is not
likely to adequately respond to the complexity of the problem. One always
hates to urge that additional study be done but I think this is a case in which
that is the most appropriate course of action.

I an pleased to be able to provide you with this information and hope that you
will feel free to call on me in the future if you need testimony or information
on issues Such 3; this. Best regards.

Sincerely.

Kennart. Huving
Vice Provost for Research Administration
and :Ran of the Graduate College

KLN:pg
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The Honorable David McCune,
313 Claim% HOB
Washington, D. C. MO

Dear Dave

Way T, til$4

I am pleased to be able to comment on the hearings being held by the Selene and
Technology Committee on the nation's science and engineer*" infrastructure. It is
encouraging to see the Congress hold these bearings. Despite the central role of mimeo
and engineering in festering economic growth and ensuring ow national seassit". the
infrastructure to support these activities has several washbasin. I wish to focus my
remarks on the problem of **deviate support for facilities and laboratory equipment.
which has special is bider for ow nation% engineering schools.

The problems of deteriorating college physical plants, Inadequate or obsolete equipment,
and equipment that is not ememensenste with t advances in the world today
are too widespread to be lowed. These deficiencies led to a sigaideent decline
in the quality of our nation's engineering educetkmal programs. Over the past ten
years, the percentage of segineering programs receiving the maximum sis-yew
accreditation from the Recreated** board far Engineering and Technology has fallen
from fifty-eight percent to thirty -five percestoi stark verification of the patters as
many of us in education sassed intuitively. The Association of Ameriese Universities
estimates the average age of resale* equipment hi wriversities is twice that of hidastry.
The development of compete science and eompeter-besed tee:biologies is dented because
of the widespread lea of availability of modern computers at inwersities. Today, assay
of our students we being educated on equipment that is older them the students.

It is no accident that these problems have arisen in a time when federal supped for
education, particularly science and engineering education, has waned. While the federal
research and development budget has grown, much of this is targeted for defense, with
rather little for abolition. Recent efforts to address the research instrumentation
problem by the Department of Defense and National Sebum Famodatke notwitlastmlasig.
support for educational facilities and equipment, melding lomputers, is pitifully
inadequate. The elimination of the MY program of support for instructional equipment
is symptomatic of these treads.

An estimate of the magnitude of the problem tan be obtained by using the recommendation
of the Florida Engineering Deans. and others, that an annual expenditure of $450 per
fia-time equivalent engineering student would provide sufficient mama over several
years to ensure an adequate laboratory experience for students. If the same estimate
is used for both science and engineering students, we then estimate $410 Nance is
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required annually to provide for the educational equipment needs of our nation's science
and engineering students. I would urge consideration of a federal program of supportrequired annually to provide for the education] eqdpened needs of our nation's sciencemid engineering students. I would urge consideration of a federal program of support
for science and engineering education which would provide matching funds to institutioesof higher education far the purpose of improving the factlitiai and equipment available
for them. Our estimates suggest a $24 alnico rams] Midget would eeoosp thispurpose.

I would hope these brief remarks are lielpfuL Please can on we if you need additions'irdorisatioa.

eiCaleir

Vety truly yens.

Martin C. Jischke
Dean
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